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Chapter 1 Introduction

1.1 Overview of Features

The Engine Analyzer Pro program by Performance Trends, Inc. is a software system to help professional engine builders, racers
and engineers understand and predict many aspects of full power engine performance. The Engine Analyzer Pro has numerous
options to allow the user to simulate innovative and unusual engine designs. The Pro's major features are listed below:

Features:

e  Calculation of all parameters every 4 degrees of crank rotation, including dynamic valve lift, valve flow area, cylinder
pressure, port pressures, net valve flow, heat losses, etc. Some are calculated every .1 degrees.

e Simulation of intake and exhaust pressure waves for more accurate, sophisticated tuning simulations.

e  Provision for full valve flow curve input, at up to 8 lift points.

e Provision for entering cam lift files for detailed specification of cam profiles. Possible formats include Cam Dr (tm),
Competition Cams (tm), S96, Doctor Dr (tm), and more.

e Two mass model of valve train dynamics, for accurate and detailed simulation of valve train forces, bending and tossing.

e "Cycle plot" feature to allow plotting of instantaneous valve lift, valve flow area, cylinder pressure, port pressures, piston
acceleration, piston thrust, and many other parameters. This allows you to understand why a power curve looks as it does.

e "RPM" plots to allow plotting of any "power curve" parameter vs RPM.

e Inputs to simulate engine details like bearing sizes, anti-reversion, ring leakage, rod length, spark curves, fuel octane, etc.

e Component libraries for storing Cm/Valve Train files, Short Block files, etc. Swap in a new cam and heads with only a
couple of mouse clicks! There is also a complete Engine Library for saving combinations of components.

e  Built in calculation menus to determine user inputs like compression ratio, carb/throttle body flow rating, cam events @
.050" lift, etc.

e Data output files (ASCII) for use in other data base, spreadsheet or graphics software packages.

e Detailed supercharger and turbocharger simulations.

New Features for Windows Version 2.1

e  More accurate intake and exhaust tuning simulations.

e New, more detailed specs, especially for describing intake and exhaust runners.

e  Analysis report to help you understand the results and give tips to improve performance.
e ‘See Engine’ screen shows tuning pressures and flows, and piston-to-valve clearance.

e Calculate results for up to 20 RPMs.

e Displays tuning pressures and flows during calculations, if you wish.

e Saves Test Files of calculated results for future analysis or graphical comparisons.

e  Greatly expanded graphing features

e Enhanced printouts of reports and graphs.

See Appendices 9, 10, 11, 12, pages 235-286 for features new to v3.3, 3.5, 3.9, 3.9B.
See Appendices 13, pages 287-312 for features in Advanced Enterprise Edition.

Please read Sections 1.2 "Before You Start" and 1.3 "A Word of Caution" before you turn on the computer. Then try running
the program following the guidelines in 1.4 "Getting Started" and 1.5 "Example to Get You Going". When you feel a little
familiar with the program, take time to read this entire manual. It will show you all the things you can do with this powerful
tool.
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1.2 Before You Start

What you will need:
e IBM Pentium computer running Windows XP, Vista, Windows 7 through 10 (or 100% compatible).
e Approximately 30 Megabyte of disk space. (More is required for storing large numbers of tests.)

Many terms used by the Engine Analyzer Pro and this user's manual are similar to terms used by other publications, i.e. Inertia,
Correction Factor, etc. However, these terms may have different definitions. Therefore, read Chapter 2 to see what these terms
mean to the Engine Analyzer Pro.

Occasionally it will be necessary to identify "typos" in the manual, known "bugs" and their "fixes", etc. which were not known
at the time of publication. These will be identified in a file called README.DOC in the Engine Analyzer Pro directory or
folder. This file can be displayed right in the Engine Analyzer Pro by clicking on Help at the Main Screen, then clicking on
Display Readme.doc File. You can also read it using utilities like NotePad or WordPad.

Unlocking Program Options:

The Engine Analyzer Pro is equipped with copy protection. This ensures the legitimate users do not have to cover the costs for
unauthorized distribution of the program. When you first receive the program, it is in demo mode. All features work in Demo
mode. In demo mode you can try either the Basic version, or the full Professional version for ten days. Sometime during those
10 days, you must call Performance Trends to obtain an “Unlocking Code”. This Unlocking Code will be for either the Basic
version or the Pro Version, whichever you have purchased.

Before you call Performance Trends, you should get your disk serial number (stamped in blue on the disk), your registered
name and code number, and computer hardware number. The registered name and code numbers are available by clicking on
file in the upper left hand corner of the Main Screen, then clicking on Unlocking Program Options. A screen will appear as
shown in Figure 1.1.

Performance Trends will provide you an unlocking code number. Type in the unlocking code number and click on OK. If you

typed in the number correctly, you will be given . -
a message that the program is permanently Figure 1.1 Menu to Unlock Program Options

unlocked. The program will only run on this one P2 Unlock Form IS[=1 E3

computer. Code # to Extend Demo 239235212 0K
Computer Hardware # 842897

If you want to run th.e program on .another Registered Name [P

computer, you must install it, obtain the ) Cancel

computer hardware number and registered code Registered Code # 14666

number as shown in Figure 1.1, and call Enter Unlacking Code # | Help

Performance Trends for a new Unlocking Code
for that computer. There may be a charge for
additional computers.

Click on Help far more info on how pou uze this screen to unlock, this program.

You may need to transfer the program to another computer, like when you buy a new computer. If so, install the program on
the new computer. It will run for 10 days. During that 10 days, call when you can have your old computer up and running. Go
into the Engine Analyzer Pro program, click on File, then Transfer Program to Another Computer. Performance Trends will ask
for some numbers from this screen and give you a code # which will permanently turn the program Off on this old computer.
Then give Performance Trends the information for the new computer and they will give you a new unlocking code free

Also see Section 1.4 on page 4.
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1.3 A Word of Caution

The Engine Analyzer Pro is a comprehensive software package which estimates an engine's performance based on limited user
input. These estimates can be used for analysis of dynamometer, race track or normal street performance.

An engine is a very complex system, which makes exact calculations of all details impossible. Therefore, several simplifying
assumptions are made to reduce the calculations to a manageable level. See the Assumptions in Appendix 1. The user must
recognize:

The software can not predict the safety of an engine modification or running situation. Done correctly, with the proper
quality parts and safety precautions, extreme engine conditions can be safe. Done by inexperienced builders with standard
or low quality parts, an engine can be a "disaster waiting to happen". Please read and follow the "Safety Notes" as
highlighted in this manual.

The software, like any computer model, can NOT make exact predictions because:

e  Much of the input data to the software is estimated.

e Even if the input data were exactly correct, the simplifying assumptions within the program will limit the accuracy.
e Environmental conditions, temperatures, etc. are rarely constant and repeatable.

The software should be used as a guide to:
e Help you understand how an engine works; what parameters are important, how parameters interact, what are the trade
offs, etc.
e Point you in the correct, general direction for making modifications. This direction should be verified by other sources
like known authorities, engine tests, books, etc. Never trust one "single source" if it does not make sense to you.
e Make you think, not think for you. If unexpected results are obtained, take a minute to:
e  Double check all your data input.
e Refer back to this manual.
e Ask someone else skilled and experienced in the particular area.
e  Give the retailer or Performance Trends Inc's. Tech Help Line a call for an explanation. (Computer programs
are written by normal people who can make mistakes. It's always possible there may be an error in the
calculations. Your phone call may help us correct it.)

Please also read the Warranty and Warning at the beginning of this manual and on the diskette envelope.

IMPORTANT: The Engine Analyzer Pro program will ask for engine
specs and measurements to be entered. The Engine Analyzer Pro
program is NOT checking for all safe limits of the engine design. You
must have your engine design checked by a qualified engineer or
engine builder to determine its safe operating range.
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1.4 Getting Started (Installation)

Figure 1.1a Installation Wizard

E Performance Trends Installation Wizard

You must install the Engine Analyzer Pro from
the CD to a hard drive before it will run. To do
this, generally you can simply put the CD in the
CD drive and close the door. The installation
program should start automatically, bringing up
the Performance Trends Installation Wizard.
This program can install most any of our
products in Demo mode, including the Engine
Analyzer Pro you just purchased. Select (click
on) the button for Engine Analyzer Pro and the
installation will begin.

Entering Registered Owner's
Name:

The first time you run the Engine Analyzer Pro,

Chapter 1 Introduction

~ Engine Performance Programs —

— Drag Racing Tools

IS[=] B3

—Data Logger Programs

— Engine Bwjlding Tools
Install This Rgogram
Comp. Ratio Calonatar I

Inztall Thiz Program View Install Thiz Program View Inztall This Program View
Enging Analyzer I Brachure | Dirag R acing Analyzer I Brachure I Dyno DataMite I Brachure I
Engine Analyzer Plus I Brochure | Drag Race Analyzer Pro I Brochure I Drag Race DataMite I Brochure I
_ Engjne Analyzer Pro I Brochure | 4 Link Calculator I Brochure I Road Race D ataMite I Brochure I
N\ Practice Tree I Brochure I lm Brochure |

— Circle Track/Road Race Tools ——

—u ing Prod

Brachure | Install This Program View Install This Program Yiew
Carn Analyzer \ Brochure | Rall Center Calculataor I Brochure I Circle Track Log Book I Brochure I
Port Flow Analyzer Brochure | Circle Track Analyzer I Brochure I Inertia Calculatar I Brochure I
Swirl Meter é&ghure | Suspension Analyzer I Brochure I Yalve/Coil Spring Tester I Brochure I
Turnble Fisture Tranz. Gear Calculator I _feachus |

Fuel Inj. Calculator

Brochx@ |
N

Brochure T

3 [
Cap7 SEgment e

Click here to start
installing this program.

If you purchased a program. click on that product's button to install it as described on your
i llation sheet. You can install any of our other proarams here as demos to see their features.

you will be asked to enter your name as the Registered Owner. During this first session, you can modify it until you are
satisfied. Once you accept the name, the computer will generate a Registered Code # based on the name. To be eligible for
Tech Help, you will need both your registered name and code #, and to have sent in your registration card. The name you enter

should be very similar to the name you enter on the registration card.

Click on Help, then About Engine Analyzer Pro at the Main Screen to review your name and code # .

Unlocking Program Options:

The Drag Race DataMite Analyzer is equipped with copy protection. Check Section 1.2 on page 2 for details on unlocking the
program via a code # you can obtain from Performance Trends.

Important:

In the 10 day Demo mode, all features work as in the working
version. Therefore you do not need to immediately unlock it before you use
it. Then, even after 10 days, you can still call for an unlock code. lIts just that
after 10 days, the program will not do anything other than let you unlock it.




(C) Performance Trends Inc 2009 Engine Analyzer Pro Chapter 1 Introduction

1.5 Example to Get You Going

To start the Engine Analyzer Pro, click on the desktop icon for Engine Analyzer Pro. After some brief introduction screens, you
will be left at the Main Menu shown below.

From this main menu, you can: Figure 1.1 _Main Menu
- Engine Analyzer 'Pro’ Performance Trends Engine [ SUPERSTO.CK ] ~|=

File [engine] Calc HP[F2] Help[F1] Preferences About...

d ChOOSC to review or mOdlfy any ‘our hame and phone # can go Eng CID : 2639
Of the Categories Of engine RunsHP Tests| | Cmnts here. Click on Preferences. Chmbr cocs: 54.2
Spe(nﬁcatlons dlsplayed. " Current Component Files

e Retrieve or save a file of ‘ Short Block Specs I BUICK-Y-6 Buick V-6
complete engine specifications _

. . . BUICK-5TGII Stage |l Buick V-6 Heads
by clicking on the Retrieve or Head Specs Parted with 215 cc intake ports
Save buttons (first 2 buttons on ‘ I take Syetem Soocs I 1050-TMLRAM  Tunnel Fiam with a single Modified Helley 1050
the left) or the File menu item, Y P
then either Load or Save. ‘ Exhaust System Specs I HDR-31%2.1 Headers with 31 inch length by 2.25 inch OD
e Add, edit or review engine

. . . BUICK-¥-& Super Stock Buick W-6 Roller Cam/alve Train
comments to describe the engine Cam/Valve Train Specs Titanium Yalves - Wwith Rev Kit
currently held in the program. O

. Turbo/Supercharger Specsl
e Calculate engine performance
from the options listed under  Enai )
‘ Calculate Performance I e CImETls
Calculate Performance. From 264 cid Buick W-E for Super Stock Firebird drag car L
here you can specify calculation Help . Dyne'd at 390 ft Ibs (@ 6250 and 524 HP & 7500
: : Open up Engine Library ta
options (barometric pressure, rehrieve n Engine Fie
humidity, nitrous oxide, fuel | o
type, etc.) and select to do Chain
Calculations.

e Change the Preferences options to somewhat customize the program for you.
e Get HELP to explain these options by clicking on Help or pressing <F1>.
e  Quit the program by clicking on File, then Exit.

All these options are explained in detail in Chapters 2 and 3.

In the Main Menu’s blue title bar you will notice the current Engine is [SUPERSTOCK]. The program has descriptions of
engines saved in the Library right from the factory. The current file from the Engine Library is called SUPERSTOCK.

To get started, let's examine (but not change) the various categories of specs. Click on a button for one of the categories like
Short Block, Intake System, etc. A new menu will appear displaying the various specs and the current values for the
SUPERSTOCK engine. In this menu’s blue title bar you will also notice a component file.

The Engine File called SUPERSTOCK is made up of several major components. Each component has its own library of various
Short Blocks, Intake Systems, etc. This is explained in Section 3.6 "Data Libraries". You can click on the name of any spec and
a brief description appears in the Help frame, along with a page # from this manual for more help. You can return to the Main
Menu by clicking on OK or clicking on an area outside the Component menu.

Now click on the Calculate Performance button in the Main Menu to calculate performance for this SUPERSTOCK engine. The
next menu will show you the Calculation Conditions menu as shown in Figure 1.2.

For now, leave all the Calculation Conditions as they are and click on the Calculate Performance button. This will start the
program calculating performance for the specifications of the SUPERSTOCK stored in the Engine Library with the Calculation
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Conditions currently displayed.

Results are displayed as each RPM | Figure 1.2, Calculation Conditions Menu

18 Calculated’ and a progress b'ar Calculate Performance Conditions for: SUPERSTO.CK
graph shows how the calculations

B Th 1 1 t' "~ Test Conditions " Fuel Specs
arc progressing. € calculations
prog g WwWeather il " |Fue| Type |Gagg|ine gl

may require several minutes on

slower computers Barometric Pressure. "Hg 29 92 [eid] [Fuel Octane (R+M)/2 110
[Intake Air Temp, deg F 60 (® No Nitrous Dxide | Tp—— - I
- F - S Mirous Speoy
The final results will appear as in IDew Point. deg F 32 e S e Bl )
Figure 1.3. There are 2 basic Elevation. feet 0 " Spark Curve Specs
sections: (® Program sets spark for best power
: () Use Specified Spark Curve
|Coolant Temp. deg F 185
e RPM data with results for lAccel Rate. RPM/sec | [500 RPM/sec il | Do Chain Calculations ?
(s No
each RPM you requested  RPMs to R O Yes | Hea {han Dafcuiabon Saecs I
. . . £ to Run
e Special calculations which are Starting APH T Starting Point R ot
. . arting [ 'Starting Point" Recommendations
independent of RPM, like
Engirr)le Displacemen'z [Humber of RPM Steps 12 [Tuning Recomendations RPM 7500
&
. . . RFM 5t 5i
Dynamic Compression Ratio, | _ 250 " Help
ete |HPM Preview: 6000, 6250, 6500, ... 8750 | Click an arrow to select 2 standard set of dyno

weather conditions or to Uze Conds Below where pou
can set weather conditions. p ==

|I:IIU'FIelum I | Help I |Calculale Pelfolmancel

Since all the results can not fit on
one screen, you must click on the
slide bars on the right side of each
section to view all the results. If you have calculated results for more than approximately 12 RPMs, you may also need to use
the horizontal slide bar to see data for all RPMs you requested.

The results contain much information, some which may not be familiar to you. However, the first three rows in the RPM
section do look familiar:

- Engine RPM for engine speed in revolutions per minute
- Brk Tq for Brake Torque in ft 1bs
- Brake HP for Brake Horsepower

A torque peak of 403 ft 1bs at

6250 RPM with a HP peak of 552 Figure 1.3, First Portion of Calculated Results
at 7750 RPM. Sure is easier than Engine Analyzer Pro  Engine [SUPERSTO.CK] Test Results [Untitled] >
dyno testing! (Results may be = Back Graph Print Help[F1] . File Analyze lScc—Englne ¥
] . . ] CmnISI Maotes Summary: Yalve Toss, Piston speed | EXTREMELY ! high,  |PkTg=403(=6250 Awg=368
different in later versions of the @ % Click on Mates for more Details. PkHP=B52@7750 Awg=511
program.) Enaine RPM GO0 [6250  [6500  |6750  [7000  |7250 |7500  |7750  |8000  |s260  |s500  |&vs0 |+
Bik Ta, ftlbs 400 403|399 394 395 393 304|374 358 322 310|266
Erake HP 457 480 493|506 527 542 543 (552 545 506 501|477
Esh Pres, PSI 0.0 0.0 0.0 0o 0.0 0.0 0o 0o 0o 0.0 0.0 0.0
The menu bar and the command Int ¥ac, "Ha 0.4 0.4 0.4 05 05 05 0E 0E 0E 0E 0E 0s
Vol EFf, % 1126 1149 (1136 1108 1111 1121 1138 (1137 [111.2 1032 (991 |46
buttons at the top of th.e sereen Actual CFM 516 548 (563|571 534 620 652|673 679 GBS0 643 |E32
shows some of the options for FuelFlow, Ib/hr |189 200 (206 209 217 227|238 246 248 238 235 231
various formats for data output: Mitrous, Ib2hr 0.0 0o 0.0 0.0 0.0 0.0 oo 0.0 0o 0.0 0.0 0.0
Mirs Fuel, Ib/hr | 0.0 0.0 0.0 0o 0.0 0.0 0.0 0o 0o 0.0 0.0 0.0
EMEP, PSI 229|230 (228|228 (226|225 (220|214 (206 184 177|164
e Analyze will produce a AFMatr Dy, % 992 997 1000 1000 1000 1000 1000 1000 1000 1000 1000|1000
BSEC BB by 040 140 0 40R 0401 04m 140 0422 0433 0442 [ 4F5 0453 045 *
report of performance and [ T -
safety tips on the test results  [|-——--- Ualve Flow & Cam Calculations ----—---——--———---—- ——int-- ——Exh—- |[*
. . Overlap Area, deg#*sq-in 48.3 Ulv Area, deg=sq-in 4243 347 .9
e Graph will produce various Total Exh/Int % 82.0 Total Avg Flow Coef @.381 B8.582
types ofgraphs. You can Lobe Separation, deg 185.8 Lobe Area, inchxdeg 40.17 37.71
Overlap, deg 121 Duration, deg 329 335
also compare the current test Opening Events, deg 62 95
results to results of other tests Closing Events, deg 88 52
Overlap E.858, deg T4 Duration E.858, deg 279 292
you have saved. Opn Eunts @.050, deg 37 75
: : Cls Eunts @.050, deg 62 37
° See Engm,e Wll_l show youa Duration @.288, degg 199 282
cross section view of your *
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engine so you can watch

intake and exhaust flows and Figure 1.4, Calculated Results with Help Definition
tuning pressures, as well as — Engine Analyzer 'Pro’ Performance Trends  Engine [ SUPERSTO.CK] il 5
see piston-to-valve clearance =| Back Graph Print Help[F1] File Analyze See-Engine >
. . T Cmnts]| PkTg=385@6250 Awg=365
and .valve train bending and @ =" it N w i
tos'smg. ) Engine RPH £250 [F500 [E750 [F000 [7250 [7500  [7750  [S000 [8250  [8500 | +
° Print lets you pr]nt these test Erk Tq. itlbs 385 377 378 371 366 367 367 353 352 34
results Brake HP 458 466 486 494 | 50F 525 542 47 552 591
: Exh Pres, PSI 0o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Int Wac. "Ha 04 0.4 0.4 0.5 0.5 0.6 0E 0E 0E 0E
: Wol Eff, % 1124 1113 107.3
If you have a printer hooked up to Actual CFH 541 5z 1= Definitions of test results £97
your computer, try the Print Fuel Flow, /b |198 202 255
faled B Mitrous, IbAhr 0.0 0.0 Brake HF = 506 at 7250 RPM 0.0
command by clicking on Prmt in . O .
the menu bar or on the Printer EMEP. PSI 220 215 Brake horsepower at the flywheel p 80 195
button. A small menu of printout CURUEELE N 05 |95 T Sk ~
. ESEC Ih/HP-hr |04 1471 01445
options are presented. These <[ -
options allow you to enter a report ||-=~77~ BB T med --int-- --Exh—— %
. . Ouerlap fArea, deg=*sq-in L7 .8 Uluv fArea, deg=sq-in 4234 347.9
comment, include engine specs Total Exh/Int % 82.2 Total Aug Flow Coef ©.389  8.582
: : Lobe Separation, deg 1685.8 Lobe Area, inch=deg 39.97 37.71
and Comments in the prl'ntou‘F, ete. Overlap, deg 116 Duration, deqg 321 335
These options are explained in opening Events, deg 58 96
. . : Closing Events, deg 83 59
Section 3.5. For this ﬁrst time, Ouerlap @.858, deg 74 Duration @.858, deg 279 292
accept the default settings and Opn Eunts @.650, deg 37 75
. h b 1. k. Cls Eunts @.858, deg 62 a7
print the report by clicking on puration @.200, deg 100 202 .
Print Results.

To help explain the other rows of output in the RPM or Special Calculations section, simply click on the results. A definition of
that particular test result will be presented in a Message box as in Figure 1.4. Then click on OK when you have read the
definition.

For a detailed explanation of all the results, Calculation Conditions, and output options, go to Section 2.8 and Chapter 3.
Clicking on Back or pressing the <ESC> key will return you to the Main Menu. From the Main Menu you can modify the
SUPERSTOCK to see the effect on performance. For example you

could go into any of the component menus and:

e  Specify a "wilder" cam (more duration or lift)
o Install better heads (higher compression ratio, higher flow coefficients and/or larger valves)
o Install a supercharger or turbocharger

The beauty of the program is you can try things which are too expensive, too risky, or simply not possible with current
technology.

Many of the input specifications you see in the various menus may not be familiar to you. For a brief definition of the inputs,
simply click on the specification name. The definition will appear in the Help frame with a page # in this manual for more info.

Some of the engine specifications have “Clc” buttons. One example is Compression Ratio in the Head(s) menu. “Clc” stands
for "calculate". For example, if you want to calculate compression ratio from chamber volume, deck height, etc., simply click
on the Clc button. The program will display a new menu listing the inputs and the Calc Compression Ratio from these inputs.
For further explanation, click on the Help buttons in these menus. To use the Calc Compression Ratio calculated from these
inputs, click on the Use Calc Value button. Otherwise click on Cancel to return to the Head(s) menu with no change to
Compression Ratio. Section 2.9, Calculation Menus explains all these calculations.
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Once you feel comfortable changing specifications in the various menus and making various performance calculations, read
Section 3.6 of this manual called Data Libraries to learn how to save a set of total engine or component specifications or recall
information which has been previously saved. Then you will know all the basic commands to operate the program. For a more
in-depth knowledge of using these commands and an explanation of the results, read this entire manual.
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Chapter 2 Definitions

2.0 Basic Program Operation:

Figure 2.1 shows the Engine Analyzer Pro’s Main Menu with explanations of your options here. Figure 2.2 shows the Cam &

Valve Train menu with explanations of options for most component menus.

- Command buttons
Library,

Engine Analyzer 'Pro’ Performance Trends
File [epging] Calc HP(FZ] Help[F1]

Figure 2.1 Basic Main Menu Features

where you can select:

Buttons to display component specs menus

_ Menu bar where you can select: 1) File and then to save or retrieve an Engine file or to exit the
program, 2) Calc HP to calculate results like torque and HP, 3) Help to bring up help screens
to explain your options, 4) Preferences menu where you can custom tailor the program to your
needs, 5) About screen to display your user name and code #, and the version # of the program

1) To retrieve an Engine file from the Engine

2) Save the current specs to the Engine Library, 3) Run the program (calculate
torque, HP, etc.), 4) Review results from previous Tests (calculated torque, HP, etc. results),
5) Display the engine comments along with the comments for all the component specs

Program title which appears on printouts. This is a good place
for a busines name. Click on Preferences to change it.

Name of current complete engine file

Engine [ SUPERSTO.CK |

Preferences pbout...

Run/HP|[ | Tests| | Cmnts

lour name and phone # can go

hiere. Click on Prefersnces. Chimbr o

T

EngCID : 2639

: 542

BUICK

Shqrt Block Specs

‘ Cam/¥alve Train Specs

" Current Component Files

AN

V-6 Buick /-6

Current cubic inch

BUICK-STGII Stage Il Buick Y-B Heads
Head Specs Ported with 2§ cc intake ports
1050-THLRAM  Tunnel Ram with a shgle Modified Halley 1050
Intake Sypstem Specs
‘ Exhaust System Specs Headers with 31 inch length by 285 inch 0D
BUIBK V-6 Super Stock Buick -6 Roller Cam/Yalve Train

Titanium Y alves - With Rey Kit

Mdve mouse over item for
dedeription to be given here.

| HDR-31X2.1

Turbo/Supercharger Specs None
‘ lculate Perf " Engine C
F 264 cid Buick -6 far Super Stock Firebird drag car +
udi Dyno'd at 390 ft lbs (3 6250 and 524 HP @ 7500
p

displacement and total
chamber volume in CCs
based on Short Block and
Head specs

Comments for the current
component files which make
up this complete engine file

Names of current component
files which make up this
complete engine file

Enter comments to describe the engine here

Click here to display Calculation Conditions (RPMs to run, weather conditions, etc.)
Move mouse over an area of the menu and a description of the item is shown here
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Ll
o

oz 0 FC O 6

" Intae Cam Profile

[Cntgrline, deg ATDC mm'
Durafion @ 050" 279.0
Max | obe Lift, in 471
/Actupl Valve Lash, in 026
[Rocker Arm Ratio 1.6
@® Uje Specs Above O Use Cam File

Figure 2.2, Explanation of Sections of Typical Menu

_ Names of component specs. Click on them for a description in the Help frame.

Option buttons. Click on one or the other to select a program option. Many times this
[ will enable or disable (dim) other program specs or buttons.

Drop down combo box. If there’s a white space between the down arrow
r button and the text entry box, that means you can either type something in
the box, or click on the arrow button to select a pre-programmed selection.

Drop down combo box. If there is NO white space between the down
,_ arrow button and the text entry box, that means you can only click on
the arrow button to select a pre-programmed selection.

Standard text entry box where you can type in a component spec.

Name of component file displayed in this menu.

i Exhaust Cam Profile

|Eenlerline, deg BTDC 109.0 (|
|Duration @ 050" 292 0

[Max Lobe Lift. in 42
/Actual Yalve Lash. in 028

|FI ocker Arm Ratio 1.6

(@ Uze Specs Above

|§Zlezm e | | ok I

|§ZI<‘m e | | | ikl |

" Dverall Cam Specs

|Tota| Cam Advance |_2 Advance E

" Calculate ¥alve Train Dynamics

CiYes ® No

Son Bpoas fur Domanios

|Designed Valve Lash. i |_|]23 |

" Co

Lifter (profile) Type | [wili Solid Foller *|

" Help

Location of center of intake lobe of can as currently
installed, degrees after TDC. Click on Cle button to
calculate from other cam specs. p s

Super Stock Buick ¥-6 Roller +
Cam/¥Yalve Train

Titanium Yalves - Wmﬁl\

+

L 0K I Help I See Alternate Specs I L Retrieve from Library I L Save to Library I

Standard Command button to open up the Component Library
for this particular component menu. Here you can retrieve a
new set of specs for this component menu. These could be
specs saved at the factory or specs you have saved.

L Standard Command button to bring up Help for this component menu

\_ Standard Command button to close this component menu

{ Standard Command button to save the
current set of specs to the Component
Library under a name of your choice.

Calculation button which
usually opens up
another menu where
you can calculate the
spec from other inputs.

“Non standard”
Command button which
opens up another menu
or screen which is
unique to this particular
component menu.

Comment text frame to
enter a comment to
describe these
component specs.
These comments are
saved with the specs in
the Component Library.

10
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2.1 Preferences

Click on the Preferences item in the menu bar at the top of the Main Menu screen to bring up the Preferences menu shown in
Figure 2.3. Here you can adjust some program items to

personalize the program for your needs. Figure 2.3 Preferences Menu
. o . Preferences
As you can see there is some empty space in this menu. It will _
likely grow with new options as we get feedback from users. " Program Title Comments
B[ our name and phone # can go]

Prog ram Title Comments Second |here. Click on Preferences. |

] ) Tip: Enter text [company name, phone #, etc] which
Enter most any text here for the First and Second lines. These 2 will appear at top of printouts.
lines will appear at the top of printouts and printed graphs. This
is a good place for your business name or your personal name. | Mizcellaneous

You can change these entries as often as you wish. Jet Recommendations  [Hollep Jot £ |£I

Lifter Pump Up Shows HP Loss  |a:k gl

Jet Recommendations

Click on this combo box to select if you want the carburetor jet
recommendations in the test results given either as:

e Holley Jet #
e Jet Diameter in thousandths of an inch. i 1] 4 Cancel

Lifter Pump Up Shows HP Loss

Click on this combo box to select if you want the program to either:

e  When estimated hydraulic lifter pump up has occurred, to ask you if the program should assume lifter pump up has
occurred. You can then answer Yes or No. If you answer No, you will then see how the program would estimate
performance if lifter pump up did not occur at this RPM. However at each higher RPM the program will again ask you the
same question. If this can become tedious, you may want to select the second option of Always described below.

e  When estimated hydraulic lifter pump up has occurred, Always will go ahead and simulate the power loss to be expected
when lifter pump up has occurred.

Preferences have been greatly expanded in later versions. See Appendices 9 — 13 on pages 235-312 for more updated
info.

11
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2.2 Short Block

The Short Block specs describe the engine'

s size, pistons, rings, bearings and front end accessories. It also displays important

engine volumes calculated from the current Short Block menu and Compression Ratio from the Cylinder Head(s) menu. By
changing Bore, Stroke and # Cylinders, you can immediately see the effect on cylinder displacement, total engine displacement,
and clearance volume (assuming Compression Ratio stays fixed).

Bore, inches

Elle [

The diameter of the cylinder
measured in inches.

Stroke, inches

The distance the piston travels
from TDC (top dead center) to
BDC (bottom dead center)
measured in inches.

=

EL 1] %

# Of Cylinders

The number of cylinders for the o

Flgure 2.4 Short Block Menu

Short Block Specs for: BUICK-V-6

" Block/Pistons/Rods [ Accessories
|Bore, n [I\ |Eooling Fan Type Electric !I
|Slmke, in 3.5 [\h"alel Pump % Drive E lectiic 1'
|1t of Cylinders 6 " Engine+Dyno Inertia f Crank Design |
|Piston Rings |3\-"et_l,l Low Tension |£I [Lb x Fr~2 |5_55 | E
Rod Length. in |35—| |Design |L0w Caze Pres |l|
|Piston Skirt |Sma|ler Skirt l:l
" Calculated Specs
|Beanng Size |—| E - Culn CCs Liters
Piston T
Piston Top | [N Coating +] Cylindervolume  43.98 7208 0.721
Cyl Leakage |[ow Leak * Enagine Wolurme 26389 43252 4325
l |Low Leakage [2] Current C.R. 1430 1430 1430
-G Chamber Yolume 3,31 542 0.054
omments
Buick ¥-6 + " Help
Cylinder bore measured in inches. p 15
+
| 0K I | Help I | Fetrieve from Lihrarz l | Save to Lihra_ry I

engine. For example, for a V-8

this number is 8, for a single

cylinder engine this number
would be 1.

Piston Rings

Click on this combo box to pick a
general description of the # and
tension of the piston rings. This
specification only affects engine
friction and not cylinder sealing.

Rod Length, in

The distance from the center of the
wrist pin bore to the center of the
crank journal bore measured in
inches. This distance is typically not
critical. If you do not know it,
multiply the stroke by 1.7.

Figure 2.5 lllustration of Rod Length, in

N

&——— Con Rod Length —>-

13
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Piston Skirt Figure 2.6 Effective Piston Skirt Length in inches
This combo box describes the size of

the piston skirt that rubs on the

cylinder bore. This specification only

affects engine friction.

For users who want more detail, use
Table 2.1 to pick an appropriate Piston
Skirt description based on the piston’s

effective piston skirt length. Effective )
piston skirt length describes the
average length of the skirt which rubs
the bore, which is below the lowest
piston ring, usually the oil control ring.

See Figure 2.6. Table 2.1 shows the
effective piston skirt length for the various ratings for different bores.

Table 2.1 Effective Piston Skirt Length in Inches for Piston Skirt Ratings

Bore, inches | Typical Skirt | Small Skirt | Very Small Skirt | Large Diesel Skirt
3" 1.36 .95 54 1.77
4 1.81 1.27 .73 2.36
5” 2.27 1.59 .91 2.95

Bearing Size

This combo box lets you either:

e Enter a number for Bearing Size Coefficient (a number you are probably not familiar with).

e  Click on the arrow button to pick a general Bearing Size Coefficient from a list.

e  Click on the Clc button and calculate the actual Bearing Size Coefficient from engine bearing sizes.

Bearing Size Coefficient describes the relative size and number of the connecting rod, main and cam bearing journals for an
engine with this bore size. If you calculate the bearing size coefficient by clicking on the Clc button, see the details as explained
in Section 2.9.1. The bearing size coef should be between .3 and 2.0 and only affects engine friction, not durability effects.

Safety Note: Specifying small bearings with the computer to reduce engine friction and produce better power is significantly
easier than having small bearings "live" in an actual engine. The Pro does NOT check to ensure bearing sizes are adequate
for any particular running loads.

Piston Top

This combo box lets you pick if the top of the piston has been treated with any "heat insulating coatings". Properties of
insulating coatings can vary and may not match the properties assumed by the Pro. For most cases, an insulating coating will
improve thermal efficiency (BSFC and fuel economy) and hurt performance (volumetric efficiency will drop). Also see
Material/Coating under Head Specs in Section 2.3.

14
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Cylinder Leakage
This combo box describes the relative cylinder leakage by the piston rings. The Pro only considers lost power due to lost gasses

pushing on the piston. It does not consider and friction or durability problems with blow-by destroying the oil film on the
cylinder bore.

Cooling Fan Type
This combo box describes the type of cooling fan used to draw air through the radiator. This specification only affects engine

friction. The Engine Analyzer Pro assumes the fan size and friction level is related to engine size. Therefore, if you change
engine displacement, the program automatically changes the fan size to accommodate for the additional cooling requirements.

Table 2.2 Description of Cooling Fan Types

Type of Fan | Description

None No cooling fan on engine.
Electric Electric fan which uses battery power. No direct connection to crankshaft so no direct loss.
Clutch Production, automotive with viscous clutch . (These fans are identified by LIGHTLY trying to spin

the fan when the engine is not running, key out of the ignition. If the fan spins with light force, it
has a viscous clutch.

SAFETY NOTE: BE CAREFUL NOT TO TURN OVER THE ENGINE, AS INADVERTENT
ENGINE STARTING RESULTING IN HAND INJURIES IS POSSIBLE.)

Flex Production, automotive with "flex" blades. (These fans have blades made of thin, spring steel or
plastic which are easily bent back by hand and by air as engine speed increases.)
Solid Steel Production, automotive fan with fixed blades. (These fans have blades made of thick steel,

where the blades maintain the same "pitch" or "angle cutting the air" at all engine speeds.
These fans are common on the cars of the 60s or older.)

Water Pump & Drive

Describes the type of water pump and belt/pulley system which drives it. Use Table 2.3 to determine the correct type of water
pump and drive. This specification only affects engine friction.

Table 2.3 Description of Water Pumps

Type of Water Pump | Description

None No water pump (usually engine has no cooling system or is air cooled)

Electric Pump is driven by electric motor from battery power

Lower Belt Ratio Pump has larger pulley or crank has smaller pulley to underdrive the pump

Small Pump Pump has smaller diameter impeller or fewer vanes on pump, or other efficiency
improvements.

Production Size Typical production pump

Note: The Engine Analyzer Pro assumes the size and friction level of the water pump and drive is related to engine size.
Therefore, if you change engine displacement, the Engine Analyzer Pro automatically changes the size of the water pump and
drive to accommodate for the additional cooling requirements.

15
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Inertia, Lb x Ft"2

This combo box lets you:

e Type in an inertia value (which may be difficult for you to estimate)
e Pick it from a list by clicking on the arrow button

e Calculate it from other inputs by clicking on the Clc button.

Inertia in Lb/Ft*2 is the rotating inertia of the engine, flywheel and dynamometer in units of pounds x feet squared. Although
inertia does not affect power at a steady RPM, it does absorb power while the engine is accelerating. (This power is not lost, but
can be recovered when the engine decelerates. For example, when the car "jumps" ahead when being "power shifted" , the
“jump” is from recovering the power absorbed in the engine’s inertia.)

Some dynamometer tests are done under accelerating conditions. The Engine Analyzer Pro can simulate steady state or
accelerating dyno tests by setting Accel Rate, RPM/Sec in the Calculation Conditions menu. If Accel Rate is set to 0 (steady
state) this spec is ignored because no power is lost to inertia. The higher the Accel Rate and the higher the Total Inertia, the
more power lost to inertia. See Section 2.9.2 for calculating Total Inertia.

Crankshaft Design

This combo box lets you pick a general design of the crankshaft as far as windage drag is concerned. Windage can rob
significant amounts or power from the engine, especially at high speed. Pick from the following designs.

e High Oil Drag is where there is higher than normal drag, like oil overfill or excessive foaming where the crank actually hits
the oil level.

e Typical windage would be a typical production design without provisions to minimize windage (like scrapers, windage tray,
deep sump, etc.)

e Low windage would be where provisions have been made to minimize windage (like scrapers, windage tray, deep sump,
etc.)

e Low Case Pressure is where a small air pump is used to reduce crankcase pressure significantly to over 10” mercury
vacuum. This is also the best choice for dry sump systems.

16
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2.3 Cylinder Head(s)

The cylinder head specs affect intake and exhaust flow potential, compression ratio and the combustion chamber.

Intake Port Specs: Figure 2.7 Cylinder Head(s) Menu
e :
" Intake Port Specs  Exhaust Port Specs —
# VaIVeS/PO rtS lm valve & 1 port # Valves/Ports |‘I walve & 1 port |£I
Walve Diameter. in 208 ¥alve Diameter. in 1.62 |
Identifies if there are 1, 2 or 3 /Avg Port Diameter, in 1.95 [Avg Port Diameter, in 1.71
intake valves per cylinder and how [Port Length, in 5 [Port Length, in 35

many ports there are for this
number of intake valves. If2 or 3
valves are specified, both valves
are assumed to be equal size and

|f‘>z'z'§{;§é3 Flowe e |f‘>z'§'§g§§é3 Floe flaped
|Anti—F|evelsion, b4 0.00 |Anti—F|evelsion, b4 0.00

' Use Single Flow Coef " Use Single Flow Coef
(® Use Flow Table Flow Table @ Use Flow Table Flow Table

G0 B

Opened eXaCﬂy the same. If 2 or 3 [ Combustion Chamber " Miscellaneous
ports are specified, the program [Compression Ratio 143 [Material/Coating | [Aluminum [=]
also assumes the intake manifold [Ehamber Design | [Typicalwedae [=] [Swirl Rating [Some Swirl [2]
has the same number of runners. [lus _
. Help ) ) Comments
L herefore, if you have 2 or 3 valves p [ E e T e
per cylinder, and the ports from from list. p 21
these valves siamese (run into each He *
: : Cligd
OK Help See Layout Retrieve from Library Save to Library
other) in the head or right after the | 1] 1 1 1 1

head, specify the number of ports
as 1. Click on the See Layout

button at the bottom of this menu to
see what the program assumes your head layout is based on your inputs.

Valve Diameter, in

Identifies the outside (largest) diameter of the head of the intake valve(s) in inches.

Avg Port Diameter, in

Identifies the average inside diameter of the intake port(s) over their entire length in the cylinder head. Usually this can be
measured at the end of the port which mates to the intake manifold. A more precise way is to calculate the diameter by
measuring the port volume and port length.

If the ports are oval or rectangular, or you know the port volume in CCs and length, click on the Clc button described in section
2.9.3, to calculate the effective diameter. If you set the number of ports to 2 or 3, this is the diameter of only 1 of these ports.

These ports are assumed to be the same length and diameter.

Avg Port Diameter is used by the Pro to determine critical flow velocities, which significantly effect both intake and exhaust
tuning and therefore performance. Try to be reasonable accurate inputting this value.

17
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Port Length, in

Is the length of the intake port (down the center of the port) from the intake valve to the end of the head port (the start of the
intake manifold runner). For many common heads, 4.5"-6" is a typical length. This spec, combined with the Intake Manifold
Runner Length, has a significant impact on intake tuning and therefore performance. Try to be reasonably accurate inputting this
value.

Cylinder Head Flow:
O Single Flow Coef
®©Flow Table

The flow capacity of the heads can be described by a combination of the valve area (diameter) and an engineering term called
flow coefficient. The total flow capacity of the intake port and valve has a substantial impact on performance. Precise
information for a particular head design is only available from flow tests on a flow bench. A flow bench is a device which will
maintain a constant pressure drop across the port and measure the amount of air flow the pressure drop produces. CFM (Cubic
Feet per Minute) flow measurements are usually made with the valve at various lifts. From this data and knowing the valve
diameter, flow coefficients can be calculated.

Flow coefficient is a way of defining how well a port flows for the size of flow area. Flow coefficients can vary from .20 for a
very restrictive port and valve up to 1.0 for a "free breathing" port design at low valve lifts.

As lift increases, the valve opening area (curtain area) increases, flow increases and the flow coefficient changes somewhat. See
Figures 2.8 and 2.9. This continues until valve lift is approximately equal to 1/4 the valve's diameter. This lift is also called an
L/D (ratio of valve lift to valve diameter) of .25 . At this point the valve area stops increasing with lift. The minimum flow area
is now the valve throat, not the "curtain area" around the circumference of the valve. See Fig 2.9. Additional valve lift gives no
increase in valve area, although flow may still increase.

Figure 2.8 Typical Flow Test of Intake Port
Flow Coef Valve Flow
v Area
200 — e — 2. 5
| / 2.0 7
Flow CFM T~ ~. ./
e 28" V4 - .6
150 |— ‘ - —1.
/ ~..” 1.5
/ .5
/, Flow
100 |— —1.0 Coef
/
.
50— — 0.5 Typical Flow
CFM Flow Data for 1.6"
Dia valve
0 | 1 H i 1 | -1 0.0
Lift .1 .2 .3 .4 .5 .6 Valve Flow
L/D .06 .13 .19 .25 .31 .38 Area, sq in
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Figure 2.9 Curtain Area

Valve Area

Curtain Area

The Engine Analyzer Pro lets you describe the flow characteristics of the port by either:
- Entering one flow coefficient at the lift giving L/D=.25 if:

Use Single Flow Coef option button is marked. This enables the Single Flow Coef spec and
disables the Flow Table button.

- Entering flow values to calculate flow coefficients for a series of lifts, similar to data obtained in flow bench testing if:

Use Flow Table option button is marked. This disables the Single Flow Coef spec and
enables the Flow Table button.

Single Flow Coef

If you do not have a full flow curve, the Engine Analyzer Pro can estimate the full curve from a flow coefficient at L/D=.25.

Table 2.4 gives some examples of flow coefficients for specific heads.

Table 2.4;: Examples of Flow Coef at L/D=.25

Description & Source Int Exh

FC Dia FC Dia

Stock "461" SB Chevy, Hot Rod 3/88 439 202 | 410 1.60
Stock "993" SB Chevy Open Chmbr, Vizard * 449 194 | 389 1.60
Stock "186" SB Chevy Clsd Chmbr, Vizard * 4231 194 466 | 1.50

Light Portd Bow Tie SB, Hot Rod 3/88 476 205 | 527 1.60
Bow Tie SB, CNC Portd 24502482, Cir Trk 9/93 605 215 | .722 1.62
Dart Il SB Chev, C.I., Hot Rod 3/88 538 202 | .546 1.60
AFR SB Chev, Alum, Ported, Engines 93 556 2.02 | 520 1.60
Brodix SB Chev Track 1 Alum, Portd, Vizard * 4951 202 550 | 1.60
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Table 2.4: Examples of Flow Coef at L/D=.25, cont.
Description & Source Int Exh

FC Dia FC Dia
Buick-Dart SB Chev Alum, Portd, Vizard * 522 222 | 667 1.63
Lt Pt BB Chev, C.I. Oval Port, Perf Trnds 495 219 | 400 1.88
Portd BB Chev, C.I. Rect Port, SS&DI 6/81 .50 2.30 | .46 1.90
Lt Pt BB Chev Merlin C.I. Oval Port, PrfTrns 479 219 | 445 1.88
Portd Dart Alum 360 BB Chev, Sonny's Racing 574 230 | .561 1.90
Ported 2.0L Ford OHC 4 cyl, Perf Trends 490 175 | 450 1.50
Stock AR SB Ford Alum, Super Ford 8/89 464 | 194 439 | 1.60
Portd AR SB Ford Alum, Super Ford 8/89 .541 194 614 | 1.60
Stock TFS SB Ford Alum, Super Ford 8/89 498 194 | 400 1.60
Portd TFS SB Ford Alum, Super Ford 8/89 .561 1.94 | 637 1.60
Stock 1970 351W SB Ford, C.I., SprFrd 8/89 442 184 | .397 1.54
Portd 1970 351W SB Ford, C.I., SprFrd 8/89 .541 1.84 | 565 1.54
Stock 1987 302 SB Ford, C.I., Car Crft 5/87 412 178 | 443 145
Portd 70 Boss 302 Trans Am, Perf Trends S510 | 219 440 | 1.71
Portd "Pro Stock" Cleveland, SS&DI 6/81 520 225 | 460 1.71
Briggs & Stratton, 5 HP, Perf Trends 245 112 | 294 .99
Pont RamAir Ill Stock, HP Pont 4/91 (adj) ** 409 211 | .395 177
Pont RamAir IV Stock #641, HP Pont 4/91 (adj) ** 510 211 | 466 177
Pont 15° 10033867 Portd, Chevy HP 6/93 525 213 .640 | 1.61
Stock Mopar 360A, P4529589, Hot Rod 11/91 418 2.02 | 482 1.60
Portd Mopar 360A, P4529589, Hot Rod 11/91 490 2.02 | 516 1.60
Stock Mopar 440B, 452, Perf Trends 429 208 | 413 174
Light Portd Mopar 440B, 452, Perf Trends 465 214 | 517 174
Stock Mopar 440B, 240618, Perf Trends 537 208 | 471 1.88
426 Hemi Stock, SAE 660342 539 2.25 - -
426 Hemi Ported, SS&DI 6/81 .60 225 | .56 1.94
1600 cc VW Stock Dual Port, Novak & Ass. 482 140 | .385 1.26
1600 cc VW Stock Dual Port 041, Novak & Ass. 428 154 | 464 1.26
1600 cc VW (aftermarket) AC910, Novak & Ass. 455 197 | 507 1.50

*  How to Build & Modify Chevrolet Small Block V-8 cylinder Heads, David Vizard, Motorbooks International, 1991.
**  Adjusted down to match other sources of stock Pontiac flow data

Additional heads are loaded in the cylinder Head(s) Library with full flow curves. If you have flow bench data at approximately
L/D=.25, click on the Clc button to calculate Single Flow Coef as described in Section 2.9.4.

Note:

The total flow potential of a port depends not only on the flow coefficient, but also on the number of valves per cylinder and the
valve diameter. A very good Single Flow Coefficient (at L/D=.25) of say .6 to .75 does not mean the port/valve is not
restrictive and limiting power. What it means is to flow more air, you probably must increase the valve size. See Figure 2.10.
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Figure 2.10 lllustration of Valve Size (Diameter), Single Flow Coef, and Effect of Flow Bench
Air Flow and Engine HP Potential

Large Valve, 2" Dia Large Valve, 2" Dia Small Valve, 1" Dia
Large COEF, .6 Small COEF, .3 Large COEF, .6
Flow = 280 CFM Flow = 140 CFM Flow = 70 CFM

HP = 600 HP = 380 HP = 270

Flow Table

If you have checked the Use
Flow Table option button:

O Use Single Flow Coef
Use Flow Table

The Flow Table button becomes
enabled. Click on it to bring up
the Intake Flow Table screen as
shown in Figure 2.11.

Enter the valve lift (or valve
L/D) and the flow obtained
during the flow test for up to 8
different valve lifts. You will
notice that as you enter lift in
inches, L/D is automatically
calculated and filled in, and vise
versa. As L/D is entered, lift in
inches is calculated. The L/D is
based on the current intake

Valve Diameter in the Head(s) Specs menu.

Figure 2.11 Flow Table To Completely Describe Port Flow

Characteristics

Cylinder Head Specs for: BUICK-STGII

" Intake Port Specs Exhaust Port Specs

ooooc BE

-
=
=

[.]

Cli

!
I
m

|# walves/Ports |1 wvalve & 1 port |£| |# walves/Ports |1 wvalve & 1 port |£|
rValve Diameter. in 208 rValve Diameter. in 1.62

|Avg Port Diameter. in 1.95 |Avg Port Diameter. in 1.71
|Polt Length. in 5 |Polt Length. in 35

Intake Flow Table

Intake Flow for IE' Inches Water Pressure 1 ¥Yalve. 208" dia
] alve alve Flow. Flow 300 —— 0.8 |
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7 .337 290 590 0 o
75 361 285 580 D0 02 04 06 08
0 | = 1 [ hew | Valve Lift, inches

1

—

You must also specify the test pressure used during the flow test, or to which the flow data is corrected. Specify test pressure
with the text box at the top of the screen. Common test pressures include 10, 25 and 28 inches of water.

When both a lift and CFM flow rate are available, a flow coefficient for that lift is calculated and reported in the Flow Coef

column and graphed. The CFM flow is also graphed at the appropriate lift. The flow coefficient is useful to check if your flow

data is "reasonably accurate".

For example, the flow coefficient will likely be lowest at L/D=.25. See Figure 2.8. The flow

coefficient will generally be its highest at low valve lifts because the flow restriction is due mostly to the valve and not the port
itself. Flow coefficients greater than 1.0 are highly unlikely except at very low lifts. Flow coefficients less than .3 are highly
unlikely for OHV ports, less than .2 are unlikely for flat head ports. See Example 4.4, "For Advanced Users".
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If you are obtaining unreasonable flow coefficients, check to ensure you have specified the correct test pressure, # Valves/Ports
and Valve Diameter.

Notes:

If you are going to use the flow table, it is best to have at least 4 flow points, 2 points at less than L/D=.25, 1 point at
approximately L/D=.25 and 1 point at maximum valve lift. If you have less than these points, it may be best to select the Use
Single Coef option button.

For accurate flow tests, use radiused inlets (not the bare head) for flowing intake ports. Exhaust flow tests should be conducted
with short (6-12 inches), straight exhaust pipes bolted to the port (not the bare head). See Runner Flow Coef under Intake
System, Section 2.9.7 and Example 4.4.

Flow Table features have been expanded in later versions. See Appendices 9 - 13 on pages 235-312 for more updated
info.

Anti-Reversion, %
Describes how well the port, valve and manifold resist flow in the reverse direction. For the intake this would be flow leaving
the cylinder and "back flowing" into the intake. Ports which flow equally well in both directions would have 0% anti-reversion.

A port with reed valves (check valves) which only allow flow into the cylinder would have 100% anti-reversion. See Section
2.9.5 and Example 4.4 for calculating anti-reversion from flow test data. Note: Most heads have very little or 0 anti-reversion.

Combustion Chamber:

Compression Ratio

The engine's compression ratio based on cylinder clearance volume and total cylinder swept volume (sometimes called static
compression ratio). Do not use compression ratios which are corrected for cam timing, weather or supercharger boost.

Compression Ratio = Clearance Volume + Swept Volume
Clearance Volume

Clearance Volume and Swept Volume must be in the same units, both either CCs or cubic inches. Multiply CCs by
.061 to obtain cubic inches, multiply cubic inches by 16.39 to obtain CCs.

Since Compression Ratio has a Clc button, see Section 2.9.6 for calculating Compression Ratio from clearance volume, piston
dome volume, deck height and gasket thickness.

Chamber Design

This combo box lets you pick a general chamber design. This spec affects:

o  How well the chamber burns the air/fuel mixture for various compression ratios.
e  Spark plug location and number of spark plugs which affects burn rate.

e V3.9 B now added Direct Injection to this list of descriptions.
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Table 2.5 Descriptions of Chamber Designs

Type Description

Typical Wedge Wedge chamber with spark plug significantly offset from the center, high compression
requires significant piston popup, squish/quench area does NOT have extremely tight
clearance and is a low percent of the total chamber

Compact Wedge Wedge chamber with spark plug more centrally located, high compression does not
requires significant piston popup, squish/quench area does have extremely tight
clearance (.040-.060” depending on RPM range) and is a high percent of the total
chamber, valve angles generally have to be reduced for this type of chamber.

Hemi Hemispherical chamber with centrally located spark plug, large domed pistons,
squish/quench area does NOT have extremely tight clearance (.040-.060”, depending
on RPM range) and is not a high percent of the total chamber.

Flat Head Large chamber with valves and spark plug off to the side of the bore.

Pent Roof Similar to hemi, but for most typical 4 valve engines.

Dual Plug option for all Select the dual plug version of one of the chamber designs above if it has 2 spark plugs
designs listed above which fire at approximately the same time but at different locations in the chamber

This spec does NOT affect flow as that is described by the flow coefficient data described earlier.

Miscellaneous:

Material/Coating

This combo box lets you pick the head material (cast iron or aluminum) and whether any heat insulating coating is applied to the
inside of the combustion chamber in the head. See Piston Top under Short Block specs, Section 2.2.

Swirl Rating (name switched to Burn Rating in v3.3)

This combo box lets you pick a general description of the motion of the air/fuel charge in the combustion chamber after

the intake valve closes. Some intake ports and/or valves are designed to spin or swirl the charge, thus setting up a little
"hurricane" in the combustion chamber. This swirl causes the charge to burn faster, resulting in higher pressures and higher
power output. However, an intake port which is designed to swirl the charge can be restrictive. Great care must be taken to
develop ports which produce good swirl and are free flowing. Use Table 2.6 for picking a Swirl Rating.

Tumble is another type of mixture motion, usually more evident in 4 valve engines. Engines with good tumble should specify a
higher swirl rating. Swirl rating can also be used to speed up or slow down the burn rate the program is assuming for your
engine. If the program is calculating that your engine requires more spark advance than it actually needs (the Spark Curve
option Program sets spark for best power must be selected), increase the swirl rating here to reduce the required spark advance.

Table 2.6 Swirl Ratings

Swirl Type Description

No Swirl Standard head where swirl has been given no consideration in the design

Some Swirl Production heads identified as “High Swirl” or “Fast Burn” which require less spark advance than
most heads.

Good Swirl Heads with considerable flow bench and dyno development time to produce good swirl (not
necessarily the highest swirl). These are heads which require much less spark advance than typical
heads.
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Exhaust Ports:

# Valves/Ports

Valve Diameter, in
Avg Port Diameter, in
Port Length, in
Single Flow Coef
Flow Table
Anti-Reversion

For these specs, see the definitions under Intake Ports in this section.

Note: Generally, exhaust ports have higher flow coefficients than intake ports by approximately .05. Exhaust flow tests should
be conducted with short, straight exhaust pipes (not the bare head). See Section 2.9.4 and Example 4.4. Ameduri Racing
Products of Norco, CA, 909-371-8672 sells “Flow Tubes” for this purpose. They are designed to work on flow benches where
space is tight.
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2.4 Intake System

The intake system specs affect intake tuning, restrictions, manifold heating, fuel metering and fuel mixture quality.

Note: Intake System Specs have been greatly expanded in later versions. See Appendices 9 - 13 on pages 235-312 for
more updated info.

Manifold Specs (x Figure 2.12 Intake System Menu
rmnr/cyl) Eile

" " 3: ~ Manifold Specs [ 1 runnerfcyl] | [ Carburetor|s] B
The "x rnr/cyl" depends on the == [Runner Dia @ Head, in  [[IERQ [Total CFM Rating 1050 —

current value of # Valves/Ports
under Intake Port specs in the
Head(s) menu. If x=2 or x=3, then
the Manifold Specs of Runner Dia

@ Head, Runner Length, Runner I: [Manifold Type [Turnel Ram-carbls) [ %
I
e
E

|F|unner Length, in

EBCDnda'}' Throttles |Mo Sec Thiottles !I
IAir Cleaner CFM Rating 99999

" Plenum Specs
(% Guess at Specs T Use Specs Below

|§3§er:<ﬁ§5 Yoo, o4 i
[Hentive Carb Langth, n |—|
|§'<3ia§§ Lol Jawa, vy in

|

|F|unner Flow Coef

i BB

|F| unner Taper, deg

Flow Coef and Runner Taper Intake Heat [Mo Heat
describe only 1 of the 2 or 3 intake
manifold runners for each cylinder.

" Fuel Delivery Calculations

Calculate carburetor Oy . .
requirements, like jst ® st S Bpmos . o
st=e Tunnel Ram with a single Modified +
_ Holley 1050
Turlj Help . .
Inzside diameter of the manifold runner(s) in inches AT
. . THE HEAD. If the: manifold is listed as 2 or 3 runners
Ru n ner Dla @ Head ’ |n per culinder, this is the diameter of each munner. Click
C on the Clo to calculate from width/height or CCe. p ~
) |
Identifies the effective inside Hel
. . . Mo | 0K | | Help | | See Lynut | | Retrieve from Librarg I | Save to Libla_r_l,l |
diameter of the intake manifold des
. +
runner(s) where the manifold L [+]]

attaches to the head. If the runners

are oval or rectangular or you know the runner volume and length, click on the Clc button as described in section 2.9.3, to
calculate the effective diameter.

The program assumes the same number of intake manifold runners per cylinder as you specify # Valves/Ports in the cylinder
Head(s) menu. The Runner Dia @ Head is the diameter of only 1 of the runners. All runners are assumed to be the same length
and diameter.

Runner Length, in

Is the length of the intake runner from the cylinder head port to the first "abrupt enlargement" of the runner upstream of the
cylinder head. The "abrupt enlargement" can be several different things:

e  The intake manifold plenum. The plenum is the open area where all the runners merge, directly under the
carburetor(s) or after the throttle body on fuel injected manifolds. The best example of a plenum is the very
evident "box" on "tunnel ram" type manifolds. See Figure 2.16.

e The end which is open to atmosphere (or air cleaner) on individual runner fuel injection or carburetion. For
"individual runner" carb systems, the runner length actually extends through the carb and through any velocity
stack or air horn.

e Any point where a runner from one cylinder merges with a runner from another cylinder.
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Most production, carbureted manifolds have runners from 3 to 12 inches in length. Manifolds for modern, production fuel
injected engines generally have longer runners (8-20 inches) to take advantage of intake tuning effects at mid-range RPMs. Most
manifolds have runners which vary in length from cylinder to cylinder. Use the average length of all the runners, or the average
of the longest and shortest runner for this spec.

Runner Flow Coef

Is similar to the Single Flow Coef number for the valve in the Head(s) menu, but describes the design of the runner within the
intake manifold. This does not describe the size or length of the runners, as they have been described by other specifications.
This specification says "for its particular size, how well is the intake runner designed". Obviously, sharp bends to clear a
distributor or provide for hood clearance, rough irregular surfaces, or abrupt changes in runner size where the intake manifold
mates to the head, are undesirable from a restriction and tuning point of view. See Figure 2.13.

A general rule for a good manifold (and port) design is one where you can see the entire intake valve for all cylinders from the

carburetor or throttle body. This type of design would likely have a Runner Flow Coef of 3, indicating virtually no restriction
due to the manifold design. Use Table 2.7 to estimate the Runner Flow Coef.

Table 2.7 Estimates of Runner Flow Coef

Manifold Description Estimated Runner Flow Coef
Production, carbureted manifolds 7t01.5

Production manifolds for individual cylinder fuel injection 1.0t0 2.0

Aftermarket, dual plane intake manifolds 1.0t0 2.5

Aftermarket, single plane, “X” type or “tunnel ram” manifolds 2010 3.0

Race single plane (sheet metal, custom design) 3.0

Figure 2.13 lllustration of Runner Diameter, Runner Flow Coef, and Qualitative Comments

Large DIAMETER
Large COEF, 3.0
Low Restriction
Good High Speed
Tuning

Large DIAMETER
Small COEF, .8
High Restriction
Poor Tuning

Small DIAMETER
Large COEF, 3.0
High Restriction
Good Low Speed
Tuning
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Figure 2.14 lllustration of Restriction Level vs Runner Flow Coef Runner Flow Coef is different from Head(s)
Single Flow Coef in 2 ways. First, it is
High normal to have a Runner Flow Coef greater
than 1.0 . Second, Runner Flow Coef has a
Level of very "non-linear" relationship to restriction.
Restriction This means that the difference in restriction
Or Power Loss between flow coefficients of .5 to 1.0 is much

greater than the difference between 2.5 and
3.0. Figure 2.14 shows that most change in
restriction level occurs between Runner Flow

Low Coefs of .5 and 1.5.
0 1 2 3 Runner Flow Coef not only affects flow
Runner Flow Coef restriction, but has an influence on intake

tuning. See Appendix 3 and Example 4.5.
See Section 2.9.7 for how to calculate Runner Flow Coef from flow bench data. Even if you do not have flow bench data,

review Section 2.9.7 for an understanding of how the flow capacity of the head’s ports relate to the intake manifold’s Runner
Flow Coef.

Manifold Type
This combo box lets you pick the type of intake manifold design and the type of fuel delivery system. This will determine what
percent of the carburetor or throttle body is available to each individual cylinder and the type and strength of the intake tuning

effects.

Table 2.8 Descriptions of Manifold Types

Manifold Type Description

Dual Plane - carb(s) This manifold type is where half of the engine's cylinders "see" only half of the
carburetor and are isolated from the other half of the cylinders. This type of manifold
gives a stronger fuel metering signal at low speed, because each induction pulse
goes to a carburetor only half as big as the entire carburetor. Most production
carburetor systems are of this type for engines larger than 4 cylinders. Dual plane
intakes on engines with 6-10 cylinders also exhibit some "secondary" or low speed
tuning effects. See Appendix 3 and Example 4.1. A carburetor is the fuel metering
device.

Single Plane - carb(s) A single plane manifold is where all cylinders can draw from all carburetor barrels.
For this reason, this manifold offers lower flow restriction at higher air flows (high
RPM). These types of intakes on V- 8s tend to have shorter runners than either dual
plane or tunnel ram manifolds. A "Street" single plane is one where tuning has been
compromised to also provide hood clearance, good part throttle fuel distribution, good
throttle response and cold weather operation, etc. Also see Tunnel Ram - carb(s)
below. Single plane intakes on engines with 2-4 cylinders also exhibit "secondary" or
low speed tuning effects. See Appendix 3 and Example 4.1. A carburetor is the fuel
metering device.

Tunnel Ram - carb(s) This type of single plane manifold has been designed for optimum intake tuning and
low flow restriction. See Figure 2.16. Single plane intakes on engines with 2-4
cylinders also exhibit "secondary" or low speed tuning effects. See Appendix 3 and
Example 4.1. A carburetor is the fuel metering device.

Single Plenum - EFI This type of production intake system is characterized by one injector dedicated to
each cylinder and one large plenum which supplies air to all cylinders. Generally
these intakes have been optimized for tuning effects, since fuel distribution and carb
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"pump shot" lag are no longer a concern. These systems generally have runner
lengths in the 8 to 20 inch range. Injected intakes on engines with from 2-4 cylinders
also exhibit "secondary" or low speed tuning effects. See Appendix 3 and Example
4.1. Fuel injection is the fuel metering device and a throttle body meters air.

Split Plenum - EFI This type of manifold is very similar to the Single Plenum-EFI above except it has a
split plenum, each side supplying air to only half of the cylinders. This type of fuel
injected intake is usually used on engines with 6 or more cylinders to produce
“secondary” tuning effects for improved low speed torque.

Ind Runner - carb(s) This manifold type has all cylinders completely isolated from one another. This type
of system generally offers the best potential for intake tuning. However, these
systems can be restrictive, even with a large Total CFM Ratings. For example, each
cylinder can draw from a 600 CFM carb on a single plane, V-8 manifold. However,
each cylinder could only draw from a 75 CFM carburetor (one eighth of 600 CFM) with
an individual runner system with a Total CFM Rating of 600. Individual runner
manifolds will exhibit no "secondary" or low speed tuning effects. If you specify # Of
Cylinders as 1 in the Short Block specs, the program assumes an individual runner
system, no matter what type is selected here. This system uses carburetors as the
fuel metering device.

Ind Runner - fuel inj This type is like Ind Runner - carb(s) except fuel injection is the fuel metering device
and individual port throttles meter air.

Runner Taper, deg

Is the taper on the runner. If the runner is of constant cross sectional area, it would have zero taper. If the angle for all sides is 1
deg from being straight, this would be a 2 degree taper. If 2 sides are straight and 2 sides are tapered 1 degree from straight, this
would be something less than 2 degrees of
taper. This can be confusing, so the best
way to estimate runner taper is to click on
the Clc button and calculate taper based on
simpler inputs as shown in Section 2.9.8.

Figure 2.15 Runner Taper

Runner Dia @ Head

Intake Heat Taper AngIeT

This combo box lets you pick the method of
heating the intake manifold for improved
fuel atomization, fuel distribution and cold
weather operation. Use the Table 2.9 to estimate Intake Heat.

Table 2.9 Descriptions of Intake Heat Ratings

Description Type of Intake Heat
Production carbureted manifolds heated by exhaust gas and/or engine coolant. Prod (full heat)
Production individual cylinder fuel injection manifolds or carbureted manifolds with blocked Reduced Heat
exhaust crossover.

Manifolds with no source of engine heat; fuel injection or carbs with individual stacks; No Heat

manifolds which have no coolant passages, exhaust crossover, and are insulated or isolated

from the lifter valley.
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Fuel Delivery Calculations

Yes
O No

If you choose Yes for Fuel Delivery Calculations, as shown above, the See Specs button becomes enabled. Click on this button
to view a new menu of fuel delivery system (carb or electronic fuel injection) details. See Fuel Delivery Specs in the next
section. These specs have NO effect on performance but just the fuel delivery recommendations given in the test results.

Carburetor(s)
Throttle Body(s)

The title of this section of the Intake System Specs menu is determined by the choice of Manifold Type.

Total CFM Rating

Is the air flow rating of the carburetor(s), or throttle body(s) if the engine is fuel injected. The flow rating is measured in CFM
(Cubic Feet per Minute) maintaining a 1.5" Hg (inches of mercury) pressure drop across the carburetor or throttle body.
Standard CFM at 1.5" Hg pressure drop (20.4" water is the standard method of rating 4 BBL carburetors. Standard CFM ratings
for 2 BBL and 1 BBL carburetors are measured with a 3" Hg pressure drop and must be converted to the 4 BBL rating before
they will be accurate in the Engine Analyzer Pro program. Use the .71 conversion as shown below:

2 BBL CFM Rating x .71 = 4 BBL CFM Rating

This spec has a Clc button, which means you can calculate it from either:

- Throttle bore sizes, # throttle bores, restrictor plate specs.
- Flow bench data.

See Section 2.9.9 on these options.

Secondary Throttles

This combo box identifies if the carburetor (or on rare occasions, the throttle body) has additional air flow capability at high air
flow demands:

e If'there are no secondary throttles, pick the first choice “No Sec Throttles”.

e If there are secondary throttle plates, check to see if they are mechanical secondaries. With the engine not running,
see if all throttle plates are completely open with the throttle linkage in the WOT (Wide Open Throttle) position. If
so, pick the “Mech Sec Throttles”.

e If there are throttle openings which are not completely open, but which open "on demand" when engine air flow
requirements increase, pick one of the other choices by estimating the RPM where they will open.

Note: If you have chosen Yes for Fuel Delivery Calculations and are using a carbureted Manifold Type, be sure you have
specified the Fuel Delivery spec "# Secondry Venturis" as a number greater than 0.
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Air Clnr Flow Rating

Is the flow rating of the air cleaner filter element and housing measured in CFM with a pressure drop across the air cleaner of 3"
water. Since this spec has a Clc button, you can calculate an air cleaner flow rating from air cleaner dimensions. See Section
2.9.10. If no air cleaner is used, enter a very high flow rating, for example 100000 CFM.

Figure 2.16
Plenum Specs Secondary Runners (carb or throttle body throttle bores)

Guess at Specs .
O Use Specs Below Effective area

The intake manifold’s plenum is the volume directly : ¥ Length
after (under) the carb or throttle body before the air Plenum ~ : L : A
passage splits into the individual runners to each

cylinder. The large “box” under the carbs on a \
Tunnel Ram manifold is a good example of a large
plenum. Because plenum and secondary runners
(the carb or throttle body dimension) specs are new
to many users of the Pro, and for many engine Runners to
combinations these specs usually have very little CyIinders
effect on performance, you may want to simply
choose the Guess at Specs option. This tells the
program to use reasonable estimates of these plenum
and secondary runner specs. If you want to specify
plenum specs, you must choose the Use Specs Below option button first. Then these specs become enabled so you can change
them.

Note: Depending on the Manifold Type in the Intake System Specs menu and # of Cylinders in the Short Block Specs menu,
some or all of the plenum specs may be disabled. For example, if you have chosen Ind Runner - carbs, there is no plenum.
Plenum Specs are disabled, you can not change them, and they are not used in the calculations.

Plenum Volume

Is the volume of the plenum in cubic inches. It does not include the dimensions of the runners to the cylinders or any portion of
the carb or throttle body or spacer which is approximately the same size as the throttle bores. If the spacer is much larger than
the throttle bores, like one single, large rectangular hole under a 4 barrel carb, then include the volume of the spacer in the
plenum volume. Click on the Clc button to calculate this volume from simple dimensions. See Section 2.9.11.

Effective Carb Length, in
Effctv. Thrttl Bdy Len, in

Is the length of the carb or throttle body throttle bores and any ducting before and after the throttle bores which are
approximately the same diameter as the throttle bores.
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Carb Area, sqin
Throttle Body Area, sq in

Is the total area of the carb or throttle body throttle bores and any ducting before and after the throttle bores which are
approximately the same diameter as the throttle bores. Click on the Clc button to calculate from simpler specs.

2.4.1 Fuel Delivery Specs

The specs in this menu only affect the recommended fuel settings in calculated performance, not any of the power calculations.
Recommended fuel settings in the test results include:

e Primary Jet and Secondary
Jet if carbureted
e Injctr Dty Cyc and Inj Plse

Figure 2.17 Fuel Delivery Menu
Engine Analvzer 'Pro' Performance Trends Enaine [ SUPERSTO.CK 1 [~ |i|
Intake System Specs for: 1050-TNLRAM |

!

[
o
-
™
s

Wdth lf fuel lIl_]CCted Manifold Specs [ 1 runnerfeyl] | Carburetor(z] B
The Pro assumes a 12.5 A/F for Fuel Delivery Specs for: 1050-TNLRAM
gas ora 50 A/F for alcohol iS [ Fagerd frmeobing Speos " Carburetor Specs
delivered regardless Of hOW thCSC |§zz'§fz<‘,%{3z Fatmg, Bt |Tt FPrimary Yenturies E

|§zz'§fz<‘,%{3z Flated Pros, P51 ﬁt Secondary Yentunies 2
|§}§,§ma§?%z’>g§ Fued Paas, PRI |Plimaly Yenturi Diameter. in 1.69

specs are set. If you are using the
Engine Analyzer Pro only for

predicting performance you [Fravvre Tonted |F|eg to ban Pres |i| |Secondary Yenture Dia. in 1.69
Should Select NO fOr the’ Fuel |§'<z£a§i i Intectnrs on ngine |Powel Valve |None |£I
Delivery Calculations in the |§:"5zé?z{§ B athad |Dnce.-"C_l,lc:Ie (2 rews] |i| [U'entuli Dizcharge Coef 7

D FEECOC B

Intake System Specs menu shown " Type of Fuel Delivery System = [+]
in Figure 2.12. Then you can Tur Carburetor(s) " Help

: . Tip: To change the Type of Fuel Deliven, select a Total number of primary venturies on engine. For
dlsregard settlng any of these different Manifold Type in the Intake Specs menu. example, wo 4 BELs would be 4, one 4 BEL would

be 2. p40

specs. In thgt case, the test | — 1 Help 1
results of Primary Jet, Secondary .
Jet, Injctr Dty Cyc and Inj Plse Cic{ [0k _|] [[Help ] [ See Layout | [ Retieve from Library | | Save to Library ]
Wdth are left blank. Figure 2.17 L K3

shows the Fuel Delivery menu
which is displayed if you click on
the See Specs button in the Fuel Delivery Calculations section in the Intake System Specs menu.

Fuel Injection Specs

Injector Rating, Ib/hr

Is the "full open" fuel flow rating of one injector in pounds per hour for the particular fuel being used. Therefore, for alcohol
engines, the injector rating, 1b/hr should be for flowing alcohol. Many times people simplify this term and say for example “30
Ib injectors”. This usually means 30 pounds per hour.
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Injector Rated Pres, PSI

Is the fuel pressure in PSI at which the Injector Rating is rated.

Operating Fuel Pres, PSI

Is the operating fuel pressure delivered to the injector when installed on the engine. For example, say an injector is rated at 30
Ib/hr with a Injector Rated Pres of 40 PSI. If you run it on the engine with an Operating Fuel Pres of 60 PSI, it will flow much
more than 30 Ib/hr. Many times the operating pressure is increased to provide enough fuel for supercharged engines.

Pressure Control

This combo box lets you select the method used to control Operating Fuel Pres. If the fuel pressure is regulated to manifold
vacuum or pressure, select “Reg to Man Pres” or “Reg to Boost Pres”. (The Boost Pres item means exactly the same as Man
Pres, but we thought some people may recognize the word “Boost” and not “Man.”) This type of system usually has a vacuum
line connected from the fuel pressure regulator to the intake manifold. If you measure fuel pressure with a gauge, you will see
regulated fuel pressure increase as you open the throttle and manifold pressure increases (manifold vacuum drops). This type of
system generally holds a constant pressure drop across the injector. Therefore, fuel flow will not change with manifold pressure
changes unless the electrical signal to the injector changes.

If the pressure is regulated to atmospheric pressure or simply has a regulator which holds a constant pressure, choose “Hold
Const. Pres”. These types of systems hold fuel pressure constant no matter what the manifold pressure or supercharger boost.

Total # Injectors on Engine

Is the total number of injectors on the engine. The program assumes all injectors are identical and operate the same.

Firing Method

Is the number of times one injector fires in one complete engine cycle (2 revolutions or 720 degrees). Most systems with 1
injector for each cylinder fire the injectors only once each cycle so choose “Once/Cycle (2 revs)”.
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Carburetor Specs

The Engine Analyzer Pro lets you simulate some basic carburetor operation to understand how engine and carburetor
modifications affect carburetor performance. Carburetors are nearly as complicated as the engine itself. Many simplifying
assumptions are made to reduce the carburetor specs to those you see here. Most assumptions are based on a typical Holley 4

barrel.

WARNING: Although recommended jet sizes may work well in some cases, DO NOT use them to jet your carb. Due to the
many carb assumptions made by the Pro, recommended jet sizes should only be used to show trends.

# Primary Venturis

Is the total # of primary carburetor venturis on the engine. Table 2.10 gives some examples.

Table 2.10, Examples of # Primary Venturis and # Secondary Venturis

Intake System # Primary Venturis | # Secondary Venturis

Single 4 barrel carb

Dual 4 barrels

Three 2 barrel carbs, (ex. Mopar “Six Pack”)

Four cylinder engine with Ind Runner

“Non Staged” 2 barrel carb (ex. Holley 500)

=SIN|BRINIBRIN
=l (=1 E L)

Staged 2 barrel carb (Ford 2300, Pinto 2 barrel)

# Secondary Venturis

Is the total # of secondary carburetor venturis on the engine. Table 2.11 gives some examples.

Primary Venturi Diameter, in

Is the diameter of the main venturi (not booster venturi) in a primary throttle bore in inches. This is not the throttle plate
diameter.

Secondary Venturi Diameter, in

Is the diameter of the main venturi (not booster venturi) in a secondary throttle bore in inches. This is not the throttle plate
diameter.

Power Valve
This combo box lets you pick the diameter of the power valve restrictor channel in inches, and whether the power valve is only

for the primaries or for both the primaries and secondaries. For some diameters, an example is given, however, your particular
carb may be different.
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Venturi Discharge Coef

Describes the strength of the fuel metering signal generated by the carburetor booster venturi. Most carburetor booster venturis
have a discharge coefficient of approximately .75 . Special "high strength" boosters, Holley's "annular discharge" booster,
double boosters (a booster venturi within a booster venturi) will have CD's of .55 to .65. The lower the number, the higher the
booster signal (the more venturi suction) for a given air flow.

If you have flow bench data of venturi signal for various amounts of air flow through the carb, click on the Clc button to
calculate venturi CD. See Section 2.9.13.

Note: Many carbs will have different venturi CDs on the secondary venturis than the primary venturis. Use the average of the
primary and secondary CDs for venturi CD if you calculate it from flow bench data. Also remember that the actual carb will
need a larger jet for the venturis with the larger CDs. Differences between primary and secondary venturi CDs are not
accounted for in the program.

Air Bleed

This combo box lets you pick the approximate size of the air bleed for the primary (and secondary) metering systems. The
actual carburetor's air bleed rating, % is nearly impossible to determine except under actual running or "wet flow bench" testing.
Use this parameter only to understand how the air bleed system works. An air bleed rating, % of 0 would be no air bleed
opening. An air bleed rating, % of 100% would be for an air bleed orifice approximately as large as the main jet.

Notes: The air bleed rating is the only carburetor spec which can not be measured directly. Therefore, set all other carb specs
including calculating the venturi CD from flow bench data. Then adjust the air bleed rating until the Primary Jet and Secondary
Jet match the diameters of the metering jets you are using (assuming the jets you are using give 12.5 A/F for gas or 5.0 A/F for
alcohol).

The goal of most carburetors is to deliver the same A/F for all RPMs. You'll know if you have reached this goal if the Primary
Jet and Secondary Jet are nearly the same at all RPMs. By adjusting the venturi CD and air bleed rating, you can usually obtain
a nearly constant Primary Jet and Secondary Jet. Restricted engines (engines where class rules dictate a carb much smaller than
optimum) usually require more air bleed rating and a higher venturi CD (less metering signal) for constant Primary Jet and
Secondary Jet (and constant A/F) at all RPMs.

Many carbs will have different air bleeds on the secondary venturis than the primary venturis. This detail is not accounted for in
the program.

See Example 4.1, “For Advanced Users” for more detail.
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2.5 Exhaust System Specs

The Exhaust System specs affect exhaust system tuning and flow losses due to restrictions in the exhaust manifold or header and
exhaust/muffler system.

Exhaust System Specs have been expanded in later versions. See Appendices 9 - 13 on pages 235-312 for more updated
info.

Figure 2.18, Exhaust System Menu

Engine Analyzer 'Pro" Performance Trends Engine [ SUPERSTO.CK ] | v| ¢|
File [engine] Calc HP[F2] Help[F1] Preferences About...
our hame and phone # can go Eng CID : 263.9
Header anary SpeCS (X Exhaust System Specs for: HDR-31%2.1
. " Header Primary Specs [ 1 runnerfcyl] — | [ Exhaust/Muffler System | [
rn n r/CyI ) - (& Open Headers

(LT LIS traight Primary [no diameter change] s : s

e L = O Full Exhaust |1¥3 Hatiag |:|
|Inside Dia at Head. in 21 " Collector Specs
[Total Length, in EL Collector Present ? @ Yes Mo
|Hunner Flow Coef |2—| |Eolleclol Length. in 10
[frevice Dia a2 Bt i [Collector Dia. in 36
[Collector Taper. deg ||]—|

The "x rnnr/cyl" depends on the
current value of # Valves/Ports under
Exhaust Port specs in the Head(s)
menu. If x=2 or 3, then the Header
Specs of Design, Inside Dia at Head,

Total Length, Runner Flow Coef and " Help

: : : : Click on down amow to pick header design, either a " Comments
Inside Dia at Exit describe Only 1 of straight section of pipe or & pipe which steps up to a Headers with 31 inch length by 2.25 Py
the 2 or 3 exhaust header or manifold larger diameter some length fram the port. p == inch 0D B

runners for each cylinder.

Important: Click on the See [ ok ][ Help || See Layout I Retrieve from Library I [ Save to Library |
Layout button at the bottom

of this menu to see how your | 5
input specs are being used by :
the program.

oz [ 1o 10 10 101

Design
This combo box lets you pick the general design of the exhaust runner:
e  Straight with no diameter change from the head to the collector or exit to atmosphere

e Constant taper from the head to the collector or exit to atmosphere
e Stepped, with a relatively small diameter change at some distance from the head

Inside Dia at Head, in

Is the inside diameter of the header or exhaust manifold runners at the head. If you know your header tubing outer diameter,
simply subtract .1 inches to obtain the approximate inside diameter For example:

1 7/8" Headers: Tubing O.D. = 1.875

Inside Diameter = 1.875-.1 = 1.775
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L]
If the runners are oval or rectangular or you have runner volume in CCs (usually used only for exhaust manifolds), click on the
Clc button to calculate the effective diameter. See Section 2.9.3,

Note: The exhaust runner dimensions are not as critical as the intake runner dimensions. It is generally “overkill” to “cc" the
primary header pipes. Simply estimating the inside diameter by subtracting .1 from the tubing OD is adequate.

Total Length, in

Is the length of the exhaust runner from the exhaust port in the head (not including the exhaust port) to the first "abrupt
enlargement" of the runner downstream of the exhaust port. The "abrupt enlargement” can be several different things:

e  The header collector where individual tubes merge together.
e The end which is open to atmosphere on individual runner exhaust headers.
e Any point where a runner from one cylinder merges with a runner from another cylinder.

Most production exhaust manifolds have runners 2 to 8 inches in length. Production manifolds and headers for performance
engines generally have longer runners to take advantage of exhaust tuning effects, 12-24 inches. Aftermarket headers generally
have a length of 20-40 inches.

Runner Flow Coef

Is similar to the Runner Flow Coef discussed in the Intake System section. Runner Flow Coef mostly affects flow restriction
and only slightly affects exhaust tuning. (This is a change from Version 1.2 where this parameter had a stronger influence on
exhaust tuning.) See Appendix 3 and Example 4.5.

See Section 2.9.7 for how to calculate Runner Flow Coef. Even if you do not have flow bench data, review Section 2.9.7 for an

understanding of how the Valve and Runner Flow Coefs relate to each other. If you do not have flow data, use Table 2.11 to
estimate the Runner Flow Coef for typical exhaust manifolds and headers.

Table 2.11, Estimate Exhaust Runner Flow Coef

Description Typical Runner Flow Coef
Production, non performance manifolds 7-2.0

Production, performance manifolds with longer runners, smooth bends 1.0-2.0

Aftermarket, “street” headers (typically more bends to clear frame, provide for easy 1.0-25

installation, etc.)

Aftermarket, “race” headers (designed primarily for low restriction, good tuning 1.5-3.0

characteristics)

Exhaust/Muffler System

Open Headers
O Full Exhaust

Click on the option button which describes your exhaust system. If you choose Open Headers, the CFM Rating spec is disabled,
because that is the CFM Rating of the exhaust system, not the headers.
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CFM Rating

Is the "vehicle exhaust system and muffler restriction rating" and describes the design of the exhaust system. It is very similar to
a carb or throttle body Total CFM Rating in the Intake System Specs menu.

The CFM Rating is measured in CFM (Cubic Feet per Minute) maintaining a 1.5" Hg (inches of mercury, or 20.4 inches of
water) pressure drop across the entire exhaust system. Exhaust system flow data is becoming more common in magazine
articles and performance "how to" books. However, the pressure drop used for doing the flow tests may not be 20.4". If not,
use the following formula to obtain CFM flows corrected to 20.4":

CFM@204’ = CFM@XX x | 204
XX

Where XXis the actual test pressure in inches of water

Also, if they flow each side of the exhaust system separately, simply add the two CFM values obtained.

For example, a magazine article says the right side of a particular exhaust system flows 270 CFM at 28" water.

First, convert 270 CFM @ 28" to CFM at 20.4"

CFM @ 20.4" =270 * /2-0.4 =270 * .854 =230 CFM
28

Second, add left and right side flows together to obtain total exhaust system flow (assuming the left flows equal
to the right)

Total flow = Lt flow + Rt flow = 230 + 230 = 460 CFM

If you do not have flow data, use Table 2.12 to estimate the CFM Rating or click on the Clc button to calculate CFM as
explained in Section 2.9.14.

Table 2.12, Estimate CFM Rating

Designed Engine Power CFM Rating
in Horsepower
Quiet Sporty Race
0-50 20 40 120
51-100 60 120 360
101 - 150 100 200 600
151 - 200 140 280 840
201 - 250 180 360 1080
251 - 300 220 440 1320
301 - 400 280 560 1680
401 - 600 400 800 2400
601 - 1000 640 1280 3840
1000- 2000 1200 2400 7200
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Definitions for Table 2.12:

e  Quiet is a production exhaust system for a family sedan or luxury sedan where a "throaty" engine roar is
undesirable.

e Sporty is a production exhaust system for performance/sports cars.

e Race is an exhaust system with extremely low back pressure, designed for classes of racing where rules require
mufflers.

e For open headers/no exhaust system, enter a very large value of CFM, for example 100000 CFM.

Note: As a double check, this is the range of Exhaust Back Pressures (Exh Pres) you should obtain when calculating
performance for the various CFM Ratings:

Quiet = 7 to 12 PSI at the RPM for peak HP
Sporty = 2 to 8 PSI at the RPM for peak HP
Race = .S5to 3 PSI at the RPM for peak HP
Open Headers = 0 PSI

If you have the exhaust system mounted on the engine you are simulating with the Pro', you can verify the CFM Rating by
actually measuring the exhaust pressure in PSI. Weld a hose fitting to the exhaust pipe as close as practical to the header or
manifold. Attach a hose from the fitting to a TEMPORARY pressure gauge OUTSIDE the vehicle. For example, tie it to a
windshield wiper so it can be read inside the car. The gauge should be for reading low pressures, like 5 PSI full scale for
accurate measurements. Make a full power acceleration in the vehicle and see if the measured pressure matches the Pro's Exh
Pres.

SAFETY NOTE: Do not run an exhaust pressure line into the car. This is to prevent carbon monoxide poisoning.

Collector Specs

O None
Simple
O Detailed

Click the appropriate option button for your exhaust system design and for the level of detail (and calculation time required) in
the calculations. See the definitions below:

e None says each exhaust header empties separately to atmosphere, like “zoomies” on a blown, nitro dragster. Selecting this
options disables all collector specs.

e Simple says each exhaust header combines into a common pipe of large diameter, usually called a collector. For engines
with # of Cylinders greater than 5, the Pro assumes there are 2 collectors, each with half of the header pipes from engine’s
cylinders. Selecting this options disables collector diameter and taper angle. During development it became evident that
the collector specs were having too much effect on the results. In actual engines, the size and length of the collector
generally is not too critical. Therefore, to simplify the calculations (which saves considerable calculation time) and produce
results more in line with typical engines, we developed this option.

e Detailed says each exhaust header combines into a common pipe of large diameter, usually called a collector. For engines
with # of Cylinders greater than 5, the Pro assumes there are 2 collectors, each with half of the header pipes from engine’s
cylinders. Selecting this options enables all collector specs. Generally selecting this option will let the collector have too
much effect on calculated performance. In actual engines, the size and length of the collector generally is not too critical.
This option can be useful for those who want to see how collector specs should effect performance, and at what RPMs.
However, you must keep in mind if a change shows a 40 HP change at a particular RPM, that the real change may be more
like 5 HP instead. This option can also be useful for “cutting edge” engines like Pro Stock or Formula 1. For these highly
tuned engines, collector specs may have more effect, like that shown by the program. More refinements will be made as we
gain more experience.
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Collector Length, in

Is the length of the collector from the end of the header primary or exhaust manifold runner to the next abrupt enlargement. This
abrupt enlargement is usually the opening to atmosphere for open headers. For exhaust systems, it would usually be the catalyst
or muffler.

Collector Dia, in

Is the diameter of the collector at the end which attaches to the header primary(s) or exhaust manifold runner(s). You can click
on the Clc button to have the program estimate the Collector Dia based on the diameter of the header primary(s) or exhaust
manifold runner(s), their number and a percent change in cross sectional area. Click on the Clc button to calculate a diameter
from the Header Primary Diameter specs as explained in Section 2.9.15.

Collector Taper, deg Figure 2.19 Colllector Specs

Is the angle for the taper of the collector. For Collector Diameter
collectors with no area change (straight,
constant diameter pipe), enter 0. For
collectors which taper out (larger diameter or
area at the exit of the collector) enter the
number of degrees. Although this would be
rather unusual, enter a negative number (-) of
degrees if the collector gets smaller at the Taper Angle
exit. Click on the Clc button to calculate the
Taper angle based on diameters or areas and Collector Length
collector length.
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2.6 Cam/Valve Train

Cam Valve Train Specs have been greatly expanded in later versions, with many new inputs and features. See
Appendices 9 - 13 on pages 235-312 for more updated info.

The Cam/Valve Train specs describe the opening and closing of the valves, valve train weights, spring rates and stiffness of
components. Because there are so many different ways of specifying cam specs, the Pro includes a menu called Alternate Cam

Specs. Click on the See
Arftemate Specs button at the Flgure 2. 20 CamNaIve Train Menu

bottom of the screen lfyou have File [ CamfYalve Train Specs for: BUICK-VY-b

Specs which do not match those " Intake Cam Profile [ Exhaust Cam Profile
shown in the main Cam/Valve |Centerline, deg ATDC |Centerline. deg BTDC 109.0 =
Train menu shown. This [Duration @ 050" 279.0 [Duration @ 050" 292.0
Alternate Cam Specs menu is [Max Lobe Lift. in .47 [Max Lobe Lift. in .42
discussed later in this section. |Actual ¥alve Lash, in 026 |Actual ¥alve Lash, in 028
|Rocker Arm Ratio 1.6 |Rocker Arm Ratio 1.6

NOte: Altemate Cam Specs ® Use Specs Above () Use Cam File ® Use Specs Above ) Use Cam File
were incorporated into the main [oam e | (x| | [Fem i | | (e |
Cam Screen in V33 because - Owerall Cam Specs " Calculate ¥alve Train Dynamics

computer screen resolutions
increased. This allowed more

[Total Cam Advance (33 aAdvance E ®Yes ONo [ see Specs for Dynamics I

|Designed Yalve Lash. in | D28

NEHININEEN %

. . T Comments
info to be displayed on one |[Lifter (profile) Type | [Invitd Solid Roller [ %] Super Stock Buick ¥-6 Roller -
screen Cam/¥alve Train
. ~ Help Titanium Valves - With Rev Kit
] | Location of center of intake lobe of can as currently
d 1 . installed, degrees after TDC. Click on Clc button to
Cam and valve train He calculate from other cam specs. p == hd
specifications are critical to Cli
. S = F v I q y I
englne performance; therefore | 0K I | Help I | See Alternile Specs I | Hetrieve from Librar Save to Libran

reliable information is necessary.

It is recommended that you use
specifications given by the cam grinder or engine manufacturer. Actual measurements of cam and valve train specifications can
be done, however this can be tricky and therefore is recommended to have someone experienced perform them. Guides for
making these measurements are also available from cam grinders and manufacturers of valve train components and are beyond
the scope of this User's Manual.

For additional reference, see Example 4.2 and Appendix 8. Performance Trends' Cam Analyzer program can help you to make
these measurements. It can also be used to create Cam Dr (tm) files, which can be used by the Pro for detailed analysis of a
particular cam profile. See Cam File on page 43 for using Cam Dr (tm) files.

Version 3.9 allows you to communicating directly with the Cam Analyzer, allowing for much easier importing of cam files from
Cam Analyzer.

Intake Cam Profile

Centerline, deg ATDC

Is the location of the maximum lift point on the cam profile. If you are using the program’s standard cam profiles, this is also
exactly half way between the open and closing point because the program assumes the same opening and closing profile. This is
not necessarily the case if you use a Cam File, which may have very different opening and closing profiles. Click on the Clc
button or the See Alternate Specs button at the bottom of the menu to bring up the Alternate Cam Specs menu. There you can
enter Opening and Closing events at .050” lift instead of Centerline and Duration. Also see Appendix 8 and Example 4.2.
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Figure 2.21 Cam Profile Definitions As Used By Engine Analyzer
Duration @ .050” Pro

Is the number of crank degrees

where the tappet is lifted at least ‘g“gn"gg, Lt
.050 inches above base circle. This
will correlate to most cam grinder’s .

spec of “duration @ .050 inches Hlaadigda s
lift”. This has become an Base Circle
aftermarket standard. Be sure not
to use “seat timing” or “advertised

duration”, as these are usually Lash @
much larger numbers. Click on the Tappet *
Clc button or the See Alternate S0S 08

Specs button at the bottom of the — \

. " = \ s
menu to bring up the Alternate Cam -000 ; R BaselC xCle
Specs menu. There you can enter oPEN & .08

. . .050, .
Opening and Closing events at DEG BTC Sé@sﬁsg 050
.050” lift instead of Centerline and
Duration. Also see Appendix 8 and * Lash @ Tappet is LASH @ VALVE, IN divided by ROCKER ARM RATIO. Lash
Example 4.2 € Tappet is shown only to illustrate lash in general. Lash @ Tappet
p e is not used since it is difficult to measure.

Max Lobe Lift, in

Identifies how high the cam lobe lifts the tappet above Base Circle in inches. If you are given "gross valve lift" by the cam
grinder, divide by the rocker arm ratio assumed by the cam grinder to obtain gross or maximum tappet lift. This can also be
done in the Alternate Cam Specs menu. Click on the Clc button or the See Alternate Specs button at the bottom of the menu to
bring up the Alternate Cam Specs menu. Also see Appendix 8 and Example 4.2.

Actual Lash @ Valve, in

Identifies the lash or clearance in inches between the valve tip and its actuator, generally the rocker arm. If you have specified a
hydraulic Lifter (profile) Type, this spec is disabled.

Notes: This spec works with the Designed Valve Lash spec. If you specify an Actual Valve Lash nearly the same as the
Designed Valve Lash, the valve will be opened as the cam profile was designed. If you specify a smaller Actual Valve Lash
than the Designed Valve Lash, the valve will be opened longer and higher than what the cam was designed for. And vice versa,
if you specify a larger Actual Valve Lash than the Designed Valve Lash, the valve will be opened less time and less lift than
what the cam was designed for.

Rocker Arm Ratio

Identifies the ratio between tappet lift and valve lift. Generally rocker arm ratios vary between 1.3 to 1.8. For valve trains with
no rocker arms, for example overhead cam systems with directing acting tappets, enter 1. See Figure 2.22. The Pro assumes the
ratio is constant although actual rocker arm ratios vary slightly with valve lift.

42



(C) Performance Trends Inc 2009 Engine Analyzer Pro Chapter 2 Definitions

Figure 2.22, Various Valve Train Designs & Estimated Rocker Arm Ratios
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Use Specs Above O Use Cam File

Cam File

The Engine Analyzer Pro allows you to specify the cam lobe at every 2 crank degrees (1 cam degree) by reading several
different types of cam files. These files include” "Cam Dr (tm)" , "Competition Cams (tm)", “Doctor Dr (tm)” and “S96 (tm)”
files. Although, the Pro can approximate most cam profiles quite closely from just the simple specs described above, this is the
only way to simulate the exact cam profile you are using.

If you have a cam lobe data file you want to use, choose the Use Cam File option button. This will disable some specs in the
Cam/Valve Train menu and enable the Cam File Pick button. Click on the Pick button and a standard Windows menu opens so
you can pick any file any place in the computer. Find the file and click OK. The program will warn you if it is not a file format
it recognizes. The file name and path will be loaded into the Cam File text box. You can not change this name in the text box
directly, but only by using the Pick button. See Example 4.2.

Cam Dr (tm) files usually end with ".cxx" where xx is the cylinder #. Each Cam Dr file consists of an intake and exhaust lobe.
The Engine Analyzer Pro will only read the intake lobe data as an intake lobe and the exhaust lobe data as an exhaust lobe for
the calculations. However, you can use one cam data file for the intake profile and a different one for the exhaust

profile.

Complete Cam Dr files also include ".des" and ".msu" files which include comments, camshaft data, rocker arm ratio, etc.
Because the Pro already knows lobe center, rocker arm ratio, etc., these additional files are not needed. Performance Trends'

Cam Analyzer computer program can create Cam Dr (tm) files from dial indicator and degree wheel readings. Contact
Performance Trends for more information.

Competition Cams files are only for 1 lobe, and can be used for either intake or exhaust. The format for a Competition Cams
file is relatively simple:

The first 42 records or lines are simply text or comments, and are ignored by the Engine Analyzer Pro

The next 360 records are cam degrees and cam lift, for example:
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1 .000
2 .001
3 .003
359  .000
360 .000

The cam degrees are not used, but a number must be included at this location. The cam lift data can start at any place, even in
the middle of a lobe. The minimum lift (base circle) need not be zero, but can be either above or below zero. Because the
Competition Cams format is simple and very general, experienced computer users may be able to write these lobe files from
other data or specs they have.

Overall Cam Specs

Total Cam Advance

This combo box lets you either pick an advance, retard or “straight up” cam timing by clicking on the arrow key, or you can type
in an advance or retard in degrees directly. If you just enter a number, a number with a + sign (ex. +4) or a number followed by
the letters “adv”, the program assumes it is number of degrees of cam advance. If you just enter a number with a - sign (ex. -4)
or a number followed by the letters “ret”, the program assumes it is number of degrees of cam retard.

Total cam advance is based on the current Intake and Exhaust Centerlines. If the centerlines are equal, Total Advance is set to 0
or straight up by the program. This is a major change from version 1.1 and 1.2 where the spec Additional Cam Advance was
used. In those versions you could specify opening and closing events which would produce a Total Cam Advance of say 4
degrees, but the Additional Cam Advance could be set to 0. This was confusing to users. This new method of using Total Cam
Advance should match cam specs used by most cam grinders.

To change cam timing from how it was ground by the cam grinder you will need special set of timing gears or an offset timing
pin, key or bushing. In general, advancing the cam will give more lower end torque while giving up some top end HP; and
retarding will give up low end torque to gain top end HP.

Designed Valve Lash, in

Is the valve lash the cam grinder recommends you use, or what the cam was ground for. If the cam grinder recommends a
different lash for the exhaust than the intake, use the intake lash. See Actual Lash @ Valve a couple pages back.

Lifter (profile) Type

This combo box lets you pick the type of lifter and the “steepness” or “aggressiveness” of the cam’s profiles. The combinations
consist of:

Hyd vs Solid Hydraulic vs Solid lash adjustment

Flat vs Roller =~ Aggressiveness or steepness of the profile (Roller being more aggressive)

Mild vs Agr Aggressiveness or steepness of the profile (Agr being more aggressive)

Invrtd The most aggressive or steep profile (being more aggressive than Mild or Agr)

The choice of Hydraulic vs Solid is the most important as this dictates the use of a lash setting (even if you are using a Cam File)
and whether hydraulic lifter pumpup is possible. The other choices simply determine differences in the steepness of the profile
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for the same Max Lobe Lift.. Most truly aggressive cams or roller cams have more Max Lobe Lift for a given duration, and
milder or hydraulic cams have less Max Lobe Lift.

Exhaust Cam Profile
Centerline, deg ATDC
Duration @ .050”

Max Lobe Lift, in

Actual Lash @ Valve, in
Use Specs Above
Cam File

O Use Cam File

Definitions for these specs are the same as for the Intake Cam Profile described previously.

Calculate Valve Train Dynamics

Yes O No

Select Yes if you want the Engine Analyzer Pro to simulate valve train dynamics (bending and tossing) based on the cam
profile, weights, stiffnesses and spring rates entered in the Valve Train Specs menu. This menu is displayed if you choose Yes

and click on the See Specs for Dynamics.

Select No and the Engine Analyzer Pro will calculate valve lift exactly as dictated by the cam lobe, lash and rocker arm ratio.
The weights, stiffnesses and spring rates in the Valve Train Specs menu are not used. This is recommended if you do not have
accurate specs for the valve train. This is similar to a "perfect" valve train with components which have no mass and are
perfectly stiff. Eliminating dynamics can give significantly different torque and HP results, usually more HP and less low RPM

torque.

2.6.1 Alternate Cam/
Valve Train Specs

Note: These Alternate Cam Specs
were incorporated into the main Cam
Screen in v3.3 because computer
screen resolutions increased. This
allowed more info to be displayed on
one screen. The inputs and outputs
show here are now on the main Cam
screen.

Shown to the right is the menu for
entering alternate cam and valve train
specs. Most of these are the same as on
the main Cam/Valve Train specs menu
and will not be explained again. Only
specs which have not been explained

" Intake Cam Profile

Figure 2.23 Alternate Cam/Valve Train Specs
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previously in this section will be explained.

This screen is very useful for entering different types of cam specs than what is available in the main Cam/Valve Train menu.
This screen will calculate the specs for the main Cam/Valve Train based on these inputs. Examples of these conversions
include:

Calculate From

Centerline and Duration | Opening and Closing

Centerlines Separation and Advance

Max Lobe Lift Rocker Arm Ratio and Gross Valve Lift
Cam Advance One Centerline and Lobe Separation
Centerline The other Centerline and Lobe Separation

For example, if you know Intake Opening @ .050” and Closing @ .050”, you can enter them in this menu to obtain the resulting
Intake Centerline and Duration @ .050”. When you return to the main Cam/Valve Train menu, the correct Centerline and
Duration @ .050” will be transferred from this alternate menu back to the main Cam/Valve Train menu.

Intake Cam Profile

Opening @ .050”

Identifies crankshaft degrees before top dead center where the tappet has been lifted .050 inches above Base Circle on the
opening ramp. This value is generally available on your "cam card" or in cam catalogs. If this event occurs after top dead
center, enter a negative value. For example, it is reported as 4 degrees after top dead center, enter -4.

Closing @ .050”

Identifies crankshaft degrees after bottom dead center where the tappet has been lowered to .050 inches above Base Circle on
the closing ramp. This value is generally available on your "cam card" or in cam catalogs. It is highly unlikely, but if this event
occurs before bottom dead center, enter a negative value. For example, it is reported as 4 degrees before bottom dead center,
enter -4.

Gross Valve Lift

Is the maximum lift of the valve with NO valve lash (even if it is a mechanical cam with valve lash). Mathematically it is Max
Lobe Lift multiplied by rocker arm ratio. This is the standard way most cam grinders rate their cams for valve lift.

Note: If you are not using the same Rocker Arm Ratio as what the cam grinder is assuming, then first enter the cam grinder’s
Gross Valve Lift and assumed Rocker Arm Ratio. This will give the cam’s true Max Lobe Lift. Then change the Rocker Arm
Ratio to the actual ratio you are using and you will see Gross Valve Lift change to be correct for your rocker arm ratio.

Lobe Separation, cam deg

Is the separation between the intake and exhaust centerlines in cam (not crankshaft) degrees, and is the standard method used by
most cam grinders.
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2.6.2 Valve Train Dynamics Menu

The Valve Train Dynamics menu Figure 2.24, Valve Train Dynamics Specs Menu
shown here is displayed if you choose

the Yes option for Calculate Valve I Yalve Train Dynamics Specs for: BUICK-V-6 I

Train Dynamics and then click on the | Intake ¥alve Train Specs | | Exhaust ¥alve Train Specs

See Specs for Dynamics. These specs . .
are used to determine the valve train alve Train Type [[EHESENEN RSPy E [Valve Train Type |F'u$hmd t: Focker Amm IEI

dynamics (bending and tossing) for the Eff Valve Mass. gms 205 Eff Valve Mass. gms 201
engine being tested. (For 4 valve Eff Rekr Amm Stffnss. Ib/in [35000 Eff Rckr Am Stffnss, Ib/in [35000
engines, see note on page 49.) |Eﬂ Lifter Mass, gms 144 |Eﬂ‘ Lifter Mass. gms 144

The Valve Train Dynamics Specs |E" Lifter Stiffness_ Ibfin |Eff Lifter Stiffness_ Ib/in
have been greatly expanded in later Spring Rate. Ib/in R3E |Spring Rate. Ibfin [N

versions, with many new inputs and

features. See Appendices 9-13 on |Sealed Spring Force, bz |240 |Sealed Spring Force, bz (240

pages 235-312 for more updated - Help

info. Click on anow to pick twpe of Yakve Train from list.
‘ (114 I | Help I

Enterprise Edition adds even more
details to simulate Valve Spring

Dynamaics. See Appendix 13.

Intake Valve Train Specs
Valve Train Type

This combo box determines what components are present in the valve train. Your choice here can disable some specs in this
menu or change their names.

Eff Valve Mass, gms

Describes the mass or weight of the valve train components on the valve side of the rocker arm in grams. This is a portion of the
total mass which the cam lobe must open and the valve spring must close. This mass can be calculated by weighing the valve
train components and clicking on the Clc button as explained in Section 2.9.16. (For 4 valve engines, see note on page 49.)

Eff Rckr Arm Stffnss, Ib/in

Is the effective rocker arm stiffness measured in pounds per inch. Although the rocker arm seems completely solid, it does
possess a certain amount of "springiness". The lower the Eff Rckr Arm Stffnss, the "springier" the valve train. This
"springiness" can cause valve toss problems at high RPM. Use Table 2.13 to estimate Eff Rckr Arm Stffnss,lb/in. (For 4 valve
engines, see note on page 49.)

Table 2.13 Examples of Effective Rocker Arm Stiffness

Description of Valve Train Eff Rckr Arm Stffnss, Ib/in
Pushrod with Poor Design Production Stamped Steel Rocker Arm 22,000

Pushrod with Better Design Production Stamped Steel Rocker Arm 26,000

Pushrod with Production Cast Iron Rocker Arm (like small block Chevy) 30,000

Pushrod with Good Aftermarket Rocker Arm (aftermarket may sacrifice 30,000

stiffness to lower weight)
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Extremely long rocker arms (big block Chevy, Ford Boss 429, etc) Subtract about 2000 Ib/in
Adding Stud Girdles to Pushrod System Add about 10000 Ib/in
OHC Rocker Arm systems Add about 10000 Ib/in to Pushrod

systems values. Note: Stamped steel
is not generally used in OHC systems

If you selected Direct Acting OHC as the Valve Train Type, this spec is disabled See Section 2.9.17 on how to calculate Eff
Rckr Arm Stffns from a special test.

Eff Lifter Mass, gms
Rocker Arm Mass, gms

Describes the mass or weight of the valve train components on the lifter side of the rocker arm in grams. This mass can be
calculated by weighing the valve train components and clicking on Clc as explained in Section 2.9.18.

If you selected one of the Valve Train Designs with rocker arms but no lifter, this spec is called Rocker Arm Mass. Then enter
the mass of the rocker arm alone, without the mounting shaft, fulcrum, etc. (For 4 valve engines, see note on page 49.)

Eff Lifter Stiffness, Ib/in

Is the effective stiffness of the lifter and pushrod in units of pounds per inch of deflection. Both these components are quite stiff
and we recommend using 100,000 lbs per inch. We will provide better estimates as we obtain more data and experience. In
this version of the program, this spec can not be changed and is marked Program will guess. This is to make the
program easier for most users. This specs may again be made available if there is enough interest.

This input may be important to your analysis if you are doing detailed valve train dynamics analysis, (strained gauged push rods,
"Spintron" testing, etc). In those cases, you may want or need to reduce Eff Lifter Stiffness, especially for hydraulic lifters.

Spring Rate, Ib/in (C)

Describes the stiffness of the valve spring in pounds of force required to compress the spring 1 inch. This can be calculated by
the following equation:

change in spring force, pounds

Spring Rate, Ib/in =
change in spring length, inches

For example, one cam grinder's catalog gives a force at the "checking height" of 1.65" of 110 Ibs, and a force at the "open
height" of 1.15 inches of 290 Ibs. This would give:

290 - 110 180

Spring Rate, Ib/in = = 327 Ib/in

1.65-1.10 .55

See Section 2.9.19 for calculating spring rate by clicking on the Clc button. (For 4 valve engines, see note on page 49.)
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Seated Spring Force, Ibs

Is the force in pounds exerted by the valve spring on the valve when the valve is closed. See Section 2.9.19 for calculating
seated spring force by clicking on the Clc button. (For 4 valve engines, see note on page 49.)

Exhaust Valve Train Specs
Valve Train Type
Eff Valve Mass, gms
Eff Rckr Arm Stffnss, Ib/in
Eff Lifter Mass or Rocker Arm Mass
Eff Lifter Stiffness, Ib/in
Spring Rate, Ib/in
Seated Spring Force, Ibs

These exhaust Valve Train Dynamics Specs are used in the same manner as the intake parameters described in this section.

Notes for 4 Valve Engines

The program is primarily set up assuming you are working with 2 valve engines. There are 2 basic ways to use the Valve Train
Dynamics portion for 4 valve engines:

Method 1: Characterize the Intake or Exhaust Valves as 1 Valve

For this method, you would enter (or calculate) the effective weight of 1 valve and 1 lifter (follower) and obtain the rocker arm
stiffness of 1 rocker arm. You would enter (or calculate) the spring rates of just 1 of the valve springs.

Method 2: Characterize the Intake or Exhaust Valves as 2 Valves

For this method, you would enter (or calculate) the effective weight of both valves and both lifters (followers) and obtain the
rocker arm stiffness of both rocker arms together. You would enter (or calculate) the spring rates of both valve springs together.

This method (# 2) is more accurate, primarily because the program estimating the cylinder pressure against the valve face for 2
valves (very important on the exhaust side).

Obviously for 3 intake or exhaust valves, you would factor the weights, stiffnesses and spring rates up by a factor of 3 instead of
just a factor of 2.
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2.7 Turbo/Supercharger Specs

If you click on the Turbo/Supercharger Specs button, you are presented with the 4 choices
shown to the right. Select the type of supercharger system, then click on the View Specs
button to open the appropriate menu. These menus and their specs are described in this
section.

I Type of Supercharger I

® Mone [naturally asperated]
) Roots Supercharger

) Centrifugal Supercharger
) Turbocharger

I ‘ Wi Bnaes I

Turbocharger and Supercharger Specs have been expanded in later versions with new inputs. See Appendices 9 - 13 on

pages 235-312 for more updated info.

None

Choose None to indicate the engine is not equipped with any type of supercharger or turbocharger. All specs in these menu are

then ignored in the calculations.

Roots Supercharger Specs

Note: V3.9 B added 4 new “Modern” types of Roots Superchargers, which are much more efficient. Check Appendix

12, page 277 for more details.

Figure 2.25 Roots Supercharger Specs Menu

. =-| Engine Analyzer 'Pro' Performance Trends Engine [ SUPERSTO.CK ] =2l
ChO,OS? ROOtS_ Supercharger if th; File [engine] Calc HP[F2) Help[F1] Preferences Aboul...
englne 1S eql’upped Wlth a belt derCl’l, our name and phone # can go Eng CID : 2639

11 o n "
positive dlsplacfement Roots Roots Supercharger Specs for: NO-SCHRGR
SuperCharger’ hke those prOd];lced by " Roots Supercharger Specz = | [ General Supercharger Specs |
B&M (tm)’ Weland (tm) or the Nolumeiﬂevolulion, cu in m |Thmll|e Location |Blow Through |i|
"original" GMC 6-71. A "Roots"

l k : lk . l |Leakage [seals] Typical Race 1' |Max Boost Limit, P51 14.7
compressor looks more like a typica —

p 1 h 1 yp f |MECh Friction Much lesz than normal | & |Number of 5/Cs |‘| Single 5/C |£I
engine oil pump, where a volume o E Belt Ratio 15 Intercooler Eff. Z | [0% Nolniercooler | 2]
gas is trapped and then forced into :

. . |Peak Thermal EFf.. |T_I,Jp|cal roots [55%) |£I -
the intake manifold. The advantages = 9 <

. . - Mo supercharger or turbocharger
of an ideal "Roots" supercharger is L .
. “olume in cubic inches of uncompressed air swept
that a relatively constant boost level Canl | out by blower rotars in 1 revolution. p 64
can be maintained from low RPM to C
high RPM. [re]
elp etrnieve from Library ave to Library
[ 0K ] | Hel ] [ Retrieve from Lib [ s Lib |
. W
HOW@VCT, the dlsadvantages Of the Calculale Performance I 264 cid Buick -6 for Super Stock Firebird drag car +
"ROOtS" supercharger include: Help Dwno'd at 390 ft |bs & 6250 and 524 HP & 7500
M ove mouse over item for
description to be given here,
e Higher internal friction due to :
large seals rubbing on surfaces

e Internal leakage reduces boost at
lower RPM
o Lower thermal efficiency than a centrifugal supercharger
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Volume/Revolution, cu in

A "Roots" blower develops boost when the mass of air it pumps to the engine is greater than the mass of air the engine could
accept at zero boost. In order for the engine to accept this mass of air it must be compressed, so a given mass of air occupies
less volume. Therefore, a "Roots" supercharger boost level is directly related to the mass of air it can pump. This mass of air
depends on supercharger RPM (engine RPM and belt ratio) and supercharger swept volume per revolution. The
Volume/Revolution spec is critical and is generally available from the supercharger manufacturer.

The Volume/Revolution for GMC blowers can be calculated from the following equations:
For Small Diameter (5.5") Rotors Volume/Revolution, cu in = rotor length, inches x 22.64
For Large Diameter (5.8") Rotors Volume/Revolution, cu in = rotor length, inches x 27.45
For example, for a 6-71 with 5.8" diameter by 15" long rotors:

Volume/Revolution, cu in = 15" x 27.45 = 412

Leakage (seals)

Roots superchargers must trap a volume of air and "shove" it into the engine's intake. However, this trapped air can leak out
along several feet of sealing edges. At low speed, this trapped air has a lot of time to leak out which reduces boost. At very low
speed (10 RPM), a Roots supercharger will produce no boost since all the air will eventually leak out. At high

speed, less time is available for portions of each "chunk" of air to leak out. Therefore, the percent of air leaking out will
decrease and boost will increase at higher speed.

Various Leakage ratings can be picked by clicking on the arrow button of the combo box. The more “leaky” the Leakage rating,
the lower the boost level, especially at low RPM. However, the advantage to leaky seals is there is less internal friction in the
supercharger. This is not significant at full throttle power levels, but is significant in street driving situations. Leaky seals

therefore give much better street fuel economy.

The Pro simulates both the change in boost levels and frictional drag depending on your choice of Leakage rating.

Mech Friction

Identifies any change in rubbing friction compared to a typical Roots supercharger with the Leakage rating chosen.

Belt Ratio

Is the ratio between the drive pulley mounted on the engine crankshaft and the driven pulley on the Roots supercharger. This
ratio identifies the amount of difference between engine RPM and supercharger RPM. Belt Ratio can be calculated by the
equation below or by clicking on the Clc button as shown in Section 2.9.20.

Belt Ratio = Crank Pulley Diameter, inches
S/C Pulley Diameter, inches

Many people talk about the % overdrive or underdrive of a supercharger. The equation to convert Belt Ratio to % overdrive is:

% Overdrive = (Belt Ratio - 1) x 100%
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For example, if the Belt Ratio is 1.5, the % Overdrive would be (1.5-1) x 100% or 50% Overdrive. If the Belt Ratio is .8 the %
Overdrive would be (.8-1) x 100% or -20% Overdrive or 20% Underdrive.

Safety Note: You must follow the supercharger manufacturer's recommendations for maximum belt ratios, maximum
engine RPM and maximum supercharger RPM.

Peak Thermal Eff.

Is the peak thermal efficiency of the Roots compressor. Roots compressors do not have as high a thermal efficiency as
centrifugal compressors. That is because the a Roots supercharger simply pumps air against a restriction (the engine) to
compress it. In centrifugal compressors and special designs of positive displacement superchargers, the air is gradually
compressed and gently delivered to the engine. Continual, gentle compression is more efficient.

A good estimate for Peak Thermal Eff. for a typical Roots S/C is 50-55%. The highest likely efficiency for an actual Roots
supercharger is 60%, and the lowest could be 40%. For special designs of positive displacement superchargers (Lysolm,
Whipple (tm), PSI (tm), "screw type", or rotating vane) which perform gradual compression, add 5 to 10% Peak Thermal Eff., %
. Other very high efficiencies are available for you to pick from to see how much efficiency effects performance.

General Supercharger Specs

Throttle Location

This combo box lets you pick where the throttle body or carburetor is placed with respect to the compressor. If the carb or
throttle body is before the compressor, pick Draw Through. If the carb or throttle body is after the compressor, pick Blow
Through. The carb or throttle body is less restrictive in the Blow Through position. Throttle Location can have a significant
effect on carburetor jet size requirements.

Note: Blow Through is almost never used with Roots Superchargers.

Max Boost Limit, PSI

If supercharger conditions are such that it delivers boost greater than this specified level, the Engine Analyzer Pro assumes a
mechanical safety valve is activated to limit boost. For Roots superchargers, it assumes a pop off valve "bleeds off" excess
boost after the supercharger. Belt ratio is usually used to limit boost with Roots Superchargers, not a mechanical boost limit like
a pop off valve. Therefore, for most Roots Superchargers, enter a very high limit (which is essentially the same as no limit)
like 100 PS1.

Number of S/Cs

Is the number of superchargers installed. If you specify 1, the program assumes a super/charger system exactly as specified in
this menu. If you specify Number of S/Cs as 2 and a Volume/Revolution of 140 cu in, the program assumes the supercharger
can actually deliver 280 cu in/rev.

Note: The program assumes 2 superchargers are installed in parallel. This means that half the air flow goes through each
supercharger.
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Intercooler Eff, %

This combo box lets you pick the effectiveness of the intercooler to cool the intake charge. An intercooler looks much like a
radiator, but instead of cooling engine coolant, it cools the intake air charge. A supercharger heats up the intake air considerably
through the process of compression. Cool air is more dense than warm air. More cool air can be packed into a given cylinder
volume, producing more power. The intercooler allows ambient air (non-compressed, surrounding air) to cool the charge. If the
intercooler is 100% effective, the intake charge would be brought down to its original (ambient) temperature as specified by Air
Temp in the Weather Conditions in the Calculation Conditions menu with no change in boost pressure.

Table 2.14 Descriptions of Intercooler Effectiveness

Intercooler System Description

0% No Intercooler No cooling of the intake charge takes place, that no intercooler is installed.

25% Steady Runng Air-to-Air | The intake charge is brought back 25 % to its original temperature. This level
simulates a typical air-to-air intercooler which has been running continually at full
boost for over 30 seconds or more. An intercooler's effectiveness tends to drop
under sustained full boost operation as the intercooler tends to heat up.

50% Quick Accel Air-to-Air The intake charge is brought back 50 % to its original temperature. This level
simulates a typical air-to-air intercooler for a short “burst” to full boost from a light
load condition. The intercooler will not be as hot and can cool the incoming air
better until the intercooler heats up.

75% Air-to-Water The intake charge is brought back 75 % to its original temperature. This level
simulates a special intercooler which has a volume of water around the fins. This
intercooler is more effective because the water probably starts cooler than an air-to-
air intercooler and the water takes longer to heat up (has more “thermal inertia”)
than just an air cooled intercooler by itself.

100% Air-to-Cold Water The intake charge is brought back completely (100%) to its original temperature.
This level simulates a special intercooler which has a volume of cool water around
the fins. This intercooler is more effective because the water starts much cooler
than an air-to-air intercooler and the water takes longer to heat up than just an air
cooled intercooler by itself.

125% Air-to-lce Water The intake charge is cooled to even colder than its original temperature. This level
simulates a special intercooler which has a volume of cold water and ice around the
fins. This intercooler is more effective because the water probably starts much
colder than the surrounding air and takes very long to heat up.

Other Other types of intercoolers are possible which use freon, or water or alcohol sprays,
or cooling fans to keep the intercooler very cold. You will have to estimate how well
these work and select from one of the 5 choices available.
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Centrifugal Supercharger

Pick the Centrifugal Supercharger option if Flgure 2.26 Centrifugal Supercharger Menu
the engine is equipped with a belt driven’ Engine Analyzer 'Pro' Performance Trends Englne [ SUPERSTO.CK] ==l
t fl,l 1 h lk Paxt t Eile [engine] C Preferences  About..
centrifugal supercharger like a Paxton (tm) or
VorteCh (tm) A Centrlfugal blOW?r or . [ Centrifugal Supercharger Specs | [ Centrifugal Supercharger Specs. cont | L
compressor looks much like a typical engine lstand CFM 516, [Mech Friction Tupical Friction *
water pump. The impeller must be driven at S | [Island Pressure Ratio 1.35 [Max Safe Impeller RPM 41000
very high speeds to create significant boost. \: Detbernd) (st 2 |52 [ S amerai]s e n e G ——
Usually, there is a "speed increasing drive lelandBPM (28000 || | {hvotde Losation  [iow THrouah *
system" internal to the centrifugal o :::T';al Zou R EENE o Max Baost Limit, PSI 147
. . . . elt Rahio . o -
compressor so the impeller is spinning much e (5 Jletd | Wumber of 5765 [15nge e ¢]
faster than its external drive pulley. el Intercooler Ef. % 0% No Intercoier [ 3]
Cam CFr air flowe on compressor map at peak thermal _
. efficiency. which indicates the blower's size. p B3 C
In general terms, the boost of a centrifugal |Tu,,m No supercharger or turbocharger =
superchargers is directly related to the square 5
of the RPM. This means that if it will Cal
produce 3 PSI boost at 3000 RPM, it will v ——2K——J __Holp | [ Retrieve fromLibrary ] [__SavetoLibray |
produce 4 times that boost at twice that RPM F;";“;?iptiﬂﬁ?;;e;;iiﬂ far
(12 PSI at 6000 RPM). Therefore, z
centrifugal supercharges can be quite

"peaky", producing high boost over a narrow RPM range. In addition, since high boost conditions at low speeds are unlikely,
engines with centrifugal compressors are less prone to detonation (spark knock).

Centrifugal Supercharger Specs have been expanded in later versions with new inputs. See Appendices 9 - 13 on pages
235-312 for more updated info. Enterprise Edition adds even more details. See Appendix 13.

Centrifugal Specs

Centrifugal superchargers are basically a "belt driven" turbocharger. A centrifugal compressor looks like, performs like, and is
tested much like a turbocharger compressor. The performance of a centrifugal compressor is also documented in a "map" like
that shown in Figure 2.28. Therefore we will characterize the centrifugal supercharger with specs much like we use for a
turbocharger.

Centrifugal supercharger specs like those in this section are difficult for the average person to obtain. The supercharger
manufacturer may supply maps on request. However, if you do not have specs, we recommend you use the specs which come

preloaded in the Centrifugal Supercharger Library for common superchargers.

This section refers to many items discussed in detail in the Turbocharger section which follows. You may want to glance at it
first before you read this section.

Island CFM

This spec is much like the turbocharger Island CFM. The centrifugal compressor's Island CFM is the CFM at which the peak
efficiency occurs on the "map". For a typical street Paxton (tm) supercharger, this is approximately 320 CFM. For larger
superchargers like some Vortechs, this CFM will be from 500-900 CFM.
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Island Pressure Ratio

Is the pressure ratio (PR) where peak efficiency occurs just like for turbochargers. PR is usually the vertical "Y" scale and in the
range from 1.25 to 2.0 with a street Paxton (tm) being approximately 1.35 and different Vortechs being from 1.5 to 1.8.

Island Efficiency, %

Is the highest thermal efficiency on the compressor map in percent, just like for turbochargers. The highest efficiency will occur
in the center of the island. Typical values range from 55 to 70% with a street Paxton (tm) being 62% and many Vortechs being
from 70-76%.

Island RPM

Is the compressor RPM where peak efficiency occurs. RPM lines are usually drawn on the compressor "map" as shown in
Figure 2.28. Typical values range from 25000 to 50000 RPM, with a Paxton (tm) being approximately 28000 RPM and various
Vortechs being from 33000 to 40000 RPM.

Internal Gear Ratio

Centrifugal compressors must spin at relatively high RPM to produce significant boost. Therefore, most compressors have some
sort of "speed up" system so the rotor spins much faster than the compressor's external pulley. Ratios of 4.4 and 3.45 are
common for a Paxton or Vortech, respectively.

Belt Ratio

Is the ratio between the drive pulley mounted on the engine crankshaft and the driven pulley on the Centrifugal supercharger.
This ratio identifies the amount of speed increase between engine RPM and supercharger RPM. Belt Ratio can be calculated by
the equation below or by clicking on the Clc button as shown in Section 2.9.20.

Belt Ratio = Crank Pulley Diameter, inches
S/C Pulley Diameter, inches

Many people talk about the % overdrive or underdrive of a supercharger. The equation to convert Ratio to % overdrive is:
% Overdrive = (Belt Ratio - 1) x 100%

For example, if the Belt Ratio is 1.5, the % Overdrive would be (1.5-1) x 100% or 50% Overdrive. If the Belt Ratio is .8 the %
Overdrive would be (.8-1) x 100% or -20% Overdrive or 20% Underdrive.

Safety Note: You must follow the supercharger manufacturer's recommendations for maximum belt ratios, maximum
engine RPM and maximum supercharger RPM.

Mech. Friction

This combo box lets you pick a general friction rating for the supercharger.

56



(C) Performance Trends Inc 2009 Engine Analyzer Pro Chapter 2 Definitions

Max Safe Impeller RPM

This is the manufacturer’s safety limit on impeller RPM. The program checks to ensure the belt ratio and engine RPM
combination stays below this RPM, or you are given a warning in the Notes section of the Test results.

Safety Note: You must follow the supercharger manufacturer's recommendations for maximum belt ratios, maximum
engine RPM and maximum supercharger RPM.

General Supercharger Specs

Throttle Location

This combo box lets you pick where the throttle body or carburetor is placed with respect to the compressor. If the carb or
throttle body is before the compressor, pick Draw Through. If the carb or throttle body is after the compressor, pick Blow
Through. The carb or throttle body is less restrictive in the Blow Through position. Throttle Location can have a significant
effect on carburetor jet size requirements.

Note: Centrifugal superchargers use both Blow Through and Draw Through setups.

Max Boost Limit, PSI

If supercharger conditions are such that it delivers boost greater than this specified level, the Engine Analyzer Pro assumes a
mechanical safety valve is activated to limit boost. For Centrifugal superchargers, it assumes a pop off valve "bleeds off" excess
boost after the supercharger. Belt ratio is usually used to limit boost with Centrifugal Superchargers, not a mechanical boost
limit like a pop off valve. Therefore, for most Centrifugal Superchargers, enter a very high limit (which is essentially the
same as no limit) like 100 PSL.

Number of S/Cs

Is the number of superchargers installed. If you specify 1, the program assumes a supercharger system exactly as specified in
this menu. If you specify Number of S/Cs as 2 and Island CFM of 300, the program assumes the supercharger can actually
deliver 600 CFM.

Note: The program assumes 2 superchargers are installed in parallel. This means that half the air flow goes through each
supercharger.

Intercooler Eff, %

This combo box lets you pick the effectiveness of the intercooler to cool the intake charge. An intercooler looks much like a
radiator, but instead of cooling engine coolant, it cools the intake air charge. A supercharger heats up the intake air considerably
through the process of compression. Cool air is more dense than warm air. More cool air can be packed into a given cylinder
volume, producing more power. The intercooler allows ambient air (non-compressed, surrounding air) to cool the charge. If the
intercooler is 100% effective, the intake charge would be brought down to its original (ambient) temperature as specified by Air
Temp in the Weather Conditions in the Calculation Conditions menu with no change in boost pressure. See Table 2.14 in the
Roots Supercharger section for definitions of the various ratings.
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Turbocharger

Select Turbocharger if the engine is equipped with a turbocharger which most engine builders are familiar with. A turbocharger
is basically a centrifugal compressor tied to a turbine which is driven by engine exhaust gases.

Turbocharger Specs have been expanded in later versions with new inputs. See Appendices 9 - 13 on pages 235-312 for
more updated info. Enterprise Edition adds even more details. See Appendix 13.

1st Stage

Turbocharger Specs

These specs describe the size and
efficiency of the turbocharger's
compressor and exhaust driven
turbine. The Ist Stage reference
means this is the first
turbocharger the incoming air is
compressed by. On single stage
systems, these are the specs to
simulate the only staging of
turbocharger.

=

O Ee e B

The size and performance of the
turbocharger's compressor can be
obtained from a compressor

Figure 2.27 Turbocharger Specs Menu
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the manufacturer. A typical

compressor map is shown in

Figure 2.28. The "island" is the area which gives the maximum efficiency, and is where you want your turbo compressor to
operate. The Engine Analyzer Pro will need information about the point where the peak efficiency occurs.

The turbocharger compressor and turbine
sizes determine how soon or at what RPM
the turbo will start developing boost.
Compressor and turbine sizes are primarily
dictated by Island CFM and Turbine Nzzl
Dia respectively. A small turbo system
will develop boost at a lower RPM, but
will become restrictive at higher RPM and
higher air flows. Therefore, small turbos
are better choices for street use. Larger
turbos are better suited to race engines
where RPM is continually high, and flow
restrictions must be kept to a minimum.

Island CFM

Is the CFM where peak efficiency occurs.
CFM is usually the horizontal "X" scale of
a compressor map. If the air flow is given
in pounds per minute, click on Calc to
calculate CFM as explained in Section
2.9.21.
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If you do not have a compressor map, estimate Island CFM from your engine's displacement and application as in Table 2.15 or
pick one from the Turbocharger Library.

Table 2.15 Estimate Island CFM

Engine CID Application Island CFM Number of S/Cs
less than 50 Street 60 1
less than 50 Race 100 1
50 - 100 Street 150 1
50 - 100 Race 225 1
100 - 150 Street 200 1
100 - 150 Race 300 1
150 - 250 Street 250 1
150 - 250 Race 400 1
250 - 400 Street 450 1
250 - 400 Race 350 2
400 - 600 Street 350 2
400 - 600 Race 500 2

Island Pressure Ratio

Is the pressure ratio (PR) where peak efficiency occurs. PR is usually the vertical "Y" scale of a compressor map and is usually
in the range from 1.5 to 2.5.

If you do not have a compressor map, use a PR of 1.8 or pick one from the Turbocharger Library.

Island Eff, %

Is the highest thermal efficiency on the compressor map in percent. The highest efficiency will occur in the center of the island.
Typical values range from 65 to 80%.

If you do not have a compressor map, use 70% for Island Eff or pick one from the Turbocharger Library.

Surge CFM

"Surge" is a phenomena in turbos characterized by unstable, potentially destructive operation. Surge occurs at high pressure
ratios with low air flow. The surge line defines the point at which surge will start to occur. To tell the program where the surge
line is, locate a PR of 2 on the vertical axis. Move straight across to the surge line, and then drop straight down to the horizontal
air flow axis. This air flow is the surge CFM @ PR=2 and defines the surge line to the program. Also see Figure 2.28.

If your map is given in Ib/hr, click on the Clc button Island CFM to obtain the surge CFM @ PR=2. If you do not have a
compressor map, use 3/4 of the CFM entered for Island CFM or pick one from the Turbocharger Library.
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Exh Turbine Eff, %

Is the exhaust driven turbine's average thermal efficiency. Seventy percent (70%) is a good estimate for a typical turbo turbine.
For normal turbine designs, 80% is probably the highest possible efficiency. This can be obtained with a “pulse” turbo which is
designed to more efficiently capture the pressure and velocity of the exhaust gasses. A poor turbo design would have an
efficiency of approximately 55%.

Turbine Nozzle Dia, In Figure 2.29, lllustration of Turbine Nozzle Dia
Is the exhaust turbine's minimum flow area's '
diameter in inches. This parameter determines nozzle dia
when the compressor will start to produce boost,
the smaller the diameter, the earlier the boost. This
parameter allows you to simulate different turbine
housings with various A/R ratios.

Most radial flow turbines have no vanes, and the
flow area is the minimum area in the nozzle
section as exhaust first enters the turbine. See
Figure 2.29. Click on the Clc button to calculate
the Turbine Nozzle Dia from turbine dimensions
or from the Island CFM of the compressor as
explained in Section 2.9.22.

Safety Note: Although the Engine Analyzer Pro can do a very realistic job of estimating turbocharger performance, DO
NOT rely on it alone to safely choose the optimum turbocharger size for a specific engine. Turbochargers can overspeed
(potentially explode from overrevving) or create excessive exhaust temperatures and pressures if sized incorrectly. Use the
Engine Analyzer Pro only for estimating potential performance gains with various approximate turbocharger sizes. You
must follow the turbo manufacturer's recommendations for safe turbo combinations for your application.

An expanded Calculation Screen was added in v3.9 to allow you to better estimate this critical input. See Appendix 11 starting
on page 261.

2nd Stage Turbocharger Specs

The 2nd stage turbocharger specs have not yet been activated in this version of the program.
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General Turbocharger Figure 2.30 Turbo Configurations

ecs
Sp 1 Single Turbo 2 Single Turbos

Throttle Location
This combo box lets you pick | l J

where the throttle body or
carburetor is placed with respect to Engine Engine
the compressor. If the carb or
throttle body is before the
compressor, pick Draw Through.
If the carb or throttle body is after 1 Two Stage Turbo 2 Two Stage Turbos
the compressor, pick Blow
Through. The carb or throttle body
is less restrictive in the Blow
Through position. Throttle
Location can have a significant
effect on carburetor jet size
requirements.

Note: Both Blow Through and
Draw Through setups are common
with turbochargers.

Engine Engine

Max Boost Limit, PSI

If turbocharger conditions are such that it delivers boost greater than this specified level, the Engine Analyzer Pro assumes an
exhaust bypass valve or wastegate is activated to limit boost. Wastegates divert exhaust gasses around the turbocharger’s
turbine. This is a very common way to control boost, especially for street applications. Therefore, set Max Boost Limit to the
pressure the wastegate is designed to control boost to.

# Turbos/Stages

Is the number of turbochargers installed and if there is one or 2 stages of turbos. This combo box lets you pick one of the 4
combinations shown in Figure 2.30. Note that 2 stage turbocharging has not yet been activated at the printing of this manual.

Intercooler Eff, %

This combo box lets you pick the effectiveness of the intercooler to cool the intake charge. An intercooler looks much like a
radiator, but instead of cooling engine coolant, it cools the intake air charge. A turbocharger heats up the intake air considerably
through the process of compression. Cool air is more dense than warm air. More cool air can be packed into a given cylinder
volume, producing more power. The intercooler allows ambient air (non-compressed, surrounding air) to cool the charge. If the
intercooler is 100% effective, the intake charge would be brought down to its original (ambient) temperature as specified by Air
Temp in the Weather Conditions in the Calculation Conditions menu with no change in boost pressure. See Table 2.14 in the
Roots Supercharger section for definitions of the various ratings.
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2.8 Calculate Performance

2.8.1 Calculation Conditions

You can run a test (calculate performance) by:
e  Clicking on the Run/HP button at the top of the Main Menu
e  Pressing <F2> at the Main Menu
e Clicking on Calc HP(F2) menu item in the menu bar at the top of the Main Menu
e  Clicking on Calculate Performance to open up the Calculate Performance Conditions menu, then click on the
Calculate Performance button in this menu. The Calculate Performance Conditions menu will present a menu of
conditions and options which describe how you will run or test this engine. These conditions include:
e Environmental conditions
e Level of nitrous oxide, type of fuel and spark advance
e RPMs to run, and options for the calculations
e  Whether or not to "chain" calculations together (make several test runs at once)

Calculate Performance Conditions have been expanded in later versions with new inputs. A new Preference in v3.9
allows for Metric outputs. See Appendices 9 - 13 on pages 235-312 for more updated info.

Figure 2.31, Calculation Conditions Menu
et = Engine Analyzer 'Pro' Performance Trends Engine [ SUPERSTO0.CK] <J
TeSt Cond IthﬂS Fi |_ Calculate Performance Conditions for: SUPERSTO.CK |
' [ Test Conditions | Fuel Specs
i « = th Fuel T —H
Barometric Pressure, “Hg Weather | [Use Conds Below 3]  FuelTome
E |B arometric Pressure. "Hg |29 92 |Fue| Octane [R+M]/2
. . Intake Air T . deg F (1] Mo Ni DOxid
Is the barometric pressure in inches of mercury of l{: ° ; - :mpF o & NoNious Oide | Nivows Spos
. k. C
the nearest weather station; or at the track or Pew Point. deg [22 cd
. . . Elevation, feet c [ Spark Ci 5
dynamometer room if a barometer instrument is [Elevation. foo | & e e
X K 1 rogram sets spark for best power
available at these locations. E Coolant Temp, degF 135 O Use Specified Spark Curve |S#2 Spocs
E |Acce| Rate. RPM/zec |00 RPMAsec !I " Do Chain Calculations ?
. T . - ®N
lf thlS pressurc 1s 1n: Multlply by cdl - e Y:s | Sae Dhen Daloudation Specs I
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Bar 29.52 E :5 tarting RPM 6250 'l'Slalling Point' Recommendations
Mumber of RPM Steps 10 Tuning Recomendations APM 7000
mm Hg 03937 — o 000 ]
To obtain " H [ tep Size 250 —
O obtain g. C. - : )
|H PM Preview: 6250, 6500, 6750, ... 8500 | Ellcl_< on arrow to select type of fuel, gasoline, alcohal
For example: 14 PSI - of digzel p=x
. el
18 14 X 2036 or Eglc |IJKJ'F|elumI | Help I |Calculate Pet[olmancel
2
28.5 Hg the:

Click on the Clc button to review notes
concerning the relationship of Barometric Pressure and Elevation. Also see Elevation, ft and Section 2.9.23.

Intake Air Temp, deg F

Is the temperature of the intake air as it enters the carburetor or throttle body measured in degrees Fahrenheit. To match
dynamometer performance, enter dynamometer room air temperature. To simulate vehicle performance, enter the temperature
of the air entering the air cleaner. Underhood temperatures can be HOT on warm days (150 degrees or more). If a hood scoop
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or some other type of cool air induction is provided, outside (ambient) air temperature is closer to the actual intake air
temperature.

If this temperature is in: First Multiply by: Then Add:
Degrees R 1 - 460
Degrees C 1.8 32

Degrees K 1.8 - 460

To obtain degrees F. For example 30 deg C=30x 1.8 + 32 = 86 degrees F.

Version 3.9 has a Preference which allows you to select outputs to be displayed in Metric units. See Appendix 11, page
261.

Dew Point, Deg F

The dew point in degrees F of the air at the track, which describes the air's humidity level. The Dew Point must be less than
Intake Air Temp, deg F. Dew Point can be calculated from either wet and dry bulb temperatures, or from relative humidity and
air temperature readings by clicking on the Clc button. See Section 2.9.24.

Dew Point is a less confusing way of describing the air's moisture level than relative humidity. Relative humidity readings are
only meaningful if you also know the air temperature when the reading was made. However, the air's dew point remains
constant even when the air temperature changes. For example, 40 degree air with a 80 % relative humidity has only a 10%
relative humidity when the air is heated to 100 degrees. However, the dew point remains at 36 degrees for both air
temperatures.

Elevation, ft

Is the elevation of the race track or dynamometer room above sea level measured in feet. This value should be available from
the local weather station and is used to correct the Barometric Pressure, “Hg specification. Barometric pressure drops as you go
up in elevation. There are two different ways of entering this specification, depending on how the Barometric Pressure
measurement was made:

Barometric Pressure obtained from radio station, TV station or weather service: “Official sources” usually
correct their barometric pressure readings to sea level, meaning their reading is the barometric pressure

you would get if you (or your engine) could be at sea level or O elevation. If you have a Barometric Pressure
corrected to sea level, you must enter the engine's actual elevation above sea level in feet.

Barometric Pressure obtained directly from a barometer instrument at the track or dynamometer room.
This reading will usually not be corrected to sea level, but will be the "observed" or actual barometric
pressure reading at the same elevation as the engine. For observed or uncorrected Barometric Pressure,
enter an elevation of 0.

Click on the Clc button to review notes concerning the relationship of Barometric Pressure and Elevation. Also see Barometric
Pressure in this section and Section 2.9.23.
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Coolant Temp, deg F

Is the temperature of the coolant as it leaves the engine in degrees Fahrenheit. This value can be estimated as the "start to open"
temperature rating of the thermostat. If the engine is air cooled, enter a value of 190 degrees.

Accel Rate, RPM/Sec

For race engines, many dynamometer tests are conducted with the engine accelerating from low speed to high speed at a
particular rate. Common rates include 300 and 600 RPM/sec. Under accelerating conditions, power is absorbed in the engine's
and dyno's rotating inertia, and usable power at the engine's flywheel is reduced. The faster the Accel Rate and the higher the
Total Inertia set in the Short Block specs, the more power lost to rotating inertia. See the Lb x Ft *2 spec under Engine Inertia /
Crank Design in Section 2.2.

Dynamometer tests for production engines are usually done at "steady state" or "steps", with the dyno holding speed constant
while torque is measured at each RPM. To simulate "steady state" tests, enter O for Accel Rate, RPM/Sec. Then the Total
Inertia in the Short Block specs is ignored, and no power is lost to accelerating inertia during the test.

Notes:

The Engine Analyzer Pro only calculates power lost to accelerating the rotating inertia. Other acceleration effects like throttle
response, accelerator pump shot, hesitation or bog are not simulated.

Some dynamometer measurement systems correct for these inertia effects, for example Depac (tm). For these systems, pick one
of the 0 Accel Rates (Steady State or Step Test) even though the test is done with the engine accelerating.

RPMs to Run

Starting RPM

See RPM Step Size below.

Number of RPM Steps

See RPM Step Size below.
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RPM Step Size

These three RPM specifications tell the Engine Analyzer Pro for how many and for which RPMs to calculate the results. The
effect of these specs are displayed in the RPM Preview box shown directly under these specs. For example:

Starting RPM 1000
Number of RPM Steps 8
RPM Step Size 400

This combination will have results calculated for the following RPMs:
1000 1400 1800 2200 2600 3000 3400 3800
Due to space limitations, all RPMs can not be shown on the menu. The RPM Preview will show this as:

RPM Preview: 1000, 1400, 1800, ....3800

Fuel Specs:

Fuel Type

Specifies the type of fuel being burned, either street gasoline, alcohol (methanol) or race gasoline. The Engine Analyzer Pro
makes the following assumptions about the difference between these fuels.

e Alcohol is run at 5.0 A/F versus 12.5 for gas. (This is a change from v1.2 which assumed 4.55 A/F.)

e Alcohol is 13% more dense than gas

e Alcohol produces a 12% increase in products of combustion, where gas only produces a 6% increase

e  Alcohol produces 4% more heat per unit of air than gas

e Alcohol at 5.0 has the same burn rate as gas at 12.5 and therefore requires the same spark advance. (In actual
practice, there is conflicting data concerning alcohol's burn rate or required spark advance. It appears very
dependent of A/F mixture quality, A/F distribution, and other factors difficult to simulate. Therefore, this
assumption is made.)

e Drag Racing gas has a lower vapor pressure than gasoline (does not want to atomize as easily)
e Drag Racing gas releases slightly more energy than gasoline.
e Both are assumed to run at 12.5 A/F.

Obviously many more considerations must be made when building an alcohol engine than what are considered in the Engine
Analyzer Pro. Generally, alcohol has a fuel octane (R+M)/2 of 100. You must change the octane # when you change fuels.

The Fuel Specs have been expanded in later versions. See Appendices 9 - 13 on pages 235-312 for more updated info.

Fuel Octane (R+M)/2

Is the octane # rating of the fuel as reported on a service station gas pump. There are two methods fuel suppliers use to rate the
octane number, one is the Research method, the other is the Motor method. Generally, the Motor method will give an octane
rating approximately 4-12 octane #s lower than the Research method. The octane rating given at the gas pump is the average of
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. ___________________________________________________________________________________________________________________________________________|
the Research and the Motor ratings. In fact, gas pumps will often display the formula "(R+M)/2" to say their octane rating is the
Research octane # plus the Motor octane # divided by 2.

To estimate Fuel Octane from the Research octane #, simply subtract 4. To estimate Fuel Octane from the Motor octane #,
simply add 4. For example, if you know the Motor octane is 94, enter a Fuel Octane (R+M)/2 of 94 + 4 = 98 into the Engine
Analyzer Pro .

The Engine Analyzer Pro assumes that as octane increases, vapor pressure decreases. Vapor pressure is a measure of how easily
the gas evaporates or can be atomized. What this means is that the higher the octane, the more likely you are to have poor A/F
Mxtr Qulty in the results, resulting in possibly significant power loss. This means that for best performance, only use as much
octane as you need to eliminate detonation by keeping Knock Index low.

Tuning Recommendations RPM

The Engine Analyzer Pro can give recommendations for intake and exhaust runner dimensions and cam profiles based on
several very simple tuning principles or rules of thumb. See Appendix 3 and Example 4.5. These are good starting points, but
you should fine tune these specs based on trial and error with the Pro’s calculations.

Enter the RPM where you want optimum intake and exhaust tuning, or a torque or HP peak. The Engine Analyzer Pro will list
potentially good runner lengths and diameters, and cam durations and lifts at the end of the calculated results. This value has no
affect on the torque and HP test results.

Nitrous Oxide

O No Nitrous Oxide Figure 2.32 N|rous X|de Specs Menu
I%I

With Nitrous Oxide } ) }

Type of Nitrous System Staged System Specs
. . . . . C Progressive (® 2 Stage 1st Stage HF Rating 1
Click on the With Nitrous Oxide option and the O 1 Stage O 3 Stage | i EO
See Nitrous Specs button becomes enabled. Click T 1st Stage Starting RPM 1500
. . . Froaspaesive Bystem Speoy
on this button to open up the Nitrous Oxide Specs TP = [2nd Stage Added HP 100
. oad Podt 6P o Srat of Injeolion =

menu shown to the right. - : LI [2nd Stage Starting RPM | | 2000
B LA i 3 TS
|§§§ B fo Brast Miaouns inieciion |:;§§§ Staus Added 1P

These specs describe the amount of nitrous oxide a Full 8P Rating of Syvten Td Srage Stoving RPH

system can deliver. Most nitrous systems are rated (3738 Whers System & Ful OF

for the HP increase they can deliver in a properly 150

tuned engine. The Engine Analyzer Pro makes 3 [ Help o

. . s . . . M anufacturer's HP rating of the 1st stage of the T 100
major simplifying assumptions concerning nitrous e e 2 o0
oxide injection: =
) U0 2000 000 G000 8000
e Jet sizes are proper for correct A/F, | 0K | | Help | RPM
and good nitrous and fuel distribution

e Nitrous is injected as a liquid and
only a portion vaporizes on the way to the cylinder. There is little displacement of the air which would normally
enter the engine under "non-nitrous" conditions.

e Nitrous increases the burn rate, reducing the required spark advance.

You can not use the Engine Analyzer Pro to design nitrous systems, but only to estimate performance improvements. Select the

No Nitrous Oxide options to simulate an engine without nitrous oxide injection. The specs in the Nitrous Oxide Specs menu are
then ignored.
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As you change specs in this menu, the Nitrous HP graph is constantly being updated to show how the system specified will
deliver nitrous. This graph is the best way to see the effect of various systems, nitrous levels and RPM set points. Also watch
the test results Nitrous, 1b/hr and Ntrs Fuel, 1b/hr to see the amount of nitrous injected.

Type of Nitrous System

O Progressive O 2 Stage
1 Stage O 3 Stage

Select the type which describes the system you are using. Various portions of the Nitrous Oxide Specs menu become enabled
and disabled depending on your choice here.

Progressive System Specs

% of Full HP at Start of Injection

This is the amount of nitrous delivered (% of the full system HP rating) when the progressive system first start to inject nitrous.

RPM to Start Nitrous Injection

This is the engine RPM where the progressive system first start to inject nitrous.

Full HP Rating of System

This is the amount of nitrous delivered when the progressive system is delivering its maximum nitrous flow.

RPM Where System is Full On

This is the RPM where the progressive system reaches maximum nitrous flow.

Staged System Specs

1st Stage HP Rating

Manufacturer's HP rating of the 1st stage of the nitrous oxide system. If you are using a 1 stage system, this is the full HP rating
of this type of system.
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1st Stage Starting RPM

RPM where injection from the 1st stage starts.

2nd Stage Added HP

Manufacturer's HP rating of the nitrous oxide added by the 2nd stage. Total nitrous HP is then 1st Stage HP + 2nd Stage HP.

2nd Stage Starting RPM

RPM where injection from the 2nd stage starts.

3rd Stage Added HP

Manufacturer's HP rating of the nitrous oxide added by the 3rd stage. Total nitrous HP is then 1st Stage HP + 2nd Stage HP +
3rd Stage HP.

3rd Stage Starting RPM

RPM where injection from the 2nd stage starts.

Spark Curve Specs

O Program sets spark for best power
Use Specified Spark Curve

Click on the Use Specified Spark Curve option Figure 2.33 Spark Curve Specs Menu
and the See Specs button becomes enabled.

Click on this button to open up the Speciﬁed ~ This Spark Curve Gives Best Perfformance |
Spark Curve menu shown to the right. CiYes These spark curve specs specs determing

the engine's burn rate. The less the spark
advance, the faster the burn rate.

As you Change Specs in this menu, the Spark ® Mo Other specs in the program determine the
Advance graph is constantly being updated. engine's burn rate.

This graph is the best way to see the effect of
changing spark curve specs. Also watch the test

20,

" Spark Curve Specs

|Break Point #1, Spark Advance [m

Spark Advance

results Spark Advance and Knock Index to see |Bleak Point #11. RFHM 3000 Do 2000 4000 G000 2000 10000
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. = " Help
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This Spark Curve Gives Best Performance

O Yes These spark curve specs determine
the engine’s burn rate. The less the spark
advance, the faster the burn rate.

No Other specs in the program determine the
engine’s burn rate

You choice of these options will have a large impact on engine performance. Their effect can best be explained by the
following examples:

Example 1

If at the Calculation Conditions menu you chose the Program sets spark for best power option, the menu and specs in this
section are not available and have no effect on calculated performance.

Calculation Conditions Menu
Program sets spark for best power
O Use Specified Spark Curve

Assume that for this engine at this RPM the Engine Analyzer Pro determines the flame requires 50 degrees to completely burn
the air/fuel charge to give optimum performance. This allows 25 degrees for combustion before TDC, 25 degrees for
combustion after TDC. The program will automatically set a Spark Advance timing of 25 degrees BTDC (before top dead
center).

Example 2

If at the Calculation Conditions menu you chose the Use Specified Spark Curve option, the menu and specs in this section are
available to change and do effect calculated performance.

Calculation Conditions Menu
O Program sets spark for best power
Use Specified Spark Curve

This Spark Curve Gives Best Performance

O Yes
No
Break Point #1, Spark Advance

As in Case 1 the Engine Analyzer Pro determines the flame requires 50 degrees to completely burn the air/fuel charge. The
Engine Analyzer Pro will set 15 degrees spark timing as you specify. Combustion will be completed at 35 degrees after TDC
(15+35=50). The combustion period is retarded 10 degrees from optimum on 25 degrees BTDC. This should result in a loss of
performance, but also reduces the possibility of spark knock (reduce Knock Index and Mx Cyl Pres in the test results).
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Example 3

If at the Calculation Conditions menu you chose the Use Specified Spark Curve option, the menu and specs in this section are
available to change and do effect calculated performance.

Calculation Conditions Menu
O Program sets spark for best power
Use Specified Spark Curve

This Spark Curve Gives Best Performance

Yes
O No
Break Point #1, Spark Advance

In order for 15 degrees of spark advance to be optimum for performance, the total combustion process must only require 30
degrees, 15 degrees before TDC and 15 degrees after TDC. The Engine Analyzer Pro will set 15 degrees spark timing as you
specify and speed up the combustion process so it only requires 30 degrees total. This should result in an improvement in
performance, thermal efficiency and fuel economy. However cylinder pressure (Mx Cyl Pres, PSI) is likely to increase so the
engine will require stronger parts. (Knock Index could either increase or decrease depending on other factors.)

Break Point #1, Spark Advance

Spark advance is this value up to Break Point #1, then it ramps up to the Spark Advance of Break Point #2.

Break Point #1, RPM

RPM where Break Point #1 occurs (and spark advance starts to ramp up).

Break Point #2, Spark Advance

Spark advance ramps up to this value at Break Point #2 and remains here as RPM increases.

Break Point #2, RPM

RPM where Break Point #2 occurs (where engine reaches maximum spark advance).

The Spark Table Specs have been expanded in later versions with up to 6 levels of Break Points. See Appendices 9 - 13
on pages 235-312 for more updated info.
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Figure 2.34 Chain Calculations Specs Menu
Chain Calculations [ Choin Colculation Specs for SUPERSTOCK |

© # Specs to Chain " Chain S5pec #2
. . C ® 2 |Spec Type and Hame

DO Chaln CaICUIatlons " Chain Spec #1 |Exhaust Centerline (6 E) |£I

O NO |Spel:: iy zolan i |Starling Spec Yalue |{00

Y |Intake Centerline [ 0] |£| |1l Chain Steps 5 n

eS |Slalting Spec Yalue |100 |l3hain Step Size 4
. . . |ll Chain Steps E * Preview:
Click on the Yes option and the See Chain (Chain Stop Size - [Exhavst Centerine 100,104,109, ... 120 |
Calculation Specs button becomes enabled. Click b | Current Val T
his button to open up the Chain Calculation Preview: ST :
on this |_
p p . |Intake Centerline 100, 104, 108, ... 120 | N
specs menu shown to the right. Help
|Cunent Yalue 1025 Click on Spec Mame or Spec Walue for
explanation of zpec to be given here.

The Chain Calculation option allow you to make
up to 36 consecutive tests or performance \i’
calculations without having to be at the computer
to enter commands between tests. Since the Engine Analyzer Pro requires a good deal of execution time on slower computers,
this option is a great convenience. Chain calculations are best explained with an example. Let's assume we want to optimize
lobe separation and cam timing. This can be done by trying several intake and exhaust lobe centerlines, for example:

| Tum OF Chain Calcs |

Intake Lobe Centerline 100, 104,108, 112, 116, 120
Exhaust Lobe Centerline 100, 104,108, 112, 116, 120

The settings in Chain Calculation menu of Figure 2.34 are set to do this particular Chain Calculation. You will end up with 36
tests, every possible combination of these settings, when the test is complete.

Important: Because of the large amount of data which can be produced with Chain Calculations, there is
a limitation. Only torque and HP data is saved for each calculation. No other RPM data and no cycle data
is saved, reported or graphed.

The Chain Calculation Specs have been greatly expanded in later versions. See Appendices 9 - 13 on pages 235-312 for
more updated info.

# Specs to Chain
O1 2

Select 1 if you want only 1 engine spec to be chained, 2 if you want 2 specs to be changed. In the example above, if you
selected 1, the Chain Spec #2 items would have been dimmed. The results would have only consisted of 6 tests of the different
Intake Centerlines. The Exhaust Centerline would have stayed at whatever value was currently entered in the Cam/Valve Train
Specs menu.

Chain Spec #1

Spec Type and Name

Click on arrow for a list of possible specs for the first chain calculation. Not all engine specs can be chained. Also see Chain
Step Size below.
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Starting Spec Value

The value of the first chain calculation for Chain Spec #1. Also see Chain Step Size below.

# Chain Steps

The number of settings for Chain Calculation #1, 2-6. Also see Chain Step Size below.

Chain Step Size

The amount of increase in Chain Spec #1 between successive chain calculations.
Based on the settings of these specs, the program will show you a preview of the settings which will be tested in the Chain
Calculation. If you have chosen an unusual set of specs, say cylinder Bore: 220, 230, 240, ...270 (which is outside the

program’s limits for bore sizes) the program will warn you when you leave this menu. You must then either correct these specs
to make sense or click on Turn Off Chain Calcs.

Current Value

Displays the current setting of the spec you are going to chain, and is simply a handy reminder.

Chain Spec #2

Spec Type and Name
Starting Spec Value
# Chain Steps

Chain Step Size

These specs are the same as those described for Chain Spec #1 above. These are not available if you have chosen 1 as the #
Specs to Chain.
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2.8.2 Test Results from Calculated Performance

The Engine Analyzer Pro’s calculated output consists primarily of 3 types:

e RPM Data. This is data which changes for each RPM tested, like torque, HP, fuel flow, etc.

e Special Calculations. This is data which does not change with RPM, like cubic inch displacement, dynamic
compression ratio, etc.

e Cycle Data. This is data which changes within an RPM, for each different crank angle of the engine, like piston

position, cylinder pressure, etc.

RPM Data and Special Calculations are shown in Figure 2.35. Cycle data is only available for graphing, for display with the
See-Engine feature, or for exporting as an ASCII file. Several other features are available from this screen (Figure 2.35) which
are also discussed in this section.

A new Preference in v3.9 allows for you to select various data types to be displayed in Metric units. See Appendix 11 on
page 261 for more updated info.

Figure 2.35 Major Features of Output Screen Showing Test Results

Menu bar with output options: Back to Main Menu, Make Graphs, Print Results, Display Help,
Save or Open Files of Test Results, Analyze results (program gives advice based on user
requirements and current results), See Engine piston/valves/valve dynamics/air flows, etc.

Command buttons: Make Graphs, Print Results, Display or Edit Engine and Component
Comments, Display Notes (safety issues, possible problems, etc.) about current test results

Summary of Notes (safety issues, possible problems, etc.)
Name of current Engine File

Name of current Test File

Performance Summary

= g alyzer Pro g 02-4 est Re ed =1: RPM Data. Click on any cell if
= ||Bagk grzph Enn. Help[F1] File Analyze Sm’.—Englnt’.@i3 y s the grld for a Help definition of
1 mnlsl Motes Jummary; Detonation likely. Click on Maotes for more PkTg=284=43200 f8wg=271 . .
@I o] PkHP=231@48}(Avg=155 that particular piece of data.
Engine RPM 1200 [1600 [2000 [2400 [2800 [3200 ([3600 [4000 [4400 [4800 [/ ] +
Bik T, ft4bs 259 (268 (272 (272 (273 284 283 (278 270 |25 . Slide bar. Click and drag button
Brake HP 592 816 (104 124 145 173 194 M2 (226 23 .
EshPres,PSI |01 02 04 (06 08 12 15 (13 22 ] to display all RPM test results.
Int%/ac, "Hg D2 03 (06 08 12 05 05 08 |09 .
Yol Eff, % 719 (730 (740 (752 FRZ 812 (829 838 (83B i . .
Bictual CFM 753 [102 123 [157 183 (227 (260 (293 (322 |aM4 Special Calculations. Results
FuelFlow, Ib/hr [263 (356 (451 (550 |E59 (792 910 (102 (112 ; ;
Mitraus, Ib/hr 00 a0 (o0 00 00 00 a0 00 (00 4 which do'not Change with
NisFuel b/ |00 00 o0 oo o0 oo oo oo oo /o0 RPM. Click on any result for a
BMEP, PSI 130 134 136 136 138 142 (142 13 125 G ;
A Matr Oy, % |934 (977 1000 1000 1000 (991 (1000 1000 100.0 H_elp definition of that partICU|ar
RSFC Ib/HPhr  |N444 (0437 0436 0443 0454 0458 0453 (45 1521 S plece of data.
- -
————— Ualve Flow & Cam Calculations 4 —--int-- --Exh—- |%
Ovarlap Area, degxsq-in 9.8 Ulv Area/ deg*sq-in  162.6 117.8 Ly
Tothl Exh/Int % 72.5 Total Avg Flow Coef 8.249 8.272
Lobg Separation, deg 115.8 Lobe Area, inch=deg 19.82 19.82 \ H H
Overllap, deg 34 Duration, deg 262 262 Slide bar. _C“Ck and drag_
Opening Events, deg 15 63 button to dlsplay all SpeCIaI
Closing Events, deg 67 19 .
overlhp @.050, deg -28 Duration @.050, deg 202 202 Calculation test results.
Opn Evnts @.6858, deg -15 a5
Cls Evnts @.6858, deg 37 -13
Duration @.2088, deg 188 188 5

\_ Horizontal slide bar. Click and drag to display all RPM Data if # RPMs is greater than 15.
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RPM Data

RPM Data looks much like a dynamometer data sheet which gives projected engine test results for each RPM tested.

Engine RPM

Is the engine crankshaft’s rotational speed in revolutions per minute.

Brk Tq, ft-Ibs

Is the brake torque produced by the engine measured in ft. Ibs. Brake torque is the usable net torque at the engine's flywheel.
See Appendix 2. This is the same as the torque numbers you see in advertisements and in dynamometer torque and HP curves.

Brake HP

Is the Brake HP produced by the engine measured in horsepower. Brake HP is the usable net HP at the engine's flywheel. See
Appendix 2. This is the same as the HP numbers you see in advertisements and in dynamometer torque and HP curves. To
calculate torque from HP or HP from torque, use the following formulas:

Torque = HP x 5252 HP = Torque x RPM
RPM 5252

Exh Pres, PSI

Is the average exhaust pressure after the exhaust port and exhaust manifold/header, but before the exhaust system (if any),
measured in PSI. (In version 1.2 this was given in inches of mercury.)

Int Vac, “Hg
Boost, PSI

Is the average intake vacuum or supercharger boost after the carburetor or throttle body (and supercharger/turbocharger if any)
but before the intake manifold runners measured in "Hg during the intake stroke. If the engine is supercharged or turbocharged,
the units are given in PSI boost.

Vol Eff%

Is the volumetric efficiency of the engine measured in %. The volumetric efficiency is the percent of air which actually enters
and remains in the cylinder during each intake stroke, compared to the amount which could under perfect, unsupercharged
conditions. The amount of air which can enter the cylinder under perfect conditions is the swept volume of the cylinder with
air at the actual barometric pressure (Barometric Pressure and Elevation effects combined) and Intake Air Temp, deg F.
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For example, if the swept volume is 50 cu in, the air density at the specific barometer and intake air temperature is .000044 1b/cu
in, .0022 1bs (50 cu in x .000044 1b/cu in) is the amount of air which can enter the cylinder under perfect conditions. If only
.0018 1bs actually enters the cylinder during the intake stroke, the volumetric efficiency is:

Vol Eff% = .0018 x 100% = 82 %
.0022

During supercharging, if the engine ingests .0030 Ibs each intake stroke, the volumetric efficiency is calculated as:

Vol Eff% = .0030 x 100% = 136 %
.0022

If .0030 Ibs enters the cylinder, but .0003 Ibs goes straight through and ends up out the exhaust (called "short circuiting"), the
Vol Eff% is:

Vol Eff% = (.0030 - .0003) x 100% = 123 %
.0022

See Shrt Circuit, %.

Actual CFM

Is the flow rate of fresh air into the engine measured in cubic feet per minute (CFM). This is measured at the entrance of the air
cleaner or if no air cleaner is present, the carburetor(s) or throttle body(s). Since this is called "actual", it is not corrected to
standard conditions as in earlier Engine Analyzer programs. Actual CFM should correlate more closely to actual dynamometer
air flow measurements.

Fuel Flow, Ib/hr

Is the fuel flow delivered by the carburetor(s) or fuel injectors in Ibs/hr for either gas or alcohol. This does not include the fuel
to combust nitrous oxide, which is assumed to come from a separate fuel delivery system and is identified as Ntrs Fuel in the test
results.

For Gasoline, the fuel is assumed to be similar to octane (an expensive type of gasoline with an octane # of 100) in density (5.86
1b/gal), heating value (19,000 BTU/1b), and stoichiometric A/F (14.7). Drag Racing Gas is assumed the same except with a
slightly higher BTU content. Gasoline fuel flows are calculated based on an optimum power A/F (air/fuel ratio) of 12.5:1.
(Other differences between Gasoline and Drag Racing Gas are discussed in the A/F Mxtr Qlty output discussed later in this
section.)

If your particular engine runs at 11.5:1 A/F, your engine burns 12.5/11.5, or 1.09 times as much fuel per unit of air as the Engine
Analyzer Pro calculates. Multiply the Engine Analyzer Pros fuel flow by 1.09 to get fuel flows for an engine running at 11.5:1.
To calculate fuel flows in gallons per hour (GPH), multiply lbs/hr by .171 (.171=1/5.86).

For example, the Engine Analyzer Pro calculates 145 Ibs/hr fuel flow at peak HP, assuming 12.5:1 A/F.

Your engine runs at 12:1, instead of 12.5:1 A/F:

145 Ibs/hr x 12.5 = 151 Ibs/hr
12

You need the flow in GPH to size a fuel pump:
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151 Ibs/hr x .171 = 25.8 GPH

For alcohol, the fuel is assumed to be methanol with a density of 6.6 1b/gal and heating value of 8,600 BTU/Ib. Fuel flows are
calculated based on an A/F of 5.0:1. To calculate fuel flows in gallons per hour (GPH), multiply Ibs/hr of alcohol by .152 .

Nitrous, Ib/hr

Is the flow of nitrous oxide liquid in Ibs/hr. This has been increased (more nitrous flow is required to produce a certain amount
of HP) from what was used in version 1.2.

Ntrs Fuel, Ib/hr

Is the fuel flow required for the nitrous oxide injected in Ibs/hr for either gas or alcohol. The program assumes that this fuel is
injected through a system separate from the carburetor or electronic fuel injectors. The total fuel burned by the engine is Fuel
Flow + Ntrs Fuel. This has been increased (more fuel is required for a certain nitrous flow, or it is given a richer mixture) from
what was used in version 1.2.

BMEP, PSI

Is Brake Mean Effective Pressure. in PSI which produced the work on the piston that actually made it to the flywheel.
Mathematically it is calculated as:

BMEP = IMEP - FMEP

Like IMEP and FMEP, BMEP is a convenient way to compare power output for 2 very differently sized engines. If 50 cc
motorcycle engine and a 500 CID Pro Stock engine are equally well designed, they should both put out similar BMEP levels,
even if the Pro Stock motor makes 100 times more power.

A/F Mxtr Qlty, %

Is the A/F Mixture Quality rated in %, where 100 % means there is no power loss from poor A/F Mixture Quality. A/F Mixture
Quality is the combined result of these separate effects:

e A/F Maldistribution where all cylinders do not get the same air and fuel. Some cylinders run leaner than optimum
and some run richer.

e  Fuel Metering where the fuel metering signal strength to the carb is less than required to atomize the fuel, or worse,
not even pull fuel through the jets at all.

e Atomization of fuel in the chamber, which depends on many design variables and fuel properties. The Pro
assumes that the higher the Octane rating of the fuel, the lower the Reid Vapor pressure and the less likely the fuel
is to atomize. Obviously not all fuels have the same vapor pressure for a certain octane, so this trend is not
necessarily true for all fuels. Alcohol is also assumed to be slightly more difficult to produce good A/F Mixture
Quality, because of its large cooling effect.

The lower the A/F Mixture Quality, the lower the power output the Pro will project. Therefore,
pay special attention to this number. This is a change from all other pervious Engine Analyzer
programs, which always assumed perfect A/F distribution and atomization.
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BSFC, Ib/HP-hr

Is the brake specific fuel consumption of the engine in Ibs/HP-hr, or pounds of fuel per hour per horsepower. BSFC is a
measure of how efficiently the fuel is being used to produce power at the crankshaft. A good BSFC is in the range of .40-.45 for
gas and .95-1.10 for alcohol, near the torque peak RPM. The lower the BSFC, the more efficient the engine is at converting fuel
into HP.

BSFC is based on total engine fuel flow, or Fuel Flow + Ntrs Fuel.

Thermal Eff, %

Is the thermal efficiency as defined in Appendix 2, expressed in %.

IMEP, PSI

Is the Indicated Mean Effective Pressure in PSI which produced the work on the piston. In simple terms, the IMEP is the
average cylinder pressure during the expansion stroke which would have produced this amount of torque.

IMEP is a way of rating the indicated torque output of any size engine. For example, a 400 cubic inch engine which produces
450 ft lbs of indicated torque produces 170 PSI IMEP. A 40 cubic inch engine which produces only 50 ft Ibs produces 189 PSI
IMEP. Although the 40 cubic inch engine produces a only one ninth the torque, its higher IMEP shows that it is a more efficient
design for producing torque.

"Leading edge" race engines produce from 280 to 300 PSI IMEP naturally aspirated (unsupercharged). You can use IMEP as a
rating of your engine's potential. If the program predicts only 200 PSI IMEP, you have lots of unused potential for more power.

It the program is predicting 350 PSI IMEP without supercharging, the program is predicting more power than is likely with
current technology.

Frctn Tq, ft-Ibs

Is the engine's friction torque in foot pounds. See Frctn HP.

Frctn HP

Is the engine's friction horsepower. This is the HP required to overcome all the rubbing, mechanical friction of the internal
moving parts (bearings, rings, etc), oil pump, water pump and to drive any accessories. This does not include the HP to drive a
belt driven supercharger. This is listed separately at the end of the Projected Performance report as Compressor HP.

Note: The friction calculated here is not the same as the friction measured during a dynamometer test where the engine is
motored over by the dynamometer. See Motoring HP.
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FMEP, PSI

Would be the average pressure on the piston (or amount of IMEP) required just to overcome the rubbing, mechanical friction of

the engine which produces Frctn HP. Like IMEP and BMEP, FMEP is a method of rating the friction performance of engines of
different sizes. For example, most engines will have an FMEP of 30 PSI at an engine RPM which gives an average piston speed
of 2300 ft/min.

Piston Speed = 2 x Stroke (inches) x RPM
12

Note: Checking to see if the Engine Analyzer Pro is calculating between 22-38 PSI of FMEP with a piston speed of 2300 ft/min
is a good check of your Short Block specs. If the Engine Analyzer Pro friction is out of this range at approximately 2300 ft/min
piston speed, check and possibly adjust the specifications which affect engine friction.

Mech Eff, %

Is the mechanical efficiency as defined in Appendix 2, expressed in %. Mech Eff includes the effect of Compressor HP from
any belt driven superchargers.

Motoring HP

Is the HP required to motor the engine with a dynamometer. Motoring tests are conducted with electric dynamometers (where
the dynamometer is driving the non-firing engine) to measure the engine's friction. Motoring HP includes all rubbing friction as
indicated by Frctn HP, Pumping Work and Compressor HP horsepower.

Pumpng Work, HP

Is the work done by the piston to pull the fresh charge into the cylinder and push the exhaust charge out, calculated in
horsepower. This is work the engine must do to run (like turning the oil pump) and therefore reduces the brake power of the
engine. For that reason, it is expressed as a negative number.

If the engine is equipped with a supercharger, the Pumpng Work may be positive. In this case, the pressure in the intake
manifold actually pushes the air into the cylinder and pushes the piston down on the intake stroke, making positive work and
thus adding a small amount to the brake power at the crankshaft. However, the power to do this positive work, came from the
Compressor HP used to drive the supercharger.

Note: The pumping work calculated here is not technically the work of the pumping loop. Technically, it is the PV loop from
work done from BDC exhaust to BDC at start of compression.
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Residual Exh, %

Is the fraction of the total charge in the cylinder after the intake valve(s) has closed which is left over (residual) exhaust from the
previous power cycle. The residual exhaust is expressed as a mass fraction, not a volume fraction. Therefore, since the residual
is hot, "left over" exhaust which is less dense than the cool fresh air/fuel charge; the volume fraction of residual is

higher than the mass fraction.

For example, a 5% mass fraction of residual may mean a 10% volume fraction. This means 10% of the cylinder's volume is
filled with left over exhaust, volume which can not be used to draw in fresh air/fuel charge, effectively reducing the volumetric
efficiency 10% and power 10%.

To maximize power, you will want to reduce the Residual Exh %. In fact the Residual Exh can be negative, which indicates no
exhaust from the previous cycle is left in the cylinder, but that some fresh air/fuel charge actually passed through the cylinder,

out the exhaust during the overlap period without being burned. This condition is called "short circuiting" and is wasteful,
giving poor fuel economy and emissions, but will maximize power output. See Vol Eff, % and Shrt Circuit, %.

Shrt Circuit, %

Is the percent of the fresh mass which "short circuits", or passes directly through the chamber and out the exhaust during overlap
without being burned.

Exh Temp, deg F

Is the temperature of the exhaust gas in degrees Fahrenheit immediately after leaving the cylinder, in the exhaust port. The
exhaust gasses are cooled considerably by contact with the exhaust port and the exhaust manifold or header. Therefore, exhaust
temperatures measured downstream of the exhaust valve will likely be cooler than those calculated by the Engine Analyzer Pro,
especially at lower RPMs.

However, in the actual engines some of the fuel may not burn completely in the cylinder but continues to burn in the exhaust

port and manifold/header. In these cases, some engine's may exhibit higher exhaust temperatures than those calculated by the
Engine Analyzer Pro, especially at retarded spark advance.

Mx Cyl Pres, PSI

Is the maximum pressure which occurs in the cylinder during combustion in PSI absolute.

Mx Cyl Tmp, deg F

Is the maximum temperature which occurs in the cylinder during combustion in degrees F.

80



(C) Performance Trends Inc 2009 Engine Analyzer Pro Chapter 2 Definitions

In Port Temp, deg F

Is the temperature of the fresh charge as it enters the cylinder/chamber in degrees F. In this version, the program is including
some fuel and nitrous evaporation effects which can cool the charge considerably. This was not considered in version 1.2.
Depending on the type of intake manifold, air temperature and engine coolant temperature, the fresh charge picks up
considerable heat along the intake runner and port/valve. This rise of temperature hurts volumetric efficiency and power and is
indicated by In Port Temp.

Piston Spd, ft/min

Is the average speed of the piston in feet per minute. Piston speed is a useful way to rate the RPM induced stress level of the
reciprocating components of engines of very different sizes. For example, engines with typical production parts can usually rev
up to a piston speed on 2750 ft/min without overly stressing pistons, connecting rods, etc.

The equation for piston speed is:

Piston Speed = 2 x Stroke (inches) x RPM
12

You can see that Piston Speed only depends on RPM and Stroke. An engine with a 4” stroke will reach 2750 ft/min at 4125
RPM, but an engine with only a 3 inch stroke can rev to 5500 before it reaches 2750 ft/min. Both of these engines will be
putting approximately the same stress on the rods and pistons at these quite different RPMs. This is the reason 100 cc racing
motorcycle engines can rev to 25000 RPM but 500 CID Pro Stock motors can only rev to 9000 RPM. See also Piston Gs @
TDC.

Piston Gs @ TDC

Is the piston acceleration in Gs where the piston changes direction at TDC. TDC is generally where the highest piston Gs occur.
Internal stresses of many reciprocating components are directly related to piston Gs. For example, if piston Gs increase 25%,
you need parts which are 25% stronger. Consult the manufacturer of your rotating and reciprocating components to

determine their maximum G load ratings for various applications. See also Piston Spd, ft/min.

Coolant HP

Is an estimate of the total heat rejected to the coolant that the radiator must deal with. This includes the heat energy which is lost
to the coolant through the cylinder walls, combustion chamber walls and through the top of the piston plus the energy lost
through the exhaust ports and from the friction heat generated from the internal moving parts expressed in horsepower.
(Including the heat from the exhaust port and friction is a change from version 1.2. This should make the program more useful
for users trying to design cooling systems.) To convert HP to BTU/hr, multiply by 2545. For example:

Coolant HP = 45 HP = 45 HP x 2545 BTU/hr = 114525 BTU/hr
HP
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Blow By, CFM

Is the amount of combustion gasses leaking past the rings, measured in CFM. The leakage area by the rings is defined by Cyl
Leakage spec in the Short Block specs. This value should correlate with blow-by measured during dyno testing. Blow-by can
be measured by:

e Disabling the PCV system (if any).
e Sealing the crankcase except for 1 exit.
e Running the engine at full power and measure all blow-by escaping from the 1 exit.

In Tune Prs, PSI

Is the average dynamic intake pressure from inertia tuning occurring at the critical period close to the intake closing event in
'PSI. Use this value to quickly see the strength of the intake tuning pulses. See Section 3.4 for graphing the cycle data Int Prs
which is the instantaneous pressure upon which In Tune Prs is based. Also see Example 4.5.

Avg In Vel, ft/sec

Is the calculated (not actual) average velocity of the fresh charge in the intake runner in feet/second. This is a simplistic value,
calculated by:

Runner Velocity = Piston Velocity x Piston Area
Intake Runner Area

The actual velocity depends on volumetric efficiency, cam timing, intake pressure and temperature, etc. However, several "rules
of thumb" have been developed about sizing runners based on calculated runner velocity. Most state that you should design the
runner area for a calculated velocity of 250-350 feet/second for optimum intake tuning.

The Engine Analyzer Pro does not use these "rules of thumb" concerning Avg In Vel in its performance projections. It is
reported only for information. For example, if Avg In Vel is only 150 at the RPM you want good tuning (like your desired
torque peak RPM), you may have to specify a smaller diameter intake runner and/or port diameter(s) for good performance.
Likewise, if the program calculates 500 for Avg In Vel at your desired HP peak RPM (where you still want good tuning), the
current intake runner and/or port diameter(s) may be too small.

Avg Ex Vel, ft/sec

Is similar to the preceding Avg In Vel. On the exhaust side, approximately 300 feet/second has been determined a good "target"
for sizing header pipe diameters for optimum tuning. On the exhaust side, actual velocities are 2 to 3 times that calculated by
Avg Ex Vel because of the high exhaust temperatures.

Mach #

The 1979 SAE (Society of Automotive Engineers) paper "An Analysis of the Volumetric Efficiency Characteristics of 4-Stroke
Cycle Engines Using the Mean Inlet Mach Number, Mim", 790484, by Fukutani and Watanabe is the basis of this calculation. It
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L]
was an extension of the Mach Index characteristic first identified in the 1940s by C.F. Taylor and co-workers from MIT, "The
Internal Combustion Engine In Theory and Practice", C.F. Taylor, 1985, MIT Press.

These papers state that an engine's air flow potential per cycle (volumetric efficiency) depends on its average intake flow
coefficient, intake valve flow area, cylinder size, speed of sound in air and RPM. These five terms are combined into one value
called the Mach Index, called Mach # by the Engine Analyzer Pro. In simple terms Mach # relates the average velocity of the
intake charge past the valve to the speed of sound. The speed of sound is theoretically the maximum velocity possible past the
valve, which would give a Mach # of 1.0. A Mach # of .4 states the average velocity is only 40% of the maximum possible
velocity.

Taylor's work showed good correlation between volumetric efficiency and Mach # for several engines with conservative cam
timing. The correlation showed that volumetric efficiency (and therefore power) would start to drop sharply when Mach #
increased above approximately .55. However, more recent studies show poor correlation if intake cam duration increases
significantly. The 1979 paper includes a correction for intake duration; the higher the intake duration, the lower the Mach #, and
the higher the RPM for peak volumetric efficiency.

General "rules of thumb" concerning the Mach # include:

e  Peak volumetric efficiency should occur in the range of .3 to .5 Mach # with no tuning effects
e  Volumetric efficiency drops rapidly in the range of .6 - .8 Mach #

The Mach # is calculated based on the static intake valve flow area, not dynamic flow area which can be different due to valve
train bending or tossing. See Act In FlowArea,%. The Engine Analyzer Pro does not use Mach # in its calculations, but reports
it only for information.

Act In FlowArea,%

Is the dynamic valve flow area compared to static valve flow area in percent. If the valve train had no bending and no tossing
(like turning Valve Train Dynamics Off) this value will be 100%. Generally the dynamic valve flow area will be less than the
static area due to bending, giving Act In FlowArea values of 93 - 98. This means the valve is allowing only 93-98 % as much
flow potential as the cam is telling it. If you encounter valve toss, Act In FlowArea may be 101% or more, saying the valve is
allowing more flow potential than the cam is telling it to allow.

Note: This is not the same as dynamic lobe area vs actual lobe area. During valve toss, the valve may be lifted much more than
dictated by the cam lobe. However, if the extra lift occurs at high lift, you may get no increase in flow area. That's because high
lift flow area is limited by the port's throat area, not valve lift. See Figure 2.9.

Act Ex FlowArea,%

See Act In FlowArea,% above.

Valve Toss

Indicates that dynamic valve motion has significantly higher lift than the theoretical valve motion (i.e. the follower has separated
significantly from the camshaft). Valve Toss is not a definite condition that can be accurately predicted. Valve Toss here
simply means that there is a high likelihood the valve spring can not hold the valve train and follower in contact with the cam.
Valve Toss will be listed as None, Int, Exh or In&Ex to indicate if valve toss is likely to occur and on which valve. If Valve
Train Dynamics are turned Off in the Cam/Valve Train menu, this output will be blank unless hydraulic lifter pump up has
occurred. Then it will be marked PmpUp, but there is no indication if the pump up occurred on the intake, exhaust or both.
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Valve toss depends strongly on the specific cam profile. The Engine Analyzer Pro's standard lobe profiles are a compromise,
which may likely not exactly simulate your particular cam profile. For improved accuracy simulating valve train dynamics, use

a detailed cam profile file like a Cam Dr file.

With mechanical (solid) followers, the actual engine's power may increase when valve toss conditions are reached. That is
because the valves are being opened higher and longer than dictated by the cam. This is shown when Act In FlowArea and Act
Ex FlowArea increases. Power may also drop off due to valve bounce. Valve bounce is when the valve is not gently returned to
the valve seat by the cam’s closing ramp, but is allowed to slam into it. The force of the valve slamming into the valve seat may
cause it to bounce off the seat at a critically bad time, causing a loss of cylinder pressure and power. With hydraulic lifters the
actual engine's power is almost always likely to fall off sharply when valve toss conditions are reached. That is due to lifter
"pump up" holding the valves off their seats, allowing cylinder leakage. The Engine Analyzer Pro simulates this power loss
both with solid and mechanical lifters with Valve Train Dynamics turned On. With Valve Train Dynamics turned Off, this
power loss is only simulated for an estimated typical valve train with hydraulic lifters.

Knock Index

Indicates the likelihood that the engine will detonate, spark knock, or "ping" at this RPM with these conditions. Use Table 2.15
to interpret the Knock Index.

Table 2.15 Knock Index Definitions

Knock Index Definition

Greater than 2 Detonation is very likely. The higher the Knock Index value is above 2, the more likely severe
engine damage will result, i.e. holes in pistons, etc.

1.0-2.0 Detonation may or may not occur, depending on factors difficult to model.

Less than 1 Detonation is unlikely.

Safety Note: Preignition is the process where a glowing hot spot in the chamber starts the combustion process before the spark
plug ignites it. This is a completely different phenomena than detonation. Preignition is possibly more damaging to an engine
than knock, and is VOT predicted by the Engine Analyzer Pro.

Spark Advnc, deg

Is the spark advance timing in degrees before top dead center (BTDC). See the spark parameters menu in the Calculation
Conditions, Section 2.8.1.

Note: The spark advance calculated by the Engine Analyzer Pro for optimum performance is only an approximation based on
limited information about the engine. Therefore, your particular engine may require several degrees more or less spark advance
than given by Spark Advnc in the results.

Primary Jet

The recommended diameter of the primary main jet in inches or Holley jet #, depending on your choices in the Preferences
menu at the Main Menu. This size should deliver the Pro’s assumed optimum power A/F of 12.5 for gasoline or 5.0 for alcohol.
This calculation is based on numerous carburetor assumptions and simplifications. See fuel delivery specs in Section 2.4, Intake
System.
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The goal of most carburetor systems is to deliver the same A/F at all RPMs. This would be the case if the recommended Primary
Jet reported here was exactly the same at all RPMs. By adjusting the various carburetor specs under Intake System specs, you
can see how this goal can be reached.

Primary Jet is not reported if the Intake System Manifold Type is fuel injected.

WARNING: Although recommended jet sizes may work well in some cases, do not use them to jet your carb. Due to the
many carb assumptions made by the Pro, recommended jet sizes should only be used to show trends.

Secondary Jet

The recommended diameter of the secondary main jet in inches or Holley Jet #. See the preceding Primary Jet explanation.
Secondary Jet is not reported if the Intake System Manifold Type is fuel injected.

WARNING: Although recommended jet sizes may work well in some cases, do not use them to jet your carb. Due to the
many carb assumptions made by the Pro, recommended jet sizes should only be used to show trends.

Injctr Dty Cyc, %

The recommended duty cycle in percent to deliver optimum power A/F for this RPM. Duty cycle is a way of saying what % of
the time is the injector open. If this value is greater than 100%, it means the engine requires more fuel than these injectors can
provide, even if they were open "full time". To provide enough fuel flow, you would have to increase the injector flow rating
or fuel pressure. The Engine Analyzer Pro assumes a .8 millisecond "lag" for opening or closing the injector. The lag of your
injectors and EFI system may be quite different.

Injetr Dty Cyec is not reported if the Intake System Manifold Type is as carbureted.

Inj Plse Wdth, ms

The recommended pulse width in milliseconds to deliver optimum power A/F for this RPM. For example, if Inj Plse Wdth is
24.5, it is saying the injector should be open 24.5 milliseconds (.0245 seconds) every time it fires. Also see the preceding Injctr,
Dty Cyc explanation.

Inj Plse Wdth is not reported if the Intake System Manifold Type is carbureted.

Calc Error

Occasionally the Pro can not obtain an assumed and final volumetric efficiency which agree within the accepted tolerance. The
program then uses the average of the assumed and final volumetric efficiency for the final volumetric efficiency. Calc Error is
set to the % difference between this average volumetric efficiency and final volumetric efficiency calculated.

To summarize, if Calc Error is 0, the Pro found an assumed and final volumetric efficiency within acceptable limits, and the

Pro’s test results for this RPM are accurate. If Calc Error is not 0, it represents the % difference (or error) between the
volumetric efficiency reported and the actual volumetric efficiency calculated at this RPM.
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Supercharger Outputs:

If calculations are made for supercharged or turbocharged engines, additional calculations are made and reported at the bottom
of the Projected Performance report. If the engine is not supercharged or turbocharged, these outputs are left blank.

Compressor Eff, %

The thermal efficiency of the supercharger or turbocharger compressor.

Cmprssr Pres Ratio
The pressure ratio produced by the supercharger or turbocharger compressor. For example, if the absolute pressure before the

compressor is 14.7 PSI (standard barometric pressure) and the PR is 2.0, the absolute pressure after the compressor is 14.7 x 2.0
=29.4 PSI. The boost pressure alone would be 29.4 - 14.7 = 14.7 PSI.

Compressor HP
The engine HP required to run the supercharger's or turbocharger's compressor calculated in HP. If the engine has a belt driven

supercharger, this is the power which must be transmitted through the belt (useful for belt sizing). For belt driven superchargers,
this HP is also added into the Motoring HP and Mech Eff data reported by the program.

Compressor RPM

The RPM of the belt driven Roots or Centrifugal supercharger's compressor rotor or impeller.

Roots Vol Eff, %

The volumetric efficiency of the Roots compressor. For example, if the Volume/Rev is 200 but the compressor is only flowing
150 cubic inches of fresh air per revolution, Roots Vol Eff would be 150/200 or 75%.

Turbo Wastegt, %

Signals that the turbocharger's waste gate is opening to control boost to the preset maximum level. If Turbo Wastegt is 0, the
wastegate is closed and all exhaust is passing through the turbine. If not zero, Turbo Wastegt reports the percent of exhaust
bypassed around the turbine to limit boost on the intake side.

Turbo Surge, %

Signals that the turbocharger compressor is operating near or completely within the surge range. Surge is a condition where air
flow through the turbo compressor is much less than optimum. It is expressed as a percent of the surge CFM flow at the
particular pressure ratio (PR) the turbo is currently operating. For example, if the surge line at PR=1.6 is at 200 CFM and the
turbo is operating at PR=1.6 at 150 CFM, Turbo Surge would be reported as (200-150)/200 or 25%. Therefore, the higher the
Turbo Surge value, the farther into the surge region.
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Special Calculations

The Special Calculation Specs have been expanded in later versions. See Appendices 9 - 13 on pages 235-312 for more
updated info.

Valve Flow & Cam Calculations Figure 2.36 Overlap Area

Overlap Area, deg*sg-in

This is the overlap flow area in units of degree-square inches.
These units can be illustrated using the example below.

Overlap Area

Example: If the Overlap Area was 4, it could mean that:

e A valve area of four square inches was open for one
degree of crank rotation.

e A valve area of one square inch was open for four /
degrees of crank rotation.

e A valve area of .4 square inches was open for 10

degrees of crank rotation.
e  Or any other combination which when multiplied together gives 4.

The phrase "valve area of X square inches was open" means that a perfectly flowing hole measuring X square inches was
present between the exhaust and intake port for 1 crank degree. ("Perfectly flowing" means a flow coefficient of 1.0.)

At idle conditions on a street engine, this is when intake vacuum can pull residual exhaust into the intake manifold. The higher
the Overlap Area, the higher the idle speed and the lower the idle vacuum.

Note: A larger cylinder can tolerate more Overlap Area. A 500 CID V-8 may idle at 1000 RPM with a given overlap area, but a
250 CID V-8 with the same overlap area could idle at 2200.

For race engines, overlap is generally needed for two reasons. First, it provides lower cam acceleration rates to attain the high
lifts required for high RPM HP. Second, overlap can also improve performance by allowing for efficient purging of residual
exhaust out of the clearance volume during overlap with proper intake and exhaust tuning. However, at "untuned" RPMs,
overlap can increase the potential for intake reversion (reverse air flow up the intake runner from the cylinder) and poor
scavenging. High overlap area can also lead to poor fuel economy through "short circuiting" (where intake charge passes
through the combustion chamber out the exhaust system without being used).

Since turbocharged engines operate with high pressure and high temperature exhaust, Overlap Area is best kept to a minimum
for turbocharged engines. This is both to reduce reversion (when high pressure exhaust flows backward into the intake) and
exhaust temperatures (when "short circuited" fresh charges burns in the exhaust).

The Overlap Area is given here to compare overlap areas between different cam profiles, lash settings, and cylinder head flow

potential. Check Idle Vacuum, “Hg in this section also to see how Overlap Area effects an important aspect of street engine
performance.

Vlv Area, deg*sg-in

Is the valve opening flow area in units of degree-square inches, similar units to Overlap Area, deg*sq-in. This value represents
the total effective flow area available for the intake or exhaust valves while they are open, not just when both are open. It is
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Figure 2.37, lllustration of VIv Area Calculation

Valve Lift Profile Valve Flow Curve VLV (Flow) AREA
(cam profile, RAR, (CFM at various
and lash) valve lifts)

——— S

Crank Degrees Valve Lift Crank Degrees

calculated from the valve lift curve and the valve flow curve. See Figure 2.37. Unlike flow coefficients, this value does
increase directly as valve duration and valve size increases. It is these areas upon which Total Exh/Int, % is based.

The V1v Area is given here to compare valve opening areas between different cam profiles, lash settings, valve sizes and flow
coefficients. Also like Overlap Area, deg*sq-in, larger cylinders will require larger valve areas for similar volumetric efficiency.

Total Exh/Int %

This is the percentage ratio of total exhaust flow area to intake flow area. It is calculated as:

Total Exh/Int % = Exhaust VIv Area, deg*sg-in.  x 100%
Intake VIv Area, deg*sg-in

"Rules of thumb" state that the exhaust port does not produce significant power losses until the exhaust flow potential falls
below 75% of the intake flow potential. For supercharged or nitrous oxide engines this percent should increase to
approximately 85%.

Total Avg Flow Coef

This is the average flow coefficient for the port, valve and runner for the time the valve is open. It shows how well the port
flows compared to a "perfectly" designed port with a "perfect”" cam profile. A perfect profile is defined as one where the valve
opens immediately to a lift which gives maximum valve flow, stays open the entire duration, and immediately snaps

shut at closing. Figure 2.38 compares the actual flow curve with the theoretically "perfect" flow curves to illustrate Avg Flow
Coef.

The Total Avg Flow Coef will compare head and camshaft combinations. An engine with a Total Avg Flow Coef of 1.0 is
physically impossible to build. In reality, the Total Avg Flow Coef will be approximately .25 for production engines, .30 to .40
for race 2 valve engines, and up to .50 or more for high RPM, 4 valve race engines.

Notes:
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The average flow coefficient should not be confused with Intake or Exhaust Flow Coef in the cylinder Head(s) input specs.
Intake or Exhaust Flow Coef applies only to one particular valve lift (L/D=.25) and the flow at that lift. The average

flow coefficient applies to all valve lifts encountered for a particular cam profile, the portion of time at each lift, and the flow
potential at each lift for the entire head.

Technically, the calculation of flow coefficient can vary significantly with the choice of valve opening and closing points. The
lower the lift points chosen, the lower the flow coefficient. The Engine Analyzer Pro uses a relatively low lift of .003" at the
valve to calculate average flow coefficient. Therefore, average flow coefficients calculated by the Pro are likely to be less than
average flow coefficients from other sources.

Figure 2.38, lllustration of Total Avg Flow Coef

Valve Flow Profile for "Perfect" Camshaft and
"Perfect" Port (FLOW COEF = 1.0 at max 1lift)

Valve Flow Profile for Typical Camshaft and
"Perfect" Port (FLOW COEF = 1.0 at max lift)

Valve Flow Profile for Typical Camshaft and
Typical Port (FLOW COEF = .5 at max lift)-;7

1-0 -

area C1

Flow *
Coef

000_

Intake Opening Intake Closing

* Flow Coef is similar to VALVE FLOW COEF

AVG FLOW COEF = area under typical cam/port flow profile

area under perfect cam/port flow profile

= (area A)
(area A + area B + area Cl + area C2)

Lobe Separation, deg

Is the separation between the intake and exhaust lobe centerlines in camshaft degrees. The Engine Analyzer Pro assumes the
centerline is where max lift occurs. You would have to double this value to obtain lobe separation in crankshaft degrees.
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Lobe Area, inch*deg Figure 2.39, Definition of Lobe Area

I..DBE AREA, in
Is the estimated area of the cam lift profile inch * degrees
measured in tappet lift x cam degrees. See

Figure 2.39. Tappet Lift,
in inches

Lash at Tappet
' PP

4 Base Circle

L}
Overlap, deg Cam Degrees

T

Is the number of crank degrees where both the intake and exhaust valves are open at least .003". This value should correlate
approximately to most cam grinder's "advertised overlap".

Duration, deg

Is the number of crank degrees where the valve is open at least .003" for either the intake or exhaust. This value should
correlate approximately to most cam grinder's "advertised duration".

Opening Events, deg
Is the location where the valve has reached .003" lift on the opening ramp. For the intake valve, this is reported in crank degrees

BTDC (before top dead center). For the exhaust valve, it's reported in crank degrees BBDC (before bottom dead center). These
values should correlate approximately to most cam grinder's "advertised opening events".

Closing Events, deg

Is the location where the valve has reached .003" lift on the closing ramp. For the intake valve, this is reported in crank degrees
ABDC (after bottom dead center). For the exhaust valve, it's reported in crank degrees ATDC (after top dead center). These
values should correlate approximately to most cam grinder's "advertised closing events".

Overlap @ .050, deg

Is the number of crank degrees where both the intake and exhaust tappet are lifted at least .050" above base circle. This value
should correlate to most cam grinder's "overlap @ .050 inches lift".

Duration @ .050, deg

Is the number of crank degrees where the tappet is lifted at least .050" above base circle for either intake or exhaust. This value
should correlate to most cam grinder's "duration @ .050 inches lift".
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Opn Evnts @ .050, deg

Is the location where the tappet has been lifted .050" lift above base circle on the opening ramp. For the intake tappet, this is
reported in crank degrees BTDC (before top dead center). For the exhaust tappet, it's reported in crank degrees BBDC (before
bottom dead center). These values should correlate to most cam grinder's "opening events @, .050 inches lift".

Cls Evnts @ .050, deg

Is the location where the tappet has been lifted .050" lift above base circle on the closing ramp. For the intake tappet, this is
reported in crank degrees ABDC (after bottom dead center). For the exhaust tappet, it's reported in crank degrees ATDC (after
top dead center). These values should correlate to most cam grinder's "closing events @ .050 inches lift".

Duration @ .200, deg

Is the number of crank degrees where the tappet is lifted at least .200" above base circle for either intake or exhaust. This value
should correlate to most cam grinder's "duration @ .200 inches lift". Events at .200 inches of lift are becoming more common in
the aftermarket. This number gives you and idea of how aggressive the opening and closing ramps are. If the Pro’s .050”
duration matches your cam, but the .200” duration is too low, select a more aggressive Lifter (profile) type in the Cam/Valve
Train specs menu.

Opn Evnts @ .200, deg

Is the location where the tappet has been lifted .200" lift above base circle on the opening ramp. For the intake tappet, this is
reported in crank degrees BTDC (before top dead center). For the exhaust tappet, it's reported in crank degrees BBDC (before
bottom dead center). These values should correlate to most cam grinder's "opening events @ .200 inches lift".

Cls Evnts @ .200, deg

Is the location where the tappet has been lifted .200" lift above base circle on the closing ramp. For the intake tappet, this is
reported in crank degrees ABDC (after bottom dead center). For the exhaust tappet, it's reported in crank degrees ATDC (after
top dead center). These values should correlate to most cam grinder's "closing events @ .200 inches lift".

Lobe Centerlns, deg
Intake and Exhaust lobe center is simply calculated from the appropriate .050" events and assumes a symmetric cam lobe (if
using the standard Pro cam profile). If you are using cam profile data files, the Lobe Centerlns are based on the maximum lift

point in the file. The intake lobe center is given in crank degrees after TDC, the exhaust lobe center is given in crank degrees
before TDC.

Grss Tappet Lft

Is the maximum inches the tappet is lifted above base circle. If you are not using a cam lobe file, it is the same as Max Lobe Lift
entered in the Cam/Valve Train specs.
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General Engine Calculations

Displacement, CCs
Is the total engine displacement volume (swept volume) in cubic centimeters. This is based on the standard equation including

bore, stroke and # cylinders. Divide this value by 1000 to obtain engine displacement in liters. For example, 4900 CCs is 4900
/1000 = 4.9 liters.

Displacement, cu in

Is the total engine displacement volume (swept volume) in cubic inches. This is based on the standard equation including bore,
stroke and # cylinders.

Dynamic Comp. Ratio

Dynamic Comp Ratio is calculated like the Compression Ratio in the Head Specs menu except, the "swept" volume used is the
cylinder volume at intake valve closing. Some people believe this is a more realistic compression ratio because the piston
cannot compress the air until the intake valve has closed.

Dynamic Comp. Ratio = Clearance Volume + Cyl Vol @ Intake Valve Closing
Clearance Volume

The Dynamic Comp. Ratio is always less than the standard Compression Ratio, and ranges from 6 to 9 for most engines.
You've probably heard that long duration cams need higher compression ratios. You will notice that when you specify long
duration cams, with late intake valve closing, you must also specify a higher Compression Ratio to maintain a Dynamic Comp.
Ratio in the range from 6 to 9.

Compression Ratio

Simply restates the specified Compression Ratio in the Head Specs menu for comparison to Dynamic Comp. Ratio.

Theo. Crank Comprssn,PSI

Is the estimated cranking compression pressure in pounds per square inch based on compression ratio, estimated intake cam
profile and lash. The calculation assumes some heat losses and leakage (uses ratio of specific heats of 1.3 rather than 1.4). Your
actual cranking compression (100-200 RPM) will likely be less due primarily to leakage and heat losses. Actual compression
pressures can be higher with hydraulic lifters, especially high leakdown lifters. High RPM compression (1000 RPM or higher)
would more closely match this value. Theo. Crank Comprssn is reported simply to show trends.

Note: The Cylinder Leakage value in the Short Block Specs menu is not used here to adjust Theo. Crank Comprssn. A standard
leakage rating is always used

A new Preference in v3.9 has new options for calculating Cranking Compression. See Appendix 11 on page 261 for more
updated info.
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Clearance Volume, CCs

Is the calculated total clearance volume in cubic centimeters (piston dish/dome, chamber volume, deck and gasket volume)
based on the given Bore, Stroke, Compression Ratio.

Pk Secondary Tuning RPM

Is the RPM which exhibits the greatest "secondary" or low speed tuning effects. Secondary tuning effects are explained in
Appendix 3. If no secondary tuning effects are present, this value is left blank or marked “na”.

Idle Vacuum, "Hg

Is the estimated idle vacuum at 1500 RPM, with no load on the engine (no torque converter). The Engine Analyzer Pro assumes
a constant Barometric Pressure of 29.92 and typical dynamometer testing accessories (water pump, but no fan, power steering,
alternator, air conditioning, etc.

‘Starting Point' Specs For HP Peak @ xxxx RPM

These 'Starting Point' specs are for users who want help choosing "ball park" cam specs and/or runner sizes for good
performance at a particular RPM. These recommendations are very general, being based on very simplified "rules of thumb".
They are based on the current cam specs, bore, stroke, etc. Therefore, you will get somewhat different recommendations as
engine specs change.

The RPM for these recommendations is entered in the Calculation Conditions menu under the
heading ‘Starting Point” Recommendations as Tuning Recommendations RPM. See page 67.

Notes:

Veteran engine builders can likely pick better 'Starting Point' Specs than the Pro simply from their experience. The "fine tuning"
of these specs through detailed, "cut and try" analysis on the computer is the Pro’s real strength.

The Engine Analyzer Pro does not calculate volumetric efficiency and performance from the same formulas which generate
these runner or cam recommendations. Therefore, these runner recommendations may not produce the best performance in the
program, but are simply good starting points.

A new Preference in v3.3 lets you turn Off this calculation. The program now comes with this calculation turned Off and
hidden to avoid having users think that this calculation was more accurate and sophisticated than it really was.

Intake Dimensions (for x Runner/cylinder ):

The following sets of lengths and areas/diameters are 2 combinations which are tuned to the RPM specified. The notation in
parentheses identifies if the areas and diameters assume 1 or 2 runners per cylinder. This assumption is based on the #
Valves/Ports in the Intake section of the Head(s) menu. For example, the area given for 2 runners per cylinder will be
approximately half the area recommended for 1 runner per cylinder.
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Note: These lengths and areas are based on simplistic "rules of thumb" concerning inertia tuning described in Appendix 3. The
actual tuning simulated by the Pro is more detailed and may not completely agree with these recommendations. Therefore, use
the recommendations in this section as a guide, or starting point for choosing runner sizes.

Recmmnded Length, in and Rec area sq in/in

Is the recommended total length of the intake runner from the valve seat to the first abrupt opening for good inertia tuning and
runner velocity. This is the sum of Port Length plus Runner Length in the cylinder Head(s) and Intake System menus. This
abrupt opening could be a plenum, branching together with another intake runner, or an opening to atmosphere. See Runner
Length under Intake System.

Given to the right of the recommended length is recommended runner inside cross sectional area in square inches and inside
diameter in inches. This area will give adequate runner velocity for this length runner at this RPM. If you have a rectangular
runner, calculate the recommended width and height from the following formulas:

Rec Width = Rec Area Rec Height = Rec Area .
Current Runner Height Current Runner Width

For example, if the recommended area was 2.08 sq in, and your current runner was 1.8 x 1.0:

Rec Width= 2.08 =1.16" Rec Height = 2.08 = 2.08”
1.8 1.0

You could either enlarge the width from 1.0" to 1.16" or enlarge the height from 1.8" to 2.08" to obtain the recommended area,
but not both. If you want to increase both width and height, the final dimensions multiplied together should equal the
recommended area.

Current Length, in and Rec Area sq in/in

For many intake manifolds, it is significantly easier to change the runner area than change the runner length. Current Length is
the current total runner length specified by Port Length plus Runner Length in the cylinder Head(s) and Intake System menus.
The area and diameter given will give good inertia tuning for this engine and this specified runner length. However,

runner velocity may not be optimum. Also see Recmnded Lenght and Rec Area above.

Exhaust Dimensions ( for x Runner/cylinder):

Similar to the intake recommendations, the assumed number of exhaust runners per cylinder is also stated in parentheses. This
assumption is based on the # Valves/Ports in the Exhaust section of the Head(s) menu. For example, the area given for 2
runners per cylinder will be approximately half the area recommended for 1 runner per cylinder. For example, the area given
for 2 runners per cylinder will be approximately half the area recommended for 1 runner per cylinder.
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Rec Len, 1st Pulse and Rec Area,300ft/sec

Is the exhaust runner length to produce strong resonance tuning for this engine. This resonance pulse is from the first reflection
and is usually the strongest pulse available for exhaust resonance tuning.

The area and diameter given will produce an average "calculated" exhaust runner velocity of 300 ft/sec. Several sources state
this velocity gives good exhaust inertia tuning. The Pro’s detailed calculations do not use this simple “rule of thumb” but it is a
good starting point for many engines.

Rec Len, 2nd Pulse and Primary Tube O.D.

Is the exhaust runner length to produce strong resonance tuning for this engine. This resonance pulse is from the second
reflection and is usually not as strong as the first pulse.

The diameter given is for the outside diameter of 18 gauge tubing which will give a "calculated" exhaust runner velocity of
approximately 300 ft/sec. Also see Rec Len, 1st Pulse and Rec Area, 300 ft/sec.

Approx Cam Specs for HP Peak @ xxxx ( based on current cam ):

The following cam specs are estimated to produce a HP peak at the RPM specified above as @ xxxx. These recommendations
are based on these assumptions:

e HP peak will appear at certain MACH #s. MACH # is based only on intake valve flow potential, intake cam
profile and engine size. See MACH # definition on a previous page.

e  Tuning effects are not included, which have a large impact on the particular cam profile and cam timing (lobe
centerline) to use.

e Changes in cam duration and lift will produce predictable changes in intake valve flow potential. The more
different the current cam's specs are from the recommended cam's specs, the more error in this assumption.

Therefore, it is obvious that these recommendations can not accurately predict what camshaft to use for a particular application,
but are only a starting point. These recommendations must be optimized by calculating performance with the Pro, making small
changes to these cam specs and then recalculating performance.

Notes:

The reliability of these recommendations depends on how close the current cam's specs are to the recommended specs. If they
are significantly different (i.e. current duration is 200 degrees and recommended duration is 300 degrees), the recommendations
will not be as reliable. In these cases, enter the recommended cam specs in the Cam/Valve Train menu and recalculate

performance. The new cam recommendations will be more reliable.

The duration recommendations are limited to 320 degrees maximum and .550" lift maximum.

HP Pk Int Dur @ .050 and HP Pk, Int Tappet Lift

Is the recommended intake duration at .050" tappet lift to produce a HP peak at the specified RPM. The Tappet Lift is a typical
lift for a cam lobe with this duration @ .050" designed for a typical American, pushrod V-8.

95



(C) Performance Trends Inc 2009 Engine Analyzer Pro Chapter 2 Definitions

HP Pk, Exh Dur @ .050 and HP Pk, Exh Tappet Lift

Is the recommended exhaust duration at .050" tappet lift to produce approximately 75% exhaust flow area compared to intake
flow area of the intake cam profile recommended. If the engine is currently supercharged or nitrous injected, this percent is
raised to 85%. The Tappet Lift is a typical lift for a cam lobe with this duration @ .050" designed for a typical American,
pushrod V-8.
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2.9 Calculation Menus:

The following section explains the user input for engine specs listed with Clc buttons. These specs are ones where you can
simply enter a value, or click on the Clc button and the program will present a menu of inputs which will calculate that particular
parameter. These menus are like computer “scratch pads” for calculating specs like compression ratio, runner diameters from
other inputs.

New Calculation Menus have been added or expanded in later versions. See Appendices 9 - 13 on pages 235-312 for
more updated info.

Notes:

The starting values in each calculation menu are always blanked out. Once enough specs have been entered, the calculated
value(s) at the top of the menu will be displayed. This calculated value(s) will now be updated each time you change a spec. If
you want to use this calculated value, click on Use Calc Value. If the calculated value is within expected limits, it will be loaded
into the original menu. If you click on Cancel, you will be returned to the original menu with the original value unchanged. If
you click on Help, you will be given a

general explanation of calculation Figure 2.40 Typical Calculation Menu

menus, and a page # in this section for | = - - e
X . File (@ Cylinder Head Specs =

more info about the particular menu L “Intake Port Spocs

you are using. ‘_% # Valves/Ports [ vaive & 1 por [ Calc Avg Diameter | 078

Walve Diameter, in 1.78 | Specs

The input values or calculated values

. . vg Port Diameter. in 1.55 J Know Port CCs ? Ye: | %
in any calculation menu have NO s .
affect on calculated performance Port Yolume, ccs 200

unless you load the Calculated value I: |Si"f"° F"’"_C"e' 4 | ot Width, in
into the original menu. If you already E ST e [0.00 Fust Hetght, in

|
|Port Length, in 4 foriCengthigin I ]

|

|

know a spec in the form required by @ Use Single Flow Coef ———— Pos Shape | [#]
C) Use Flow Table -

the program, then you have no need

to use the calculation menu. For

example, if you know the

m

Note:
" Combustion Chamber I If the engine has 2 or 3 ports or mnners per
cylinder, enter the wolume [ces] for 1 runner only.

]

|Eomplession Ratio 84

Compression Ratio is 10.3, you have i -
p -2 y |Chamhel Design |T_|,|p|caIWedge |£I I ‘Use Calc Value I | Help I | Cancel I
no need to use a calculation menu to Tur
calculate COmpreSSiOn Ratio based on NI-LIJnewIIEEI of intake valves and ports per cylinder
. : usually 1 valve and 1 port. Click on amrow ta pi'ck Production 302-4¥ HO - 85 MUSTANG |+
Gasket Thickness, Piston Dome CCs, E from e, p 21 ' - 65 cc Chambers
. 124 cc Int Ports 55 cc Exh Ports
etc. He Thermactor "‘Bosses’ in exhaust port r
Mg
de 0K I Help I See Layout I Retrieve from Library I | Save to Library |
Example: - D '

You are working with the SUPERSTOCK file for a Super Stock drag car. Assume you want to calculate the Avg Port Diameter
for the intake port in the cylinder Head(s) menu for a new cylinder head. You click on the Clc button for Avg Port Dia and are
shown the Calculation Menu shown in Figure 2.40. Note that all inputs are blank and only the Know Port CCs? spec is enabled
(not dimmed to gray).

Click on the combo box arrow for Know Port CCs? spec to answer the question Yes or No. Lets say you select Yes, because
you do know the port CCs. This is usually the more accurate way to measure average port diameter. The specs of Port Length
and Port Volume are now enabled (printed in black, not gray). You enter in the values for the new head of Length of 5 inches
and a Port Volume of 200 CCs and obtain a Calc Avg Diameter of 1.76. If you click on Cancel, you will return to the cylinder
Head(s) menu with Avg Port Diameter at its original value of 1.78".

If you had checked on Use Calc Value, you would have returned to the cylinder Head(s) menu with Avg Port Diameter set to the
new calculated value of 1.76. If you now calculate performance, it will be based on the new Avg Port Diameter of 1.76".
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2.9.1 Calc Bearing Size

Is the Bearing Size calculated from the following specs. Bearing Size is defined on page 14 under Short Block specs. See page
97 for general notes on Calculation Menus and for an example of their use.

Bearing size is very dependent on engine Bore and # Cylinders. The Notes section at the
bottom of this menu show these current settings in the program. If these are incorrect, click
on Cancel and change these two specs before going using this menu.

# Main Bearings
Main Bearing Diameter; in
Main Bearing Width; in

These 3 specs define the size of the main crankshaft bearings, which support the
crankshaft in the block. If the bearings are not all the same size, use the size of
the most common main bearing. See Figure 2.41 for definitions of Diameter and Width —>| |47
Width measurements in inches. "Micrometer" accuracy is not necessary,
measurements within .05 inches are sufficient.

Diameter
Examples: The # Main Bearings for a V-8 is usually 5; for a "truck" inline 6 amete
cylinder, usually 7; single cylinder, usually 2; in line 4 cylinder, usually 5, etc.
# Rod Bea ring S Figure 2.41 Bearing Dimensions

Rod Bearing Diameter; in
Rod Bearing Width, in

These 3 specs define the size of the connecting rod bearings. See Figure 2.41 for definitions of Diameter and Width
measurements in inches. "Micrometer" accuracy is not necessary, measurements within .05 inches are sufficient.

The # Rod Bearings is almost always equal to the # cylinders.

# Cam Bearings
Cam Bearing Diameter; in
Cam Bearing Width, in

These 3 specs define the size of the camshaft bearings. If the bearings are not all the same size, use the size of the most common
cam bearing. See Figure 2.41 for definitions of Diameter and Width measurements in inches. "Micrometer" accuracy is not
necessary, measurements within .05 inches are sufficient.
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2.9.2 Calc Total Inertia

Is the Total Inertia calculated from the following specs. Total Inertia is defined on page 16 under Short Block specs. See page
97 for general notes on Calculation Menus and for an example of their use. The equation for Total Inertia depends on the
engine displacement. This displacement is based on the current Bore, Stroke and # Cylinders in the Short Block menu and is
displayed in the Notes section at the bottom of this menu. Make sure this displacement matches the engine for which you are
calculating Total Inertia, before using this menu.

Remember, that Engine Inertia, Lb x Ft*2 is a combo box in the Short Block Specs menu. You can just select a typical
description from the list (by clicking on the combo boxes arrow button) and have the program estimate the system’s total inertia.

Engine Specs
Component Wts

This combo box lets you pick a general description of the engine’s rotating and reciprocating components. This general
description modifies the inertia of the base engine without the flywheel.

Flywheel Weight, Ibs
Flywheel Diameter; in

These 2 specs define the weight and diameter of the engine flywheel. The engine flywheel makes up most of the engine's
rotating inertia, and is why it is the only engine component itemized. In a vehicle installation, the flywheel weight should
include the clutch disk and pressure plate. For a dynamometer installation, this represents all rotating adapters, flanges, etc
mounted between the crankshaft and the dynamometer input shaft.

Although all these components can be of different diameters, use the diameter of the heaviest component.

Dyno Specs

Rotating Mass Weight, Ibs

Rotating Mass Diameter
These 2 specs define the weight and diameter of the dynamometer. For small water brake dynos, these values are in the range of
20-40 Ibs and 8"-12" in diameter. Unless you have measurements, we recommend using 25 1bs and 9" for water brake dynos.
For large electric dynamometers, these values can be hundreds of pounds and 20"-30" in diameter. However, large electric

dynos are rarely used for accelerating tests, where inertia is a factor.

Figure 2.42 illustrates the relationship between acceleration, rotating inertia and torque measurement.

99



(C) Performance Trends Inc 2009 Engine Analyzer Pro Chapter 2 Definitions

Figure 2.42, Example of Torque Loss to Inertia While Accelerating with Dyno Inertia Being
Twice as Large as the Engine/Flywheel Inertia (neglecting engine friction)

Accel Rate = 600 RPM/Sec

Torque after engine
flywheel, entering
dyno: 290 —

Torque measured

Torque available
at crankshaft: 296

Torque produced
[__ on pistons: 300

Base

by dyno: 270 <E Dyno

Inertia

Engine

Engine Flywheel Inertia

Accel Rate = 0 RPM/Sec(steady state)

Torque after engine
flywheel, entering
dyno: 300 ]

Torque measured

Torque available
at crankshaft: 300

Torgque produced
[_— on pistons: 300

by dyno: 300 T: Dyno

Base

Inertia

Engine

Engine Flywheel Inertia

2.9.3 Calc Avg Port Diameter

Is the Port Diameter or Runner Diameter calculated from following specs. Port Diameter is defined on page 17 under cylinder
Head(s) specs. Runner Diameter is defined on page 25 under Intake System specs and on page 35 under Exhaust System specs.
See page 97 for general notes on Calculation Menus and for an example of their use.

Know Port CCs?

Click on this combo box to select Yes or No. Your choice here will enable (turn to black print from gray and allow for inputs)
different specs in this menu. You must select this choice first before any other specs in this menu can be entered.

Calculating Avg Diameter from volume is generally the more accurate method. If you are using intake runners
with a significant amount of taper, answer No to Know Port CCs, and use the Width and Height at the head to
estimate the effective diameter at the head. Then use the calculation menu to calculate Runner Taper. For
exhaust headers, it is usually best to simply subtract .1" from the tubing OD to obtain the inside runner diameter.
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Port Length, in

The length of the port or runner along its centerline in inches. For a port, this would start at the valve stem (center) location at
the valve seat or valve throat. It would continue down the middle of the port to the manifold or header mating surface. For
many intake ports, 5" is a typical length, for the exhaust port, 3” is more typical.

For an intake runner, this is the length from the cylinder head to the first "abrupt enlargement" upstream of the cylinder head.
The "abrupt enlargement” can be several different things:

e  The intake manifold plenum. The plenum is the open area where all the runners merge, directly under the
carburetor(s) or after the throttle body on fuel injected manifolds. The best example of a plenum is the very
evident “box” on “tunnel ram” type manifolds.

e The end which is open to atmosphere (or air cleaner) on individual runner fuel injection or carburetion. For
individual runner carb systems, the runner length actually extends through the carb and through any velocity stack
or air horn.

e Any point where a runner from one cylinder merges with a runner from another cylinder.

For an exhaust runner, this is also the length from the cylinder head to the first "abrupt enlargement" downstream of the exhaust
port. On the exhaust side, the "abrupt enlargement" can be:

e The header collector where individual tubes merge together.

e The end which is open to atmosphere on individual runner exhaust headers.

e Any point where a runner from one cylinder merges with a runner from another cylinder.

Again, for the Exhaust Runner Diameter, it is usually best to simply subtract .1" from exhaust header tubing OD to estimate their
inside runner diameters, rather than use this calculation menus.

Port/Runner Volume. CCs

Is the volume of liquid required to fill the port or runner in cubic centimeters. For a cylinder head, this is a common spec head
manufacturers quote.

For an intake or exhaust manifold, you will likely have to measure this yourself. This measurement does not require the
precision of "cc'ing" combustion chambers. That's because for most intake or exhaust manifolds there is no clear distinction
where the runner ends. Cover the "manifold to head" mounting surface with a plate or heavy tape. Tip the manifold so you can

pour in liquid from a graduated cylinder or other measuring device, through the carb or exhaust pipe opening. Fill until you
believe the liquid is to the "abrupt enlargement" defined above.

Port Width, in

The average width of the port or runner along its entire length in inches. This can usually be estimated at the end of the port or
runner at the cylinder head-manifold/header mating surface.

Port Height, in

The average height of the port or runner along its entire length in inches. This can usually be estimated at the end of the port or
runner at the cylinder head-manifold/header mating surface.
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Port Shape

Describes the general shape of the runner along its entire
length. Your choices are:

e Rectangular

e Rounded Rectangular

e Oval
A purely Rectangular runner would have sharp corners
and a purely Oval runner would be 2 semicircles
connected by 2 straight sections. See Figure 2.43.
Actual runners are likely somewhere between these two
shapes, which is the Rounded Rectangular choice.

Engine Analyzer Pro

Chapter 2 Definitions

Figure 2.43 Port Shapes

Rectangular

N—

Oval

Rounded Rectangular

2.9.4 Calc Valve Flow Coef

Is the Flow Coef for either the intake or exhaust port
and valve calculated from following specs. Valve
Flow Coef is defined on pages 18-20 under cylinder
Head(s) specs. You would use this menu if you
have flow bench data at only 1 or just a few lift
points. See page 97 for general notes on Calculation
Menus and for an example of their use.

This Clc button is not enabled unless you have
selected the Use Single Flow Coef option. Once
enabled, if you click on it, you will be presented
with the specs outlined below. These specs will be
explained based on a typical flow curve shown in
Figure 2.44.

Test Pressure, “Water

Figure 2.44 Typical Flow Curve (valve dia=1.52)

Flow, CFM Lift = Diameter
@ 25” 4
200 |
Lift = .38”
150
CFM =192
100
50
0
o 1 2 3 4 5

Valve Lift, inches

Is the pressure drop maintained across the port and valve during the flow test, measured in inches of water. From Figure 2.44,

you would enter 25. If you have test pressure in inches of Mercury, multiply by 13.6 to obtain "Water.

Test Pressure, " Water = Test Pressure, " Mercury x 13.6

This is initially set to 28 when you enter this menu, because 28” is so common. However, you can change it to most anything

you want. Ten (10) and 25” are other common flow bench test pressures.

# Valves/Cylinder

The number of intake or exhaust valves being flowed during the test. Most cylinder heads have only 1 intake and 1 exhaust
valve, so this value would be 1. This number is set to whatever is currently in the # Valves/Ports spec in the Head(s) menu for
this port. If this is not correct for the flow test, you must change this in the Head(s) menu before using this calculation menu.

You can not change this number in this menu.
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Valve Diameter, in

Identifies the outside (largest) diameter of the head of the valve(s) in inches. From Figure 2.44, you would enter 1.52. This
number is set to whatever is currently in the Valve Diameter spec in the Head(s) menu for this port. If this is not correct for the
flow test, you must change this in the Head(s) menu before using this calculation menu. You can not change this number in this
menu.

Valve Lift Tested, in

Is the valve lift at which the flow data CFM is measured. Use a valve lift (and corresponding CFM flow) as close as practical to
one fourth the valve head's diameter. A range of lifts close to 1/4 the valve’s diameter is given in the Notes at the bottom of this
menu The program will warn you when Valve Lift is not 1/4 of Valve Diameter in this menu. For example, for a 1.52"
diameter valve, use flow (CFM) at .38" valve lift. CFM at .4 lift would also be acceptable. See Figure 2.44.

Note: This is NOT valve lift produced by the cam

Flow Obtained, CFM

Is the CFM flow obtained at the valve lift given for Valve Lift. Shown in Figure 2.44 is a typical flow curve from a flow bench.
For this data you would use the 192 CFM value. For most conditions, it is best to install a radiused inlet on the intake and a
short "stub stack" (see page 24 for a source) on the exhaust, rather than just flow the head only.

2.9.5 Calc Anti-Reversion

Is the anti-reversion for either the intake or exhaust port and valve calculated from the following specs. Anti-reversion is
defined on page 22 under cylinder Head(s) specs. See page 97 for general notes on Calculation Menus and for an example of
their use.

Flow -Normal Direction, CFM

Is the CFM recorded when flowing the head in the proper flow direction. For the intake port, you will be drawing air from the
room; for the exhaust you will push air from the port into the room.

Many times the intake manifold or exhaust header have features to limit reverse flow. Therefore, perform this test with the
intake manifold or exhaust header installed.

Generally, flow in the reverse direction only occurs during overlap or at intake closing, both of which are at small lift. It is
therefore recommended that you check Anti-Reversion at a low lift, like .100” to obtain flow in both the normal and reverse
direction. See Example 4.4.

Flow-Reverse Direction, CFM

Is the CFM recorded when flowing the head in the reverse flow direction at the same test pressure and valve lift as Flow-Normal
Direction. For the intake port, you will be pushing air from the port into the room; for the exhaust you will drawing air from the
room.
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The recommended test procedure is given below and in Example 4.4:
e Install the head with either the intake or exhaust manifold installed on the head.
e Setalow valve lift, a lift of .100” works well.
e  Flow the port in correct direction, recording CFM.
e  Change nothing but the flow bench flow direction and immediately flow in the reverse direction, recording CFM.

2.9.6 Calc Compression Ratio

Is the Compression Ratio calculated from the following specs and the current cylinder volume (based on the current Bore and
Stroke in the Short Block menu). Compression Ratio is defined on page 22 under cylinder Head(s) specs. See page 97 for
general notes on Calculation Menus and for an example of their use.

The equation for Compression Ratio depends on the cylinder displacement. This displacement is based on the current Bore and
Stroke in the Short Block menu and is displayed in the Notes section at the bottom of this menu. Make sure these specs match
the engine for which you are calculating Compression Ratio before using this menu.

Chamber Specs
Chamber CCs in Head

Is the combustion chamber volume in the cylinder head, measured in cubic centimeters. This is the value obtained if the heads
are "cc'd".

If you know the entire clearance volume of the cylinder, but do not know Piston Dome CCs, Gasket Thickness or Deck Height
Clearance, enter that volume here as Chamber CCs in Head. Then enter O for Piston Dome CCs, Gasket Thickness and Deck
Height Clearance. The program will calculate compression ratio based on the equation below where Clearance Volume is the
Chamber CCs in Head.

Compression Ratio = Clearance Volume + Swept Volume
Clearance Volume

Piston Dome CCs

Is the volume of the "pop up" in the piston measured in cubic centimeters. The "pop up" is the volume of piston material added
to the top of a flat top piston. If the piston has a "dish" (depression), enter the dish volume as a negative (-) number.

Gasket Thickness, in

Is the thickness of the head gasket in inches after it has been "crushed". "Crushed" thickness is after the head bolts have been
torqued to spec.
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Gasket Bore Diameter, in
Is the diameter of the bore in the head gasket. A good approximation is to use the same as the Bore in the Short Block Specs

menu, and this value is loaded in when you first open up this menu. You can change it to most any value you want. (In actual
use, gasket bores are usually .030-.100” larger than the cylinder bore.)

Deck Height Clearance, in
Deck Height Clearance is the distance in inches from the top of the piston to the top of the cylinder block when the piston is at

TDC. The top of the cylinder is the deck, or surface to which the head bolts. If the outer edge of the piston travels above the
deck, this is called negative deck height and you must enter a negative (-) number.

2.9.7 Calc Runner Flow Coef

Is the intake or exhaust Runner Flow Coef calculated from the following specs. Runner Flow Coef is defined on page 26 under
Intake System specs and page 36 under Exhaust System specs. Also see Section 2.9.4 describing Valve Flow Coef. See page
97 for general notes on Calculation Menus and for an example of their use.

Flow Data, Head Only
Test Pressure, “Water

The pressure drop maintained across the port, valve and runner during both portions of the flow test, measured in inches of
water. If you have test pressure in inches of Mercury, multiply by 13.6 to obtain "Water.

Test Pressure, " Water = Test Pressure, " Mercury x 13.6

This is initially set to 28 when you enter this menu, because 28” is so common. However, you can change it to most anything
you want. Ten (10) and 25” are other common flow bench test pressures.

# Valves/Cylinder

The number of intake or exhaust valves being flowed during the test. Most cylinder heads have only 1 intake and 1 exhaust
valve, so this value would be 1. This number is set to whatever is currently in the # Valves/Ports spec in the Head(s) menu for
this port. If this is not correct for the flow test, you must change this in the Head(s) menu before using this calculation menu.
You can not change this number in this menu.

Valve Diameter,in

Identifies the outside (largest) diameter of the head of the valve(s) in inches. This number is set to whatever is currently in the
Valve Diameter spec in the Head(s) menu for this port. If this is not correct for the flow test, you must change this in the
Head(s) menu before using this calculation menu. You can not change this number in this menu.
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Valve Lift Tested, in

Is the valve lift at which the flow data CFM is measured. Use a valve lift (and corresponding CFM flow) as close as practical to
one fourth the valve head's diameter. A range of lifts close to 1/4 the valve’s diameter is given in the Notes at the bottom of this
menu The program will warn you when Valve Lift is not 1/4 of Valve Diameter in this menu. For example, for a 1.52"
diameter valve, use flow (CFM) at .38" valve lift. CFM at .4 lift would also be acceptable. See Figure 2.33.

Note: This is NOT valve lift produced by the cam

Flow w/o Runner, CFM

Is the CFM flow obtained at the valve lift given for Valve Lift with only the cylinder head being flowed. This flow should be
the maximum obtainable for the head only.

To obtain maximum flows, the entrance to the intake port should have an "optimum bell mouth" or "radiused" adapter for
smooth air entry. The exhaust side may also benefit from installing a short (3-12"), straight section of smooth pipe. You can
experiment by simply holding tubes of various lengths and diameters up to the exhaust port, to see the effect on flow. Once you
know the approximate dimensions which give maximum exhaust flow, you may want to make a more permanent exhaust
adapter for your flow tests.

Flow Data with x Runner

The x in this heading is to indicate you must flow all runners connected to this cylinder for this test. For example, if the engine
has 2 intake valves and 2 intake runners for each cylinder, you must first flow both valves with no runner, then add both runners
and flow it again.

Runner Diameter, in

Is the Runner Diameter you will use for this runner in either the Intake or Exhaust System menu. This value is initially loaded
into this menu, but you can change if you want. If the runner is primarily oval or rectangular, use the Calc Runner Diameter
calculation menu in the Intake or Exhaust System menu first to obtain an effective Runner Diameter.

Flow with Runner,CFM

Once you have the maximum flow value for the head only, Flow w/o Runner, install the manifold or header. At exactly the
same valve lift and test pressure, repeat the test. Your flow value should drop. If it does not drop, obviously you did not have
an optimum entrance or exit adapter, since the manifold you are now flowing is more optimum.

The Engine Analyzer Pro should calculate a value for Calc Runner Flow Coef of somewhere between 0.5 and 3.0. The larger
the drop in flow between the head only and head plus manifold/header, the worse (smaller) the runner flow coef. However, like
Valve Flow Coef, a small runner which reduces flow considerable, may have an excellent flow coefficient. This means it is well
designed for its size, but its size is the restriction, not its design.

If you enter a Flow with Runner which is greater than or equal to Flow w/o Runner, the Engine Analyzer Pro simply calculates a
maximum flow coefficient of 3.

Notes:

When flow testing an intake manifold, be sure the other runners are blocked off. Also, do not install the carburetor. The Engine
Analyzer Pro treats the carburetor restriction differently from the valve, port and runner restrictions. Occasionally a manifold
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may flow better with the carb or throttle body than without. In these instances, you should provide an "optimum entrance" at the
carb pad, since the carb itself would be a significant restriction. An optimum entrance can be molded out of clay.

It may be more convenient to just flow the cylinder head with the intake and exhaust manifold/header installed, rather than
trying to develop "optimum adapters". If this is what you want to do, see Example 4.4.

If you did not exactly have an "optimum" adapter for obtaining Flow w/o Runner, then your Valve Flow Coef will be too low
and your Runner Flow Coef will be too high. Also see Examples 4.4 and 4.5.

Accurate determination of Runner Flow Coef has three advantages:

e  You can more accurately swap manifold runners onto heads (in the computer) which have not been flowed
together.

*  You gain insight as to manifold and header flow restriction and design. Manifolds and headers with low flow
coefficients have much potential for flow gains from redesign and porting. Flow restrictions from components
with high flow coefficients indicate the size of the component is more of a restriction than its design.

e Runner Flow Coef has a significant effect on tuning, however this effect is not yet clearly understood. See
Appendix 3.

2.9.8 Calc Taper, deg

Is the Taper angle for either the intake runner in the manifold or the collector of the exhaust header calculated from the
following specs. Taper is defined on Figure 2.45 Runner Taper

page 28 under Intake System specs
and page 39 under Exhaust System
specs. See page 97 for general notes
on Calculation Menus and for an
example of their use.

The equation for Taper depends on
the length of the Intake Runner or
Exhaust Collector. This length is
based on the current settings of these
specs in the Intake System or
Exhaust System specs menus and is
displayed in the Notes section at the
bottom of this menu. Make sure this
length matches the runner or
collector for which you are
calculating Taper before using this
menu.

Runner Specs at Head
or
Specs at Entrance (by primaries)

Specs at Runner Entrance
or
Specs at Collector Exit

Runner Lengt
or
Collector Length
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Runner Specs at Head
or
Specs at Entrance (by primaries)

Know

From this combo box, choose what you know about the end of the runner at the head or collector at the primary pipes. This is
the end closest to the engine and is usually the smaller diameter or area. You can pick from 5 choices:

e  Diameter, circular

e  Area in square inches

e  Width & Height, rectangular

e  Width & Height, oval

e  Width & Height, rounded rectangle

See Figure 2.43 for shapes for Width and Height options. Your choice here will enable or disable the other specs in this section
of this menu.

Diameter, in

If the effective diameter of the end closest to the engine in inches. The appropriate value from either the Intake System or
Exhaust System specs menu is initially loaded, but you can change this value. If you are not sure of this diameter, you should
use a Calculation menu to obtain this value before using this menu.

Area, sq in

Is the area of the end closest to the engine, in square inches.

Width, in

Is the width of the end closest to the engine, in inches, for the particular shape you chose for the Know combo box described on
the previous page.

Height, in

Is the height of the end closest to the engine, in inches, for the particular shape you chose for the Know combo box described on
the previous page.

Specs at Runner Entrance
Specs at Collector Exit
Know
Diameter, in
Area, sq in
Width, in
Height, in
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These specs have the same definitions as those listed in the previous section Runner Specs at Head or Specs at Entrance (by
primaries).

2.9.9 Calc CFM Flow Rating

Is the CFM Flow Rating calculated from the following specs. CFM Flow Rating is defined on page 29 under Intake System
specs. See page 97 for general notes on Calculation Menus and for an example of their use.

You will first be asked:
Do you have flow bench data for estimating CFM rating ?

If you answer Yes, you will be presented with the specs outlined in 2.9.9.2. If you answer No, the following specs will be
presented.

Note: The most accurate way to determine the CFM Flow Rating is to flow the component on a flow bench. The second best

way is to use the manufacturer's CFM rating at 1.5" Hg, or rating at 3" Hg and convert it to 1.5" by multiplying by .71. Only if
these other methods are not available, should you use the Calculation Menu based on diameter measurements.

2.9.9.1 Calc CFM Flow Rating

Total # Pri. Throttle Plates

The total # of primary barrels. For a single 4-V carburetor, this would be 2, for three 2 barrel carbs this would be 2.

Primary Throttle Dia, in

The diameter of the throttle opening or throttle butterfly plate for the Throttle Plates, not venturi diameter.

Total # Sec. Throttle Plates

The total # of secondary barrels. For a single 4-V carburetor, this would be 2, for three 2 barrel carbs this would be 4.

Secondary Throttle Dia, in

The diameter of the throttle opening or throttle butterfly plate for the Sec Throttle Plates, not venturi diameter. If Total # Sec.
Throttle Plates is set to 0, this value is disabled (dimmed to gray) and ignored.

Note: Primary throttles and secondary throttles are not treated differently in this calculation menu. The only reason they are
listed separately here is to easily handle throttle plates which are different sizes. For example, if the primary and secondary
throttles were the same size in the three 2 barrel examples above, you could have used 6 Pri Throttles, 0 Sec Throttles and
arrived at the same answer.
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Restrictor Plate Specs

Restrictor Plate Installed
If the carb is used with a restrictor plate, choose Yes. Restrictor plates are special orifice plates mounted below (or after) the

carburetor to limit power for special classes of racing. Chances are, if you do not know what a restrictor plate is, you would
choose No here.

# Restrictor Holes

The total # holes in the restrictor plate which all engine air must pass through. If Restrictor Plate Installed is set to No, this
value is disabled (dimmed to gray) and ignored.

Hole Diameter; in

The diameter of each hole in the restrictor plate in inches. If Restrictor Plate Installed is set to No, this value is disabled
(dimmed to gray) and ignored.

% Design Improved

This spec has to do with how the orifice plate is mounted, and what type of transition pieces can be installed on top and below
the plate. A plate with no transition pieces and several inches between the carb and the restrictor plate would be called 0 %
improved. Where class rules allow, the plate may be "sandwiched" between transition pieces, which can greatly improve flow.
This could be called 100% improved. See Figure 2.46.

If Restrictor Plate Figure 2.46, Examples of Restrictor Plate Design, % Improved
Installed is set to No, 0 % 25 % 75 % 95 %
this value is disabled Improved Improved Improved Improved

(dimmed to gray) and

=S VT

sestrictor \ /A

Plate
Spacer
2992 Throttle Bore -
Calc CFM Plate mounted Plate mounted Plate mounted Plate mounted
. after spacer directly to after tapered between tapered
Flow Ratlng larger than carb spacer spacers

throttle bore

Is the CFM Flow
Rating calculated
from flow bench data.
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Note: Since this calculation is based on flow data for the
actual carburetor or throttle body, this is the most accurate Figure 2.47 Dimensions for Air Cleaner
method of determining CFM Flow Rating. If the value
you obtain here is significantly different than the Round Square
manufacturer's CFM rating at 1.5" Hg, double check your
flow data. The manufacturer's CFM rating should not be

more than 15% different, unless you ‘E Di ;‘
K iameter
have made modifications to the carb. l

< Length —

Flow Bench Flow, CFM

The CFM recorded when flowing the carb or throttle body on the flow bench.

Bench Test Pres, “ water

The test pressure when flowing the carb or throttle body on the flow bench. This is usually 10, 12, 20, 25 or 28 inches of water.
If you flow at 20.4" of water, you are flowing at 1.5" Hg and the CFM you record is the carb's CFM Flow Rating.

% Carb Flowed

Choices in this combo box let you describes if these flow numbers represent the engine's total carburetor or throttle body flow
area. For example:

e Ifyou flowed 1 4BBL carb and the engine is run with this 1 4BBL, you would choose 100%. These flow numbers
represent the engine's entire carburetor flow.

o Ifyou flowed 1 4BBL carb, but the engine is run with dual 4BBLs, you would choose 50%, since the test CFM for
1 4BBL only represents half of the engine's carburetors.

e  Assume you have a small flow bench and a Quadra-Jet carb. If you flow the entire carb, the test pressure is quite
low. However if you block off 1 secondary and 1 primary, the test pressure increases up to 6 "water. You record
202 CFM for this condition. You would enter 6 for Bench Test Pres, 202 for Flow Bench Flow and choose 50%
for % Carb Flowed.

Note: This specs says % Carb flowed but it is equally accurate to estimating the CFM Flow Rating of a throttle body system.

2.9.10 Calc Air Cleaner CFM

Is the Air Cleaner CFM rating calculated from the following specs in CFM at 3 "water pressure drop. Air Cleaner CFM rating is
defined on page 30 under Intake System specs. See page 97 for general notes on Calculation Menus and for an example of their
use.

Air Cleaner Shape

This combo box lets you pick the general shape of the air cleaner element:
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e No Air Cleaner

e  Round(cylinder) as shown in Figure 2.42

e  Square (flat) a flat, rectangular element, typical
of modern fuel injected engines

Diameter, in
or
Width, in

If you select Round as the Shape, this spec will be marked Diameter. If you selected Square as the Shape, this spec will be
marked Width. Enter the appropriate dimension as shown in Figure 2.47 in inches.

Height, in
Is the height dimension as pictured in Figure 2.47, in inches.
Note: If the engine is equipped with 2 air cleaners of this certain size, in parallel (half the air goes through 1 filter and half

through the other) double this dimension. If the engine has 2 air cleaners of this size, in series (all air goes through 1 filter and
then again through the other) cut this dimension in half.

Element Type
Pick the appropriate element type from this combo box, Paper or Foam.

Note: Foam is not always lower restriction than paper. Depending on manufacturer, OEM paper elements may actually be less
restrictive than aftermarket paper or foam elements. However, this calculation always assumes Foam is less restrictive.

Silencing ‘Snorkel’

Most production air cleaner housings have some type of "venturi" restriction for reducing intake noise. Choose Yes for these
type of air cleaners. Choose No for most all types of performance, aftermarket air cleaners where the element is well exposed.

2.9.11 Calc Plenum Vol, cu in

Is the Plenum Volume calculated from the following specs in cubic inches. Plenum Volume is defined on page 30 under Intake
System specs. See page 97 for general notes on Calculation Menus and for an example of their use.
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Plenum Specs

Calculation Type
This combo box lets you pick how the calculation should be made, either
e Dimensions like height, width, depth, etc.

e % Engine Displacement like a percent of the engine’s cubic inches

Your choice here will determine which specs are enabled or disabled in this menu.

Shape
If you select Dimensions for the Calculation Type, this combo box lets you pick the general shape of the plenum when view
from the front of the Figure 2.48 Plenum Shapes (viewed from end)
engine:
* Rectangular Rectangular Oval
e Rounded
Rectangular
e Oval
e V-Bottom

See Figure 2.48 for
examples. Rounded Rectangular V Bottom

Length, in

If you select Dimensions for the Calculation Type, this dimension represents the length of the plenum. See Figure 2.49.

Width, in

Figure 2.49 Plenum Dimensions
If you select Dimensions for the

Calculation Type, this dimension Width — De pth
represents the width of the
plenum. See Figure 2.49.

Depth, in 73;
If lect Di ions for th ! Length
you select Dimensions for the
Calculation Type, this dimension De pth at Center o
represents the depth of the plenum. !

See Figure 2.49.

Depth in Center, in

If you select Dimensions for the Calculation Type and V Bottom for Shape, this dimension represents the depth at the center of
the plenum. See Figure 2.49.
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Fraction Eng Disp

If you do not have exact dimensions of the plenum or the plenum is complicated to measure, you can estimate the plenum size
as a percent of the engine’s displacement. If you select % Displacement for the Calculation Type, choose the appropriate %
rating from this combo box.

2.9.12 Calc Carb Area, sq in
or
Calc Throttle Body Area, sq in
Is the Total Carb or Total Throttle Body area calculated from the following specs in square inches. Total Carb Area or Total

Throttle Body Area are defined on page 31 under Intake System specs. See page 97 for general notes on Calculation Menus and
for an example of their use.

If most of the ducting before or after the throttle plates is larger or smaller than the throttle plate itself, increase or decrease the
throttle diameters to show this more true diameter of entire duct.

Know

This combo box lets you pick how the calculation should be made, either from:
e 4 Barrel CFM Rating like a 600 CFM carb (this is usually easier but is more of an estimate)
e Dimensions like throttle plate size, number of throttle planes, etc.

CFM Rating CFM *

This is the Total CFM rating for all throttle plates on the engine, either Carbs or Throttle Bodies. This spec is enabled only if
you said you Know 4 Barrel CFM Rating. This spec is initially set to the Total CFM Rating from the Intake Specs menu, but
you can change it to any value you want. Be sure to use a 4 Barrel CFM Rating which means it was tested at 1.5” mercury
pressure drop (20.4” water). Use this conversion to convert from a 2 barrel CFM rating:

4 Barrel CFM = 2 Barrel CFM x .71

For example, a 350 CFM 2 barrel would give a 350 x .71 = 249 CFM 4 barrel rating.

Total # Pri. Throttle Plates

The total # of primary barrels. For a single 4 barrel carburetor, this would be 2, for three 2 barrel carbs this would be 2. This
spec is enabled only if you said you Know Dimensions.

Primary Throttle Dia, in

The diameter of the throttle opening or throttle butterfly plate for the Throttle Plates, not venturi diameter. This spec is enabled
only if you said you Know Dimensions.
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Total # Sec. Throttle Plates

The total # of secondary barrels. For a single 4 barrel carburetor, this would be 2, for three 2 barrel carbs this would be 4. This
spec is enabled only if you said you Know Dimensions.

Secondary Throttle Dia, in

The diameter of the throttle opening or throttle butterfly plate for the Sec Throttle Plates, not venturi diameter. If Total #
Secondary Throttle Plates is set to 0 or you said you Know 4 Barrel CFM Rating, this value is disabled (dimmed to gray) and
ignored.

Note: Primary throttles and secondary throttles are not treated differently in this calculation menu. The only reason they are
listed separately here is to easily handle throttle plates which are different sizes. For example, if the primary and secondary
throttles were the same size in the three 2 barrel examples above, you could have used 6 Pri Throttles, 0 Sec Throttles and
arrived at the same answer.

2.9.13 Calc Venturi CD

Is the Venturi Discharge Coef (CD) calculated the from following specs. Venturi Discharge Coef is defined on page 34 under
Intake System specs. See page 97 for general notes on Calculation Menus and for an example of their use.

Main Venturi Dia, in

The diameter of the main venturi (not the smaller booster venturi) for the carb bore being flowed, in inches.

Main Venturi Flow; CFM

The air flow being drawn through the venturi being tested in CFM. The basic procedure for this test includes:

e Block off all carb throttle bores except the one to be flowed. Be sure to block off all other fuel and air metering
passages in the carb.

o Flow this one throttle bore with the throttle plate at full open.

e Set a test pressure similar to that "seen" by the engine at the HP peak, but not less than 8" water. For example, if
the engine will be equipped with 1 4BBL, and the Engine Analyzer Pro predicts 1" mercury Intake Vac at the HP
peak, set approximately 1”” mercury (13.6 " water ) test pressure. (Multiply " mercury by 13.6 to obtain " water.)

e  Measure the Booster Signal vacuum produced by the main venturi and booster venturi combination in "water. This
is done by attaching a manometer line to the main metering jet. For accurate readings, the power valve flow
channel and air bleed should be blocked.

If the carb and test work properly, you should be able to record sets of different Venturi Flows (from different test pressures)
and Booster Signals. Each set should produce approximately the same Calc Venturi CD when entered into this menu.

Booster Signal, “ water

Is the venturi vacuum measured at the main metering jet, in inches of water.
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2.9.14 Calc Exh Sys CFM Rating

Is the Exhaust/Muffler System CFM Rating calculated from the following specs. Exhaust/Muffler System CFM Rating
is defined on page 37 under Exhaust System specs. See page 97 for general notes on Calculation Menus and for an example of
their use.

Note: The CFM Rating calculated in this menu is a very approximate estimate. That is because both inputs are vague and open
to interpretation. For that reason, please read Exhaust/Muffler System CFM Rating starting on page 37 for alternate
methods to estimate this value.

Engine HP

The rated horsepower output of the engine for which the exhaust system was originally designed. This defines the approximate
amount of exhaust flow the system was designed to handle.

Type of Vehicle

Describes the application for which the exhaust system was originally designed. This defines the approximate amount of
backpressure the exhaust system was designed to produce.
e  Full Race is an exhaust system with extremely low back pressure, designed for classes of racing where rules
require mufflers.
e Aftermarket is an exhaust system with very low back pressure, but still quiet enough for the street (as long as you
do not go full throttle).
e Prod Sporty is a production exhaust system for performance and sports cars which must pass full power noise
standards.
e Prod Quiet is a production exhaust system for a family sedan or luxury sedan where a "throaty" engine roar is
undesirable.

2.9.15 Calc Collector Dia, in
Is the Collector Dia calculated from the following specs. Collector Dia is defined on page 39 under Exhaust System specs. See

page 97 for general notes on Calculation Menus and for an example of their use.

Header Specs

Primary Pipe Dia, in

Is the inside diameter of the primary headers pipes where they enter the collector in inches. If you have specified Tapered or
Stepped pipes, this is the Inside Dia at Exit diameter from the Exhaust System menu. This value is initially set to the appropriate
diameter from the Exhaust System menu, either Inside Dia at Head or Inside Dia at Exit, but you can change it to anything you
wish.
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# Pri. Pipes/Collector
This spec is based on the Short Block spec '# Cylinders'. This is the arrangement assumed in the program's calculations and can
not be changed. For example, if you specify # Cylinders greater than 5 cylinders; the program assumes half this # Cylinders

primaries converge to the collector respectively. This spec is determined by the program and can not be changed.

You must enter the correct # Cylinders in the Short Block menu before using this calculation menu.

Area Change
This combo box lets you pick a percent change in the area of the entrance to the collector compared to the combined area of all
the primary header pipes which enter the collector. For example, if you want the area of the collector to equal the area of the

primary pipes at the collector, choose “No area change”. If you want the area of the collector to be 20% greater than the
combined area of pipes at the collector, choose “20 % more”.

2.9.16 Calc Eff Valve Mass, gms

Is the Eff Valve Mass calculated from the following specs in grams. Eff Valve Mass is defined on page 47 under Cam/Valve
Train specs. See page 97 for general notes on Calculation Menus and for an example of their use.

Valve Weight, gms

The weight of one valve in grams. Even if there are 2 or 3 intake or exhaust valves per cylinder, enter the weight of only 1
valve.

Retainer + Locks Wt, gms

The weight of one valve spring retainer and the locks or keepers which attach the retainer to the valve stem, in grams. Even if
there are 2 or 3 intake or exhaust valves per cylinder, enter the weight of only 1 retainer and 1 set of locks.

Spring + Damper Weight, gms
The weight of all valve springs and "spring like" dampers for one valve in grams. Even if there are 2 or 3 intake or exhaust

valves per cylinder, enter the weight of the valve springs for only 1 valve. (Do not enter weights for "cup type" dampers which
do not move with the valve spring.)

Rocker Arm wo Fulcrum, gms

The weight of one rocker arm in grams. Do not include the weight of the fulcrum. The fulcrum is the non-rotating pivot the
rocker arm rotates on.

2.9.17 Calc R.A. Stiffness

Is the Eff Rckr Arm Stffnss calculated from the following specs in pounds per inch. Eff Rckr Arm Stftnss is defined on page 47
under Cam/Valve Train specs. See page 97 for general notes on Calculation Menus and for an example of their use.
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. ___________________________________________________________________________________________________________________________________________|

This calculation requires you to run a fairly sophisticated (and somewhat dangerous) test on the assembled engine. The test
procedure includes:

e Removing (or dropping) the valve for the rocker arm you want to test.

e If you have hydraulic lifters, you must collapse the lifter (allow all the oil to leak out).

e  Make up a fixture to apply a force at the rocker arm tip and install a dial indicator to measure rocker arm tip
movement. See Figure 2.50.

e  Zero the dial indicator with no force (no weights) applied.

e Apply 500-1000 lbs of force (50-100 lbs of weight) while measuring the rocker arm tip movement. Enter these
readings in this menu. If the engine is mounted on an engine stand, be sure it can not spin or tip over during this
process.

e Remove the force and check that the dial indicator returns to zero.

Safety Note: This test should only be attempted by qualified mechanics, machinists or engine builders taking the proper
precautions.

Note: Accurate numbers are difficult and time consuming to obtain. Unless you are doing valve train analysis or valve train and
cam design, it is recommended that you simply use estimates from Table 2.13, page 47.

Force on R.A. Tip, Ibs

The total force applied to the rocker arm tip, in pounds.

Figure 2.50, Method To Measure Rocker Arm Stiffness

Measure DEFLECTION AT

R/A TIP with dial

indicator Typical Values:
Note: Bar X=1" - 3%
must push y=12" - 30"
directly UP Weight=50-120 1lbs
on rocker arm Force=500-1500 lbs
in the same DO NOT EXCEED
direction as 1500 LBS FORCE
the valve.

Y P |

"
S 3 ]
“Weight,
Safety Note: Fabricate fulcrum and 120 lbs
If engine is on bolt to cyl. head MAX
stand, ensure :

it does not spin
or fall.
FORCE ON R/A TIP, LBS = Weight x _Y
X
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Deflection of R.A. Tip, in

The amount of movement of the rocker arm tip from the force applied, in inches.

2.9.18 Calc Eff Lifter Mass, gms

Is the Eff Lifter Mass calculated from the following specs in grams. Eff Lifter Mass is defined on page 48 under Cam/Valve
Train specs. See page 97 for general notes on Calculation Menus and for an example of their use.

Pushrod, gms

The weight of one pushrod in grams.

Lifter, gms

The weight of the lifter, tappet or follower which "rides" on the cam lobe in gms.

Rocker Arm wo fulcrum, gms

The weight of one rocker arm in grams. Do not include the weight of the fulcrum. The fulcrum is the non-rotating pivot the
rocker arm rotates on.

2.9.19 Calc Spring Rate, Ib/in

Calc Seated Spring Force, Ib
Are the Spring Rate and Seated Spring Force calculated from the following specs in pounds per inch and pounds respectively.
Spring Rate and Seated Spring Force are defined on page 48 under Cam/Valve Train specs. See page 97 for general notes on

Calculation Menus and for an example of their use.

Since these 2 specs are so related, they are calculated at the same time from the same inputs.

Seated Spring Force, Ibs

The force (sometimes called pressure) applied by the spring to hold the valve on its seat. This is also the force generated by the
spring when it is compressed to its installed height. This force is stated directly as Calc Seated Spring Force.
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Seated Spring Height, in

The compressed height of the valve spring when the valve is seated.

At One Other Lift

Spring Force, Ibs

The force (sometimes called pressure) required to compress the valve spring to the Spring Height described below. In catalogs
this would be called the "open force" or "open pressure".

Spring Height, in

The height of the valve spring when compressed approximately as much as at maximum valve lift. This would be a height
somewhat before coil bind, with still .050" or more between coils. A common lift quoted in cam catalogs is the "open height".

The actual height is not critical as long as it is before coil bind occurs. However, the closer this lift is to the valve's max lift
height or open height, the more likely to correct for any "non-linearity" in the spring.

2.9.20 Calc Belt Ratio

Is the Belt Ratio for either a Roots or Centrifugal supercharger calculated from the following specs. Belt Ratio is defined on
page 52 and page 56 under Roots Supercharger and Centrifugal Supercharger specs. See page 97 for general notes on
Calculation Menus and for an example of their use.

S/C Pulley Diameter, in

The diameter of the supercharger pulley measured in inches. This can also be the number of cogs on this pulley if you are using
a cogged belt. Then you must also use # cogs for Crank Pulley Diameter, not inches.

Crank Pulley Diameter, in

The diameter of the crankshaft pulley which drives the supercharger measured in inches. This can also be the number of cogs on
this pulley if you are using a cogged belt. Then you must also use # cogs for S/C Pulley Diameter, not inches.

2.9.21 Calc Island CFM

Is the turbocharger compressor Island CFM calculated from the following specs. Island CFM is defined on page 58 under
Turbocharger specs. See page 97 for general notes on Calculation Menus and for an example of their use.

120



(C) Performance Trends Inc 2009 Engine Analyzer Pro Chapter 2 Definitions

Occasionally, turbocharger compressor maps are given in units of mass flow like Ib/min. For these cases, use this calculation
menu to convert mass flow to volume flow in CFM.

Flow at Peak Eff, Ib/min

The mass flow which gives peak thermal efficiency, in the middle of the efficiency "island". If mass flow is given in Kg/min,
multiply by 2.2 to obtain pounds per minute.

Map Temperature, deg R

Compressor maps usually give the standard weather conditions (temperature and pressure) to which the data is corrected. Enter
this standard temperature here, converted to degrees Rankine.

If this temperature is in First Multiply by Then Add
Degrees F 1 460
Degrees C 1.8 492
Degrees K 1.8 0

To obtain Degrees Rankine.

If no temperature is given on the map, enter 520 degrees.

Map Barometer, “Hg

Compressor maps usually give the standard weather conditions (temperature and pressure) to which the data is corrected. Enter
this standard barometric pressure here, converted to inches of Mercury.

If this pressure is in: Multiply by:
PSI 2.036

Bar 29.52

mm Hg .03937

To obtain " Hg.

If no barometric pressure is given on the map, enter 29.92

2.9.22 Calc Turbine Nozzle Dia, in

Is the turbocharger Turbine Nozzle Dia calculated from the following specs in inches. Turbine Nozzle Dia is defined on page 60
under Turbocharger specs. See page 97 for general notes on Calculation Menus and for an example of their use.
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Figure 2.51, lllustration of Turbocharger Turbine Dimensions
NOZZLE AREA

NOZZLE AREA A/R =
TURBINE HOUSING RADIUS

‘ E /
TURBINE HOUSING RADIUS
Yy,

Est from Comp CFM

If you have no measurements or specs for the turbocharger turbine, choose Yes. Then enter the Compressor Island CFM that
you will use as Island CFM in the Turbocharger Specs as the CFM @ Peak Eff in this calculation menu.

If you do have turbine specs or dimensions, choose No and adjust the Turbine Specs that follow.

CFM @ Peak Eff

Enter the Island CFM for the compressor as listed in the Turbocharger Specs. If you chose No for Est from Comp. CFM, this
spec is disabled and this value is ignored in the calculation.

Turbine Specs

Spec to Use
This combo box lets you choose the type of dimensions you have for the exhaust turbine:
e A/RRatio

e Area

You choice here will determine which specs in this section of the menu are enabled
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Turbine A/R
The turbine housing's A/R ratio. A/R ratio is illustrated in Figure 2.51.

If you chose Area for Spec to Use, this spec is disabled and its value is ignored in the calculation.

Housing Radius, in
The radius of the turbine housing as pictured in Figure 2.51, in inches.

If you chose Area for Spec to Use, this spec is disabled and its value is ignored in the calculation.

Nozzle Area, sq in

If you know the turbine nozzle flow area, enter it here in square inches. If you have area in sq cm, multiply by .155 to obtain
square inches.

If you chose A/R for Spec to Use, this spec is disabled and its value is ignored in the calculation.

2.9.23 Notes on Barometric Pressure & Elevation

This menu simply displays the relationship between barometric pressure and elevation specifications, as explained in Section
2.8.1, page 63 and 64. Refer to that page for further details. Click on OK or press the <space bar> to return to the Calculation
Conditions menu with no change to either Barometric Pressure or Elevation

2.9.24 Calc Dew Point, deg F

Is the Dew Point, Deg F calculated from the following specs. Dew Point, Deg F is defined on page 64 under Calculation
Conditions specs. See page 97 for general notes on Calculation Menus and for an example of their use.

Know Relative Humidity

Your choice here will determine which specs are enabled in this menu.

Outside Air Temp, deg F

Is the outside air temperature when the relative humidity measurement was made. For example, if the weather service or
weather report gives a relative humidity of 56 % and a temperature of 68 degrees, use 68 for the Outside Air Temp. If you
chose No for Know Relative Humidity, this spec is disabled and its value is ignored in the calculation.
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Outside Rel Humidity, %

Is the air's relative humidity as reported by a weather service or measured by humidity instruments. If you chose No for Know
Relative Humidity, this spec is disabled and its value is ignored in the calculation.

Dry Bulb Temp, deg F

Is the temperature of the dry bulb thermometer on the psychrometer in degrees F. This is also the temperature of any
thermometer mounted in the shade when the Wet Bulb Temp reading is taken. The Dry Bulb Temp must not be less than
the Wet Bulb Temp. If you chose Yes for Know Relative Humidity, this spec is disabled and its value is ignored in the
calculation.

Wet Bulb, deg F

Is the temperature of the wet bulb thermometer on the psychrometer in degrees F. The wet bulb has a "wick" or cloth covering
the bulb which is moistened with water. The dryer the air, the greater the difference between the wet and dry bulb readings.
Relative humidity or dew point can be manually read off a Psychometric chart from these two readings. This calculation
replaces reading the chart. The Wet Bulb Temp must be less than the Dry Bulb Temp. If you chose Yes for Know Relative
Humidity, this spec is disabled and its value is ignored in the calculation.
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Chapter 3 Output

The Engine Analyzer Pro provides several ways to view and output the test results, including:
e Tabular, calculated results displayed on the screen
e Tuning Pressures screen to watch port pressures and intake & exhaust flow while calculations are taking place
e Analysis Report giving tips, warning of safety issues, etc.
e ASCII files for importing results to other software packages
e  High resolution graphs
e  Printer output or reports or graphs
e Data Libraries for recording either test results or sets of engine specs for later use
e See-Engine screen to actual watch the piston and valves move and interact, tuning pressures, air flow, etc.

All these topics will be covered in this chapter. Figure 3.1 shows how to reach all these various features, except Tuning
Pressures. This option must be selected while the calculations are taking place by clicking on the See Tuning Pressures button
in the Progress Indicator box..

The Output features have been expanded in later versions. See Appendices 9 - 13 on pages 235-312 for more updated
info.

Figure 3.1 Various Output Options from the Test Results Screen

Menu bar with output options: Back to Main Menu, Make Graphs, Print Results, Display Help,
Save or Open Files of Test Results, Analyze results (program gives advice based on user
requirements and current results), See Engine piston/valves/valve dynamics/air flows, etc.

Command buttons: Make Graphs, Print Results, Display or Edit Engine and Component
Comments, Display Notes (safety issues, possible problems, etc.) about current test results

Summary of Notes (safety issues, possible problems, etc.)
Name of current Engine File

Name of current Test File

Performance Summary

= Engine Analyzer Pro  Engine [302-4V] Test Results [Untitled] RPM Data. C||Ck on any cell in
= ||Bagk Graph Pring Help[F1) File Analyze See-Engine . - age
|ﬁ Cmnlsl Note_s E’Jmmar}l: Detanation likely. Click on Mates for more Pl Tq=284=0200 Awvg=271 the grld for a HEIp deflnltlon Of
; D etails, PkHP=231 @420 4vg=155 that parﬂcular piece of data.
Engine RFM 1200 [1600 [2000  [2400 [2800 [3200 [3600  [4000 1/ 1 +
EBrk Tq, flbs 259 268 272 272 273 284 283 278 . .
Brake HP 592 BB 104 124 145 (173 194 212 . Slide bar. Click and drag button
Evh Pres, PSI 0 0.z 0.4 0.6 0.8 1.2 1.5 1.9 .
IntVac, "Hg 0z 03 06 08 (1.2 05 06 08 to display all RPM test results.
ol Eff, % 1.9 730 740 8.2 ii2 2.2 2219 238
Actual CFM 8.3 102 129 157 183 227 2E0 293
Fuel Flowe, lb/hr 263|356 451 550 6589 7a2 910 102 Specia| Calculations. Results
Mitrous, |bhr 0o 0o 0o 0o 0o 0o 0o 0o . .
MbsFuellbshe |00 00 o0 00 00 00 00 |04 which do not change with
EMEP. PSI 130 134 136 136 136 142 142 139 H
AJF Mxtr Qlty, 2 1934 977 100.0 1000 (1000 931 100.0 1000 RPM C“Ck on any reSU|t for a
BSFC h/HPby  INddd N4 N43F 0447 04R4 04F7  N4F9 (04 3 niti I
B : m Help definition of that particular
Valve Flow & Cam Calculations A --int-- --Exh-- [* plece of data.
Oveklap Area, deg=sq-in 8.8 Ulv Area, deg*sq-in 162.6 117.8
Exh/Int % ¥2.5 Total Avg BAow Coef a_249 a.272
Lobe\ Separation, deg 115.8 Lobe Are inch=deg 19 .82 19 .82
, deg 3u Duratiow/, deg 262 262
Opening Events, deg 15 63 . .
Closing Events, deg 67 19 Slide bar. Click and drag
@.858, deg -28 Duration @.858, deg 282 282 . .
Opn Eunts @.058, deg -15 as button to display all Special
Cls Evnts @.858, d 37 -13 H
et O ek (e chn o _ Calculation test results.

\_ Horizontal slide bar. Click and drag to display all RPM Data if # RPMs is greater than 12.
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3.1 Tuning Pressures

The Tuning Pressures screen displays intake and exhaust port pressures and velocities. This screen is very useful for analyzing
intake and exhaust tuning dynamics. Many users may not feel comfortable reading graphs. Therefore, the Pro also provides a
small engine diagram to help give a feel for what the graphs mean. Main items of this screen are explained in Figure 3.2.

See Appendix 5: Watching Tuning Pressure and Flow for tips on interpreting these graphs.

Figure 3.2 Explanation of Tuning Pressures Screen

Exhaust port pressure, graphed with thick dark red line. When this line is below cylinder
[- pressure, exhaust flows out of the cylinder.

Cylinder pressure graphed with a thick light gray line.

Intake port pressure, graphed with a thick green line. When this line is
above cvlinder pressure, fresh air and fuel flows into the cvlinder.

Cylinder Events of TDC and BDC (top and botton dead center. graphed

in black dotted lines for reference.
= Engind Anallyzdr Pro Engl e [WARNER-P.RO]  Test Results [Untitled] (B2 E
Options  Pauge el v 1 Bgrometrlc pressure graphed
foc ToC oOC Tor G000 RDM 608 deg with a blue dotted line. _
o [ : Lo ! E IEnth'Srt rbajs = Pressures graphed below this
50 |- E bodooood E Tmider Frie. /‘/,,- line indicate a vacuum.

40

Engine diagram shows

A approximate piston and valve
positions, intake and exhaust
flows (green and dark red
arrows) and reverse flow (bright
red arrows), spark event, RPM

30

20

10

]

| T = N = P P P T e P e e e |

1800 : H H H d H [l Port el me—] Mate: Any graphs shown ﬂ
ffsec | | : P : ' Euth Port 2 here can be analyzed in and crank position in degrees
i ' | more detail, compared to |- )
1000 ! other runz, ete., by click- |k
{ ing on "graph' when the .
&0 f calculations are done. H— Click to return to normal
i Click on "Help" abowve fo H
: : P : ] : : i i Progress Indicator, where
of-+ : : T : : : calculations run about
| \ Lo \ | ; | [Nomalsegen ] 30% faster.
0 Ly : i : " [Canel | [[F,
5] [ 5 [ . . .
\ | ‘ N Click to print this screen.
\ \ \ \ You must have selected
the Enable Print option.

\_ Click to cancel (abort) calculations.

Intake runner velocity (graphed with a thick green line), in feet/sec. When
this line goes below 0, it indicates intake reversion (reverse flow).

Exhaust runner velocity (graphed with a thick dark red line), in feet/sec. When this line
goes below 0, it indicates reverse exhaust flow (exhaust flowing back into the cylinder).

Valve Events of EO, EC, 10 and IC (exhaust opening, exhaust closing, intake opening
and intake closing at .003” lift) graphed in color coded, dotted lines for reference
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Options for Tuning Pressures Figure 3.3 Tuning Pressures Options
. . . . . . . Engine Analyzer Pro  Engine [YWARNI
Click on the Options item in the menu line and the list of options
shown in Figure 3.3 is displayed. options IS
+ Run Continuouslhy
Run Continuously Pause Each Cycle :
Single Step B e
Pause Each Cycle = :
il ¥ Normal Speed L
Pause Step Slower Speed
Slowest Speed i
Your selection determines if the program waits for your action before ¥ Show Velocity and Pressure GHEREs
continuing with the calculations. Run Continuously means the Show Pressure Only - ﬁ --
program does not stop. Pause Each Cycle means the program will Show VYelocity Only g
stop at the end of 2 revs (one complete graph is drawn). Pause Each i + Show Entire Cycle S
Step means the program stops every 4 degrees. Pausing is the most Show Overlap Only :
convenient way to print this graph at a particular point of completion. Ul Enable Printing [slower/more flicker] | 4 .
+ Disable Printing
When the program stops, a small menu appears with 3 choices: + Standard Pressure Scale (60 PSI) _;'_/-'
e Continue Higher Pressure Scale [120 PSI)
e  Print (if the Enable Printing options has been chosen) 0 "' — g st - - D
e  Run Continuously (which turns off pausing) ! : : ! :

Normal Speed
Slower Speed
Slowest Speed

Changes the speed of the calculations and updating rate on this screen. Slower speeds make it easier to analyze particular
portions of this graph.

Show Velocity and Pressure
Show Pressure Only
Show Velocity Only

These options let you enlarge one section of this screen so items can be seen in greater detail. Show Velocity and Pressure is the
option displayed in Figure 3.2.

Show Entire Cycle
Show Overlap Only

These options let you enlarge the overlap area of these graphs so items can be seen in greater detail. Overlap is the critical
portion of the cycle as far and intake and exhaust tuning is concerned. This is where reversion and short-circuiting can occur.
(Intake closing is also critical as far as intake tuning alone is concerned.) Show Entire Cycle is the option displayed in Figure
3.2.

Enable Printing (slower/more flicker)
Disable Printing

These options let you select to be able to print these Tuning Pressure graphs or not. If you select to Disable Printing, the
calculations are a little faster and there is some less flicker in the Engine Diagram graphic.
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. ___________________________________________________________________________________________________________________________________________|

Standard Pressure Scale (60 PSI)
Higher Pressure Scale (120 PSI)

This option lets you graph port pressures either on a 0 to 60 PSI scale to show greater detail, or a 0-120 PSI scale. The 0-120
PSI scale is useful for graphing supercharged or turbocharged engines, where port pressures can go well over 60 PSI.
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3.2 Analysis Reports

When calculated performance results are displayed on the screen, you can obtain the
Analysis Options menu by clicking on Analyze in the menu bar. See Figure 3.4A.

The Analysis report consists of 2-5 pages of suggestions for improving performance, | Make Report I | Cancel
safety warnings, etc. concerning the performance results calculated. See Figure 3.4B for

a screen report.

[ Short Form Report

Desired HP Peak RPM |
Application |

Fig 3.4A Analysis Options

IMPORTANT: The ENGINE ANALYZER can NOT anticipate all UNSAFE and poor
performing situations. Do NOT rely only on the Analysis report to point out problems
and SAFETY HAZARDS. You must use your own judgment and expert advice by
experienced engine builders and the manufacturer of the engine components.

Short Form

Check this Option box if you feel very
comfortable with running the Engine
Analyzer Pro and understanding its output. If
you do not check this option you will obtain
the full report which gives additional tips on
changing the Engine Analyzer Pro inputs to
obtain the desired performance level.

Desired HP Peak RPM

Enter the RPM where you would like this
engine's HP to peak. The Analysis report
will give suggestions for specifications to
produce good performance at this RPM.

AppI|Cat|On Print I ‘ Cancel I
Click this combo box for the following
choices:
e  Mild Street An engine driven primarily on the street. It must idle well, run a low RPM, and have
a full exhaust system.
e  Street/Strip An engine designed for occasional racing but must be durable and driven on the street.
e Full Race An engine designed for racing only. Since there are several classes of racing, from circle

track "claimer" and "restricted" classes to Formula 1, the Analysis report does not get

Figure 3.4B Portion of Typical Analysis Report

= Analysis Report

FOR THE ENGINE, YOURSELF AND BYSTAMDERS.

The Intake Runner Yelocity ‘Avg In Vel 1= 323 t/sec

at pour Desired HP Peak RPM of 8000 RPM.

Baszed on 'Simple Rules of Thumb' this is somewhat high and indicates you
may need a larger diameter intake port or manifold runner for less
restriction and better intake tuning.

Baszed on 'Simple Rules of Thumb’, an Avg In ¥el of about 260 ft/sec
should work well with the current specs. If the Avg In Vel is
approximately 30-80 Ft/Sec higher than this, you will likely improve
torque below this RPM, but lose some HP.

Baszed on 'Simple Rules of Thumb', good Inertia tuning should occur at 7000 RPM,
which iz close to your Desired HP Peak RPM of 8000 RPM.
Since this RPM is about where the HP peak should occur, peak HP

extremely specific.
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3.3 ASCII Data Files

The ASCII Data Files Features have been greatly expanded in later versions. See Appendices 9 - 13 on pages 235-312 for
more updated info.

You may want to use the results from the Engine Analyzer Pro in other software packages. This could be for additional plot
capabilities, statistical analysis, data basing, etc. Click on File, then select the Save Current Test Results to ASCII File to write
the results to an ASCII file with a name of your choosing. This command is possible any time tabular, calculated results are
displayed on the screen.

You can only save the results for the results currently displayed on the Test Results screen. If you want to write an ASCII file of
test results you have previously run and saved, you must retrieve them first. This is done by clicking on File at the Test Results
screen, then choose one of the “Pick” commands to retrieve these results so they are the Current Test results.

Performance data are the calculated results which appear on the screen, consisting of the RPM, Brk Tq, Brake HP, etc. Cycle
data consists of the most recent Cycle plot data which was saved for this performance calculation. Examples of Cycle Data
would be cylinder pressure and cylinder temperature versus crank degrees.

Figure 3.5 Options Menu for Writing ASCII Files

Some of these options are to let you save the data in different formats, to be compatible with
the particular program which will read the file. Watch the Preview to see their effect.

Click on the data types to highlight them to indicate you want to write them to the ASCII
File. Click on them again to “de-select” them. Many times it is more convenient to write all
the data to the file and let the receiving program choose only the data to use. Thenitis
best to check the Output all Data option and all Data Types will be selected. Check or
uncheck the Cycle Data (vs RPM Data) option to change the Data Types to choose from.

Qutput ASCII File

The preview shows what the upper

" Filg Dptiorjs " Preview h .
ElIncludé Headings 5 Data Types Selected [plus Crank. Dgz/ left corner of the ASCII file will look
() Commj Separated Crank Deg 118 1z0 like based on the options checked.
= Irn Wlv_Lift o ]

] Cycle/Data [vs RPM Data) i o o
O] Dutpdt all data In:Cam:Accl o a . -
APMs oot TWLift il 0 Click on the RPM for writing Cycle
+1 ETn A u e Data. Only 1 RPM’s data written
f 4033/—/ per ASCI! file. This column is
50

empty and not used for RPM data.

Ex Port Vel

" Tips
Firzt choosze if you want to gave Cycle Data ve RPM
Data. Alzo choose any other options for the format

: of the ASCII data file. Then click op the tupes of When ready (preview looks like
In Flow Ar data pou want witten ta the file. Wyau want 2l data you want the file format to |00k),
P d written, check the Output All DAta box. . .
Ex i Lift click on OK. You will be
Ex Cam Vel ED[ Cycle S?ta ~[3|D$°| C?DD MWhiCH HFF'MEPDT *\E)aﬂtl ; presented with the standard
Ex Lom focl aia savedion perils T ErEE B Windows file saving menu to save
Ex Flow Ar Click on OK. and the/Rrogram will let you enter 2 the ASCII file to most any name,
Ex Pshid F name, directony g/d path for storing the file. path directory or drive
InPort Pres / ’ '
ExPort Pres hd | oK I | Cancel |
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3.4 Graphs

Graphs are obtained by clicking on the Graph button or the Graph name in the menu bar as shown in Figure 3.1. Figure 3.6
shows a typical graph and a descriptions of some of the basic graph screen items.

The Graphing Features have been greatly expanded in later versions. See Appendices 9 - 13 on pages 235-312 for more
updated info.

Figure 3.6 Basic Graph Screen Items

Command buttons. Some commands can only be done through these buttons, some of these
buttons just provide a graphical button for performing action of some menu items.

ulu

Menu bar provides for several graph commands and options. Commands to the right of the
provide a short cut to commonly used commands.

Graph Title, which can be changed by clicking on Format, then Edit Titles/Legend.

Short cuts to menu commands appear to the right of this bar.
Name of Engine File containing all engine specs

Name of Test Results File. The results may

not be for the Engine File if they were
retrieved from the Test Results Library.

Engine Analyzer Pro [W/iRNER-P.RO] Saved Data [buickiruddi-ba] Graph Legend which
Back' [File Format Yiew Help |° MIXED single LIST last RPM-cyc describes the éata

ool B (el S i) [ e [ <lls] [el= ] ol o] pefol ] e ravien]sySesed  graphed. This includes

rk Tq, Brake HP current_‘; Name of the Test Results

Rk R S Fessenes S R , (Brk 7o, Tlos file, Type of Data, which

data goes with which file,
! if any multiplier is applied
| |Brake HP to the data. You can
also click on Data Type
names and the
corresponding data line
will flash. This is useful
to find a particular line
when several are
graphed. Names in the
Legend can be changed
by clicking on Format,
then Edit Titles/Legend.

buickirudd-md1 —
275

240

224

200

150

12%

101 H H H H H H H H H H |
4000 4500\5000 G500 6000 \ESDD FO00  ¥a00 8000 8500 9000 9500 RPM

\. Horizontal X axis. The scaling of this axis can be easily changed as
described in this section.

Grid lines. The style or elimination of grid lines can be changed by clicking on
Format, then Grid Stvle.

Data graph lines. The style and thickness of these lines can be changed by clicking on
Format, then Line Style.

L Vertical Y axis. The scaling of this axis can be easily changed as described in this section.
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L]
There are 2 basic types of fest data which can be graphed:
e  RPM Data like Brk Torque, Brake HP, etc. vs RPM.
e  Cycle Data like cylinder pressure, intake runner flow velocity, intake valve flow area, etc. vs either crank degrees,
time or cylinder volume

There are 2 basic types of graphs:
e Single Data graphs, where only 1 type of data is graphed. For example, this would be where Brake HP from 1 or
several tests is graphed.
e  Mixed Data graphs, where more than 1 type of data is graphed. For example, this would be where Brk Torque,
Brake HP and Fuel Flow are graphed from 1 or several tests.

There are 3 basic types of tests which can be graphed:

e Current test results. These are the test results whose RPM data is displayed when at the Test Results screen.
These can be for the test results just calculated, or for a test retrieved at the test results screen using the File menu
command.

o Last test results. These are the test results from the previous calculation. By comparing the current calculated
results to the last results, you can easily watch how each engine modification has effected performance. This is
similar to the typical graph comparisons or version 1.1 and 1.2 or Engine Analyzer Pro.

o  Test results from the Common List. The Common List is also the List of Commonly Used Test Files. This is a
list of specially selected saved test results files, ones which may be of special interest or significance.

Note that you can not graph the data from saved test results file until that file has been
added to the Common List. This is discussed later in this section.

RPM Data vs Cycle Data

You can switch between RPM Data and Cycle Data 2 basic ways as shown in Figure 3.7.

Figure 3.7 Switching between RPM Data and Cycle Data

Click on Format, then either Single Data Graphs or Mixed Data Graphs, then
you will have a choice between RPM or Cycle Graphs as shown here.

Under the Format menu are buttons for switching
between RPM and Cycle Data. Click on the left
button shown to do Cycle Data, the right button
switches to RPM data.

Click on the “RPM-cyc” menu item.
Engine Analyzer Pro ARRavatuicua] Whlchever data type “RPMi’ or “CYC” |S
il s Ll enlesesed) - given in upper case letters is the data
S BT RPM Comparison Graphs | [etaes | type currently being used. In this case
| graswie Ceie Comparizan Gropne, | N shown, clicking on “RPM-cyc” will switch
Plmces o / \ plE=i=iie the graph from the current RPM data
' S type to the Cycle data type.
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If you have selected Cycle Data, the program also needs to know for which RPM do you want the data graphed. Figure 3.8
shows how this is done. Figure 3.9 shows how to make Multi-RPM graphs. These are graphs where Cycle data from 2 or more
RPMs from the current test are graphed for comparison. This can only be done if the current test is the only test being graphed

(“last” and “list” must be turned off as discussed in a couple of pages).

Figure 3.8 Picking the RPMs for Graphing Cycle Data

Engine Analyzer Pro [RUDDI-AC.YL]

Test Results [Untitled,~

Back File Format View Help |

mixed SINGLE

list LAST rpm-C¥C RicRPM

do| |B] [elltE 2]l (B
Ex Port Ve

<[l =

s fiafe

el S 2] ] Funview] et scaed]

current 7000

700

600

500

1000 p------ e ST CCC= .'"I Pick RPM for Graph I"'. Ex Portiel
: : : : RPM for RPM for ! last 7000
OO DN e e S L EEEEE L EEEE LT SEE Current Test Last Test L -1 [
6000 6000
800 6500 6500
750

L 0K I | \Cancel I B _i

300 _ -
Multi-RPM Graphs

200 Oi¥as
(O

100 Tip: Tumn Off List and Last to make
Multi-RPM graphs of current results.

D L 1 1 1 1 _ 1
90 180 270 360 450 540 630 720 g10 900 Crank Degrees

You must first select Cycle data
by clicking on “rpm-CYC”

Click on PicRPM to display the
Pick RPM for Graph menu. This
menu option is enabled only when
Cycle Data has been selected
(rpm-CYC is the heading.)

If you have selected to graph
data from the last test also (LAST
is printed in upper case in the
menu bar), you can also select
the RPM for its data to graph.

Click on the one RPM for
graphing Cycle data from the

AvirrAant fAant

Figure 3.9 Multi-RPM Cycle Graphs
“Last” and “list” must be turned off (printed in

lower case) to do Multi-RPM graphs.

£

Engine Analyzer Pro [WARNER-P.RO]

Saved Data|buickiruddi-ba]

pd

Back File Format View Help |

mixed SINGLE list last rpm-CY¥C

PicFPM

&) [B] (b B ] 2] [BIe Al ] ez e le] = el ] o] set scaed

160

a0

0

aa0 ExPortVeI ________________ Pick RPM for Graph . Econvel ]
Multi-RPM = for U current G000

800 Current Test 3

720 J current 8000 —
[Beportvel |

B40

560

480 f---

400

320 [ ok | | cancel |

2 Mult-RF

® Yes dala fiom curent resuks
C'No  only for several RPMs.

Select Yes to graph cycle

-80

_______________________________________

_____________________

Crank Degrees

Click on PicRPM to display the
Pick RPM for Graph menu.

For Multi-RPM graphs, click on as
many of these RPMs as you wish
and data for each will be graphed.

This screen shows a Multi-RPM
Graph of a Single Data type, but
Multi-RPM Graphs can also be
made of Mixed Data types.

Click on Yes for the Multi-RPM

Graph option. This option will be
enabled only if “list” and “last” are
turned off (printed in lower case).
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Figure 3.10 shows how to switch between these graph types. Figure 3.11 shows an example of a Single Data Graph of Cycle
Data (intake port pressure) with explanations of some Single Graph features. Figure 3.12 explains the menu for producing

Mixed Data graphs.

Figure 3.10 Switching between Mixed Data Graph and Single Data Graph Types

Click on Format, then either Single Data Graphs or Mixed Data Graphs, then you will have
a choice between RPM or Cycle Graphs as shown here.

Click on the MIXED or SINGLE menu items. Whichever graph type
is given in upper case letters is the graph type currently being used.
In this case shown, MIXED is the graph type currently being used
(torque and HP vs RPM).

Hidden under the Format
menu are 2 buttons shown
below. Click on the left

=] Engine Analyzer Pro [WARNEP-P.RO]  Saved Data [buickiruddi-ba]
Back Filc Uil Yiew Help | MIED single LIST last RPM-cyc

[l [E] [l Sinaie Data Graphs sl ] < 5

Mixed Data Graphs HPM Graphs [current only]

Line Style RPM Comparison Graphs Cr“"E"“i = .
****** Edit Tiies/Lcgend Gycle Graphs arrentonty |7 [Braseie button for Mixed Data
ri € Cycle Comparison Graphs b hulckwudd-rmd 1 i
,,,,,, Back Color ———— e 1
ek L~ BN e ] Eﬂ Graphs and on the right

one for Single Data
Graphs.

Figure 3.11 Cycle Data Shown in Single Data Graph

=‘ Engine Analyzer Pro WWARNER-P.RO]  Saved Data [buickiruddi-ba]
Back File Format View Help | mixed SINGLE LIST last rpm-CYC PicRPM
ol |B) ok o Y bl‘ ('llll')l |('I‘ ')Il'l‘ "I ")('Il(')l‘ b Full View)) Set Scale Cllck on Data Type you Want
InPort Pre L/~ .
Tin: Clek anype o data graphed, then click on OK (or

L A I N R [ to graph, then 0K, [or jusf

double click on data tygfe)

Ex Port Vel
In ¥lv Lift
~ finCam Vel

simply double click on Data Type).

¥ Click and drag the slide bar button

to display all the data types.

16.8

1B.0 [ ---- gk

16.2

Ex Cam Accl
Act EVLift
Ex Flow Ar
Ex Pshid F

Port Pro ry
(® X Axis - Crank Deg
O X Axis - Cyl. Vol.
o]

h ime. sec

~— For Cycle Data graphs, choose what
you want graphed on the X Axis.

90 BDC 270 TOC 450 BDC 630 TDC g10 900 Crank Degrees
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Mixed Data

Figure 3.12 Menu of Mixed Data Options

Click on this button to enable

Click here to use Saved (pre-programmed) Graph Patterns as explained in Figure 3.11.

options on the right side of this menu.

These options let you specify and quickly change the manner in
which you can plot from 1 to 4 different types of data on 1 graph.

Click on this combo box to pick the first type of data to
include in the graph, or select “No Graph” to eliminate

this particular grap

h line. These choices change

depending on if you are making RPM or Cycle graphs.

(araph Format

| Usze S.I:WE:I Graph Pattern

T awed eaph Palfoany I

Graph 1 Multiplier |1 o effect] #]

Graph 2| (Brake HP [+]
Graph 2 Multiplier [T no sffecl(®

Graph 3 [BSFC b/HP-hr /[ #]

Graph 3 Multiplies [10d) [3]

Z

|§i§;{%§3§e 4 Balaiier |1 no efot]| #
B
aullMmﬂiﬂ&f_d_
ultipliers Specifie

Graph 4 (1o Plot

|>§ Ay Tone |HPM /7

C! Guess
® Use M

| \ Save This Graph Pattern
1

Click on this combo box to pick the
multiplier for the first graph line. A
multiplier lets data of very different
values appear with equal detail on the
same graph. Note that the multiplier
for Brk Tq and HP are both 1 since Brk
Tq and Brake HP are usually about the
same value (typically if torque is about
50, HP is from 30 to 100 HP, if torque
is 500 , HP is from 300 to 1000.)

Note that the multiplier for BSFC is
1000, or that you would have to
multiply BSFC (typically in the
ragnge of .4 to .7) by 1000 to get a
number approximately of the same
magnitude as torque and HP.

If you are making Cycle Data
graphs, you can pick the units for the
X axis, either Crank Degrees (used
the most often) or time in seconds or
cylinder volume (primarily for
pressure-volume diagrams).

The Guess at Multipliers has not yet
been activated at the time of printing
this manual. When activated it will
have the program pick the multipliers
so you don’t have to.

Click here and the program will save this particular set of Data

Types, Multipliers (and if Cycle

Data, X Axis Data Type) under a

name you will supply. This Saved Graph Pattern will appear in the
list on the left side of this menu as shown in Figure 3.13.

Click here to produce the plot based on the current specs in the New Graph Pattern section.

135




(C) Performance Trends Inc 2009

Engine Analyzer Pro

Chapter 3 Output

Figure 3.13 Menu of Mixed Data Options for Graph Patterns

Mixed Data Graph Format

| UseSaved-Graph-Pattern.

_| Uze Mew Graph Pattern

Current Pattern Chozen

RPFtMame: Tg: HF _BSFC
1] Brk Taq, ft-lbs

A BSFCS
4] Mo Plat
vz B

F-hr = 1000,

" Saved Graph Patternz ™ |

i Mess Granh Paltan

fasaph ©(Bik Ta, ftlbs Lz

Eraph 1 Multislier 1 no effect -¥=|
fasaph £ (Brake HP Lz

Eraph 2 Multislisr 1 no effect @I
NRgph 3 [BSFC, Ib/HP-h %

Graph Choicesz &Iete J
T orgue B H vz FP

Eraph 3 Moltiplier

W Mo Plat Lz

Eraph 4 MOETEE [T ro offect| i

X Aie e |HF'M |i|

@ iipe Muiniore Spenified

Loave fhiy dvaph Paltam

The left side of this menu is for
picking pre-programmed graph
patterns (either loaded at the factory
or that you have created). Click on
the Use Saved Graph Pattern button
to enable these options.

A Graph Pattern consists of a set of
all specs listed under the Use New
Graph Pattern button

This section gives a summary of the
graph pattern selected (highlighted)
from the list below it.

Click on this button to delete the pre-
programmed graph pattern which is
currently selected (highlighted).

Click on the name of a particular pre-
programmed graph pattern here.

Click on OK to make the graph based
on the Saved Graph Patten chosen.

Current Test Results, Last Test Results and Test Results from the Common List

Here’s the definitions as given earli

Cr.

e Current test results. These are the test results whose RPM data is displayed when at the Test Results screen.
These can be for the test results just calculated, or for a test retrieved at the test results screen using the File menu

command.

e Last test results. These are the test results from the previous calculation. By comparing the current calculated
results to the last results, you can easily watch how each engine modification has effected performance. This is
similar to the typical graph comparisons or version 1.1 and 1.2 of Engine Analyzer Pro.

o Test results from the Common List. The Common List is also the List of Commonly Used Test Files. This is a
list of specially selected saved test results files, ones which may be of special interest or significance.

Note that you can not graph the data from saved test results file until that file has been
added to the Common List. This is discussed later in this section.

The first 2 types are relatively self explanatory, the last of Test Results from Common List is explained in more detail in this

section.
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Figure 3.14 Picking Test Results to Graph
Clicking on the Common List button is the same as clicking on the LIST menu command.

Click on File, then on the Pick Test(s) from Common List. The other 3 options before Pick Test(s)
from Common List let you manipulate files of Saved Test Results. These are explained in Section
3.6, Libraries.

Click on LIST to display the Common List or List of
Commonly Used Files. This automatically turns off LAST if
the graph had included the last calculated results. LIST is
now printed in upper case and last is printed in lower case.

Click on LAST to have the graph
include the last calculated
results. This automatically turns

Engine Analyzer Pro [WARNER-P.RO]  Saved Data [buickiruddi-hz]
Back [ Format View Help | MIXED single /LIST last—RPM-cyc

_: Save Current Test Results to Disk File sl el |vé] e I :t Ful View SetSCalegl off LIST if the graph had included
MovefDelete Saved Tests t the files from the Common List.
. eurrent ——— LAST is now printed in upper
a00 - m.jd Saved Testto Common ILISt """ el Pl f Brk T, ftlos case and list is printed in lower
Pick Test[s] from Common List to Graph : : | | case.
0 e / Bbﬂi$mrﬁ[f§'md1_ Note: Click on LAST or LIST,
: . ; A LR whichever is upper case to turn
a0 |- Windows Print Options P L Tl that data off and only the current
| Exit VT — results will be graphed.
. . . ' . . . | ‘ i » ¢ buickinid-mo
L T e T AT Y
Figure 3.15 Common List Click on the Saved Test Results to highlight it to include
it in the graph. Click again on a highlighted test to “de-
12 Commonly Used Tests select” it. Then click on OK to make the graph.
2 Tests Selected The RPMs given with the Saved Test Result i
buickstuff @ BO00 7729797 e s given wi e Saved Test Results name is
uick wstulf & 55l]l] a/13/97 the RPM for the Cycle Data from this test which will be

graphed. This RPM is not used if you are doing RPM
graphs. If this is not the RPM you want to graph, you

- must click on File, then Add Saved Test to Common
buick\rudd-md1 @ 4005 /23/97 List, then add this file to the list again, this time picking
buickyrudd-mod @ 4000 9/23/97 .
buick\junk @ 4500 7/21/97 the RPM you want to graph. A Test Results File can be
buick\boss-cam @ 4500 6/1/97 listed more than once in the Common List.

buick\junktrbo @& 7000 974797
buick'302-345 @@ 3000 948497 Click on OK to make the graph.
buick\ruddi-zc & 8000 4728797

Click here to omit graphing files from this list. This will
produce a graph of only the current results.

7
Graph Curmrent Only
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Other Graphing Features

Engine Analyzer Pro

The graph screen has several features, including:

e Printing

e  Cursor to pinpoint the value of a particular point on the graph
e  Changing titles and legend names
[ ]

Changing the scales

These are discussed in this next section.

Printing

Chapter 3 Output

Figure 3.16 shows the options for printing graphs and how to access these options. Figure 3.17 shows the screen for changing
the Windows Printer Setup.

Figure 3.16 Printing Graphs

Engine Analyzer Pro IBUGOI-4C.YL]
Z F SINGLE list

elp | mixed

Clicking on the Printer button is the same as clicking on File and then Print.

LAST

Test Results [Untitled]
rpm-CY'C

PicRPM

Sawve Current Test Results to Disk File

= =] [5<ll=] %] & Furview] set scales|

MowvefDelete Saved Tests

Add Saved Testto Commen List | ____________________ Ex Part Wel
Pick Test[s] from Common List to Graph ! last 7oon
Pick Cycle RPM [ S f

Print
YWindows Print Options

Exit

T oL

current 7000

Click on File to display the
two print menu options

Click here to print the graph.

Click here change the printer
or printer driver, page
orientation, etc.

Figure 3.17 Windows Printer Options

[currently HP Laserdet 1l on LPT1:]

o Specific Printer:

[HP Laserdet Il on LPT1:

~ Orientation

Paper

@ Portrait Size:

2 Landscape

|Letter 8 172 % 11

Source: |Upper Tray
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Cursor

The cursor feature is very useful for determining or comparing the value of the graph lines at various places. See Figure 3.18
for explaining the use of the cursor.

Figure 3.18 Cursor Features and Commands

Cursor line, usually pink or Click on these buttons to move the cursor left or right. Hold down the
green, depending on <shift key> while clicking these buttons and the cursor moves farther.
background color. You can enable the cursor by clicking on View, then Turn Cursor On.

Engine Analyzer Pro [RUDDI-IC.YL]  Saved Data [buickiruddi-ba]

Back File Format View Hel|f | y MIHED single LIST last RPM-cyc The value of each graph
ol |B] |oba] S |2 |2 dli] elslale] o=l olraven]sesest]] |ine at the cursor is
current displayed here.
A00 BrkTo, ftlhs 190
Important: Note that in this
450 buickudd-mal | graph BSFC was graphed
grkJuHﬂF-_ms ;gg after being multiplied by
400 i 1000. This is so it would
ouickmddmad | show up on a graph of
250 : : . : : : : . . : : ' |BrkTo, s 187 torque and HP. However,
: : : : : : : : : : : i [BrakeHP 232 1 the value displayed here is
: . . . . . | . . ; ; i |BSFC, IiHP- 386
' ' ' ' ' ' : ' ' ' ' : the actual BSFC value of
300 .396 to .401.

240

200 . The X value of the cursor

is shown here, in this case

150 the RPM of 6500.

100

3000 3600 4200 4300 5400 G000 G600 7200 ?,anu 8400 9000 9600 10200 RPM 6500
If you click on a graph line in between You can also enable the cursor by single clicking on a graph
data points, the cursor will not appear. line at a data point. This also provides a quick way to move
A data point is where you see a the cursor from 1 area of the graph to another. (Do not drag
definite point or bend in a graph line. the mouse while clicking or you will zoom in on that area.)
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Changing titles and legend names

Many times you may want to customize a graph by printing labels of your choice. Click on Format and then Edit Titles/Legend
to bring up the menu shown in Figure 3.19 which will allow you to do this.

Figure 3.19 Menu to Edit Title and Legend

This is the list of Standard names the program uses unless you click on the Use New
Titles button below. Select (click on) a Standard name you want to change. The
Standard Name appears in the edit box, along with the current New name if there is
one. Once you have selected a name from this list (that row will be highlighted) it
is easier to use the up and down arrow keys to select the next item to edit than
clicking the item with the mouse.

Use New Titles. If a title in the List of New Names is blank, the

This is the list of New names the program will use if you click on
/7 program will use the Standard name.

_— 1 ap E and EQEend v |-
List of 5td Hames izt of Hew Names
Title: Erk Teg, Brake HP .. | o+
Grp 1: Current Baseline

Itm 1: Erk Tg, ft-lbs=s
Ttm Z: Brake HP
Ttm 3: BSFC, 1lb/HP-hr =...

Standard name from row selected.

buickhrudd-mdl

Tip o _ _ New name for you to edit. Other options
Click on the item in the lizt above ped want to modify. ks I arne include clickina on the Copv Std Name
and any Mew name appears belefy. Tou can modify thgflew name. 9 o Py
Then uze the up and down seGw keys to mave to thenext item. to New or Blank Out New Name buttons.

Std Hame Being H;uéed New Ngméu be Editted

lbuickiudd-mdl 7 | | 7 |

Click here to close this menu and use
| Copy S5td Hame to Hew | Blank Dut Hew Iyﬁe the New names you have entered.
7 Where New names have been left
|Eup_l,! All 5td to Hew Mames | Blank Out All)éw Names blank, the Standard name will be used.
/7
| Use Std Titles | UseMew Titles
| Cancel | Help
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Changing the scales

Many times you may want to change the scale of the X or Y axis. This may be to show an area in more detail or to match the
scales of a previous graph. The Pro has several ways to change the scales as shown in Figures 3.20 and 3.21.

Figure 3.20 Changing Scales for the X or Y Axis

Clicking on these buttons zooms in or zooms
out on the graph, either vertically or horizon-

tally Hold down the shift key while clicking on
them and the graph moves farther each step.

Clicking on these buttons shifts the
graph left, right, up or down. Hold down
the shift key while clicking on them and
the graph moves farther each step. Click here to restore “auto-
scaling”. That is where the

computer picks the scale to

Back File Format VYiew Help | si gl a -cyc show all the graph in good
BN EE I ESE R R R |HI|<->I| ] Furven]setsealed)  getail.
Brk Tq, Brake HP BSFC curtent |
A00 """""'_""'_""'""'_""'_"T _____ - - - Smm-mg----- s Brk Tq, t-1bs
' ; ; ; ; ' ; | You can use the mouse to
450 5 e _outline an area ’go be zoomed
B(fmﬁ_ms in on. Simply click on the
400 kel mouse key in the upper left
e corner of the area, then hold
. v Btk To, f-1bs the key down and drgg the
! |Brake HP mouse to the lower right corner

: BSFC, IbiHP-hrx 100 . .
l of the desired area. A box will

be drawn as shown. When
you release the mouse key,
this area will fill the whole
graph. This feature is disabled
if the cursor is turned on. Also,
start the upper left corner well
away from a graph line or the
program may turn on the
cursor instead.

300

250

200

150

100 h h H h H h h h h H |
4000 4500 5000 5500 GOOO 6500 7000 7500 8000 8500 9000 9500 RPM

Figure 3.21 Menu to Specify Graph Axes Scales
This menu can be obtained 2 ways

You can dlick on View in the menu bar
then Specify Scales (axes), or click on

[ Graph Azes Specs the Set Scales button, the right most
|Ha:||:imum Y Yalue [vertical axis on left] m button on the screen.
|Hinimum Y VYalue [vertical axis on left] 100 \\
Mazimum X Value [horizontal axis on bottom) 9500 N\— The current scale limits are loaded when
|Hinimum X Yalue [honzontal axiz on bottom]) 4000 this menu opens. Change any or all
these to most any value you want.
T Tip:
Thiz menu iz uzeful for pecifying the graph zcales [ & axiz] 2o they
match the scales of anather araph.  This menu zan alzo be uzed to
Zoom I or Dut or shift the graph up, down, left or right. Click on OK to have the graph redrawn to

these new scale limits .

0K /I/|V Cancel I
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Cycle Plot Parameters:

This section gives a brief description of all the possible cycle plots. As shown, some cycle plots are independent of RPM.
Therefore, it does not matter what RPM you pick when plotting this cycle data.

Cyl Pres
Cyl Temp

In Port Vel

Ex Port Vel

In Vlv Lift

In Cam Vel

In Cam Accl

Act IVLift

In Flow Ar

In Pshrd F
Ex Vlv Lift
Ex Cam Vel
Ex Cam Accl
Act EVLift
Ex Flow Ar
Ex Pshrd F
InPort Pres
Ex Port Pres

Pstn Vel

142

Cylinder pressure in PSI absolute or PSIA.
Cylinder temperature in °F.

The actual velocity of the charge in the intake port in feet per second. (This is not the velocity based on
incompressible flow equations: piston speed X piston area / int runner area).

The actual velocity of the charge in the exhaust port in feet per second. (This is not the velocity based on
incompressible flow equations: piston speed x piston area / exh runner area).

The theoretical position of the valve as directed by the cam profile in inches (cam lift x rocker arm ratio -
valve lash).

The velocity of the theoretical tappet position with respect to crank degrees discounting any valve train
dynamics (bending or tossing). The units are inches per cam degree x 1000.

The acceleration of the theoretical tappet position with respect to crank degrees discounting any valve train
dynamics (bending or tossing). The units are inches per cam degree per crank degree x 1000.

The actual position of the valve as directed by the cam profile but also accounting for valve train dynamics
(bending and "tossing").

The effective intake valve opening in square inches based on Act IVLift. Effective valve opening is
calculated by:

In FlowAr = Geometric Area x Flow Coef
Where Geometric Area and Flow Coef are changing at each lift point. For example, if the valve
opening area is 1.5 square inches at .35" of valve lift, and the flow coefficient at .35" is .5, the In
Flow Ar is .75 square inches at .35" valve lift.
The theoretical pushrod force in pounds. This value should correlate to data from strain gauged push rods.
See In Vv Lift above.
See In Cam Vel above.
See In Cam Accl above.
See Act IVLift above.
See In Flow Ar above.
See In Pshrd F above.
Pressure in the intake port next to the valve in PSI absolute.

Pressure in the exhaust port next to the valve in PSI absolute.

Piston velocity in feet per minute.
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Pstn Gs Piston acceleration in Gs.

Pstn Thrst Piston thrust force on the side of the cylinder wall from cylinder pressure in pounds, neglecting piston and
connecting rod mass and inertia effects.

Carb Signal The instantaneous fuel metering signal produces by the carburetor venturi in " water.

Note: Due to a special case in the calculations, if you are running a draw through supercharger or
turbocharger, this value will be plotted as 0. Its actual value for this case is not 0.

Pstn Pos The piston position from TDC in inches. At TDC (360 and 720 degrees), this will be 0; at BDC (180 and
540 degrees), this will be the piston stroke.

Instnns Tq The instantaneous torque produced from 1 cylinder of the engine in ft lbs.

Heat Trnsfr The instantaneous rate of heat loss from the combustion gases to the cylinder head, cylinder walls and piston

top in BTU/sec. Multiply this value by .71 to obtain the instantaneous HP loss.

Cyl Vol The instantaneous cylinder volume in cubic inches. When the piston is at TDC (360 and 720 degrees), this is
the clearance volume. When the piston is at BDC (180 and 540 degrees), this is the clearance volume plus
the swept volume.

Enterprise Edition adds new Valve Spring details. See Appendix 13.
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3.5 Printer Output

The Graphing Features have been greatly expanded in later versions. See Appendices 9 - 13 on pages 235-312 for more

updated info.

The Engine Analyzer Pro can print the tabular test results for a permanent hardcopy by clicking on Print in the menu bar or the

Printer icon. The menu of options shown in Figure 3.22 will appear. Check the options you want to use for the printout by
clicking on any or all of the top for boxes. All options and buttons are discussed in this section.

This options lets you choose the
printer or printer driver being used by
Windows and also page orientation.

Click on Print or
thePrinter button for
the Printout Options
menu shown to the
right.

= Engine Apnalyzer Pro Engine [WARNER-P.RO

=| Back G4 Print
[ETTEIQ Print Test Resuilts

‘_I @ [Notes] | Print Blank Worksheet

Engine FIFM 3000 |40 Print Definitions

Brk Tq. ftbs 282 27 swindows Printer Setup

Brake HF 161 ey .
Program Printer Setu
EsHFres 'Ha |20  3i——o9 P

IntWac, "Hg 0.4 07 1.1

Figure 3.22 Printer Command and Menu of Printer Output Options

= Printout Options

" Report Printing Options

™ Include Engine Specs |

[ Include Engine Comments
[ Request Report Comment
[T Dot Matrix Printer Adjustment

|Plint Report Using These Specs

" Other Printout Types

| Print Blank Workzheet

| Print Definitions of Outputs

Cancel

Tip
See page 112 in

ranual for more info.

Include Engine Specs

Select this options if you want all the current Short Block specs, cylinder Head(s) specs, etc printed with the results. This will

add 2-4 pages to the printed report.

Include Engine Comments

Select this option if you want all the comments for the complete engine file and the Short Block specs, cylinder Head(s) specs,

etc printed with the results.
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Request Report Comment

Select this option if you want to be asked for a comment for each particular report you send to the printer. These "report
comments" are useful to identify important points for future reference, like modifications, engine results, etc.

Dot Matrix Printer Adjustment

If you are using a dot matrix printer, the standard printout may have printed text extending outside the borders. Select this
option and the borders and indent spacing are adjusted for these situations.

Other Printout Types
Print Blank Worksheet

Click on this button to produce a list of major engine specs with blank lines next to them. These "worksheets" are handy for
gathering engine specs when creating new engines with the Pro.

Print Help Definitions

Click on this button to produce a list of output parameters with a 1 line definition. These definitions are the same as when
you click on sections of the test results and help is displayed.

146



(C) Performance Trends Inc 2009 Engine Analyzer Pro Chapter 3 Output

3.6 Data Libraries

The Data Library Features have been greatly expanded in later versions, especially for using simplified Standard Engine
Analyzer Example component files. See Appendices 9 - 13 on pages 235-312 for more updated info.

The Engine Analyzer Pro allows you to save sets of engine specifications to the Engine Library, and sets of component specs
(Short Blocks, cylinder Head(s), etc) in separate Component Libraries. In addition , you can save calculated test results for
analysis or comparison in the future. Test Files also contain the engine (and component) specs which produced the test results.

The organization of Data Libraries is illustrated in Figure 3.23.

Figure 3.23 Organization of Data Libraries (Help screen from Main Menu)

Diagram of How Various Types of Files Are Saved

Engine and Component Libranes store Files of saved Tests include all calculated results
specs OMLY. like Bore, Stroke. Head [Tq. HP. cylinder pressure, etc.] AMD the engine
Flow. Cam specs. Intake specs. etc. specs which produced those results.

b zzemble these gpecs or Component Files Theze saved Tests make it quick to compare performance
[groups of specs] bo create an engine, then [araphs] between different engine designs. “ou can also
Calculate Performance o gee the resulkz. You refrieve the ending specs which created these Test results.

can alzo zave gpecs o create Mew files, .
EA Pro Direct -
| = | 1 short lizh of

L{SAVEDDTA Directory | frequently Lsed

— Testz can be stored
EEE:?EEE& rrﬁaéj:dufn?;ke zer Files of Test Besults i the Common List

|| Directary [ [tg. HP. cycle data] & _
S S Bt 1 ERgIne specs. Common List

|Jzer Filez af Test Resultz ¥zz: E::z g'

Directory [{(tg, HP, cycle data] & Test Fila ©

|EA Pro Directory |

TOTEMG
Drirechary

Supercharger zpecs

—|SHI:I Directory HFiIes of Short Block Spec$|
—|H E4 Directony HFiIes of Head Specs | He Enging specs. Test File D

- - | zer Files of Test Results

—|INT Diirectory HFI|ES of Intake Specs | MDitectory [ita, HF. cycle datal 8| Access the Commen

—EH Directary HFiles of Exhaust Specs | L ENQING SPELS. !—'?t Il:!-'r' clicking on
File' in the Fesults

And 2o on for Cam, Roots, Centrifugal & Turbo Save or retrieve Tests these files) oradd  Table or Graph

zpecs. Save or retlieve these files with commands directories by clicking on 'File' in the soreen o 'List' in the

at the Main Menu or Component menus. Fiezultz Table or Graph screen. Graph screen.

Fawt Boveen 0K [done]

As shown in Figure 3.23, complete Engine Files are stored in the TOTENG directory, and Component Files are stored in
separate component directories. All Test Files are stored in separate directories under the SAVEDDTA directory. The number
of Test Files can grow quite large. When you want to compare the current test results with a particular saved Test File, it is
time consuming to have to sort through the various directories and test files to find it. That is why there is the Common List, or
List of Commonly Used Test Files. Here you can store a small number of Test Files for easy recall.
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Example of Using and Saving Specs and Test Data

For example, say you are working on a small block 302 Ford. You want to switch to TFS heads, EFI intake and new cam with
good street performance.

e Enter all the specs for the carbureted 302 Ford. Get in the habit to also change all the comments in the component menus
and the main menu to match the actual specs you’ve entered. This will save a lot of confusion in the future if you save
these specs and retrieve them in the future. See Figure 3.24.

e Ifany of the components are something you think you may use again in the future, say cylinder head with the flow curves,
you will want to save these component specs. In the Cylinder Head(s) menu click on the Save to Library button. When
asked if you want to Save Specs to Same File Name, answer No. Then give the program a new name for these Head Specs,
say PROD-302. See Figure 3.24. Note that the program always presents this menu with the current file name loaded, in
this case PROD-GT40. This allows you to make minor modifications to it to create the new file name.

e Definitely save all the engine specs at the Main Menu by clicking on the Save button. This will save an Engine File of all
specs. When asked if you want to Save Specs to Same File Name, answer No. Then give the program a new name for this
complete Engine File, say BASE-302. See Figure 3.24 and 3.25.

e Calculate performance to obtain the Baseline test results. Save these results by clicking on File, then Save Current Results
to Disk. If this is going to be a big project, you may want to create a separate directory for saving the Test File. If so, click
on the Add Directory button and enter an appropriate name, say JOES-302. Then select this directory and enter a New Test
Name as shown in Figure 3.26. Enter a name like BASECARB.

o Since the Baseline Performance is a test file you will refer to often for graph comparisons, save this new Test File name to
the Common List. Back at the Test Results screen, click on File and then Add Saved Test to Common List.. Here you can
access all directories under SAVEDDTA and all files in each directory. Find and highlight the directory you just created,
JOES-302. Then find the BASECARB file, click on it to highlight it and then click on the Add to List and Select for
Graphing button. It will appear both in the common list and be highlighted (selected). You may want to delete some of the
existing files from the Common List (they are still saved as a Test File), or at least de-select files which do not relate to the
302 Ford you are working on.

e Now return to the Main Menu by pressing the <Esc> key or clicking on Back. Make changes to the specs to match the new
heads, new intake, etc. Calculate performance and compare the test results to the Baseline you’ve saved in the Common
List. You should also save Test Files of results for combinations which look promising, and add these files to the Common
List. This will provide a quick list of various results for easy graph comparisons. (These results may not warrant saving the
components or engine specs as Component or Engine files, but these specs are saved with the Test File anyway should they
become important in the future.)

e For components which are set (like stock TFS heads) and you want to keep the specs for future reference or for use on other
engines, save them as shown earlier. At important intermediate steps, you may also want to save the engine specs as an
Engine File. You will definitely want to save your final design as a complete engine file. Again, be sure to update all
engine and component comments to be accurate with the current specs.
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3.24 Saving Component Files

Select No and the program
will ask you for a New
Component Name in the

Current Component File Name

menu shown to the right. -|
= - of
File [d Cylinder Head Specs for: PROD-GTA0 /
- [ Intake Port Specs Exhaust Port Specs —
‘ﬂ Valves/Porte |1 valve &1 port + |It Valves/Ports (1 yalve 81 port *
Nalve Diameter, in 1.78 lVaIve Diameter, in / 1.45
[ }Avg Port Diameter, in 1.55 |Avg Port Diameter, in / 1.3
‘PDll Length. in 4 |Poll Length. in 35
|: Singie ] = c Chanoe ¢ File Name
’Knli-ﬂev
[ oG Do you want to savel the changes you'vef/made
se : 5
Sl 9 to the current file nafne: low Table
E ‘E PROD-GT40
E Compreg :I
[ Chambef | YEs I | No I | Cancel :I
Tu
[ Help TOMMEnts [
Mumber of intake valves and ports pef cylinder,
d uzually 1 walve and 1 port. Click on srow to pick. Stook 1987 302 Ford Heads *
Fram ligt. p 21
He *
M
de:

0K I Help I See Layout Retrieve from Library I | Save to Library

Click on Yes and

the program will
update the current

file name with

current specs. J

Click here to start
the process of
saving the current
component specs as
a a component file.

*

Be sure to update comments in addition to
the specs. These comments are very
useful should you retrieve this component
file in the future.

The program presents the
current file name for editting.
Change it to most any name
for the component file. The
program warns you if the file
name already exists or there
is a problem with the name.

Save a Cylinder Head File

[New Cylinder Head Name: PROD-GT40

‘ OK I ‘Cancell ‘ Help I |L|seEngine Namel

Tips
Enter & New Cylinder Head Mame and click on OK. The cfirent
Cylinder Head name is given should you choose to modify § slightly
far the new name. Use the Delete key ta erase the name § you
want & completely new name.

Click on 'Use Engine Mame' ta copy the name of the curmght Tatal
Engine file to the file name field.

Ta save a complete engine file consisting of all Componefit Specs,
click on 'File [engine]' or the Save Buttan at the Main Megu behind
this Companent Menu.

Click here and the
current Engine Name will
be entered as the
Component name.

Figure 3.25 Saving a Complete Engine File

Click on Save button is same as
clicking on File and then Save
As. The process then matches
saving a Component File as
shown in Figure 3.24, except it
will show you all the Component
File names and comments,
should you want to change
something before saving the
Engine File.

Current Engine File Name

Click on File, then Save (saves specs to
current Engine name) or Save As (asks for
new Engine Name.)

Engine Analyzer 'Pro* Performance Trends Engine [ 307-4Y ]

Help[F1) Preferences About...

File [engine] Calc HP[F2]

our name and phehe # can go
F""""HF‘I Tes“l Cmnli F:ere. Elickyr);gences.
/

Eng CID : 301.6
Chrmbr cos: 835

| ﬁholl Block Specs

_—/| Intake System Specs

| Exhaust Spstem Specs

| Current Component Files
351-WINDSOR  LEIFER

B BLICK.

PROD-GT 40 ock 1987 302 Ford Heads

HOLLEY 600 CFM MECHANICAL SECONDARIES ON
EDELEROCK ‘PERFORMER' INTAKE

LEIFERMAN TUBE HEADERS

/

Update the Engine Comments to
match the current engine design.

| Cam/¥alve Train Specs

Turbo/Supercharger Specs

351-MARINE Production 351 24 Marine cam

None

Tl " Engine C E
||-_- In‘\|\~ngme _

Help
Move mouse over item for
description ta be given here

Wilh Production Heads, Production Cam, etc.
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Figure 3.26 Saving Test Files

Engine Analyzer Pro

Engine [302-4¥]

Test Results [Untitled]

Click on File for options on saving Test Files
and addina them to the Common List.

The first option lets you save the
current Test Results (and the engine
specs which produced those results)
to a Test File on disk.

This option lets you add a Test File

=| Back Graph Print Help[F1) File Analyze See-Engine ‘H
@ [ R b L Save Current Test Results to Disk 053
| Click on Notes for more Details|  Save Current Test Results to ASCII File [F188
Engine REM 2000|2500 [aoo0 3500 [4ooo| MovelDelete Saved Tests +
BikTgfths 270 273 282 285 278 | pick Testfrom Common List
Brake HP 103 130 161 140 212 =
Add Saved Test to Common List
EshPres PS5l |04 06 10 14 |13 mon st
Int %ac, "Hg 0g 09 0.4 0.5 0s Pick Saved Test from All Tests
ol Eff. % 740 758 803 826 838 | Pick Saved Chain Test from All Tests
Actual CF 129 165 210 252 233 328 303 303 E

= Engine Analyzer Pro  Engine [302-4¥]  Test Results [Untitled] =]
=| Back Graph Print Help[F1) File Analyze See-Enginy >
% [:“ ol r= 0 TR T n L 0 Iou A, J A\"g=253
; Save Test Results 00 Awg=136
Engine FPM 20000 Mew Test Name Directory o Save 0K/Save Test I | *
Brk Tq, ftlbs 270 Mew Test Hame:
Gotep. 105 | e
EhPres. Pl [04 | |hase- dal : Cancel
IntVae, "Hg 08 | |boss-cam.dat
Yol Eff, % 74.0( |colbs.dat
Actual CFM 129 | |EEFEEE dat
FuelFlow /451 |forran.dat e
Uel Plow, Tadhr 2 injctor.dat =1 buick
Nitrous, Ib/hr 0.0 . 1 eeeeeeee ’:ie%é: Fast
Mbrs Fuel, lbdhe |00 £ kevin
BMEF., P3 135 . . e £
2 flopy s
AfF = - =
R Add New Directory +
-
[New Directory Name  [JOES-302 F-Exh—- |%
- 117.8
Tot Tigs Add Directory 8.272
Lobll | Enter a name for the new Directory of up to 19.82
Oue 8 characters with no periods [.] . 262
e test results to by clicking a directory under 63
ke Test Mame, _8 characters max with no peri_ods 19
oue | 0K I | Cancel I isu can also click on a test name to choose it, 2p2
: 35
TIS COUNLS W. U560, UEy o7 -13
Duration @.2808, deg 188 188
+

Engine Analyzer Pro

Engine [302-4V]

Test Resulis [Untitled

which has been saved to the
Common List. See Figure 3.27.

After Clicking File and Saving Current
Test Results to Disk, this menu
appears. Several options (buttons) are
disabled, unless you would have
chosen File and then Move/Delete
Saved Tests.

This menu appears after you click on
the Add Directory button. Enter most
any name of 8 letters, no periods. This
name will be added to the list of
directories under SAVEDDTA. See
the figure below.

After adding the new directory, click
on it to tell the program that is
where you want to store these new
test results.

Enter any comments to better

=| Back Graph nt Help[F1) Analyze See-E
1 [: C - A LY
@ [Nd Save Test Results [0 Awg=186
Engine APM 2008 Mew Test Hame gilec_:_oly lﬁ Sav_e 0K/SAve Test | +
Brk Tq, ftdhs 270 | [basgcarb | & ! e
Erake HP 102 AN joes-302 I
Exh Pres, PSI 0.4
o = diy
Int%ac, "Hg 0.E = vbwi
Vol EN, % 740 B"’e;)':'m
Actual CFM 123 #= saveddta
Fuel Flow, [bfhr (451 7 buick
Nitrous, [b/hr 0.0 ] eeccesee
Nirs Fuel, bfbe |00 =1 joes-302
BMEP, PSI 135
AJF Mt Qly, % 10000
RSEC L/HE-h 04 User Entered Test C. > *
Baseline of Joes engine specs "as - -
received”, production heads, carb, intake, T
etc. F-Exh-—-
Overlap Area, Add Dok | §117-8
Total Exh/Int 1 1M a.272
Lobe Separatiop 19.82
Overlap, deg " Description of Choosen Test 262
First pick a directory to zave the test results to by clicking a directory under 63
‘saveddta. Then type in an New Test Name, 8 characters max with no periods 19
0 1 @058 [.]. and click '0K/Save Test' “Youcan also click on a test name to choose it, 2g2
LAsLA S ] then edit the name or use it 'as is'" T
Lr nom n n -13
Duration B.2688, deg 188 188
+

describe this test. These
comments will be shown in a
preview when you retrieve this test
in the future.

Enter a name for the test results file.

You can also click on a file name in the
list below (shown empty here). That
name will appear in this box. You can
use this name or modify it slightly for the
name of the Test Results file. Then
Click on the OK/Save Test button.
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-

RPMs,

heads,

Bazeline of Joe's 302 engine "az recieved"”, production

Lbasecarb.dat

Figure 3.27 Adding Saved Test Files to the Common List

This screen appears when you click on File

—__ and then Add Saved Test to Common List.
Edit List of Commonly Used Tests —l
[ All Saved Tests —— [ List of Commonly Used Tests First select directory where file is Saved.
Preview of Chosen Test: joes-302\basecarb.dat 3 Tests Selected . . . . . .
Test saved on 10/22/97 2:38:54 PM consisting of 3 Sl T A— All Test Files in this directory will appear in
2000- 6000 buickuddmod # 4000 3/23/97 list of Tests to the left.

cab e e Click on the Test File you want to add to
— / the Common List. A preview of this Test
/ appears above it. Notice that here is
e /43“ . where the test comments appear to remind
£ vbwin buickstuff & 600 725 you of what this test was.

= eaprox

[ Add

buickibase-2 @ 5500 81397

%s:::j‘dla Eﬂlﬁt??ﬁ;'&i@%gﬁ%ﬁ%ﬂg | Click on one of the Add buttons. Since this

e is a test we will surely want to graph with

£ kevin EEEEEED:%%;;%SS?D;D%% B Z?g; te|_S'tS of these 302 specs, c_Iick on the
toList Only | |_Poumshqnly Detete || |buckis0235 @ smonsvarar \ [ o List and Select for Graphing button.
Add to List an® el fo G\"’"hi"g | o I hew\ Click on this button and a new menu showing

Chooze APM Help:

from this List: WMS which
T for the test vou choze.

the Common List appears. Here you can

\_ Click here and the selected Test  select which files to remove from the list.
will be deleted from disk. However, they remain saved to disk.

I Choose RPM for Test I

hen Cycle Graphs are made [Cyl.
Freszure, Runner Velocity, etc.], the
are made only for 1 RPM. Choose
the RPR you want ko plot far these
cazes. [For some Cycle Graphs, the
program will pick the closest RPR
from this test ta graph with the other
tests.

Thiz RPM iz not uzed wheh you

make RPM graphs, like torque and
OK I Cancel I HF +z BPM.

After you select a test to add to the Common List, the program
will ask which RPM’s Cycle Data should be graphed if Cycle Data
is Graphed. Pick 1 RPM from this list, then click OK.

For RPM graphs, like torque and HP vs RPM, data for all RPMs
are graphed.

If there are more than 1 RPM you want to graph Cycle Data for,
then you must add this Test File again to the Common List and

select a different RPM from this list.

" All 5aved Tests

Edit List of Commonly Used Tests

Freview of Chosen Test: joes-302\basecarb_dat

Test saved on 10/22/97 2:36:54 PM conzigting of 9
RPM:z, 2000 - 6000

Bazeling of Joe's 302 engine "as recieved', praduction
heads, carb, intake, etc.

Tests: Directories:
[=xa
[=r vbwin
[=r eaprox
= saveddta
3 buick
1 eeeceeee

basecarb. dat

£ kewin

| Add to List Only I | Permanently D elete I

After picking an RPM for Cycle Data,

[ List of Commanly Used Tests ' the Test File appears in the Common
1 Tests Selected . . . .
os TR manarh @ 000 T0/22757 List and is highlighted. Note that the

directory, Cycle Data RPM and date
are also listed with the file name.

The test also appears here, as a
selected test. These selected test

I3testsinlist  |__Delete from List ] from the common list are the ones
buickjunktbo @ 7000 9/4/97 H i i
RS T graphed when you click on List in the

buickhnuddi-ba @ 3000 9/21/37

Graph Screen.

To de-select the 2 “buick/rudd” Test
Files, click on them in this list. The will
become “unhighlighted” and be

buicksjunkirbo (@ 7000 9/4/97
buicks302-345 (& 3000 9/8/97
bwickuddi-sc (5 3000 3/23/97

removed from the list of Selected

| Add to List and Select for Graphi I

| oK J[__Hew | Tests. They remain in the Common

List for quick recall should you need
them.
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retrieve Component Files from the Component Libraries.

Engine Analyzer 'Pro' Performance Trends  Engine [ 302-4¥ ] =12l

Figure 3.28 Retrieving an Engine File (retrieving a Component File is similar)

Click on File, then Retrieve or the Retrieve button from the Main Menu to retrieve an Engine File from
the Engine Library. Click on the Retrieve from Library button in the Component Specs menus to

This is the typical menu to

Eihf[vngine] Calc HP(F2) Help[F1] Preferences About...

retrieve either an Engine or
Component File.

Click on a file name and its

name appears as the
Chosen File and a preview of
its specs and comments is
given to the right.

Click here and the current

‘our name and phone # can ge Eng CID : 301 6
A - = = Chmbr ccs: 835
Retrieve an Engine File
|1 04 Engines |Chosen File: 305-SBCH.EY
}gg:::::::gt; i Preview [v1.2):
H{ ;ggf'??igh'c‘ﬂ Bore: 3.77 Int Valve: 1.99
302-345 spe B Exh ¥alve: 1.55
302-4v (HA [t (3440 ARIES O
Intakell |302-4vx L~ Int Dur: 218
| | CR:89 No S/C
Exhaus 33l]la 'POTLUCK. BUILD UP* per DEC 93 CHEVY HI
330-ta-m.od IFERIF
343race
Cam/¥ay |350-b&kmc
350-zr1
351-gt40
Turbo/Sufl |351w-gt4.0 L~
355-chev. y
alcul Refmeve Delete Help Cancel
(Eft=nl po +
Help
Click to see Shart Block
Specs
+

specs will be replaced with
the Chosen File’s specs.
The program will first ask if
you want to save the current
specs before they are
replaced.

Click here to permanently
delete the file from disk.

Click on File and
then on one of the
Pick file options,
depending on if

you want to Click on a directory and then a Test
retrieve a file from the list for that directory. A
standard test or a summary or preview is given above.
Chain test.

Engine Analyzer Pro  Engine [302- W)  Test Results [ joes-302\basecarb +

= Back  Graph  Print  HelpiF1) |NGX3M Analyze  See-Engine 3]

Notes Summany Degmnm_ﬁ Save Current Test Results to Disk i

: Blick on Notes for more Detals| \Save Current Test Results to ASCII File 5156

EngneRPM__ [2000 [7500 3000 [ss00 [4om|| \toveiDelete Saved Tests +

Brk To, ftbs 270 273 282 285 7 \’X:k Test from Commen List
L.t

v

Biske P R .
EhPesPSl |04 06 10 14 13 DO

IntVac, "Hg 06 03 04 06 0B Pi& Saved Test from All Tests

Vol Ef, % A0 758 803 826 A38 ick Saved Chain Test from All Tests
Actual CEM 129 165 210 252 2931 TTIE FEERE] E

Click here to retrieve this test file. You will be then asked if you
want to retrieve the Engine specs which produced these results.
The Test Results will be shown in tabular form and this data will
now be called the Current results. If you do retrieve the engine
specs also, you can do special analysis like an Analysis Report
or use the See Engine feature to watch actual engine operation.

Figure 3.29 Retrieving a Test File for Tabular Display (not just graphing)

|_ Retrieve Saved Tests —l

" All Saved Tests
Preview of Chozen Test: buickhruddi-ba_dat
Test saved on 9/23/97 9:39:46 AM congisting of 12
RPtds. 4000 - 9500

Fiuddi's 4 cyl baseling with specs modified to best match
dyno curve. All are very close to actual specs except exh
pri iz 24", like to first branch or 4-2-1 header, then nothing

after that
Tests: I\ Directories:
latstgmg. dat = d:n

noheatlk. dat [=r vbwin
nw-savP_dat \ [= eaprox

nw-save.dat
nwimpdflry.dat saveddta

oldtemp. dat

rudd-njd1.dat 1 eeeeeeee

rudd-nfod_dat 1 joes-302
O 23 kevin

ruddi-sc.dat hd

| | Retrieve I | P tly Delete

| I Cancel I | Help

/

Click here to delete
the chosen Test
File from disk.
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3.7 See Engine

A new feature for version 2.1 is the ability to watch the valves and piston interact throughout the cycle, while also watching the
tuning pressures and flows. This screen is useful for pointing out trends in piston to valve interference, valve toss and valve
train bending, etc. Figure 3.30 explains the major features of this screen.

In order to enter this screen, you must have just calculated Test results or retrieved a saved test and retrieved
the Engine File which produced those test results.

Figure 3.30 See Engine Screen

This valve lift graph gives you a general idea of where you are in the 4 stroke cycle. This graph
can be changed to runner velocities or runner pressures by clicking on the Options button.

This “cursor” shows exactly where you are. Click on a different area of the graph
and the cursor will move to that point and the screen is updated to that points data.

Arrows show runner velocity and direction. Reverse direction drawn in red. The
longer the arrow, the higher the velocity. Exhaust velocity drawn to smaller scale.

Digital (exact) runner velocity and pressure given here.
Relative runner pressure shown graphically here.

Exact crank angle shown here. Enter
angle & screen is updated to that point.

Crank Degrees

Gasket Thick .
asket Thickness Enter these specs for accurate piston-

Deck Ht Clearance

to-valve clearance. These are saved

with Engine file (not Head or Short
Block file). Examples of some specs
available by clicking on Options.

Walve Angle

Inches fram ¥ alve

to Head Surface

Walve Diameter 1.62 2.08 . . . . .
FistontoWalve  [T8E 57— Minimum piston-to-valve is displayed in
tjir; F'isTtoana've TIE | 256 7 red if clearance is less than .100”.
alve Toss .oaa .00 . .
alve Train Bndng [o32 < [o07 Click on Help for more info.
— ActualVakee Lt [0RS N4
f N O A 0 i . .
e Fiston to Head | Thea. Valelit  [T02 [ Valve Train Dynamics specs shown
i ] [Giose | [ieto] [Bptions ]| (TPt | here. Click on Help for more info.
?_zli“::;:ler RPM Note: This screen is not a subsh-
2 tute for checking clearances with
clayl Clearances are based on a
flat top piston and NO rod stretch.
- \ [Some dimengions not to gcale. Click on
| \‘( Back I | Il Continuous I |’/ FO""&‘E > I Help button for mare information, |

\ Piston-to-valve clearance shown here. Itis very
important to enter correct dimensions in this
screen. Click on Help for more info.

Although valves are drawn in a typical “wedge”
layout, the clearance calculated for hemi and 4

These buttons let you advance or valve engines is accurate if the correct valve
back up 1 step (4 degrees) or run angle is entered. This angle is be the largest
continuously. Continous is useful angle between the bore axis and the valve axis.
to actually see trends with flows For a safety factor, be sure not to overestimate
and valve/piston motion. this angle.
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Figure 3.31 See-Engine Options Menu

Determines which valve is drawn with

4

'See Engine' Options

" Emphaszize

more emphasis. See explanation below.

Determines if emphasis is shown with

C Intake ¥alve /D Exhaust Yalre
@ Intake and Exhaust Yalve Equally

" Thickness of Selected Lines //
® Thin Lines I Thick Lines [slower]
RPM to See [analyze) |5|:||:||:| /

|Data To Graph |Detailed Runner Pressures

|Typic:al Dimensions of Common Heads

219171 11213 112.27)

Stack Cleveland Fard 351 C

| | 1] Cancel

thick vs thin lines, or thin vs thin dotted
lines.

Lets you pick the RPM to analyze of the
RPMs run for this particular test.

Lets you change the graph which appears
above the piston and valve graphic.

Lets you pick an example of typical valve
angles and Inches from Valve to Head
Surface numbers. For best accuracy,
you should use measurements from
your own heads.

Figure 3.32 lllustration of Inches from Valve to Head Surface

Closest distance from edge
of valve to cylinder head
deck surface in inches.

The See Engine Features have been greatly expanded in later versions. See Appendices 9 - 13 on pages 235-312 for more
updated info.
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Chapter 4 Examples

The examples in this section start off with the various engine files exactly as you received them with the Engine Analyzer Pro
diskette. For example, Example 4.1 uses the RSTR-SBCHEYV engine file. To obtain a copy of RSTR- SBCHEV:

Click on either File (engine) then Load Engine from the Menu bar at the Main Menu.
Click on the Retrieve button at the Main Menu. See Example 4.1.

Each example becomes progressively more complex, assuming you have performed and understand the preceding example.
Section 1.5's example is somewhat more basic than Example 4.1, so it may be a better place to start if Example 4.1 looks
complicated.

Most examples consist of 2 sections, the first section for all users and a second section "For Advanced Users". These second
sections show a more detailed analysis to illustrate the use of the Pro’s many features.

The results shown in these examples may be
somewhat different than what you obtain with
your particular version of the program That
is due to minor upgrades in the calculations
in later versions.

Please visit the Performance Trends website (www.performancetrends.com) for additional information, including Demo Movie
files which show how to use the program’s many features. These are available by clicking on Support from the drop down
menu at the top of most any page, then selecting Movie Demo Files. See below.

E Performance Trends Inc

Producing Quality Computer Tools for Racers and Engine Builders since 1986

Software  Downloads  Tools & Electronics

Home Page

Gox ;3[(3"

O i & Performance Trends

Click here for Movie Demo Files

Produck Updates
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Example 4.1 Installing Larger Carburetor
And Intake Manifold

Features Introduced (and suggested background reading):

Section 1.5, Example To Get You Going

Changing Intake System specs (Section 2.4)

Calculate Performance and evaluating Test results (Section 2.8)
Using Calculation Menus (Section 2.9)

Graphing results (Section 3.4)

Example 4.1 will be fairly simple to get you started. We will attempt to answer the question:

What performance improvement can be expected from a 355 Chevy with 255 CFM 2 BBL (Holley 350) with Performer
dual plane engine, by switching to a 400 CFM 2 BBL (Holley 500) with a Victor Jr single plane intake?

This will be done by modifying the Intake System specs to simulate installing the larger carb with a single plane manifold. We
will then see the effect on Test Results, especially torque and HP.

First, start the Engine Analyzer Pro program following the procedure in Section 1.4 by either:
e Clicking on the Engine Analyzer Pro icon in the Perf. Trends program group.
e Clicking on the EAP.EXE (EAP) program under the EAP directory (folder) under the PERFTRNS.PTI directory
(folder) using File Manager (Windows Explorer). (Terms in parentheses are for Windows 95.)

You will be given the Engine Analyzer Pro’s Main Menu. Notice at the top of the screen that the current Engine file is a
SUPERSTOCK Buick V-6.

To obtain the engine file RSTR-SBCHEV, Figure 4.1, Main Menu
click on the Retrieve button as shown in
Figure 4.1. Retrieve the Engine file
RSTR-SBCHEYV as shown in Figure 4.2.
If you have made any changes to the

Click on Retrieve button to open up Engine Library.

Engine Analyzer 'Pro' Performance Trends Engine [ SUPERSTO.CK ]

1 &‘ our name and phone # can go Eng CID : 26349
SUPERSTOCK e.nglne ﬁle’ the program ;].'—; I RunJ'HPI Texlxl Dmnli Eere. Click on Preferences. Chmbr ccs: 54.2
will first ask you if you want to save these
changes. Answer No and you will be [ pouerent Companent Files
returned to the Main Menu with the Short Block Specs
BUICK-5TGII Stage Il Buick V-6 Heads
Head Specs

Parted with 215 cc intake ports

program. The original SUPERSTOCK
engine file will remain safely in the library
for future use. (If you had wanted to save
any recent changes to the original
SUPERSTOCK specs, you could have | Cam/Valve Train Specs
answered Yes. The program would then
ask if you want to save then to the same

1050-THLRAM Tunnel Bam with a single Modified Holley 1050

RSTR-SBCHEYV specs loaded into the |

Intake System Specs

| Exhaust Spstem Specs

BUICK- V-6 Super Stock Buick V-6 Raoler Camffalve Train
Titanium % alves - With Rev Kit

N
| Turbo/Supercharger Specs one

I HDR-31X2.1 Headers with 31 inch length by 2.25 inch 0D

name, overwriting SUPERSTOCK with | Caleulate Porf " Engine C
264 cid Buick %-E far Super Stack Firebird drag car +
these changes or to save the changes Help Dyno'd at 390 ft Ibs @ 5250 and 524 HP @ 7500

under a new name.)

Click to see Intake Specs
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Click on the different categories of Figure 4.2 Engine Library

engine specs or the Calculate

Performance button on the Main Single click on desired engine for preview (then click
Menu. Since we want to see the effect Retrieve button) or just double click desired engine.

of installing a carb and manifold on
this engine, we first need to get a
"baseline" test. A "baseline" is a
performance test before the
modification. Therefore, if you
examine the contents of any

=‘ Engine Apalyzer 'Pro' Performance Trends  Engine [ SUPERSTO.CK] =
File [engine] Calc '-IP[FZ] Help[F1] Preferences About...

'our hame and phone # can go

Eng CID : 263.9
Chmbr cos: 54.2

|Chusen File: RSTR-SBC_HEV

Preview [v1.2]:

component menus, leave all current Bore: 4.03 Int Valve: 2.02
Stioke: 3.48 Exh ¥alve: 1.6
Values as they are. # Cylinders: 8 CFM Rating: 255 50
Intake CID: 3551 Int Dur: 247
CR:10 Mo 5/C

Click on the Calculate Performance Exhaus
button and you will now be shown the
Calculation Conditions screen. This

Riestricted 355 Chev 350 2bbl Holley
Performer DI Pln

24" primary header lengths 10:1 CR Lin

Cam/Yall ROy

RIHRRENRA

ruddi-4c_yl
screen gives the conditions for TuborSu] |Sabuds
calculating performance: weather, — -
fuel, RPMs to run, etc. For now, Calculd | Retieve | | Delte | [ Hep | [ cancar | =
leave these values as they are. Help

Move mouse over item for
description to be given here

Proceed with the calculations clicking
on the Calculate Performance button.

Before calculations are started, basic checks are made of the input specs for unusual combinations. The program points out that
this carb looks quite small for this engine size and displays the warning:

Total CFM Rating looks restrictive for this engine size Continue with Calculations anyway?

Since this is the carb we must run and the Total CFM Rating is accurate, click on Yes and the program will continue with the
performance calculation.

The program will display the Calculation Progress indicator as shown in Figure 4.3, with the last approximate volumetric
efficiency the program has calculated for each RPM. This information shows you how far the calculations have progressed, and
how stable the calculations are. If the volumetric efficiencies are "jumping" high, then low, then high again, a problem may be
indicated. For example, the RPM being calculated may be too low for stable running with a "lopey", high RPM cam.

When the calculations are finished, the performance results will look like Figure 4.3. In the upper left corner, note the Pk Tq
(peak torque) of 363 ft lbs at 3000 RPM and Pk HP (peak hp) of 307 HP at 6000 RPM. Write this down for comparison with
results after installing the carburetor and manifold. We will want to see how this changes with the new intake system.

To obtain a torque and HP plot, click on the Graph button or Graph menu item. The program will present a graph similar to
that shown in Figure 4.5. There are 2 basic type of plots the Engine

Analyzer Pro makes: Figure 4.3 Progress Indicator
Watch for consistent
e  Performance data versus RPM Volumetric Efficiencies.
e Cycle data versus crank degrees, seconds or cylinder

Calculation Progress

volume

Calculating for: | l ‘Cancel Calculations. l

If you do not see a graph or torque and HP vs RPM like Figure 4.5, (2500 RPM | |1 of 10 |
then check to ensure the selections match what is shown in the
Figure 4.5. and 4.6. See Section 3.4 for more details.

| Show Tuning Preszures |

(1F3 Percenl| Complete, All RPM = 100%

0% Percent Complete, Pass #t 3 100%
|AppmeEs: 88 g4 | |
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Figure 4.4 Baseline Results

Click here to Graph

Engine Aralyzer Pro

Engine [RSTR-SBC.HEV]

Test Results [Untitled]

LLAE 1

= | Back aph Print Help[F1] File Analyze See-Engine
@? @ Crnts| PKTq=3643000 Avg=239
1 PkHP=307@6000 Awg=257
Engine FPM 2500 300 300 J4oo0 4500 [soo0 [sso0 Jeooo eson Jroon | |
Brk Tq, ftHbs 33 3k3 B4 36 303 3000 288 2R3 237 20 [\
Brake HP 161 200 236 248 (265 286 301 307 293 268
Eh Pres, PSI 0.1 02 0.3 0.3 0.4 0.4 0.5 0.6 0.7 0.7
Int ¥ac, "Hg 11 19 25 29 35 44 52 oty E.4 BB
Yol Ef, % 1 814 808 YE4 744 4B 737 21 B33 |B483
Achual CFM 193 2 21 N4 M4 3 47 444 B3 IET
Fuel Flow, lbéhe 705 917 106 M5 126 140 152 962 1B 1A
Mitrows, b 0o 0o 0.0 0.o 0.o 0.0 0.0 0.0 0.0 0.0
Mirs Fuel, lbéhr {00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BMEP, PSI 143 154 151 138 13 127 122 14 1M 85.4
AJF Ml Qlw. % {1000 7000 1000 1000 1000 1000 (1000 1000 100.0  100.0
BSFC b/HP-he (0433 0443 0450 Q046 0477 0490 OF0F 0F*Y NRF NE3R 7
-
—————— Flow & Cam Calculations ------------——————  —-int-- --Exh-- .f.
Overlap Area, de Ulv Area, deg#sgq-in 278.8 215.0 |
Total Exh/Int % Total fAvg Flow Coef  B.305  0.364
Lobe Separation, deg Lobe Area, inchxdeg 27.40  29.45
Overlap, deqg o ation, deq 284 294
Opening Events, deg 43 88
Closing Events, deq 62 33
Overlap @.050, deg 39 Duration @.6850, deg 247 256
Opn Evnts @.0858, deg 24 61
Cls Evnts @.8508, deg 43 15
Duration @.280, deg 160 169

Performance Summary

v Click on vertical scroll
bar buttons and slide
them up or down to
display all results.

If more than 12 RPMs were
calculated, use the horizontal
scroll bar button to display
data for all the different
RPMs.

Engine Analyzer Pro [RSTR-SBC.HEV]

Figure 4.5 Graph of Baseline Torque and HP

Test Results [Untitled]

RPM-cyc should have
RPM capitalized,
indicating RPM Data is
being graphed. If CYC is

Back File Format Yiew Help MIXED single ligt lagt RPMcyc
o] [E] [afn] (el e <l N 2 Lo o PR ] Furview [ set scled]

capitalized, click on this

150

current

Brk Tg, f-1bs

item to capitalize RPM
and produce RPM

. Both list and /ast should
be in lower case, meaning
only the current data is
being graphed. If either
are capitalized, click on
them to turn them off.

MIXED should be

2500 2000 3500 4000 4500

4000 5500 G000 G500 7000 RPM

capitalized to indicate 2
types of data are being
graphed, torque and HP.
If it is not, click on it to
produce the Mixed Data
menu of options shown in
Figure 4.6.
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Figure 4.6 Mixed Data Graph Format Menu (displayed by clicking on MIXED in the
Graph Screen)

Click on this
button to enable
options on the left
side of this menu.

—

If this list is enabled
(not dimmed to gray),
choose the Torque
and HP vs RPM pre-
programmed graph
pattern. If you do not
see these data types,
you are not doing
RPM data graphs.

Mixed Data Graph Format

\’\D%e Sawved Graph Pattern I |

Usze Hew lgraph Pattern I

& aved Biaph Pailermy

" Build Mew Graph Pattern

[Graph 1 Multiplier | 1 r effect 2'

Graph 2 |Brake HF 1#]

[Graph 2 Multiplier (1 ro effect !I

Graph 3 [No Plot |+]

Delete |

See Figure 4.5.

oK I | Help I

|§i§§{e§3§= 3 Mullgsier (1 no effect _~_§3_|
Graph 4 [N Plot |+]
Eirash & Ml | 1 o effect ;§>,|

M Aws Tene | [RPM &

) Guess at Multipliers
® Uze Multipliers Specified

| Save Thiz Graph Pattern I

Click on this button to enable
the specs on the right side of
this menu.

~N4— If these specs are

enabled (not dimmed to
gray), choose specs from
these combo boxed to
match those shown here.
If you do not see these
data types, you are not
doing RPM data graphs.
See Figure 4.5.

Now for the good part; lets install that carb and manifold. Get back to the Main Menu by clicking on Back in the menu bar (or
pressing <ESC>) at the graph screen (Figure 4.5), then clicking on Back (or pressing <ESC>) again at the tabular Test Results
screen (Figure 4.4).

When you return to the Main Menu, click on Intake System to obtain the Intake System menu as shown in Figure 4.7.

values in Figure 4.7 show specs for the new 400 2 BBL carburetor and manifold.

You will need to make 6 modifications to simulate installing this intake.

The

Click on the Total CFM Rating and type 400 over the current value of 255 CFM. Note: This particular Holley 500 2 BBL
flowed 400 CFM on a flow bench at 20.5" water (1.5 "Hg, mercury) . If it had not been flowed, we should have assumed it
flowed 500 CFM at 3 "Hg, the standard 2 barrel rating pressure. We would need to convert this to CFM at 1.5" Hg which is
what the program wants. The conversion is made by multiplying the 2 BBL CFM by .71, or in this case 500 x .71 = 355
CFM. See page 29. That would have been a more restrictive carb than the carb we actually installed. The same is true of
the Holley 350 2 BBL which should have only flowed 249 CFM but actually flowed 255 CFM.

Change the Manifold Type from Dual Plane-carb(s) to a Single Plane-carb(s) to identify the manifold being a lower rise
single plane design, where all cylinders feed from a single plenum. The Single Plane type (as opposed to the Tunnel Ram-
carb(s)) indicates a manifold with lesser tuning effects due to a design somewhat compromised for good overall driveability,
smaller plenum and more bends in the runners.

Calculate a new runner size for the larger ports in the new manifold by clicking on the Clc button for Runner Dia @ Head.
See Section 2.9.3. At the Calc Avg Diameter calculation menu, chose No for Know Runner CCs?. Then enter the new
manifold's runner dimensions, which measure 2.0" high by 1.2" wide. The runners are primarily rectangular, so choose
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L]
Rectangular for Runner Shape and you will obtain 1.75 for the new Calc Avg Diameter. Use this value by clicking on the
Use Calc Value button.

e  Enter a more appropriate runner flow coefficient for the "free flowing" single plane design. Since we do not have flow
bench data, the Clc button and calculation menu will be no help. Therefore, refer to Table 2.7 in this manual and use a
value of, say 2.5 which is in the middle of the range for "street" single plane manifolds. See page 26.

e The single plane has shorter runners than the original dual plane, some about 6", some about 2". Enter an average runner
length of 4" for Runner Length, in. (Remember, this is the length of the runner in the intake manifold only, not the head
and manifold.)

e Change Intake Heat to No Heat since the Victor Jr's runners are completely isolated from heat sources like coolant passages,
exhaust crossover or the lifter valley.

You should also get in the habit of changing comments when you make major changes, as shown in Figure 4.7. Simply click on
the comments box, delete out the old
comments and type in the new
description.

Figure 4.7 Intake System Specs for New Single Plane Intake

With these modifications made, click | 1€ e i
on the OK button in the Intake © Manifold Specs [ 1 runnerfcyll — | [ Carburetor[s]

System menu. Then click on the [Runner Dia @ Head, in | [1.75 [Total CFM Rating 400 =
Calculate Performance button and |FIunnet Length, in 4 |Secondary Throttles |Na Sec Thiottles gl

then Calculate Performance button in

. . |FIunnet Flow Coef 25 |Ail Cleaner CFM Rating |1000

the Calculation Conditions menu, or

N A |FIunnet Taper, deg o _

just click on the Run/HP button at the Plenum Specs

top of the Main Menu |Manif0|d Type |Single Plane-carbis] |£I ® Guess at Specs O Use Specs Below
|Inlake Heat |No Heat |£I |§'3§i’:¥5€é¥ﬁ Yodume, 04 i

Now estimated performance shows a el Dol Calculat : [Eotective Carb Length, in

peak torque of 415 ft 1bs at 4000 uel Delivery Calculations [fotal Lo duva, sg
Caloulate carburetor ClYes

RPM and 386 HP at 6000 RPM. As

Saw Bpeoy

Gl EE G e

. B . : C requirements, like jat @® No - Co
with most "restricted" engines, this size Edlebrock Victor Jr with 500 2BBL (400 %)
shows an impressive power increase Help CFM at 1.5"] [
with a ]arger carb. (See "For Egglé ?anepsiigna;n:reo.r Spec Yalue for explanation of
Advanced Users" at end of this
example.) +

Hel

To understand why the perfonnance ELDS 0K I Help I [ SeelLayout || Retieve from Library I [ Save to Library |
increased as it did, look at the = T

estimated performance items Int Vac,
In Tun Pres, and In Port Tmp. This
is done most easily with a graph. Simply click on Single and select (double click) on these 3 data types one at a time. For Int
Vac, you will obtain a graph like Figure 4.10.

As one would expect, intake vacuum dropped with the larger carb and single plane intake. The 255 CFM carb produced 6.6"
vacuum flowing 467 CFM where the 400 CFM carb produced only 3.4" vacuum while flowing a higher 578 CFM (at 7000).

In Tun Pres for the longer runner Dual Plane intake with the 350 carb was higher at most RPMs. Only at 7000 did the single
plane Victor Jr finally show an advantage. This bears out a common trend. Single plane intakes tune well at high RPM, dual
planes can tune well at lower RPM.

The Victor Jr's runners are isolated from heat sources, which keeps In Port Tmp (intake port temperature) lower than with the

Performer intake. In Port Tmp varies from 109 -71 degrees where the Performer (255 CFM carb) varies from 133-103 degrees.
That's 25 to 30 degrees cooler to keep the charge more dense.
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Figure 4.8 Performance with Holley 500 2 barrel and Victor Jr Single Plane

Click on Graph button or Graph menu item to produce graph shown in Figure 4.9.

Eugine Analyzer Pro  Engine [RSTR-SBC.HEV] Test Results [Untitled]

Graph Print Help[F1] File Analyze See-Engine

@ 4 % Cmnts]| PkTq=394@3500 Avg=356
|

FkHP=401EE000 Avacdle

Ak | 4

Engine AP 7500 [3000 [3500  [4000 [4500 [5000 [5500 [RO00 [6500  [7O00 | [ Performance Summary
Erk Tq. ftlbs 333 (391 [394 (383 (389 372 [37 |31 |34 [279 . h
BrakeqHF' 159|224 |23 (292 |36 |54 (389 (401|383 |a7d shows huge increase in
EshPesPSl |01 02 03 04 05 06 08 09 10 10 Peak and Average torque
IntVac, "Hg 04 |07 10 (13 [16 |20 |26 |a0D |33 |34 and HP
Vol Eff, % 749 |864 |676 (859 (846 |me2  [8a0 |@rm (847 (804 :
Actual CFM 192 (266 (315 353 39 443 503 541 EGE 574
FuelFlow b/l 7003 973 115 129 143 162 184 198|207 211 . . .
Nitrous, Ib/hr 00 00 00 00 00 00 - Click on slide bar to display more
Mirs Fuel, lbshe (0.0 0o 0o 0.0 0.0 0o 0o Specia| Calculations. Here is
EMEP_ PS 141 166 167 163 157 158 118
AJF MOy, % |1000 1000 1000 1000 1000 100.0 100.0 where the RPM for Peak
ESEC h/HP-h  [nddd 435 0438 0443 0dRZ (45 [564 ¥, Secondary Tuning is displayed.
- »

S With the Dual Plane Performer

Centerlns, deg 99.5 113.0 X R
s Tappet Lft, in 6.353  0.368 intake it showed 2724 RPM. Here

______ General Engine Calculations /Zo—-—-———- . it shows “na” because there is no
Displacement, ccs 5820.3 Displacement, cu in 355.11 secondary tuning with this Single
Dynamic Comp. Ratio 8.15 Compression Ratio 16.080 . .

Theo. Crank Comprssn,PSI 218 Clearance Uolume, ccs 80.8 Plane mtake ona V'S englne'

Pk Secondary Tuning RPH na Idle Vacuum, *‘'Hg 16.8

—————— *Starting Point' Specs For HP Peak @ 5888 ------- -Area- --Dia—- \ Slide Bar

Intake Dimensions {for 1 runner/cyl, based on current cam):

Figure 4.9 Comparison Graph of Baseline Performance (last) with New Intake (current)

Be sure LAST is selected ( printed in
upper case). If not, click on last to have

Engine Analyzer Pro [RSTR-SBC.HEY]  Test Results [Untitled]

Back File Format View Help MIXED single list LAST RPM-cyc the program graph the last calcuated

(] [B] (w2 )] BT T€l=] [l el e]ravefseasss] performance (the baseline 350 2 barrel
Torque & HP vs RPM currant performance) with the current

425 po---- S ey s R B T B Ty (BT, s performance (500 2 barrel).

400
Current performance (500 2 barrel)
color codes given here.

KT
350

% Last performance (350 2 barrel) color

300 codes given here.
7a
2450

225 Current performance (500 2 barrel)

torque and HP shows huge increase in
performance at all RPMs except 2500.

200

175

150 H H H H H H H H H
2400 3000 3400 4000 4500 5000 5500 6000 6500 7000 RPM
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Under the General Engine Calculations, notice the Secondary Tuning RPM is 2724 RPM with the dual plane intake. This tells

you secondary tuning (low
speed tuning) is present with
the dual plane intake. The
Secondary Tuning RPM is
marked “na” with the single
plane intake, saying no
secondary tuning is present
with this intake. See Appendix
3.

Higher RPM performance with
the 400 CFM carb-single plane
intake has increased for 2 main
reasons: lower flow restriction
producing less manifold
vacuum, and a cooler intake
charge. Very low speed
performance has dropped
somewhat due to a loss of
secondary tuning.

Obtain a plot of the new data
vs the old data by clicking on

Figure 4.10 Single Data Graphs, This Example of Int Vac
Click on SINGLE

=| Engine Analyzer Pro [RSTR-5BC.HEV]~ Tes! Results [Untitled]

mixed SINGLE list LAST RPMcyc

Back File Format View Help |

L R I N [ [
S T
so oo
TP SRR M ARSIV SO M iy

e T s e e e S |11

Single Data Graph
Tip: Click on tybe of data
to araph, theryDK (or just
double click gn data type]

Brake H
Exh Preg. PSI
Eoo

Val Eff, %
Actual CFM

Nitrous, Ib/hr
Ntrs Fuel, Ib/hr

ASF Mxtr Qlty, %
BSFC. Ib/HP-hr
Theimal Eff, %
IMEP, PSI

Frctn Tq. ft-lbs
Frctn HP

FMEP. P5I
Mech EFff, % -
Motoring HP +

Eance!

0 1 H H H
2500 3000 3500 4000 4500

5000

5500

6000

6500

7000 RPM

A list of possible
data types is
displayed. Click
on the Data Type
to graph, then click
OK, or simply
double click on
data type. Use the
slide bar on the
right side to
display more data
types.

the Graph button or the Graph menu item. You should obtain a graph similar to that in Figure 4.9. If it does not contain the
graph from the “Last” calculation (the 350 Holley performance), click on the “last” menu item at the right side of the menu bar.

The plot shows the high RPM performance improvement more dramatically than just quoting peak HP numbers. This
modification showed a tremendous HP improvement over a broad RPM range.

Conclusions:

e The Graph option allows you to create graphs of projected torque and HP vs RPM. The Graph option let you
quickly compare performance between modifications and understand why performance has changed.
e  The Projected Performance output allows you to estimate performance gains for various engine modifications.

e  The calculated results contain a great deal of information. This data allows you to understand why performance

changed as it did. These can also be easily graphed.
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For Advanced Users:

Referring back to the results for this example, note the Primary Jet and Secondary Jet near the bottom of the estimated
performance printouts. This is the recommended primary and secondary jet sizes for this engine with these carburetor specs.
Since these carbs only had primary venturis, the Secondary Jet is blank in both cases.

(If your program is also showing Primary Jet as blank, you must select the Yes option for Fuel Calculations in the Intake
System menu. If your program is showing very large numbers like 70 or so, you must go the Preferences menu at the top of the
Main Menu, and change the Jet Recommendations to Jet Diameter, inches. Though Holley Jet # is more useful for many users,
this example discusses actual jet areas so jet diameters are required in inches.)

A carburetor which is sized correctly for a certain engine should have approximately the same Primary Jet throughout the entire
usable RPM range. You will notice that the program recommended .0774 at 3000 RPM which dropped to .0740 by 7000 RPM
with the baseline 255 CFM carb. This need for a larger jet at low RPM is because the metering signal is weaker at low RPM
and lower air flow. It also means that if 1 jet size is selected, the A/F will be leaner at low RPM than at high RPM, or:

The A/F delivered goes in the opposite direction of Primary Jet or Secondary Jet recommended.

For example, if you installed a .0774 jet, you would get 12.5 A/F at 3000, but it would be 9% too rich (11.5 A/F) at 7000 RPM.
The equation squares the diameter because fuel flow is based on jet area and jet diameter.

2 2
0774 = (1.046) =1.09 x 100% = 109 % or 9% too rich
.0740

Repeat the steps in the first part of this -
example, this time paying close Figure 4.11 Test Results for 500 2 Barrel Holley

attention to the fuel metering effects.
= Engine Analyzer 'Pro' Performance Trends  Engine [ RSTR-SBC.HEY ] 3

Retrieve RSTR-SBCHEV from the = Back  Graph  Print  Help[F)  File  Analyze  See-Engine Primary Jet diameter
. . . . Conts = Vo= .
Engine Library and obtain baseline = ikt recommendartions
Engine APM 2500|3000 [3500 [4000 [4500 |5000 |S500 |6000  |GS00 000 1 i i
performance' Avg\nVe\,H/sec 13 157 183 209 23 v 366 ‘ | g glven here In InCheS'
BuoEaVelfhec|153 13 214 25 2% W6 2
Mach # 0204 0245 0286 0327 0367 0408 0553
: ActlnFlowdrea |962 962 962 962 962 963 995
NOW, when changlng the 6 Specs for the AolErFlowbess|®56 955 954 954 %3 %2 %6
400 CFM - single plane intake like done B i ; i
in the ﬁrst artgofg]is Exam le 4 1 Spark Advne, deg (286 277 290 308 30 =7 354 j CIICk On Sllde bar and
P Primary Jet 0945 0950 0943 0932 .0%23 0910 0855 1 1
Al h p . p SecnnydavyJEl 0000 0000 0000 0000 0000 .0o0o 0000 Sllde down to dISplay
$0 change: e L L L G Primary Jet diameter
+* + .
. N (R Valve Flow & Can Calculations ------------------- --int-- --Exh— |# recommendations.
*  The size of the Primary e e wd W gy e
Venturi Diameter to e it A
1.375" for the larger Clasing Fuente, deg 02 53
venturis in the 400 CFM 2 perian &858, e v O Eonts G050, d0g 24 61
. Cls Evnts @.050, deg 43 15
barrel. See Flgure 413 Duration @.260, deg 168 169

e  Assume the 400 CFM carb
has a similar power valve,
venturi CD and air bleed % as the 255 CFM carb. Leave these 3 carb specs "as is".

After calculating performance for the new intake, click on Graph, and select Single, then select Primary Jet to obtain a graph like
Figure 4.12. As Table 4.1 shows, the 500 2 barrel shows a 23% variation in A/F from 3000 to 7000 RPM. It also shows that the
500 2 barrel requires a much larger Main Jet.

Finally, lets try a carb modification to reduce the change in recommended Primary Jet. Lets increase the air bleed % to 80% and
recalculate performance. See Figure 4.13. You will notice you get the same performance data (Brk Tq, Brake HP, etc).
However, Primary Jet has changed significantly. As shown in the Figure 4.12 you now need a much larger jet, well over .1000"
diameter. However, the recommended jet size only changes 6% from 2500 to 7000 RPM. Theoretically, this carb setup on the
500 2 Barrel should give a more constant A/F throughout the RPM range than the 60% Air Bleed .
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Condition Primary Jet at 3000 Primary Jet at 7000 % Area Change | A/F at 7000 *
350 2 barrel (255 CFM) 0774 .0740 9% 11.5

500 2 barrel (400 CFM), 60% .095 .0855 23% 10.2

Air Bleed

500 2 barrel (400 CFM), 80% .0113 .1023 18% 10.6

Air Bleed

* Assuming the recommended Primary Jet @ 2500 was installed.

Figure 4.12 Single Data Graph of Primary Jet

350 vs 500 2 Barrel

Back File Format View Help | mixed SIYGLE list LAST RPM-cyc

= Engine Analyzer Pro [RSTR-SBC.HEY]  Test Results [Untitled]

500 2 Barrel, 60% vs 80% Air Bleed

Engine Analyzer Pro [RSTR-SBC.HEY]  Test Results [Untitled]
Back File Format View Help | wmixed SINGLE list LAST RPM-cyc

= T R Y A R B ) |

Primary Jet

B e kbl i b S\ T T

currant

094 et

.04z
040 -
L= and Last
086
084 -
082 -
080 |-
.ore
076

074

072
2500

3000 3500 4000 4500 5000 4500 6000 B500 7000 RPM

Frimary Jet

‘ Select Single

s ells | el Lede] (sl o] 20 ] Fuvien]set scaied
Primary Jet

current

. Primary Jet

110

105

100
] L e e s e

e T e

0as
2500

3000 3500 4000 4500 4000 4500 6000 B500 7000 RPM

Figure 4.13 Fuel Delivery Specs Menu for 500 2 Barrel with 80% Air Bleed

Enaine Analvzer 'Pro' Performance Trends  Enaine [ RSTR-SBC,HEY ]

- -

"
K33

File [e Intake System Specs for: EDL_-PERF=27

Carburetor[z]

Manifold Specs [ 1 runnerfcyl]

Fuel Delivery Specs for: EDL-PERF.-2V

to display this menu.
[ Faaed fmmoiion Spens [ Carburetor Specs
‘irz'gfze?:}f Fatare, et |Ii Primary Venturies E
Pazm‘.?m Ratod Pros, P51 |It Secondary Yenturies 0 H Change PI"I mal’y Venturl
E [Enecating Fuel Pres, B51 |Primary Venturi Diameter, in 1.375 ~ D|ameter to 1 375 for
‘i'gze:vww Lembiol | [Regto Man Pres §| |5€}0(}?§(§<§Z_§3 Yanhne Bia, n Holley 2 Barrel
E ‘%'ss%aé B injeciors on Engne |Puwel Walve | 03 Prianly QI
[Freiesgy Mouthod Once/Cycle (2revs] 7] Venturi Discharge Coef .8
Cq R -
[ Type of Fuel Delivery System |A" Hlced ‘SD/E \ |£I
TurH Carburetor(s] [ Help \
Tip: Tochange the Type of Fuel Delivery, select a Total number of primary venturies on engine\For
different Manifold Type in the ntake Specs menu, example, bwo 4 BBLs would be 4. one 4 BBL Nauld
c be2 p40
DK Hel, 0, i
| | e | Select 80 % air bleed from

Click on the See Specs button in
7 the Fuel Delivery Calculations in
the Intake System Specs menu

Clic Ok [ [ Help | See Lapout | [ Hetneve liom Library | Save to Library ] ‘

combo box

L]
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Conclusions:

e The Engine Analyzer Pro includes features to simulate a simple carburetor to estimate required jet sizes.

Notes on Carb Specs:

Some carb specs are easy to obtain or measure, like Primary Venturi Diameter. Others are more difficult, like Venturi Discharge
Coef, which is not generally available from carb manufacturers but can be obtained from flow bench tests. See Sections 2.9.13
and 2.9.9.2.

However, the Air Bleed % is a number which can only be determined after all other carb specs are set correctly. Then you must
Calculate Performance and see what Primary Jet and Secondary Jet are recommended. If they match the jet sizes you are
currently using, and what you are using gives good performance on the actual engine (12.5 A/F), then Air Bleed % is set
approximately correct. If the program recommends larger jets than you are using, you should reduce the Air Bleed %, and vice
versa.

Because these specs are difficult to determine, the Primary Jet and Secondary Jet should only be used to show trends. Like in
this example, switching to the 400 CFM carb showed the need for large jets at low RPM. It also showed the trend for Primary
Jet to increase with more Air Bleed %.

Note: The Engine Analyzer Pro assumes the primary and secondary Venturi Discharge Coef and Air
Bleed % are the same. However, for many carbs, this is not true. Therefore, the actual carb may
require different Primary and Secondary Jets, even though the program predicts the same size jets.
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Example 4.2 Installing Hydraulic
And Solid Lifter Camshafts

Features Introduced (and suggested background reading):

- Evaluating Valve Flow & Cam Calculations and General Engine Calculations output (Section 2.8.2)

- Changing Calculation Conditions (Section 2.8.1)
- Specifying Cam Lift Files for cam specs (Section 2.6.1)

- Specifying graph axes scales with the Set Axes graph option (Section 3.4)

New Cam/Valve Train Specs inputs and features have been added or expanded in later versions. See Appendices 9 - 13

on pages 235-312 for more updated info.

More than any other single engine modification, the camshaft determines the engine's "personality", from a low speed "stump
puller" to a high revving, Formula 1 racer. Its then no surprise that a great deal of the Engine Analyzer Pro's calculations center

around the cam profile and timing. To
investigate these calculations we will

simulate installing a solid camshaft and a File

Cam{Valve Train Specs for: RSTR-SBC.HEV

Flgure 4.14 Turnlng Off Valve Traln Dynamlcs

hydraulic camshaft in the restricted small [intake Can Froie | Exhaust Gam Puofil
bl k Ch [Centerfine. deg ATDC 995 |Centerline. deg BTDC 113.0 ||
oc evy. [Duration @ 050" 247.0 [Duration @ 050" 256.0
[ Max Labs Lift. in 53 Max Lobe Lift. in (368 —Hsio Select No to
To eliminate some complications and save [ Actual Valve Lash. in  [026 Betual Valve Lash.in [ gf turn Off
considerable calculation time, we will turn FockerAmRatio 1.5 | [Rocker Am Ratio Valve Train
Off Valve Train Dynamics. This will N Cespecthbove O Use Ca-";;f': e opect vaf Clie Ca-';',:': Dynamics
ehmlnate the ValVe train Welghts and [ [ Overall Cam Specs — | [Calculate Val){Tlaln Dynamics
spring forces from the calculations. [ | Tt comdrce [ £ [o Yes @iNo! [Sont ‘
(Valve Train Dynamics do have an effect Designed Valve Lash. i [.026 | 8
on performance. Dynamics Wlll be E |Lifter [profile) Type [Invitd Solid Roller | Restricted 355 5B Chev i
. . o " [ Help
aneStlgated m For Advanced Users ) [ Click. on Spec Mame or Spec Yalue for explanation of
spec to be given here. 5
H
1
First, retrieve a fresh copy of the RSTR- {

SBCHEV from the Engine Library by

clicking on the Retrieve button as shown in Example 4.1. Then we will go into the Cam/Valve Train menu an select No for
Calculate Valve Train Dynamics. See Figure 4.14. Now all specs of valve train weights and spring rates are ignored in the

calculations. Click on OK to return to the Main Menu.

As with any engine modification, you first need to obtain a baseline performance test, with the engine “as is”.

slightly different than the performance calculated in Example
4.1 because we have turned Off Valve Train Dynamics.
Click on the Run/HP button at the top of the Main Menu,
which is a short cut to calculating performance. Once
performance calculations are done, click on the File menu
item in the Menu bar at the top and select Save Current Test
Results to Disk. This time we will save the baseline test
results to disk so we can quickly recall them at any time in
the future. See Figure 4.15. The menu for saving test results
will appear as shown in Figure 4.15. Enter a name like
RS355BAS to indicate a Baseline test for a Restricted 355
cubic inch engine. Fill in descriptive info in the Comments
section as this will be displayed in the future when you go to
retrieve these results in the future. Be sure to mention that
Valve Train Dynamics were turned Off. (See Section 3.6 for

This will be

Figure 4.15 File Saving Options
= Engine Analyzer Pro  Engine [RSTR-SBCHEY]  Test Results [Unfitled]
=| Back  Graph  Print  Help(F1] Qg Analyze  See-Engine

m Save Current Test Results to Disk L
LI . [Notes] Save Current Test Results to ASCI| File 7258
EvgreFPH [0 [aoo0 [0 oo |wop| Move/Delete Saved Tests '
Bklgks %5 % B 2 32| pickTestfom Common List N
Brake HP WM X MM .
el 2 1 13 Add Saved Test to Common List
Int¥ac,"Hg |11 18 25 23 34 | Pick Saved Test from All Tests
ValEff, % 75 78 03 A5 71 Pick Saved Chain Test from All Tests
Actual CFM 18 M6 B3 N0 3B TTIE 45 @2 @l 4o
FuelFlow, lb/br  |B30 833 W6 13 14 1@ 1w B2 RS A
Mingus, b/ 100 00 00 00 00 00 00 00 0o o0
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more options for saving test results, like creating a separate directory for all these tests, or moving or renaming test files.)

Figure 4.16 Saving a Test File

Now that the baseline test results
have been save, return to the Main
Menu (clicking on Back or pressing
<Esc>). Now, let's install and check
performance for 2 different

cam.

shafts. One cam is listed in a

catalog with typical cam specs. The
other cam is one you have used in
another engine, and have measured

usin
Ana

g Performance Trends' Cam
lyzer. The Cam Analyzer

produces a Cam Dr data file from

dial
mea

indicator and degree wheel
surements. Table 4.2 shows the

specs for these 2 cams and the
original cam.

You will notice that cam grinders for
the original cam and hydraulic cam
do not give similar specifications,
and that some of the hydraulic cam's do not match the specs of the Pro’s Cam/Valve Train menu. Fortunately, the Pro has an
input menu for Alternate Specs where these specs can be entered directly to make the necessary conversions.

Engine Analyzer 'Pro' Performance Arends

Engine [ RSTR-SBC.HEV |

Enter name for test file,

up to 8 characters.
==

Graph Print Help[F1] File Analyze See-Engine ¥ :

VA - AT 2l Click on OK
Save Test Results [0 Awg=258 when ready to
Engine APk 2500 Mew Test Name Directory to Save DK/Save Teﬁ ‘ + H
STt 155 | [cstha o 7] Now Tost Name: ] save Test File.
Brake HP 155 [ ! |
EshPres.PSI |0 [ (305of dat Cancel Directo ry
Int¥ac, "Hg 1.1} |alc-big.dat
Yol EIF, % 735 |alcohol dat a Whel'e Test F||e
Fuel Flow. Ibhr__|69.0 will be saved.
Mitrous, [b/hr oo 7 examples Dedete Toal I i
Mirs Fuel. lbhr 0o _ See SeCtlon
aers o 3.6 for how to

B Wiy, & - .
User Entered Test Ci ¥ H
BSFC 1h/HP-hr [144] " .
- Baseline Cam for 355 CID Chevy with 350 2 » Change thls
Val [ | barrel and Performer dual plane intake. Exh =
***** LIS Cam is 247 alQS{I'I:ike and 256 at 113 [[—Exh—
Overlap Area, Exhaust. Valve Tral namics OFF. Add Directory I 215.8
Total Exh/Int 0.364
Lobe Separatiof D —— . 2045
Overlap, de [ Description of Chonsen Test 204
Lot Test saved on 11/17/97 12:44:30 PM cansisting af 10 APt . Enter
33 descriptive
Overlap @.858, 256
61 comment.

T1> EUNLe Bouedy

Duration @.200, deg
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Table 4.2 Cam Specs from Catalog (except for Solid)

Catalog Specs

Orig. Inverted Flank Roller

Hydraulic Roller

Solid Inverted Flank Roller

Int. Open @ .050" Lift 7.5 file
Int. Close @ .050" Lift 47.5 file
Int. Recommended Valve Lash .026 Hyd .026
Int. Gross Lift @ Tappet .353 file
Int. Gross Valve Lift 48 file
Int. Duration @ .050" Lift 247 file
Int. Advertised Duration 290 file
Int. Lobe Centerline 99.5 110
Int. Valve Lift (1.5 Rocker Ratio) 1.5

Exh. Open @ .050" Lift 52.5 file
Exh. Close @ .050" Lift 12.5 file
Exh. Recommended Valve Lash .026 Hyd .026
Exh. Gross Lift @ Tappet .368 file
Exh. Gross Valve Lift .51 file
Exh. Duration @ .050" Lift 256 file
Exh. Advertised Duration 300 file
Exh. Lobe Centerline 113 110
Exh. Valve Lift (1.5 Rocker Ratio) 1.5
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Hydraulic Cam: Figure 4.17 Hydraulic Cam Specs in Alternate Cam Specs Menu
File [ Cam{¥alve Train Specs for: RSTR—SBC.HEV -

InStall the hydrauli() cam by Clicking [ Intake CamProfile — | [ EshaustCamProfile — | |

on Cam/Valve Train menu. See ICenierine, deg ATOE (335 | Centerine, deg B70C__[1130 [ Select Agr

Figure 4.15. In this menu, first — 2470 ] Duation @ 0597 60 ] Hyd Roller for

[Max Lobe Lift, in 353 [Max Lobe L)l( in 368 Profile Typ e

l&f:%uai Weadre Lol in l&s:%w‘.si yvzz Lash, m

|Huckel Arm Ratio 1.5 m |Huc t Arm Ratio 1.5
L e

select the correct Lifter (profile)
Type. In this case it is an

aftermarket hydraulic roller cam.
Most aftermarket cams are more

® Use Specs Above ) Use Cam File Use Specs Above O Use Cam File C||Ck on See

[ Fiok / Fiok
Alternate

aggressive than production cams, SO " Dverall Cam Specs | [Calculate ¥afve Train Dynamics — | SpeCS for
select Agr Hyd Roller. This spec is B Advorce e fine inouttin
critical as it first tells the program if promedvsveked n L ool H e

X K . |Lifter [profile] Type [EAMLZ [Aestiicted 355 SB Chev + yd raulic
the lifters are Hydraulic or Solid, o /’ Cam specs

[ i

and secondly tells the program what
to assume for ramp rates for the
given duration and lobe lift.

Click on arow to select twpe of lifter and/ar cam
profile. |Fusing & Cam File option, this spec iz o
used ta specity hpdraulic or solid (input lash) " et

See Allemate Specs I Retiieve from Library I Save to Library I

—
woT
]

Then click on See Alternate Specs
button at the bottom of this menu.. The hydraulic cam’s cam grinder gives opening and closing events at .050" so type them in.
Gross Valve Lifts given by the cam grinder to obtain the Max Lobe Lift. Rocker Arm Ratios were already set to the correct 1.5
which this cam grinder uses for advertising Gross Valve Lift. If this were not the case, you would have to enter the rocker arm

ratio used by the cam grinder (usually 1.5 for Figure 4.18 Alternate Cam Specs Menu
small block Chevys). Then once Max Lobe Lift |= - ‘Brg’ i

Alternate Cam/Valve Train Specs for: RSTR-SBC.HEY

was calculated from the cam grinder’s assumed Eile [5
rocker arm ratio and Gross Valve Lift, you could | Intake CamProfile | [ Exhaust Cam Profile
enter the actual Rocker Arm Ratio you were [Centerline. deg ATDC[[110.0 Centerline, deg BTDC | [112 -
using on the engine. The Alternate Cam Specs [ [Dusalian & .050" (2060 || |[Puration @ 050" 245
menu should look like Figure 4.16. Click on OK Opening @ 050 Bo || Opening @.050 EE |
. Closing @& 050" B Closing @ 050" .

and return to the standard Cam/Valve Train [ Closing CIN | s ___|
SpeCS menu. |Max Lobe Lift, in a2 |Max Lobe Lift, in 34

[ Pz(:éiaa% Yabvs Lash, m l&{:iw&% Yadvn Lash,
Calculate performance and save these results as a E IRacker Am Ratio s ] RockerAm Ratio (E
Test File under the name RS355HYD to denote Y s — e
. . (B _ .
Itasa hydrauhc cam. We dO not need to plOt the E gverall Cam Specs E’rlaill?degraes befare BOC where tappet iz lifted
data now because the tests results have been E Total Cam Advance [1.04dvarce | [%] | 050" above base cicle. umber wil be regative 1
Saved to dlsk ‘Lobe e, i Al 1.0 if opening occurs after TDC. p 48

[ [ 0K || Help |

Tip: When the menu of Figure 4.16 appears,

click on RS355BAS.DAT in the list of test files.
This loads in this files name and comments.

Then you can just make minor modifications
rather than retyping the entire name and comments.

0K I Help I See Alternate Specs I Retrieve from Library I Save to Library I

wo X
S

Solid Cam, from Cam Dr File:

This Solid Lifter cam is one where we have tappet lift data at every 2 crank degrees (every cam degree) saved in a data file.
This particular file was created be Performance Trends' Cam Analyzer, and looks much like a file created by Quadrant
Scientific's Cam Dr (tm) system. The name for the data file is CSTM-260 which has data for both the intake and exhaust lobe.
This file describes the cam lobe more accurately than just using the Pro’s standard profile based on .050" events, maximum
tappet lift and an estimated profile type.
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Figure 4.19 Selecting a Cam File 1. Select Use Cam File to use Cam Dr

file from Cam Analyzer

- , prat i : «|4|
File [g Camf¥alve Train Specs for: RSTR¥SBC.HEY L
" Intake Cam Profile — | [ ExhaugfCam Profile [ . . .
Conterfine, dsg ATOC 170 Coéiine. deg BTDZ™—TTD o= = 2. Click on_Plck butt_on to dlsplay
[Beration & B85 eation 5 55 screen to pick cam file from disk.
[ |§§ézx fohe L i) ‘&éé}x fohe MG
V&{:{ué}% Vatve Lash, m VK{W(}%\?{’: fash, n
[ [Rocker Arm Ratio )Bﬁckel Arm Ratin 1.5 ] E 3. Choose All Files (*.*) to dlSplay all
[ O Use Specs Above ® Use Cém Filty/ O Use Spgfs Above ® Use Cam File fI|.eS in the CAMFILES defau”
[Cam File  [cSTM-260 [Pick ] |Cam File/'[CSTM-260 Pick | dlrectory.
E T Ovd = P AKE .4 C ]
Tot] File Hame: Directories: _“ o I . .
E ,l; |cslm-28l]_ | d:\__Amagfericamfi _ 4 C“Ck on CSTM'PRO tO SeleCt th|S
vl [l 0 = — [_Concet | file, then click on OK
E m bl bwin L
030N c1 eaprox
" Hel zxl R
[ Click] & master [ Read Ol .
spec] / & canfiles ——a o < 5. If you need to, click here to
|— 3 choose a different directory where the
Sq [[OK| ListFiles of Type: // Drives: oy | cam file may be stored. This is not
[ Files (=) f [=¢ 4] ——' | required for this example.

Return to the Cam/Valve Train menu, select the Use Cam File option for both the intake and exhaust. Then click on the Pick
button to get the screen shown in Figure 4.19. Follow the instructions outlined in Figure 4.19 and you should get CSTM-260 as
the Cam File for both the intake and exhaust. You will notice that several specs have become disabled when you select the Use
Cam File option.

Figure 4.20 File Options in Graph Screen Your comments appear here to remind you
_ Select File then Add Saved Test of what this test was for.
to Common List. You can only —— ———
- - I ISt O ommonly Use esls
graph Saved teSts Wh'Ch are in [ All Saved Tes)ks [ List of Commonly Used AP Se-lec-t
the Common List_ Preview of Chosgfn Test: examplex\lsi}ﬁﬁf.lyd,dal I Tests Gelected (hlghllg ht)
;;ﬂz?zggaﬁ&dﬂ&Z@?Zﬂ 42 PM congisting of 10 ExamD:estrsgggﬁaéCE‘ DD_‘ 311%751;37 Only the 3
Select thg 3 saved R$355 tests Hudhauic i for 355 C1D Chew with 350 2 barel amplas\<355hyd GR00f 1117/97 RS355 test
one at a time, then click on Add || &3S e i Ve i) e oFr. files for
to List and Select for Graphing. graphing.
It will ask you for an RPM to _ o They will
. Tests: Directories: - .
graphing cycle data. Select 302-4v dal = dh Bt mE Eleue.e from List_| appear in
6000 RPM for each test. W\;sﬁ Dewn Cclmegnn || the
N (= master g
<3 hae dat £ savedita S.elected
List at the
[ Sevea et Commontit | top. Then
Pick Textfa] lrom Common List o Graph .
i 1 dd to List Only Permanently Delete CIICk OK
4 ] | ] ,
= |1 ::am it Optons [V Add to List and Select tor Graphing | | oK 1 1] e ]

Y ou must make some additional changes to the Cam/Valve Train specs. First, click on Profile (lifter) Type and select any of the
Solid types. This is to tell the program that it must let you specify an Actual Lash. Then type in .026 for the Actual Lash for the
intake and exhaust. Also type in the Centerlines of 110 for both the intake and exhaust.

Calculate performance and save this test file as RS355FIL to denote it as using a cam file to specify the cam specs. Now for the
interesting stuff. Lets compare these 3 test files which have been saved. After saving the test file, click on the Graph button.
Unlike Example 4.1 where we only compared the “current” results with the “last” results, we are going to compare 3 tests at
once. This can only be done by saving test files to disk as we have done here.
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At the Graph screen, click on i i .
File. then ,Edd o Figure 4.21 Performance Comparison of 3 Cams C“Ckhofq Ll?T to
Common List as shown in Engine Analyzer Pro [RSTR-SBC.HEV]  Test Resuli= | examplesirs355fil | %rsnp,]mére]sl_lg?m
Figure 4.20. When finished Back File Format View Help MIXED single LIST last RPM-cyc :
with the directions in Figure |leo] (@] [all] 2] e Lells] [lsdal] [sele] ] g ) rurvien] set scaed
4.20, click on OK. Back at Torque & HP vs RP current . Note that
the Graph Screen, click on A A current is the
LAST if it is not already 350 ' 1 mamplesis3sifas)  gsgme as
selected to get the graph of e 5 RS355FIL
Figure 4.21. s Fﬁf{géﬁ‘;ﬂﬁﬁﬂ'] data.
The Hydraulic cam shows 275 e
lower performance for all . | [prake P
RPMs, which is to be :
.. 124
expected. The original cam
shows more low RPM torque el
and the CSTM-260 cam | e
shows more high RPM HP. o b
125 : ‘ . : : : : : i
2500 3000 3500 4000 4500 5000 5500 BO00 6500 7000 RPM

Figure 4.22 Valve Lift Comparison

Click on RPM-cyc to switch to Cycle Click on Set Scales, then change the
Data graphs. Then select MIXED and Maximum X Axis value from 900 to 630
choose the Saved Graph Pattern of Int in this menu. This will expand the graph

& Exh Valve Lift and click OK. and show better detail as shown here.

Engine Analyzer Pro [RS7R-SBC.HEV] Engine Analyzer Pro [RSTR-SBC.HEY] Saved Data [examplesirs355fil]

Back File Format View Help | MIXED” single LIST last rpmILYC Back File Format View Help | MIXED single LIST last rpm-CYC PicRP
= S X = A A e | = R 3 ) |
examplecis5abas GO0 Int & Exh Valve Lift current 7000
540 : In Wiy Lift 540 r----- s (s S e e et (et ] In Wl Lift
480 examplesis 355 G000 480 | : examplesis¥has G000
3 Ext il Lift E Es v Lift

sy i i i g : CTTTTTTT T  evamplesisahyd 6000 K2l
1 In Wi Lift
i 360

300

| examplksisBE5 6000
1 |In Wi Lift

examplesis356hyd B000

¢ finvv Lin
-+ exvivLin

360)
300|
240) 240
180) 180
120) 120

160 . ; : : ! o — 3 00

ono|

a0 180 Z?I]\ 360 450 440 B30 720 810 800 Crank Degrees B0 120 180 240 jelali} 360 420 480 540 BO0 BEO Crank Degrees

\_ To expand the X Axis,you could have also clicked and dragged a box of the area you wanted
expanded to fill the entire graph as shown here. Position the mouse pointer in the upper
right corner of the area, hold down the left mouse button and drag the mouse to the lower left
corner of the area. An outline box will be drawn. When the desired area is enclosed,
release the mouse button. (The cursor must be turned Off and do not start the box close to a
graphed data line or you will turn On the cursor instead of drawing a box.)
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Once you have these 3 files loaded into the Common List, it is very easy to make comparison graphs of most anything. Figure
4.22 shows a comparison of Valve Lift for the 3 cams. Although the valve lifts don’t look that different, the engine can tell the

difference.

e The gentler ramps of the hydraulic cam (less lift for about the same duration) show a performance loss at all RPMs.
e  The later intake closing of the CSTM-260 cam file cam helps top end HP and hurts low end torque.

Tip: The Cycle Data of Int & Exh Valve Lift shown in Figure 4.22 does not change with RPM. Therefore
we did not have to be careful about using the same RPM for our comparisons between the different cams.
If we graphed Cycle Data that did change with RPM like Cylinder Pressure, Port Pressures, and most any
other Cycle Data, we would have to pay attention to the RPM we chose when we added these Test Files to
the Common List.. You can add the same test file to the Common List many times, each time selecting a
different RPM. This way you can compare Cycle Data for most any RPM from most any saved Test File.

Saving a Component File

From the Graph screen, click on Back, then at the Test
Results screen click on Back. Open up the Cam/Valve
Train menu. Notice that the current name of the Cam is
RSTR-SBC.HEV and the comments are “Restricted 355
SB Chev”. First change the comments to describe this
cam, say “Ultradyne 260 deg, 110 lobe centerlines
straight up, using Cam Analyzer Cam Dr file”.

Then click on Save to Library. You are first asked if you
want to save the current cam specs to the current
component name of RSTR-SBC.HEV. Answer No since
you may want to use the original cam specs in some other
engine at some time. The program then presents a screen
for you to enter a new name for these cam specs. It
defaults to the current name of RSTR-SBC.HEV so you
can use it or make minor modifications to it if you want.
We want to change it completely so use the delete key or
backspace key to erase it . Then type in UD260-FIL for
the new name and click on OK. See Figure 4.23. The
program will say it will have to modify the name to
UD260-FI.L, but answer that that is OK.

You have now added a new cam and valve train to the
Cam Library. Click on the Retrieve from Library and you
will see UD260-FI.L in the list.

Even though only the cam specs were changed in this test
sequence, you could have saved all the engine specs to a
new Engine File. First you would have modified the
engine comments at the Main Menu to accurately
describe this engine with the new cam. Then you would

Figure 4.23 Saving Engine or Component Files

Tip: To save an entire Engine File (not a
component file), click on File then Save As; or
click on the Save button (shown here somewhat
hidden by the Cam/Valve Train menu).

o PO T- VI - T. a Ce o snonccru one [

Camf¥alve Train Specs for: UD260-FIL.L
| Exhaust Cam Profile

Intake Cam Profile

|Denlel|ine, deg ATDC 110 Cl |Denlel|ine, deg BTDC 110
Save a CamfValve Train File Eo l:l %
EL
|New Cam/¥alve Train Name: UD260-FIL — l:l g
| oK I ‘ Cancel I | Help I ‘ Use Engine Name I Ratio El

[ Tips
Enter a New Cam/Valve Train MName and click on OK. The cument

Ecs Above @® Use Cam File

CSTH-260

Cam/alve Train name is given should you choose to modify it

ARIEA

Cam

shightly far the new name. Use the Delete key to erase the name if
you want & completely new name

alve Train Dynamics

See Specs for Donamins

Click on 'Use Engine Name' to copy the name of the current Tatal
Engine file to the file name field.

Turbo.

To save a complete engine file consisting of all Companent Specs,
click on 'File [engine|' or the Save Button at the b ain tMenu behind
thiz Component Menu.

P60 deg at 110 lobe +
straight up from Cam
lam D1 File. No Valve Train

[2] 8]

Help |
Move rf
descrip|

T T ST T o e ITE TaT EvpTar T o |

spec to be given here. v

See Alternate Specs I Retrieve from Library I [[Sdveto Li?arrI I
[E 7

I =] ‘

Modify comments to accurately

descri

be these specs before saving.

Click here to save a Component file

have clicked on the File (engine) menu item at the Main Menu, then on Save As to give these engine specs a new name. You
could also click on the Save button at the Main Menu. See the Tip in Figure 4.23.
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Change Valve Lash

To illustrate the flexibility of the Engine Analyzer Pro, change the valve lash on the Solid Lifter camshaft on both intake and
exhaust to .020". Calculate performance and do a graph as shown in Figure 4.24. Remember that now we have 4 conditions
and the Current data is the CSTM-260 cam file with .020” lash instead of .026” lash.

Since this is just an interesting test, and you are not really interested in doing this on the real engine, we’d recommend that you
do not save it as a Test File. These results at .020” will be gone once you’ve made a new calculation. Since the hydraulic cam
performed poorly, you may also want to delete it as a Test File. To do this click on File, then Move/Delete Saved Tests at the
Test Results screen or Graph screen. See Section 3.6 for more details.

Do not get in the habit of saving all test results. Also, once you know certain test results will no longer be
of interest, delete them. Test Files are very large and you will use up a lot of disk space by saving several.
It is also more confusing to find Test Files when you have saved so many.

Calculate performance after setting lash to .020” and graph the results. To get the Torque and HP graph shown in Figure 4.24,
click on rpm-CYC to select RPM Data Graphs (will now be displayed as RPM-cyc). If you do not then get torque and HP vs
RPM, click on MIXED and select Tq & HP vs RPM from the Saved Graph Patterns. If LIST is not printed in all upper case,
click on it. Now you should get the first graph of Figure 4.24 showing all 4 conditions you have tested.

This graph can be somewhat confusing with all § different graph lines. To simplify it, click on LIST to display the Common
List of Test Files you could graph. Then click on RS355BAS.DAT and RS355HYD.DAT to “de-select” them for graphing.
Only the RS255FIL.DAT Test File is selected from the list. Click on the OK button to produce the second graph in Figure 4.24
which compares the RS355FIL Solid Cam’s performance with the original .026” lash to the .020” lash.

Figure 4.24 Graphs with Solid Cam at .020” Lash (called “current” in graph)

Click on rpm-CYC, LIST De-select (click on) RS355BAS and RS355HYD to
and MIXED (as necessary) unhighlight them. Only RS355FIL is highlighted. Then
to produce Torque & HP vs click OK button. Only RS355FIL will be graphed with
RPM for all 4 cam tests. the current test results of RS$355 FIL with .020” lash.

Move cursor left & right
with these buttons.

Engine Analyzer Pro [RSI5SFILSAC]  Test Rsults [Until .|| |||m| .1|

Back File Format View Hel l|1 | MIXED ¥ single  LIST I st RPMA

[Tee] ] [le] (e Iki[L_I"l‘*I I+I*Ifl~[|>*[<->l Itlfﬂv-'[wwi
Torque & HP Vs RPM cumen
)

Tgsts Selecte:

302 4\‘2 4000 7/21/97
hig (@ 4500 7/29/97

I 4500 7/29/97

50 ’ Ssus
o CH S NN SR SO T == | endmplestis355bak @ G000 11/17/97 /
P B o (R o —y examples\rs355hl (3 6000 11/17/97 300 A
00 bl e eaabanans : < . examples\rs355hyd @ 6000 11/17/97
T

= i i i i
1500 3000 3500 00D 4500 5000 5500 000 RPM

Click on LIST to Click on HP data at 7000 RPM

display the to bring up the cursor (vertical CUI'S"OI’ values show the

Common List pink line). The exact value of .020” lash cam shows

shown between each graph line at 7000 RPM is IO?S F?Ft) all RPMs excteptt |
displayed in the legend. a improvement a

the graphs. y g 2000 RPM.

173



(C) Performance Trends Inc 2009 Engine Analyzer Pro Chapter 4 Examples

. ___________________________________________________________________________________________________________________________________________|
Click on the Cursor buttons or the graph line at some data point to display the cursor. Notice that the exact value of the graph
lines at the cursor is displayed in the legend. Move the cursor left or right by clicking on the left or right cursor buttons. See
Figure 4.24. Notice that the .020” lash cam shows a performance loss at all RPMs except 7000 RPM where it shows a modest 1
HP improvement.

Table 4.3 shows comparisons between various calculated outputs for all 4 camshafts setups, baseline, hydraulic, solid lifter and
solid lifter with .020" lash.

Table 4.3 Comparison of 4 Cams

Condition Stock Hydraulic Solid Solid .020” lash
Int Close @ .050” 43 48 57 57

Int Closing 62 78 77 81

Peak Brk Tq 354 @ 3000 334 @ 3000 340 @ 3500 334 @ 3500
Peak Brake HP 310 @ 6000 298 @ 6000 318 @ 6000 314 @ 6000
Avg Brake HP 258 246 256 252

Overlap Area 14.6 13.5 13.4 15.3

Idle Vacuum 11.2 11.8 11.8 10.9

Valve Area, sq in*deg 278.0/215.0 271.4/214.9 283.7/204.8 288.6 / 208.1
Total Exh/Int % 77.3 79.2 72.2 72.1

Lobe Area 27.40/29.45 25.84 /28.29 27.63/26/52 28.24 /2711
Cranking Compression 210 173 174 164

Discussion of Table 4.3:

e Cam timing and profile affects nearly every aspect of engine performance.

e In general, torque dropped as the actual Int Closing increased or the cam closed later in the cycle. HP did not always
increase due to other factors like total Valve Area which affect high RPM flow capability. If this engine was not
restricted by the small carb, this trend could be very different.

e  Cranking Compression dropped with increased (later) intake closing. That's because the piston has pushed more fresh
charge back past the intake valve before the valve closes. This traps less air in the cylinder causing lower compression
pressure and lower torque levels at low speed.

e Note that Total Exh/Int % is affected significantly by cam timing. Proper selection of a camshaft can help make up for
a poor flowing exhaust or intake port and bring them into balance.

e Valve Areas increased with each "more aggressive" cam and with reduced valve lash. Remember, we are not changing
valve sizes or valve Flow Coef. This is entirely due to cam profile.

e Valve lash has an impact on projected performance and all other calculated results. In general, reducing valve lash
produced a “bigger” cam (all cam measurements, like Lobe Area, Valve Area, etc increased). However, the engine did
not like the increase until very high RPM.

Conclusions:

Cam timing and lash affect nearly every aspect of engine performance.

You can save Test Results in files for recall at any time for comparisons to other test results in graphs.

You can save Engine specs or Component Specs in files for use building new engine combinations in the future.

You should become familiar with all calculated results. They will help you understand why performance changes with
engine modifications.

e The Engine Analyzer Pro has several graphing options for you to compare RPM Data or Cycle Data between runs or
between different RPMs. This allows you to quickly spot trends and understand why they occurred.
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For Advanced Users, Valve Train Dynamics:

First, retrieve the RSTR-SBCHEYV file from the TOTAL ENGINE Library and calculate performance for the original cam.

Repeat the process done in this example except be sure to set the Calculate Valve Train Dynamics option in the Cam/Valve
Train menu to Yes. This tells the program to simulate the bending and "tossing" which can occur in the actual valve train.

You will notice the torque and HP are different than with the Calculate Valve Train Dynamics option set to No. You will also
notice "Valve Toss" listed in the Notes Summary section at the top of the test results. This is highlighting the fact the program

predicts this combination may toss at one of the RPMs run. Click on the vertical scroll bar scroll down to the bottom of
performance results. There you will see Valve Toss, with “none” at all RPMs until 7000 RPM, where a "Int" is written.

Figure 4.27 .
Click on Notes button for more : ;
. Valve Toss pointed out in Notes Summary
explanation of Notes Summary.
Engine Analyzer Pro  Engine [RSTR-SBC.HEY] Test Results [Untitled] 5
=| Back Graph Print Help(F1]) File Analyze ’ee—Engine = Click and drag slide bar
] Cmntg / PkTg=362(23000 Awvg=298
@ ﬁl | PkHP=307@6000 Avg=257 SO\;V” to ﬁettto bOtt\c;n: of
Engine FPM 2500 [3000 [3500 [4000 [4500 [5000  [BG00  [ROO0  [RGO0  [7000 | [ + estresults to see valve
InTunPres,PSI |04 (05 |06 (06 [12 |22 [27 [32 (33 [38 Toss output.
Awg Vel fifsec [132 158 184 21 237 2E4 290 6 343 369
Awg ExVel, ftfsec (153 184 214 245 275 306 e 367 398 428
Mach # 0205 0246 0287 (0328 0369 0410 0451 0490 0523 0556
Act n Flowarea % 961 36.2 36.2 36.2 36.2 6.3 6.3 6.6 3.1 995
Act Ex Flowdrea %[ 95.6 (=] 5.4 5.4 35.4 (=) 35.4 35.4 956 96.9
Yalve Toss Mone  [Mone  Mone  Mone  Mone  (Mone  (Mone  (Mone  Mome | Int
Khock Index 25 24 20 16 1.4 1.3 1.2 1.0 0.3 07 .
SpakAdwnc deg|265 (276 293 316 328 W3 342 M8 BE %8 Program also shows Dynamic
Primary Jet 0723 0774 0767 0748 0751 0780 0752 0745 0740 0740 Intake Flow Area increasing at
Secondary Jet 0000 o000 0000 0000 L0000 0000 .0000 0000 0000 0000 [
Caje Fror nl nl nl nl nl nl nl nl n n hd 7000 RPM’ from abOUt 96%
+ \ up close to 100% due to
—————— Ualve Flow & Cam Calculations -----———---—-----———  ——ipnt-- \-Exh-- +
Overlap Area, deg*sq-in  14.6 Ulv Area, degxsq-in  278.0 15.8 Valve Toss.
Total Exh/Int % ¥7.3 Total Avg Flow Coef 8.385 a\364
Lobe Separation, deg 1086.3 Lobe Area, inchxdeq 27.48 29\ 45
Overlap, deg 76 Duration, deg 284 29 Program shows Valve
Opening Events, deg 43 80 T
Closing Events, deg 62 33 Toss is Ilkely on the
Overlap @.858, deg 39 Duration @.858, deg 247 256 Intake side at 7000 RPM.
Opn Evnts @.858, deq 24 61
Cls Evnts @.6858, deg 43 15
Duration @.288, deg 168 169 3

For further detail of valve train dynamics at 7000, let's plot the valve train motion. Click on the Graph button and follow the
instructions shown in Figure 4.28. Figure 4.29 shows readings at the maximum Pushrod Force point by using the cursor.
Explanations of Figure 4.29 also point out general things to look for when looking at valve train dynamics graphs. As you can
see the actual valve lift is quite a bit greater than the theoretical valve lift on the “slowing down” portion of the opening ramp.
This graph confirms what the test results were showing, that there is Valve Toss on the intake side at 7000 RPM.
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Figure 4.28 Obtaining Graph of Intake Valve Train Dynamics

1. At Graph screen, first be sure rpm-CYC has “CYC” in upper case to indicate Cycle
Data is selected. If it is shown as RPM-cyc click on it to change it to rpom-CYC.

3. Click on 2. Click on MIXED to get the Mixed 5. Turn Off last and
Use Saved Data Graph Format menu. list as shown here.
Graph Pattern Engine Analyzer Pro [RSTR-SBC.HEV]  Test Results [Untitled]

Mixed Data Graph Format Back File Format Yiew Help | MIXED single list last fpm-CY¥C PicRPM
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B:J)E:ni?: Il ietn [fizaph 1 Medtiplior [ no effect él o : : : : :
lnvkelic 0 Tk | [T [ A [ o
2] Act WLt |§$§<§{;?§ £ |MNoPlat ‘I : H H H ; :
3)In Pshrd F » 001 |§ v h
4)No Plot ssapd O Mudiipliae |1 flect él : : : : : :
vs Crank Deg — 800 [---nq--of e Peesessesy N A :
[E3sap% 3 [Na ot | ! : : : : :
Graph Choices Delete | |§$§<§{;?§ 3 Bediindior || 001 | o0
Ink & Exh Funner Welocity 5
Int & Exir Valv Lit Fragh 4 [No Plot 3]
in o — |§§zazg;§'x 4 Muliidior | |1 no effect $I 400
Exh Valve Train Dynan
Walve Flow Areas Pi Atz Tgps | |Crank Degrees 1'
PressureVolume Diagra
O Huges o Muliphars 200
@ iien Muliphers Specified
| Save Thiv Graph Pollon I
[aluli]
300 360 420 480 540 BB0 Cfank Dearees
N\ 4. Click on Int Valve 6. Change scales as If lick
- . X necessary, clic
Train Dynamics to necessary using any of these on PicRPM to
select it. then click OK left 10 buttons to produce a
: ; : select 7000 RPM
graph with good detail as .
SO for graphing.
Figure 4.29
Max pUShI'Od = Engine Analyzer Pro [ASTR-SBC.HEV]  Test Results [Untitled]

‘;0(;888‘;1-110’5 bs & E EE BN EEEE FEEE et avee==]/ as 1086 Ibs.

Back File Format View Help | MIXED single list last rpm-CYC PicRPM /7 Legend shows pushrod force

. Int Valve Train Dynamlcs current 7000
on opening ramp. 1200 p------r-- g I g R
See legend for L _
exact force. TR T 1 : : : : | | High pushrod force on
closing ramp also.
8o0 f----4-

Where Act IV Lift
is less than In

; BOD fo- oo Where Act IV Lift is higher
Vv LI, the valve than In Viv Lift, the valve train
Iilfel hI:reeon lhg’ Y S is tossing, like here on the
: “slowing down” portion of the
openingramp. 1 | .. opening ramp.
UUU3DD 360 \ 420 480 540 BO0 BAO Crank Degr 344

\_ Pushrod force goes to 0 when lifter “launches”
off cam during valve toss.
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You can actually determine the amount of bending or tossing by subtracting actual valve lift from the theoretical valve lift. For
example, as shown in Figure 4.27 at the cursor at 344 degrees:

In Vv Lift = .076
— ActIVLift = .033
Bending = .043

Repeat the calculations for the Hydraulic Cam and Solid Cam except with valve train dynamics On for each. A summary of
these performance calculations and plots is contained in Table 4.4.

Note: The program must see valve toss (difference between Act IV Lift and In Vlv Lift) greater than a certain amount before it
calls the condition Valve Toss.

Table 4.4 Performance with Valve Train Dynamics ON

Performance Original Hydraulic Solid

Peak Brk Tq, Dyn ON 362 @ 3000 | 338 @ 3500 [ 344 @ 3500
Peak Brk Tq, Dyn OFF 354 @ 3000 | 334 @ 3000 [ 340 @ 3500
Peak Brake HP, Dyn ON 307 @ 6000 | 299 @ 6000 | 316 @ 6000
Peak Brake HP, Dyn OFF 310 @ 6000 | 298 @ 6000 | 318 @ 6000
Max Pushrod Force 1086 880 887

Called Valve Toss @ 7000 Yes No No
Maximum Toss, inches .032 .009 .009

Table 4.4 shows the Hydraulic and Solid cam with lower torque levels than the original cam. However, they also showed lower
pushrod forces, maximum toss and were not called Valve Toss by the program at 7000 RPM.

It appears that the original cam has more aggressive ramps and is designed to work at lower RPMs. For a restricted engine
which has limited air to burn, the original cam makes good sense. It produces good power and torque at lower RPMs.
However, the original cam's limited duration and tendency to valve toss at higher RPMs limits its RPM range.

The Solid lifter does make more peak HP, and would probably be clear winners at all higher RPMs with an unrestricted intake
system. You may want to try this cam comparison again with an 850 CFM carb.

Table 4.4 also shows another common trend, that the engine produces more torque at low RPM with dynamics turned On and
many times less high RPM HP. That's because the valve actually opens after and closes sooner than the cam would open and
close the valve without dynamics. Look at Figure 4.29 and notice that the Act IV Lift line jumps up more quickly than the In
Vlv Lift line on the opening ramp. The same happens on the closing ramp. The profile actually followed by the valve has
approximately the same lift as directed by the cam, but less duration. This combination of giving approximately the same higher
lifts but limiting the lower lifts generally makes more torque. However at high RPM where the engine needs all the breathing
help it can get, any loss in valve lift limits air flow and therefore limit HP.

Conclusions:

e This restricted engine likes the original cam for performance, especially at lower RPM. However, at higher RPM it has a
tendency to valve toss and produce high pushrod loads due to its aggressive acceleration rates.

e  The Test Results will generally show more low RPM torque and less high RPM HP with valve train dynamics being
simulated.

e The Engine Analyzer Pro allows you to investigate the complex workings of the engine's valve train.
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Instead of recreating the cam specs in the Cam/Valve Train menu as done in the first part of this example, you could have

retrieved each saved test file in the Common List from the Test Results screen as shown in Figure 4.30. Click on File, then Pick

Test from Common List. Click on RS355HYD.DAT and click on OK. When asked if you want to use the engine specs which
produced these results answer Yes. You have now retrieved the Test Results (including cam specs) for the Restricted 355
Chevy with the Hydraulic cam.

Answer No to the next question: “Do you want to save the current specs.”

Then return to the Main Menu, select Cam/Valve

Train Specs and select Yes for Calculate Valve Train Dynamics. You will notice all the other Hydraulic cam’s specs were
reloaded properly. Recalculate performance to obtain performance for the Hydraulic cam with Valve Train Dynamics turned

On.

Retrieve saved Test
File from Common
List at Test Results

Select Test File

from Common
List and then

examp
exami

examplesh302-4v @ 4000 7721797
exampleshalc-big @ 4500 7/29/97
exampleshalcohol @ 4500 7/29/97
examplestis355bas @ 6000 11/17/97
les\rs 3556 @ 600D 11/17/97
lest:2355hyd (@ 6000 11/17/97

screen. click OK.
Engine Analyzer Pro  Engine [RSTA-SBC.HEY]  Test Results [Untitled] ¥
= Back Graph  Print  Help(F1] QSIS Analyze  See-Engine H
m Save Current Test Results to Disk L29g
Save Current Test Results to ASCII File  [F257
Englﬂe RPM_[200 |3nuu [ a0 [son| MovelDelete Saved Tests +
E'k:”}fglm 332 3;; 3;; gjﬂs 325 Pick Test from Common List
T3KE .
BhPmp 1 12 02 03 04 Add Saved Test to Common List
IntVac, "Hg 09 16 22 26 32 | Pick Saved Testfrom All Tests
Val Ef, % B 772 783 M4 737 | Pick Saved Chain Test from All Tests
Actual CFM 7@ 2 36 M TTET R 4w 4 aw
Fuel Flow, b/ 1648 1870 103 112 A4 133 154 BE (173 1T

Eance'

Figure 4.30 Alternate way to Recreate Cam Specs for Testing with Valve Train Dynamics On

I 6 Commonly Used Tests I

Important:

( Answer Yes to
whether engine
specs should
be retrieved

also
Retrieve Engine Specs for These Test Results?

Do you want thE engine specs [Bore, Stroke,
Head Flow, Cal specs etc,) which produced
these test resufls [ Saved Data
[examplesirs3¥5hyd] ) retrieved also.

They will replafe the current engine specs for
RSTR-SBC.HEY . If you answer Yes, you will
then be asked Jf you want to save the current
engine specs o they will not be lost,

Another feature which helps analyze valve train dynamics is the See-Engine screen shown in Figure 4.31. The See-Engine

menu item is 2 options to the right of the File menu item highlighted in Figure 4.30. In the See-Engine screen you can watch the

valves and piston move, watch port pressures and velocities. Table 4.4 showed Maximum Valve Toss, which is theoretical
valve lift - actual valve lift. The See-Engine does this math automatically for you as shown in Figure 4.31.

Watch Chamber and VYalves —l
Crank Degrees 992
Gasket Thickness l:l
Deck Ht Clearance l:l
5:8 Exhaust Intake

Valve Angle
Inches from Walve
to Head Suface

[
(M)
[
[A]

]
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‘alve Diameter 1.6 2.02 /
Pistan to Yalve 402 002 /
Min Pistan to Yalve [-040 - 168/
Walve Toss Al 032
Walve Train Bndng [ 000 0o
" ActualValve Lift | 014 372
Cylinder N TTTTTTTTTTTTTTTTT Piston to Head | Theo. Valve Lift 004 340
P Clearance
Closel Dptionsl Print I
E.;"“:':e' RPM Nole; Th:ls SE!een Iis not a suh:_;l:.-
= tute for checking clearances wit
clay! Clealance?; are based on a
flat top piston and HO rod stretch.
- = [Some dimensions not to scale. Click on
| < Back. I | Continuous I | Forward > I Help buttan far mare infarmatian. )

Figure 4.31 See-Engine Feature to Determine Max Valve Toss

Minimum Piston to
Valve clearance is
shown here and is
a great aid to
engine builders.

Valve Toss and Valve
Train Bending shown
here. Cycle through all
crank degrees (click on
the Continuous button) to
find the maximum values
as shown in Table 4.4.
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Example 4.3 Supercharging, Turbo-
charging & Nitrous Oxide

Features Introduced (and suggested background reading):

e  Changing Turbocharger and Supercharger Specs (Section 2.7)
e  Specifying nitrous oxide injection (Section 2.8.1)
e New results for turbo/supercharger performance (Section 2.8.2)

New Turbocharger inputs and features have been added or expanded in later versions. See Appendices 9 - 13 on pages
235-312 for more updated info.

Popular street "bolt on" performance modifications include nitrous oxide injection systems, superchargers and turbochargers.
The Engine Analyzer Pro lets you simulate all 3 types of systems in detail.

For this street application, we will use the 302-4V Mustang engine. Retrieve the 302-4V from the Engine Library by clicking on
the Retrieve button at the Main Menu. Calculate baseline performance and save these test results to a test file with the name of
302-BASE. In stock condition, the 302-4V makes 270 ft Ibs @ 3200 and 210 HP @ 4800.

Turbocharger:

You first want to check the performance

. . e
potential of the 302-4V with a turbocharger, = _ I

. . 1st Stage Turbocharger Specs  General Turbocharger Specs
o) chck. on the Turbo/Supercharger button on fstand CFM e [Thiottle Location [Draw Though o L]
the Main Menu, thep select Turboc?harger for fisland Pressure Ratio o Max Boost Limit, PSI 8.8
type and click on View Specs. 'Thls opens up fistand Efficiency. % — # Turbos/Stages | [15 ngle Tobo 2]
the Turbocha.rger menu showp in Flgure 4.32. Surge CFH o Intercoolex Eff, % [0 No Inercookr 3]
One way to simulate a turbo is to edit the

|[Exh Turbine Eff. % | [703% Typical 1'
" Comments

turbocharger specs in this menu. The other

8 . |Tulhine Nozzle Dia. in 1.4 . A imat for Air B hTB [+
way is to retrieve a set of specs from the ST R AR ror A Reseat
Turbocharger Specs Library Click on [ Pnd Siege Dwhecherger Speey | P"Eo glztalled on 1978 Buick 3.8L

. urbo v-
Retrieve from Library and then select TB302- listond CFH L]
. - R T +
AR.67 and click on OK. Then answer No to istons Brovsue Ratle | |
the “Save your (possible) changes...” [istond Eticiency. % [ Help
. " e ICK. On opec Name ar opec Y alue rar expanatlono
g CFH Click on Spec N Spec Value for explanation of
questlon. EEAEE & spec to be given here.

|§Eﬁx§‘z Fapbine £8, 07 ;_§|

Back at the Turbocharger menu, you see the [Tustiing Mozzie Bis. b
specs for this turbo. The single turbo is set up

with Max Boost Limit = 8.8 PSI, indicating a o« J|__tep | | Heliievefipnliliaiy J [ Sevetoliboy |
boost control limit via a wastegate. It also has Il )
no intercooler. It draws air through the carb
(carb before the turbo) rather than blowing
through the carb. From the comments, you see this is a relatively small turbo, used on the first production Buick turbo V-6.
With this single change, return to the Main Menu and calculate performance. Let's see how this performs on the production
302-4V.

sxz [ [l I If I |

When performance has been calculated, scroll down through all the results. You will notice new outputs at the bottom of the
Test Results as shown in Figure 4.33. These outputs deal only with turbocharger performance. For example, Wastetgt,% is
more than 0 at several RPMs. This indicates the percent of exhaust the wastegate bypasses around the exhaust turbine, to limit
boost to 8.8 PSI. These turbo parameters are explained on page 86.
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= Engine Analyzer Pro  Engine [302-4V]
=| Back Graph Print Help[F1] File

Figure 4.33 Turbocharger Outputs for Turbo 302-4V

Sawved Data [zxamples\302-1trb] hd

It is difficult to see here, but Notes
Summary is warning of
vze  See-Engine “Detonation Very Likely” with

A |4»

EE

PkTg=424@3200 Awg=359 tu rbocharger installed.
PkHP=31524400 &vg=255

Engine RiPM 2000 [2400 2800 [3200  [3600  [4000

Knock [ndex 3E 37 4E 44 41 a8
Spark Advnc, deg (206 (214 (212 28 22E 233

Primary Jet 0726 0725 0F11 0765 .0FES  .O7E4
Secondary Jet .0907 |.0905 0889 |.0952 |.0%52 0951
Calc Emmor 0 0 1] 1] 1] 1]

Compressor Eff, % |E2.7 E5.0 FO.5 E5.8 E09 5E.0
Crpresr Pres Fatio1.17 1.30 1.64 1.64 1.65 1.66
Compressor HP |24 52 135 17.5 21.5 261
Compreszor RPM
Roats Yol Eff, %

Turbo Wastegt, % (0.0 0.0 0o 71 33 0.0

0010 520 [s60 || 2 Knock Index well over 2 at all
241 (250 |21 |272 RPMs, indicating spark knock or

0763 L07E1 071 07RO . . .
51 mosiam oS iosis detonation is very likely at all

0 0 0 0 RPMs
515 472 (436 405
167 167 (188 188
309 /7 393 441

4:.
o
[/

10.2 a.0 £.2 3
nn nn nn A\

~—__ Click and drag the slide bar

'Lulhn Sume 00 ] no nil N N = down tO dlsplay the
—————— Ualve Flow & Cam Calculations --—-—--—--—-—--——-—— o turbocharger outputs.
Overlap Area, deg*sq-in 1.5 Ulv Area, degxsq-in
Total Exh/Int % 68.6 Total Avg Flow Coef
Lobe Separation, deg 114.3 Lobe Area, inchxdeg .
ouerlap, deg 42 puration, deg Turbocharger outputs which
Opening Events, deg describe how the turbocharger is
Closing Events, deg 71 20 rf . h h
Overlap @.858, deg -28 Duration @.858, deg 211 206 periorming, are shown nere
Opn Evnts @.858, deq -9 37
Cls Evnts @.858, deq 48 -11
Duration @.288, deg 111 188

Figure 4.35 is the approximate compressor map for this turbocharger, which you could obtain from the turbo supplier. The
points on the map are the operating points for each RPM of the calculation. They are determined by plotting Actual CFM (not
shown in Figure 4.33) and PR (as shown in Figure 4.33). These operating points lie to the right of the peak efficiency island. If
they were closer to the efficiency island, Compressor Eff would be much higher. This indicates the turbo is nof operating at its
peak efficiency, and may be sized incorrectly. Since the operating points are at a higher CFM flow than the peak efficiency
island, it appears that the turbo may be too small for this application.

Other points of interest include:

e  This turbocharger provides a
huge increase in torque, over
400 ft Ibs at 2800 RPM.

e HP has increased to over 300
from 4000 to 5200 RPM

e As the Notes section points out,
Knock Index is warning of
possible knock or detonation.
Scroll down to Knock Index in
the results, and you see values
from 21-4.6, indicating
detonation is Very likely. This
turbo would require either very
high octane gas or significant
spark retard. See For Advanced
Users.

e Intake Vac is now reported as
Boost in PSI because the engine
is now turbocharged. This
means a positive boost pressure
exists in the intake manifold.
Also notice that boost gets up to
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Figure 4.34 Turbocharger Performance vs Baseline 302-4V
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8.8 PSI and stays there. This is due to the wastegate limiting boost to 8.8 PSI.
e  Exh Pres is much higher than stock. This increased Exh Pres is where the turbo gets its power to compress the fresh air

charge.

Chapter 4 Examples

e Actual CFM air flow has increased from 343 to 489 at 5600 RPM. The stock 600 CFM carb should still be adequate

for flow.

e Recommend Primary Jet and Secondary Jet have decreased somewhat with the turbo. The higher air flow provides a

stronger metering signal. The carb may have to be rejetted with smaller jets. (If this was a "blow through" system the
recommended Primary Jet and Secondary Jet would be entirely different.)

e Fuel Flow has increased from 120 lbs/hr to 171 at 5600 RPM. Fuel lines and fuel pump capacity may not be large

enough. If this was a fuel injected engine, the injectors may not be capable of handling the extra fuel flow.
e In Port Tmp or intake port temperatures have increased from 161 to 270 degrees at 5600 RPM. Any type of
compressor in the intake system will raise the air temperature simply due to compression and inefficiency in the

compression process. This
temperature rise also contributes to
the increased Knock Index.

A very simple way to increase the size of this
turbo is to simply "install" 2 of them. Return
to the Turbocharger Specs menu and select 2
for # Turbos/Stages. Now calculate
performance for this "twin turbo" 302.

Calculate performance and overplot this data
with the base engine and single turbo data, as
shown in Figure 4.36. The plot shows a
relatively small improvement in HP at all
RPMs. The main reason for the small
improvement in HP is that both the single and
twin turbo systems were limited to 8.8 PSI of
boost. The twin turbo system's only advantage
is the boost is produced more efficiently:

e Compressor Eff is in the 70% range
at most RPMs.

e In Port Tmp is much cooler, 53
degrees cooler at 5600.

e  Exh Pres is over about 4 PSI less at
5600.

This efficiency improvement is also pointed out
by plotting the Compressor PR and Actual CFM
points for this system on Figure 4.35. These
points are much closer to the center of the
efficiency island. (Note that since there are 2
turbos, you must plot half of Actual CFM, since
half goes through each turbo.

The performance of the base, single turbo and
twin turbo engines are plotted in Figure 4.36.
Although the twin turbo is more efficient and
does produce more HP, it may not be worth the
expense and complication over the single turbo.
However, if you were to go to higher boost
and/or make additional engine modifications, the
twin turbo would likely show a bigger
performance advantage.

Figure 4.35 Approximate Compreso \
Map for This Applicafion

Pressure
Ratio

2.0 Twin Turbos

1.8

1.6

Single Turbo

1.4

1.2

1.0

0 100 200 300 400
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Figure 4.36
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Note: The Engine Analyzer Pro does not simulate "turbo lag" or response time. A single turbo is faster responding than twin
turbos of equal size, which may be an important advantage of the single turbo setup for street performance which the Pro can not
show.

Safety Note: Remember, the turbo manufacturer has experience with factors not considered by the Engine Analyzer Pro.
These factors include high exhaust temperatures affecting durability, over revving the turbo, turbo lag, etc. The Engine
Analyzer Pro should only be used to estimate performance gains and understand the performance tradeoffs. Installing a
turbo not properly matched to the engine can be dangerous to you and your engine.

Centrifugal Supercharger:

Return to the Main Menu, click on Turbo/Supercharger, select Centrifugal and click on View Specs. Retrieve the 1-PAXTON
file of a belt driven, centrifugal supercharger from the Centrifugal Supercharger Library. From the comments, you see this
typical single Paxton centrifugal supercharger for street applications. If has no intercooler but is set up to blow through the carb
(carb after the compressor). The centrifugal Belt Ratio is currently set at 1.75, but can be easily changed. If you know the
actual pulley diameters, you could click on the Clc button by Belt Ratio and calculate belt ratio from these diameters. For now,
leave it at 1.75.

Calculate performance. Figure 4.37 shows 3 Single Data graphs of RPM Data. Compared to the single turbo performance:

e  The centrifugal supercharger does not provide as much boost, torque or HP.

e The boost for this set-up does not really start until 2400 RPM. Increasing the belt ratio would definitely bring on the boost
sooner and likely produce more boost and HP at higher RPMs. However, we could be in danger of over-revving the
supercharger at higher RPM.

o  With less boost at low RPM, the centrifugal supercharger shows a lower Knock Index (less likelihood to detonate) at lower
RPMs.

e Exh Pres does not increase as significantly as with the turbo. However, Compressor HP gets as high as 34 HP at 5600.
This is the HP the compressor requires from the crankshaft (through the S/C belt).

e  The recommended Primary Jet and Secondary Jet have increased significantly. This is typical of "blow through" systems,
which require larger jets.

Safety Note: Unlike real superchargers, you can over-rev the supercharger in the Engine Analyzer Pro with no problems.
The Pro will warn you of the over-revving condition based on the Maximum Safe Impeller RPM spec and belt ratio, but it is
up to you to pay attention to it. Always follow the manufacturer's recommendations for maximum belt ratios and RPM
limits.

Figure 4.37 Single Data Graphs Comparing Baseline, Single Turbo and Paxton Performance
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Since the centrifugal Figure 4.38 Nitrous Oxide Specs for 100 HP Single Stage System
supercharger provides fairly
good high RPM power, you are Select Single Stage System

Enter specs of 100 HP
and 2500 RPM to
simulate this nitrous

considering installing nitrous
oxide injection as well. You
have heard that nitrous delivers

Nitros Oxide Specs for: 302-BASE.SPC

tremendous 10W Speed tOI‘que, [ Type of MNifrous System [ Staged System Specs SyStem

. . O Progiessive () 2 Stage [1st Stage HP Rating
which would fill in torque at ® 1 Sthge O3 Stage :

|l st Stage Starting RPM 2500 [

10W RPM Where the T Promrsesive Syaten Speoy I [2erz Stage Addes P
Supercharger bullds httle boost. |9’ af Full 3P at Srast of Ineohon |2m% Gtone Stateg BN
At the Calculation Conditions i Ra | 1500 _||(EEE e Graph shows
menu, click on the With Nitrous il Tk R L1 e e stmving o % summary of

. . . PR Whars Bpatem fe Ful O8 g i
Oxide option which enables the : — ET ~ rﬂaﬁgfagzurzrbs rating
See Nitrous Specs button. Click " Help o 7 ol added by

. . Click on 5 I, 5 Walue | I {

on this button to display the ol apentobmguen here o S Renean 2 nitrous versus engine
Nitrous Oxide Specs menu = RPM.
shown in Figure 4.38. We will — | ] e ™
simulate a "small" 100 HP,

single stage nitrous system,
activated at 2500 RPM by
setting the Specs as shown in Figure 4.38.

Recalculate performance and overplot torque and HP as shown in Figure 4.39. Even a relatively small nitrous system does
provide HP improvements, even at low RPM (indicating tremendous torque improvement). Test Results show a 135 ft 1b
increase at 2800 RPM.. Other factors to consider from the calculated results include:

e Nitrous (nitrous oxide) flow jumps up to 322 Ibs/hr and Ntrs Fuel (fuel flow for the nitrous) jumps to 45 at 2800 RPM and
hold constant. You will notice that Fuel Flow( fuel flow from the injectors or in this case the carburetor) remains basically

unchanged. The Pro assumes Nurs Fuel Figure 4.39 Performance of Paxton + Nitrous with
comes from a separate source typical of most

nitrous oxide injection systems. Paxton Alone, Single Turbo and Baseline
N Max Cvl P . lind = Engine Analyzer Pro [302-4¥]  Test Results [Untitled]
ax Cyl Pres (maximum cylinder pressure) Back File Format View Help mixed SINGLE LIST last RPM-cyc
has increased from 832 PSI to over 1100 PSI (=] B [E] B0 BT T Faeli e raveseseaey]
at 2800. Above 2800 Max Cyl Pres has also Brake HP current
increased at least 100 PSI. Better head 360 [prakerr ]

[examnlesBDE-base
[examnleswﬂ}ﬂrb]
examplest30Z-paxt

! |Brake HP

gaskets, head bolts, etc may be needed.

e Required Spark Advanc dropped from 22.5
degrees to 14.5 degrees at 2800. Nitrous 300
burns faster, requiring less spark advance.
Be sure to retard your spark when you run
nitrous. 240

e Note that In Port Tmp drops from 186 to 122
degrees. The Pro assumes some of the
nitrous does evaporate and cool the air 180
charge in the intake manifold However, real
nitrous systems usually cool more than what 150
the Pro indicates.

e As pointed out with the turbo set-up, Actual
CFM air flow and Fuel Flow have increased 90 : : : : : : : : :
significantly over the base engine. The fuel 2000 2400 2300 3200 3600 4000 4400 4300 5200 8GO0 RPM

330

270

210

120 p=-

system components may need to be enlarged
and the carburetor re-jetted.

Figure 4.39 shows that the centrifugal supercharger with a small nitrous oxide kit produces significantly more HP than any other

system tested at all RPMs above 2500 RPM, where nitrous injection is activated. You may decide this approach gives the best
“bang for the buck” for improved performance.
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Conclusions:

e  Turbocharging, supercharging and injecting nitrous oxide can provide a significant performance increase on a basically
stock engine.

e Turbocharging and supercharging make an engine prone to spark knock (the Knock Index increases significantly) where
boost is high. Care must be taken to prevent detonation by retarding spark, running high octane fuel, etc.

e The Engine Analyzer Pro provides a method to estimate performance increases and points out potential problems before the
modification is made (excessive spark knock, insufficient fuel pump capacity, rejetting the carburetor, etc.)

e As with any modifications, the Engine Analyzer Pro can not consider all details. Therefore, you must follow the
manufacturer's recommendations for safe, reliable operation of a particular system.

The new Enterprise Edition has several features for working with turbo compressor maps in more detail, and for
graphing the operating point on the compressor map during calculations. Check it out in Appendix 13, page 287.
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For Advanced Users, Limiting Knock Index:

As shown by Knock Index, several of these modifications significantly increased the engine's tendency to spark knock or
detonate. The simplest ways to avoid detonation is to either increase octane or retard spark advance. Since there is a limit to
what octane fuel can be purchased on the street, most engines run spark curves with significant spark retard.

The Engine Analyzer Pro lets you run most any spark curve you want using the Spark Curve Specs available through the
Calculation Conditions menu. For the calculations run in the previous section of this example Spark Curve Specs were set to
Program sets spark for best power. This tells the computer to determine the engine's burn rate and then set a spark advance
giving maximum power for this burn rate. Very few engines, especially race or boosted, can run optimum spark advance with

street octane gas.

By selecting the Use Specified Spark Curve option ,
the See Specs button becomes enabled. Click on this
button to open up the Spark Curve Specs Menu
where you can customize the spark curve. You will
notice for the Projected Performance of the stock
302-4V, the Knock Index was highest at lower
RPMs. This is typical, as most engines are more
prone to knock at low RPM. However, with boosted
engines, the highest Knock Index appears with the
highest boost level. Therefore, the spark curve you
build in the Pro will should have less spark advance
at low RPM and RPMs with high boost levels.

The only way to develop a spark curve which
reduces Knock Index to a certain level is by "cut and
try". Let's take the example of the single turbo.
We'll leave Fuel Octane under Fuel Specs at 87
which can be found at any gas station. If you had
wanted to design to high octane street gas, you could
set Fuel Octane to 91-93 before building the spark

Figure 4.40 Baseline 302-4V Knock Index x 10 and

= Engine Analyzer Pro [302-BASE.SPC]
Back File Format View Help

Spark Advance

Saved Data [examples\302-base]
MIXED single LIST last RPM-cyc
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current
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2400

2800

3200 3600 4000 4400 4800 5200 a600 RPM

curve. The method would be the same.

You must also decide what level of Knock Index you
will accept. The stock 302-4V had a Knock Index of
2.8 to 1.0. The Pro states that detonation is very likely
with a Knock Index over 2. Knowing this and the fact
that you will usually run a fuel with better than 87
octane, you could design to run a Knock Index of 2.0 or
less. We will try to obtain a spark curve which limits
Knock Index to 2.0.

First some rules for designing spark curves:

e There is no advantage to over-advancing the spark
from what the Pro sets when the option Program
sets spark for best power has been selected.

e Ifyou know a spark advance which produces a high
Knock Index, you must retard it to reduce Knock
Index.

Following these rules we look at Figure 4.40. Knock
Index is 2.0 or less at 4000 RPM or higher with
optimum spark advance. Therefore, no retard is needed
from the current optimum spark at 4000 on up. The
current spark ramps up from 21 degrees at 2000 to 26

Figure 4.41 First Try at Custom Spark Curve to

Limit Knock Index

Be sure to select this option so as not to
change the engine’s burn rate.

Spedified Spark Curve for: 302-BASE.SPC

" Thig Spark Curve Gives Best Performance | -
O *es [Click on Spec Name or Spec Yalue for
explanation of spec to be given here. 8 25
=
o 20
@ Mo/ Other specs in the program determing the % /
engine's burn rate. 4 15
= 10
.~ Spark Curve Specs 8 5
03]
|§leak Point #1. Spark Advance 10 0
|§reak Point #1. RPM 2000 0 2000 4000 6000 8000
RPh
|§reak Point #2, Spark Advance 26
- " Help
|§leak Point #2, RFM 4000 FPM where Break Point #2 occurs [where
engine reaches maximum spark advance). p
[ ok ] [ Hew |
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L]
degrees at 4000 where Knock Index ramps down from 2.8 to 2.0. This is the section we will have to adjust.

The first brake point could be at 2000 RPM, with a spark advance retarded from the current 21 degrees, say 10 degrees. The
second break point could be at 4000 RPM, using the current 26 degrees. Lets try these specs as shown in Figure 4.41 and see
what happens.

The settings shown in Figure 4.41 mean the computer will determine the engine's burn rate just as before, but the spark advance

Figure 4.42 Effect of Custom Spark Curve Specs

Spark Ad

Back File Foim:

Knock Index

] Test Aessits [Untised)

\__ Tqloss atlow. RPM
__where spark was '\
" retarded the most

\ Knock Index less -
than 2 atall RPMs

W0 e w0 09

G0 ADID AADD ADDD AI00 5600 WP

will be set from these Spark Curve specs. Spark will start at 10 degrees until 2000 RPM. Then it will "ramp" up to 26 degrees
at 4000 RPM where it will stay as RPM increases. Calculate performance for this specified spark curve and plot Brk Tq, Spark
Advance and Knock Index over the baseline as shown if Figure 4.42.

Figure 4.42 shows Knock Index is less than 2.0 at all RPMs with the new custom spark curve settings. You will also notice a
drop in performance from the retarded spark at low RPM, where spark was retarded the most from the original Optimum spark
curve. However, at high RPM there is almost no loss in performance.

With further adjustment of the Spark Curve specs, you might obtain a curve with Knock Index of exactly 2.0 at all RPMs.
However, your detailed effort may be wasted. Remember that the program does not exactly know your engine. One cylinder
running a little hotter or a little leaner may start knocking 5 to 10 degrees before the others. You can only use the Pro to find
trends or develop a starting point for a spark curve. The Pro’s projected performance will always be slightly different from the
actual engine.

Conclusions for Advanced Users:
e  The Pro has detailed features for investigating an engine's tendency to detonate or spark knock.
e The Pro gives the user great freedom to build custom spark curves.
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Example 4.4 Using Flow Bench Data

Features Introduced (and suggested background reading):
- Cylinder Head(s) Specs and Flow Table (Section 2.3)

New Head Specs and Flow Table inputs and features have been added or expanded in later versions. See Appendices 9 -
13 on pages 235-312 for more updated info.

The Engine Analyzer Pro allows you to enter flow bench data for your cylinder heads and intake manifold separately. From this
information you can determine the flow restriction of the head; flow restriction and tuning capabilities of the manifold runner or
header and any "anti-reversion" characteristics.

The Pro lets you characterize the port and valve flow capacity (Flow Coef) two ways:

O Use Single Flow Coef
©® Use Flow Table

Use Single Flow Coef enables the Single Flow Coef spec which describes the flow capability at one valve lift point, namely at
L/D = .25. Use Flow Table lets you enter flow data into a table at several valve lift points.

For the first part of this example, we will just use one Flow Coef value at L/D of .25. The section "For Advanced Users"
describes the use of a full Flow Table.

The basic procedure for obtaining flow data for the Pro is to:

e Flow the head with an optimum entrance or exit adapter to get data to calculate Flow Coef at L/D=.25.

e To determine Runner Flow Coef, flow again with the actual manifold or header replacing the entrance/exit adapter.
e To determine anti-reversion, flow the head and manifold or header in the reverse direction.

For this example, let's assume our circle track class rules have been changed. Next year we must run stock, unported cast iron
heads (1.94 intake valve, 170 cc ports) and intake manifold (runners 2" high by 1.1" wide). We will flow test these parts and
use the Pro to estimate the HP loss with the new head and intake manifold. The flow numbers used in the example are arbitrary.
Your flow tests will likely show similar but not equivalent trends.

Flow Test:

This flow test will be performed at 28" water test pressure, but it could be any test pressure over 7" water. To calculate the
port/valve Flow Coef, the Engine Analyzer Pro needs flow data at an L/D of .25, which is .485" valve lift for the 1.94" valve. It
is not necessary to flow the valve at exactly .485" lift. Any lift from .470" to .500" would be close enough to L/D=.25.
However, do record the exact lift where the port was flowed which the program will use to calculate Flow Coef.

To obtain the optimum air flow for the head only, it is necessary to install a radiused inlet adapter on the intake port. Set up the
test condition of 28" test pressure and .485" lift with the adapter. The flow reads 201 CFM. Leave all flow bench settings "as
is" and remove the adapter. You may note that the flow drops, for example to 191 CFM without the adapter when you

adjust the test pressure back to 28". (It may be necessary to shut down the flow bench between readings to avoid overheating.)

Now install the intake manifold without the carb or throttle body. Be sure all openings in the manifold other than carb/throttle
body opening are sealed. This includes all runners not being tested, vacuum ports, injector bosses, EGR openings, etc. Adjust
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the test pressure back to 28" and you obtain a reading of 194 CFM. Note that the head and intake flow better than just the head
without the adapter but not as good as with the entrance adapter.

To obtain flow data to calculate anti-reversion, reduce the valve lift to approximately .100” lift with the intake manifold installed
and record air flow in the normal, intake direction. You obtain 54 CFM Then turn off the bench and reverse the flow direction
by switching to exhaust flow direction. Start the bench and you will note the flow falls to 48 CFM when you adjust the test

pressure back to 28".

Table 4.5 Flow Test Results, 1.94" Intake Valve

Condition Test Pres Valve Lift L/D CFM
Head, no adapter * 28" 485" .25 191
Head, optimum adapter 28" .485" .25 201
Head and intake 28" .485" .25 194
Head and Intake, for anti-reversion .100 .05 54
Head and intake, reverse direction for anti-reversion 28" .100" .05 48

* This data is not used, just given for information.

Now, start up the Engine
Analyzer Pro program.
Retrieve a new copy of the
RSTR-SBCHEYV file by
clicking on the retrieve button
at the Main Menu Calculate
performance to obtain
baseline performance with the
production head and intake.
Save these test results as a
Test File (if you have not
saved them before).

Return to the cylinder Head(s)
menu and enter the new Intake
Valve Diameter of 1.94.
Leave Int Port Length at 4.5
inches, since both heads'
intake ports are equally long.
Then click on Clc for Intake
Avg Port Diameter to get this
Calculation Menu as shown in
Figure 4.43. Follow the
descriptions in Figure 4.43 to
calculate 1.71 for the new
Avg Port Diameter for the
new head.

Then click on the Intake
option of Use Single Flow

Figure 4.43 Calculating Avg Port Diameter for Intake Port
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E ‘E‘namhel Design |T3,p,ga\ \Wedge El\ | Toohors T I | Cancel I
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i
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| [1].8 \ | HB'E I | See La!nul I HEII%V% from Lihlal! I Save to Lihlal! I
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After calculating Avg Port Diameter, click here to tell program

you only have flow data at 1 valve lift.

Click here to calculate Single Flow Coef

Click here to calculate Anti-Reversion

Calculated port
diameter
appears here

Choose Yes
here first

Fill in port
measurements.

Click here to load
calculated diameter
back into Avg Port
Diameter in
Head(s) menu

Coef. The Single Flow Coef spec and Clc button become enabled and the Flow Table button becomes disabled. Click on the Clc
button to calculate Single Flow Coef to obtain the first menu shown in Figure 4.44. The flow data of 201 CFM at 28 test
pressure at .485” valve lift produces a Calc Valve Flow Coef of .444. Click on Use Calc Value to copy this back to the Head
specs menu. Next click on the Anti-Reversion Cle button to produce the second menu of Figure 4.44. Fill in the flow data of 54
CFM in the normal direction and 48 in the reverse direction. This produces a Calc Anti-Reversion of 11%. Again click on the
Use Calc Value to copy 11 back to the Head specs menu.
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The Intake port specs in the
cylinder Head(s) menu now
represent the new head. To
simplify this example, we are
neglecting combustion
chamber design, exhaust port,
compression ratio, and other
specs about the new head.

Next go to the Intake System
menu and click on Clc for
Runner Dia @ Head. You
will get the menu of Figure
4.43. Since you do not have
runner volumes for the
manifold, choose No for
Know Runner Volume. Then
enter width and height

Figure 4.44 Single Flow Coef and Anti-Reversion Calculation Menus

Calc Valve Flow Coef
| [444

Calc Yalve Flow Coef

" Flow Test Data

Test Pressure, “Water | 28
# Yalvesz/Cylinder |
VYalve Diameter, in |
Walve Lift Tested, in | [ 485
Flow Obtained. CFM | [201

" Motes:
Enter How data for 1 1.940" diameter Intake
walve at a walve lift from 400" to 5RO

ste Calc Yalue: I | Help I | Cancel I

I Calc Anti-Rewersion - Intake I

]

Calc Anti-Reversion, %

| Flow Bench Data
Flow-Hormmal Diwection, CFM | 54

Flow-Reverse Direction, EFMl 48

" MNote:
Thiz menu uzes flow bench data to estimate a
port's resistance bo lowing in the reverse
direction. Recommend uging flow data at a low
[ift, like . 100", the zame lift for both CFM entries,

[ Use Cale value || Help || cancer |

dimensions from measurements made at the mating face to the cylinder head. Enter the manifold's runner width of 1.1, height of
2 and choose Rectangular for Shape. These inputs result in a Calc Avg Diameter of 1.67. Click on Use Calc Value to return to
the Intake System menu with 1.67 entered for Runner Dia @ Head.

Next, click on Clc Runner
Flow Coef to obtain the Calc
Runner Flow Coef menu
shown in Figure 4.45. Figure
4.45 shows the test data from
Table 4.5 filled in and a
calculated Runner Flow Coef
of 2.213. Click on Use Calc
Value to return to the Intake
System menu with 2.213
entered for Runner Flow Coef.

This new manifold is a dual
plane design, like the stock
manifold so Manifold Type
will stay Dual Plane-carbs.
The corner runners measure
approximately 6" long, while
the inside runners measure 4".
That would average out to 5"
for the Runner Length for the
new intake. Rules also state
that the crossover must be
open and no heat shield can be
used under the intake.

Therefore, set pick Prod (full) Heat for Intake Heat. The same carburetor will be used, so Total CFM Rating will stay at 255.

Figure 4.45 Runner Dia @ Head and Runner Flow Coef Calc Menus
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" Flow Data with 1 Bunner
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Enter flows data for 1 1.340" diameter Intake
valve at a valve lift from 400" to 550"

For Flow with Bunner, enter flow obtained at the
zame lift with the 1 runner attached to head.

[ Use Calc value || Help || cancer |

Calculate performance for the RSTR-SBCHEV with the new head and intake manifold. Figure 4.46 is a comparison graph of
the baseline with the new, more restrictive intake. As the graph shows, performance has dropped at all RPMs.
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The new heads and intake dropped peak

HP from 307 to 276 and dropped average | Figure 4.46 Effect of More Restrictive Intake on Performance

HP from 257 to 240. Remember we only ||[= Engine Analyzer Pro [RSTR-SBC.HEV]  Test Results [Untitled]
changed the intake port. We would have Back File Format VYiew Help MIXED single LIST last RPM-cyc
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exhaust specs for a true comparison. Torque & HP vs RPM P
400 p------ LT R LR R R LR : BrkTq,ﬂ—IbS

examplestrs355dyn

! |Brake HP

Alternate Method:

If it is difficult to design optimum
exhaust and intake adapters, or this

data is not available, it is then best to
flow the head with the appropriate
manifold or header. For the example
above, this would give 194 CFM. Most
of the restriction is due to the valve and
some is due to the manifold runner.

A reasonable assumption is 4% of the
total flow restriction is due to the runner.

120 i i i i i i i i i
If you multiply the CFM flow for both 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 RPM

the port and manifold together by 1.04
you will obtain a reasonable flow value to use for the head itself. In this case 194 CFM x 1.04 = 202 CFM. Using 202 CFM
you would calculate a valve Flow Coef of .447, and an input of 194 would calculate a Runner Flow Coef of 1.892. These
numbers are similar to those actually measured in Table 4.5.

Conclusions:

e The Engine Analyzer Pros calculation menus allow you to easily calculate valve Flow Coef, anti reversion, and Runner
Flow Coef from flow bench data.
e  An alternative method is suggested if you only have data for flowing the head and manifold as a unit.

For Advanced Users:

Many times the difference between cylinder heads may not be significant at the L/D = .25 point. For example, one head may
have much more low lift flow than another due to valve seat modifications. The only way to investigate these detailed
modifications is by entering the full flow curve into the Pro’s Flow Table.

To obtain your flow data for the Flow Table, follow the recommendations in the first section of this example. Use entrance and
exit adapters when flowing the head itself. Obtain flow CFM at some constant test pressure (over 7" water) at several lift
points.

For an ideal test obtain CFM for 6 somewhat evenly spaced lift points between 0 lift and L/D=.25, one CFM point at L/D = .25,
and one CFM point at the maximum valve lift (before coil bind). At the L/D=.25 lift point, also record flow with the actual
intake or exhaust manifold/header (to calculate Runner Flow Coef) and the reverse flow with the actual manifold/header (to
calculate anti-reversion). You do not need these extra points at all lifts, just at L/D=.25. See Table 4.6.
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Table 4.6 Full Flow Test Results, 1.94” Intake Valve

Condition Test Pres | Valve Lift L/D [ CEM
Head, optimum adapter 28" .050” .03 26
Head, optimum adapter (also used for Anti-Reversion calculation) 28" .100” .05 54
Head, optimum adapter 28" .200” .10 102
Head, optimum adapter 28” .300” 15 140
Head, optimum adapter 28" 400 21 174
Head, optimum adapter 28" 450 .23 191
Head, optimum adapter 28" 485 .25 201
Head, optimum adapter 28” .600 31 205
Head and intake manifold 28" 485" .25 194
Head and intake manifold, for Anti-Reversion, reverse direction 28" .100 .05 48

To load these flow test results into the Flow Table, first set the Intake Valve Diameter to 1.94 in the cylinder Head(s) menu.
Then bring up the Flow Table by selecting the Use Flow Table option which enables the Flow Table button. Then click the
Flow Table button to display the Flow Table as shown in Figure 4.47.

First, you must enter the test pressure or 28 “ at which the head was flowed.

Then start entering valve lifts and CFM flows measured at 28". You may first want to use the Clear All Data button to clear out
the flow table, or you can just type the new numbers over the existing flow data. As you enter valve lifts and CFMs, you will
see the L/D automatically calculated and displayed, plus the Flow Coef at that particular lift. When you enter .485" lift and 201
CFM, you will notice

that the Flow Coef calculated is .444 This is the same as was calculated from the simpler menu in the first section of this
example.

Figure 4.47 shows all the new flow data entered and the resulting Flow Coefs. Notice the trend of Flow Coef being relatively
high at low lifts, then slowly dropping until L/D=.25, then increasing again at higher lifts. This is the normal trend and is easy
to see in the graph. If you have Flow Coefs

which do not follow this}:re(rild, it may be Figure 4.47 Intake Flow Table

ointing out an error in the data. Also see i
Ilzigure %.8 on page 18. When you are finished F.|rst be sure correct valve F g:asppholtfir:/ge v uset
entering data, simply click on OK to return to diameter is shown here problems with fow
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Figure 4.48 shows the performance for the 3 E Aop ] Valve Lift, inches
conditions, 2 from the first part of this example, He [Clear Out CFM | [ Clear All Data | ip i1 best to have one point i 3 Vakve L/D of cose to 25,
and the last one from using the Flow Table to c m | [ newieve tom tiroy | | savetotimy |
characterize the flow of the intake port. As you
can see, performance is down when using the

full Flow Table. The reason is that the actual port did not flow as well at valve lifts other than L/D = .25 as what the Pro
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assumed it would. This is pointed out in the Valve Flow Area graph shown in Figure 4.48. See Figure 2.37 on page 88 for a
definition of Valve Flow Area. Valve Flow Area is significantly less when using the Flow Table, which results in less air flow
capacity and therefore less HP.

The Pro also calculates the exact Valve Flow Area and displays this in the Special Calculations section (lower half) of the test
results as shown in Table 4.6.

Table 4.6 Comparison of Single Flow Coef and Flow Table Performance

Condition Peak HP | Avg HP | Valve Flow Area, sq in x deg
Original Baseline with 2.02 intake valve 307 257 278.0
1.94” intake valve using Single Flow Coef 276 240 244.5
1.94” intake valve using complete Flow Table 268 236 229.9

Table 4.6 shows the same trend as Figure 4.48, that the computer assumes the Valve Flow Area is greater than it actually is if
you just use Flow Coef=.444. The major difference is in the "mid lift" points. At the cam's peak lift at around 450 degrees, the

Figure 4.48 Performance and Valve Flow Area for Baseline, Single Flow Coef and Flow Table
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Valve Flow Areas are the same. However, the original head with the 2.02" valve flows significantly more at all but the
very low lifts. This points out the need to have a full flow curve for the head, both intake and exhaust, for the best performance
predictions.

Figures 4.48 and Table 4.6 also show that the higher the Valve Flow Area, the higher the HP output.

Conclusions for Advance Users:

e  For the maximum accuracy, it is best to have a complete flow curve for the intake and exhaust ports.

e The Engine Analyzer Pros Flow Table menu allows you to easily enter the flow curve data, recorded at most any test
pressure.

e  The Flow Table's Flow Coef calculations let you spot errors in the flow data you enter.
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Example 4.5 Optimizing Tuning

Features Introduced (and suggested background reading):

- Appendix 1 Accuracy and Assumptions
- Appendix 3 Intake and Exhaust Tuning
- Appendix 5 Watching Tuning Pressure and Flow

New inputs and features for graphing have been added or expanded in later versions. See Appendices 9 - 13 on pages
235-312 for more updated info.

The Engine Analyzer Pro simulates the pressure pulsations which are present in the intake and exhaust runners. These
pulsations are critical to obtain optimum performance, especially for naturally aspirated, free flowing race engines. With intake
and exhaust systems designed to take advantage of these pulses, volumetric efficiencies of well over 100% are possible without
supercharging.

Since tuning effects are most noticeable with free flowing heads and high overlap cams, we will use the SUPERSTOCK Buick
V-6 engine for this example. In this example, we will show how to use cycle plots to understand the tuning pulses in the intake
and exhaust system and how they affect performance. To simplify things and save calculation time, we will look primarily at
7500 RPM, an RPM close to the HP peak.

Retrieve a copy of SUPERSTOCK from the library. Calculate performance with the ‘Starting Point’ Recommendations RPM

under Calculation Conditions set to 7500. Important points from these Test Results include:

e  Mach# at 7500 RPM is a relatively low .415 indicating the intake valve should not be too restrictive at this RPM.

e The TOTAL EXH/INT % of 81.9 is somewhat higher than the recommended 75%. Therefore, the exhaust valve and cam
profile should not be too restrictive. The recommended intake runner size for 7500 RPM is 10.4 inches long by 2.16 inches
in diameter, which is slightly shorter and wider than the current intake runner size. See Figure 4.49.

Note: The dimensions recommended in Figure 4.49 are based on very general “rules of thumb”. The
Engine Analyzer Pro’s calculations are not based on these same rules. Therefore, the Pro may not give
best performance with these runner dimensions. However, they are useful as a starting point.

Table 4.7 shows a comparison between these recommendations and the engine's current specs. It is not surprising that most of
the recommendations are very close to the Buick's current specs. This engine has been fairly well optimized for performing
between 6000-8500 RPM. Let's look first at changing the intake runner dimensions, then the exhaust to see the effect on runner
pressures and velocities. Each test will be saved as a test file to allow for easy comparison graphs.

Table 4.7 Current Buick V-6 Specs versus Recommended Dimensions for Good Tuning at 7500 RPM

Dimensions * Current (actual) Recommended
Intake Port Length + Runner Length 10 104

Avg of Int Port Dia and Runner Dia approx 1.96 2.16

Exh Port Length + Header Primary Length 34.5 38

Avg of Exh Port Dia and Header Primary Diameter approx 2.0 1.97

* Recommended dimensions are from the valve to either the plenum or collector. Therefore, you must add the port length
in the head to the runner length. You must also account for the port diameter being different than the runner length.

193




(C) Performance Trends Inc 2009 Engine Analyzer Pro Chapter 4 Examples

Figure 4.49 Special Calculations Section Showing Runner and Cam Recommendations
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Intake Tuning:

First, let's look at changing the intake runner's length and compare the In Port Vel and InPort Prs for 3 cases, original length,
shorter and longer. First, subtract 3" from the original Runner Length of 5" under Intake System. Calculate performance with
this 2" runner. Notice that Brk Tq, Brake HP and Vol Eff% have dropped at almost all RPMs. Save these results as a test file
for comparison plots.

Return to the Intake System menu and now add 3" to the original Runner Length of 5" for a length of 8". Calculate performance
again and save these results as a test file for comparison plots. Figure 4.50 shows intake tuning pressures and velocities for
these 3 conditions. It points out general trends which apply for most all engines concerning intake tuning:

e The longer the runner, the deeper the suction pulse at the start of the piston’s downward stroke after TDC. This deep
suction pulse can hurt performance if extremely deep and extremely long.

e  The longer the runner, the higher the reflected pulse is at intake closing after BDC. This high reflected pulse is the most
important for producing strong intake tuning to help performance.

e  The longer the runner, the later the reflected pulse arrives back at the port. If the runner is too long for a particular RPM,
the reflected pulse will arrive very late and the intake valve may have already closed. Then the engine can not take
advantage of it. All the long runner is doing then is providing a deep, long suction pulse which hurts performance
considerably.

Now, repeat this process changing the intake runner diameter instead of the length. First, set Runner Length back to its original
5" in the Intake System menu. This time calculate performance with a .2" smaller diameter and .2" larger diameter intake runner
over the runner’s entire length. For these conditions, you must change both the Intake System menu's Runner Diameter and the
Cylinder Head(s) menu's Intake Avg Port Diameter. Table 4.10 gives a summary of the runner modifications and results.

Figure 4.51 shows the plots of InPort Pres and InPort Vel for the different diameter intake runners.
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Intake Port (tuning) Pressure
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Condition Baseline | 3” Shorter | 3” Longer | .2” Smaller .2” Larger
Int Runner Length 5 2 8 5 5

Int Port Dia 1.82 1.82 1.82 1.62 2.02
Int Runner Dia 1.95 1.95 1.95 1.75 2.15
Results @ 7500

Brk Tq 384 358 374 357 376
Brake HP 549 512 534 510 538
Vol Eff% 113.8 103.6 108.8 106.2 112.0
Pumpng Work -24.4 -15.4 -24.3 -24.3 -22.7
In Tune Prs 5.6 3.0 6.2 5.5 4.6
Peak InPort Pres 23.0 20.1 23.8 241 21.2
Peak InPort Pres Location, deg after BDC | 60 48 64 68 52
Peak InPort Vel 624 472 612 852 465

Table 4.10 shows us:

In every case, changing the runner length or diameter caused a loss in performance at 7500. This makes sense as this
engine has been optimized for approximately 7500 RPM.

The highest Brk Tq and Brake HP occurs with the highest Vol Eff, which does not always have the highest In Tune Prs
(listed in the RPM data) or Peak In Port Pres (which is Cycle Data). This shows that where the peak pressure occurs and
the shape of the pressure wave is very important also.

A high InPort Vel by itself is not a good indicator of the best performing runner dimensions for tuning.

Figures 4.50 and 4.51 show us:

Peak In Port Pres generally increases as In Port Vel increases or runner length increases.

The timing of peak In Port Pres (reflected pulse) occurs later as In Port Vel increases or runner length increases.

Even with optimum tuning, some reverse flow can occur near intake closing.

In general, for optimum tuning you want In Port Pres as high as possible in the area around intake valve closing.
However, if the peak occurs too close to intake closing, the valve is too far closed to take advantage of it. The Figures do
not show this, but if the peak occurs too far before intake closing, some air will be pushed out before the intake valve
closes. This would be indicated by higher amounts of negative InPort Vel near intake closing.

Figures 4.52 shows the effect of these different runner dimensions on the whole HP curve. It points out some general trends for
changing intake runner dimensions:

e Making intake runners longer and/or smaller diameter moves the tuning peak and HP peak to a lower RPM.
e Making intake runners shorter and/or larger diameter moves the tuning peak and HP peak to a higher RPM.

Exhaust Tuning:

The Engine Analyzer Pro also lets you investigate the effect of exhaust runner (header primary) and collector dimensions on
tuning and performance. As we did in the Intake Tuning section of this example, we will change exhaust runner (header
primary) dimensions and watch the effect on port pressures and HP.

Figure 4.53 shows that as the runner length gets longer, the width of the initial "blowdown" pulse also gets wider. This
blowdown pulse is the loud crack you hear in the exhaust of race engines with early exhaust opening. After the blowdown
pulse, a vacuum pulse will appear, vacuum being a pressure less than atmospheric pressure. Atmospheric pressure is
approximately 15 PSIA. This vacuum pulse is caused by the reflection of the blowdown pulse from the end of the header pipe
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Figure 4.53 Effect of Exhaust Header Dimensions on Exhaust Port (tuning) Pressure
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at the collector. In a highly tuned engines like this SUPERSTOCK V-6, a strong vacuum pulse during overlap, when both
valves are open, produces the following desired effects:
e  Clears out the cylinder of any residual exhaust to reduce “contamination” of the fresh incoming intake charge.
e Prevents reversion by keeping the exhaust flowing out of the cylinder and the intake charge flowing info the cylinder.
e Lets the intake charge get a “head start” at filling the cylinder, because the exhaust is sucking the intake charge into the
cylinder before piston motion has started to suck the intake charge into the cylinder.

The larger the valve overlap, the wider the vacuum pulse should be for good exhaust tuning. This engine has a great deal of
overlap, 74 degrees at .050” lift. Therefore we want a deep, wide vacuum pulse in the area around TDC. Figure 4.53 shows that
both the longer and smaller diameter header pipe produce a very wide “blowdown” pulse, increasing the average exhaust
pressure in the overlap area around TDC. Figure 4.54 shows that both the longer and smaller header primary produce much less
HP at 7500 RPM as a result.

The shorter and larger exhaust headers don’t show much difference in vacuum pulse at TDC at 7500 RPM. Figure 4.54 shows
that they both produce slightly less HP at 7500 RPM, but at RPMs over 7500 they both produce more HP. If this engine’s
reciprocating parts and valve train can handle the higher RPM safely, it may be worth trying larger or shorter headers on this
engine. However, remember you will have to rev the engine higher to take advantage of the higher HP. At RPMs below 7500,
the larger and shorter exhaust primaries reduce power.
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Figures 4.54 shows the same trends as were shown for intake runners:

e  Making exhaust runners longer and/or smaller diameter moves the tuning peak and HP peak to a lower RPM.
e Making exhaust runners shorter and/or larger diameter moves the tuning peak and HP peak to a higher RPM.

Notes on Intake and Exhaust Tuning:

Although the Engine Analyzer Pro simulates intake and exhaust tuning pulses in great detail, there are still effects which are not
yet completely understood or are simply not being simulated. These limitations include:

e  Temperature effects, which affect the speed at which the pulses are reflected. Temperatures are affected by fuel type and
specific fuel delivery system, manifold, combustion chamber, port and header design, header insulation, etc not simulated
by the Pro.

e Specific runner design, like placement of bends, area changes, design of junctions, etc.

e Effects from other cylinders, for example standard V-8 vs 180 degree vs tri-Y header collector designs. (Some of the
effects from other cylinders are simulated in relatively simple way.)

e  Effect of runner restriction. Although the intake and exhaust Runner Flow Coefs can be measured on a flow bench, we
do not completely understand how they define the runner's ability to tune. We do know that freer flowing runners do
provide for better tuning, but not the exact relationship.

Due to these limitations, the Pro (as with most any computer model) can not predict the single best runner design. However, it
is still quite useful for predicting trends and giving approximate runner designs. For absolute peak performance, these designs
would have to be refined with dyno or track testing.

Conclusions:

e The engine's HP is strongly dependent on the amount of air it can flow, which is strongly dependent on pressure waves in
the intake and exhaust runners and ports.

e The Engine Analyzer Pro allows you to simulate intake and exhaust tuning in great detail.

e By plotting intake and exhaust port pressures and runner velocities, you can gain a better understanding of tuning
principles.
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For Advanced Users:

In this example, as with many engine investigations, we made several changes to a spec to see how the engine’s performance
curves reacted. The Pro has a built in routine called Chain Calculations which let you program in several (up to 36) changes
and have the program do each one automatically, without you being at the computer. This can be a great convenience. In this
example, we will chain 36 changes to the exhaust header primary length and diameter. On a fairly fast Pentium computer, 36
runs of 12 RPMs could take a half hour or more to run. While the program is running, you can be doing other work.

Figure 4.55
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To run a Chain Calculation, first be sure all specs : : :
(except the ones you will change) match the P le
specs of the engine you want to simulate. Then

click on the Calculate Performance button at the T ¥ Specs to Chain " Chain Spec #2
Main Menu and select the Yes option for Chain Ci ®2 [Spec Type and Name
Calculations as shown in Figure 4.55. Once Yes

is selected, click on the Show Chain Specs button
to display the Chain Calculation menu shown in

. Chain 5pec #1 |Exh Header Primary Length [5 2] |£I

|5pel:: pclandlis e |5larling Spec VYalue |15

Figure 4.56. |EHh Header Primary Diameter (5 1] |£I |“ Chain Steps c T
|Starting Spec Value [1.7 |Chain Step Size 5

The settings in Figure 4.56 will make 30 runs it Chain Steps 5 ¥ Frefare

with 5 settings of exhaust header diameter and 6 Chain Step Size > [Exh Header Primary Length 16, 21,26, ... 41|

settings of exhaust header length. When finished —— [Current Value 3
Setting the Chain specs, click on OK, then click |E:4h Header Primary Diameter 1.7,1.9. 21, .. |

: " Help
on Calculate Performance 1.1’1 th.e Calculate |Eunenl Value 2.1 Click on arrow for a list of possible specs for the
Performance menu shown in Figure 4.55. These first chain caloulation. p s

30 runs, each consisting of 12 RPMs will take 30
minutes or more to complete. When they are

finished, the results will be displayed as shown in
Figure 4.57. Click on the Graph button and you can obtain either a torque or HP graph.

| 114 I |Help| | Turn Off Chain Calcs I
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Engine Analyzer Pro Chapter 4 Examples

Because Chain Calculations generate so Figure 4.57 Chain Results
many runs and potentially several Click here or here to produce graph
megabytes of data, only torque and HP shown in Figure 4.58
data is saved or displayed. Therefore Click here to save results
Chain Calculations are most useful to do Engine Analyzer Pro  Engine [SUPERSTO.CK]  Test Results [Untitled] E
quick trials of specs and see the effect on =| Bgtk  Grap Print _ Help(F1) _ Filc  Analyze  See-Engine s
: : . : ] Cmnts| Notes: Mot available for Chain Caleulation Mot available For
performance. For detailed investigations, ;% ot avaiable
i i | Motes chain calculations
where you may want to check detonation, ErgreRPM 6000 [6250 6500|6750 [7000 [7250 [7500 [7750 [so00 [e50 [es00 [e7e0 [
check valve toss, do Cycle Data graphs, Chain# 1
. . EPiDis=1.7 Ta|370 374 364 361 37 369 |30 30 /0 ;@9 35 306
you must use single calculations as Efilercls HP|422 445 451 464 483 509 528 531 583 62 5% 510
shown in the first part of this example. Chain# 2
EPiDia=19 Tq|3r2 378 372 |30 37 37 3 34 B3 M2 3317
. ExPilenz16 HP|432 450 461 463 476 493 (516 522 537 |53 53 528
The graph of Figure 4.58 can appear very Chain # 3
: : : ; ExPiDis=21 Ta|377 380 371 357 358 B2 30 345 340 34 320307
confusing, eSP“‘a”Y as printed here mn ExPrilenz16 HP|431 452 453 468 478 487 500 503 517 524 519 512
black and white. However, you can click Chain # 4
: EFiDis=23 Tq|362 385 374 361 359 358 M5 337 329 #9308 29
on any run hame in the graph legend agd ErFilenz16_HP|437 450 463 465 478 495 433 493 502 500 493 432
the corresponding graph will flash. This Chain# 5
way you can see how each combination ExPiDia=25 Tg|o% 3% (377 3% 3% M7 M5 333 20 30 289 oo
. Erfiilenz1B HP|443 467 467 461 474 473 433 491 488 437 434 484
compares to all the others. If we do this, Chant &
the combinations which appear the best ExPiDia=17 Tq|373 362 362 3% 38 %8 371 3%\ 37 3B 32 306
. ExPilen=21 HP|425 455 473 436 510 522 530 528 528 526 522 609
in the RPM range around 7500 are: Chain® 7
e 197x26” EPiDia=18 Ta|379 (362 375 |32 362 384 |36 372 %2 4 M0 32
. o o ExPilen=21 HP|433 454 464 491 510 531 |53 543 551 657  BG0 63
e 2.1”x26” (this combination is one Chain# & v
of the best up to over 8000 RPM) * »
e 2.17x31” (the original or
baseline header)
e 237x31”

As shown in the first part of this example, it looks promising to try a slightly larger diameter or slightly shorter header primary,

especially if the engine can rev safely to over
7500 RPM.

Chain calculations can also be saved for later
reference, by clicking on File as shown in Figure
4.57. Then click on Save Current Test Results to
Disk. Chain results can be saved to any directory,
but have a .CHN file extension instead of a DAT
extension of single run test files.

Conclusions:

e The Chain Calculation feature lets you run
several tests automatically to find
combinations which look promising.

e  Chain Calculations only allow for torque or

HP output. Therefore, for detailed
investigations of other operating conditions
like detonation, valve toss, cylinder
pressure, etc, you must use single run tests.

Figure 4.57 Graph of Chain Results

Click on a Run in the Legend here

The correxponding graph will
flash so it stands out from the
other graphs

Engine Analyzer Pro [SUPERSTO.CK]
Back File Format View Help |

ElEIREIEEIEEEEE
Brake H

Test Results [ examplesh-6-hedr ]
Chain\Graph: tq HP

Lel> Lo l\e] e o] X1 ffurview]set scaled

574

400
]l

6250 6500 A&7S0 FOOO 7250 TFS00 VS0 8000 8250 8500 8750 RPM
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Appendix 1: Accuracy and Assumptions

Background:

The Engine Analyzer Pro was developed as a:
e Learning aid for those who want to better understand internal combustion engines.
e Tool to help predict effects of certain engine modifications for engine builders, engineers, racers, and performance
enthusiasts.
e "Theoretical Dynamometer" to allow anyone to try things which are too expensive, difficult, or impossible with a real
engine.

The Engine Analyzer Pro will provide you an engineering estimate of what should occur when general modifications are made
based on internal combustion engine theory and general physics and thermodynamics. By seeing all the specifications which go
into the calculated results, you may have a false sense that the computer knows your engine exactly, what manufacturer's intake
manifold and carburetor are installed, who ported the heads, the exact cam profile. Actually the computer does not know if the
specifications are for a flat head Ford or a Honda Formula 1 engine.

A good analogy to the Engine Analyzer Pro is a flow bench. A flow bench can not predict exact torque and HP curves, but is
still a vital tool for engine development. In the same way, use the Engine Analyzer Pro results as a guide, as a second opinion of
how your engine should perform under near optimum conditions.

Many users of engine simulation programs do not understand their true value. If you simply want to know how much HP a
particular combination of specs will produce, our Engine Analyzer EZ can do a good job with only 20 inputs. However, if you
want to know, “What will happen if I make the intake runner 1 longer?”, the EZ version can not do it. The EZ version does not
have an input for runner length so you can not add 1” to the runner length. The true value of engine simulations is the ability
to accurately check for trends like “If I lengthen the intake runner 1 inch, this will happen.” The ability to accurately predict
trends from modifications has been greatly improved in the new Windows Pro v2.1.

lterations:

Before we talk about accuracy, it is important for you to understand the types of calculations going on inside the Engine
Analyzer Pro and other sophisticated simulation programs. A simple engine program could involve calculating torque from
volumetric efficiency:

Torque = K x engine displacement x volumetric efficiency

Where: K is a constant which includes many assumptions
You enter a volumetric efficiency and obtain a torque value. The answer you obtain on the left side of the equation has no effect

on the inputs on the right side of the equations. (Some rather expensive programs are based on an equation no more detailed or
complex than this. See "Other Engine Simulation Programs" in this Appendix.)

However, lets look at a simplified version of the Pro’s equation which calculates the temperature rise of intake air as it passes
through the intake port.
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Final Temp = Intake Temp + K x (Final Temp + Intake Temp)
In this case the "Final Temp" answer you get on the left side has an effect on the inputs to the equation on the right. The only
way to solve equations like this is through "iterations". Iteration is a process where you assume an answer, use that answer in

the right side of the equation, calculate the actual answer and see if the actual answer is "close enough" to the answer you
assumed. For example:

Iteration Process:
For this example, use above equation with K=.3, Intake Temp = 80
A Assume Final Temp is 145 degrees
B Calculate Final Temp: 80 + .3 x (145 + 80 )=147.5

C Are assumed Final Temp and Calculated
Final Temp Close Enough (within 1 degree) ?

No, so do again using new Final Temp answer
A Assume Final Temp is 147.5 degrees
B' Calculate Final Temp: 80 + .3 x (147.5 + 80 ) = 148.25

03 Are assumed Final Temp and Calculated
Final Temp Close Enough (within 1 degree) ?

Yes, so an approximate answer is:

Final Temp = 148.25 degrees

If "close enough" was 3 degrees, our first answer of 147.5 degrees would have been good enough. If "close enough" was .1
degree, it may require many more calculations to arrive at an answer which is "close enough". If the equation is very complex
and the inputs are an unusual combination, no answer may be reached no matter how many times the calculation is performed.
This is called "not converging on a solution".

Making the tolerance "close enough" small will produce more exact answers but will require more calculation time.
Performance Trends has selected tolerance bands for the Pro's many iterations which give good accuracy with reasonable
calculation times.

Because many of the equations within the Engine Analyzer Pro must be solved by iterations, there is no one exact answer. All
calculations are an approximation. For example, do not be alarmed if an Intake Valve Flow Area is calculated as 200.4 for
"straight up" cam timing and as 200.8 with 4 degrees of cam advance. These numbers are close enough that they should be
considered equal. Advancing the cam should not and did not change Intake Valve Flow Area.
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Correlation with Dynamometer Data:

First we must say that no engine simulation, even those used by the Big 3 automakers, replace dyno testing. Although the
Pro’s results can match your dyno almost exactly for some engines, for others with different combustion chamber design, A/F
distribution, carb fuel metering, etc, the trends and power levels could be off.

The Engine Analyzer Pro was validated using dynamometer data from many different engines, from small 5 HP Briggs &
Strattons to 500 CID Pro Stocks. In general, the Engine Analyzer Pro's torque and HP results compared within +7% of the
actual dynamometer data at most RPMs. For example, if the Engine Analyzer Pro predicted 400 ft 1bs of peak torque, the actual
engine would have from 372 to 428 ft Ibs from dynamometer tests. The agreement is best near the torque and HP peaks.

We do not quote an improvement in accuracy over our simpler, standard Engine Analyzer program. Then you may wonder why
go through all the extra work gathering specs and extra expense for the Pro.

e  First, the standard Engine Analyzer is designed to work with fairly standard parts, typical cam profiles, turbos,
superchargers, etc. In many cases, the standard version makes many assumptions for you so you may not know
what types of parts it is using.

e Second, the Pro's more detailed analysis makes it more reliable at accurately predicting trends from modifications.
At approximately every 0.2 degrees of crank rotation, it calculates intake and exhaust valve flow area, port
pressure, flow through each valve, etc. Therefore, if you make a change to cam timing, valve flow, etc., the Pro’
can more reliably predict the effect on performance. The accuracy of predicting trends has been significantly
improved in Version 2.1 for Windows.

e  Third, the Pro has many more inputs so you can simulate much more detailed engine modifications. For example,
you can:

o Investigate the effect of different cam profiles on performance, valve toss or pushrod loads.
e Determine how modifications affect intake port pressure, cylinder pressure, spark knock or required jet

size.
e  Check the effect of various cylinder head flow curves on performance, reversion or tuning.
e Etc.

One must also remember that dynamometer testing is not an "exact science". How many times have you seen magazine stories
of an engine dyno tested to produce 400 HP. But when the engine is installed in a car, it only runs 100 MPH in the quarter mile.
Similar cars with 400 HP are running 110 MPH, so the dyno numbers are obviously too high. Significant variability exists from
run to run, day to day and especially from dyno facility to dyno facility. Therefore, the dyno data you are comparing to the
Engine Analyzer Pro results may be in error more than the program. See Appendix 4.

Figures A.1 - A.3 give some comparisons between Engine Analyzer Pro simulations and actual dynamometer runs testing
various modifications. Figure A.4 show pushrod forces simulated by the Pro versus loads measured with instrumented
pushrods. Figure A.5 shows simulated intake runner pressure pulses versus those actually measured in the intake runner. These
examples will give you some feel for the accuracy to be expected from the program.

The examples shown here compare predicted results from the older DOS Pro.
The Windows Pro v2.1 has equal or improved accuracy in most all situations
and would show equal or better correlation as the graphs shown here.

203



(C) Performance Trends Inc 2009 Engine Analyzer Pro Appendices

Figure A.1: Predicted Effect of Cam Change From Pro Versus Measured On Dynamometer
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Figure A.2: Predicted Effect of Header Change From Pro Versus Measured On Dynamometer
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Figure A.3: Predicted Effect of Carb Change From Pro Versus Measured On Dynamometer
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Figure A.4: Predicted Intake Port Pressure From Pro Versus Measured In Intake Runner
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Figure A.5: Predicted Pushrod Force From Pro Versus Measured with Strain Gauged Pushrod
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Major Assumptions:

To make the Engine Analyzer Pro, and the specifications which describe the engine, containable on a personal computer, several
simplifying assumptions are made which are listed below. Other approximations and assumptions exist as identified in Section
1.3 A Word of Caution and scattered throughout this manual. See Assumptions in the Index.
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All cylinders and runners in the engine are identical.
Spark occurs at exactly the same time for every combustion cycle. There are no misfires or "slow burns".

For Gasoline simulations, the energy released during combustion is based on a fuel called octane, with a heating value of
approximately 19,000 BTU/Ib. For Drag Racing Gasoline, the heating value is slightly higher. For Alcohol, the heating
value is 8,600 BTU/LB.

For Gasoline and Drag Race Gas simulations, the program assumes that the fuel’s vapor pressure (tendency to vaporize and
atomize well) drops with increased Octane. Therefore, you may see A/F Mxtr Qlty drop as you specify higher fuel Octane.

The frictional drag from Short Block specs like Cooling Fan Type, Water Pump & Drive, etc increase with increased engine
displacement. For example, if you specify a stroke which is 20% longer to the Engine Analyzer Pro, displacement increases
20% and so does the friction from Cooling Fan Type.

Intake and exhaust tuning are very complex simulations as identified in Appendix 3. Small changes in air temperature,
surface temperature within the air tracts and effects from other cylinders make exact tuning simulations impossible. See

Appendix 3 and Example 4.5 for more complete tuning assumptions.

Figure A.6 is a simplified block diagram of the "engine" within the Engine Analyzer Pro.
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Figure A6 Block Diagram of Computer Model
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Appendix 2: Summary of 4 Cycle,
Internal Combustion Engine Theory

Most performance enthusiasts know the 4 processes which occur in the 4 cycle, internal combustion engine, namely:

Intake

- Compression

- Combustion and Expansion
- Exhaust

However, many do not fully understand the theory of how these processes make HP, or how you change these processes to make
more HP.

Let's look more closely at the Combustion and Expansion part of the cycle, the portion of the cycle which actually makes power.
Four cycle, IC (internal combustion) engines produce power from the chemical energy stored in the fuel they burn. This stored
energy is released when the fuel burns in the cylinder with oxygen in the

air. The heat which is released, heats the Figure A.7 “Black Box” Engine
air which is trapped in the cylinder, raising its pressure which pushes on
the piston and turns the crankshaft. This whole process can be thought Fuel In

of as the "explosion" which occurs when the spark plug fires.

HP Out
Let's examine the chemical energy in the fuel which is released in the

engine. If we look at the engine as just a "black box" (Figure A.7); we : p

do not know what goes on inside, except that fuel goes in and
horsepower comes out. We can calculate the amount of horsepower the
fuel contains if we know the flow rate of the fuel and the chemical
energy of the fuel.

Example of "Black Box" Engine

Fuel Flow Rate = 40 Ibs/hr
Chemical Energy in Fuel = 19,000 BTU/Ib

Conversion factor: 1 HP = 2544 BTU/hr

HP into "Black Box":

(1) 40 Ibs/hr x 19,000 BTU/Ib = 299 HP
2544 BTU/hr

If we knew the efficiency of this "black box" engine at converting chemical energy into mechanical energy (HP), we could
calculate its HP output. For this example, let's say the "black box" engine is 25% efficient.
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(2) Efficiency = HP out x 100%
HP in

Filling in the information we know into eq (2):

25% = HP out x 100%
299 HP

Rearranging terms:

HP out = 25% x 299 = 75 HP
100%

Power out of "Black Box" engine:

(3) F.F.R x C.E.F x Eff = HP out

2544
Where: F.F.R. = Fuel Flow Rate, Ib/hr
C.E.F. = Chemical Energy of Fuel, BTU/Ib
Eff = Total Engine Efficiency

Using this simple logic, if the efficiency stays the same, all we have to do is pump more fuel into the engine to produce more
power. For example, remove the carburetor and dump the fuel directly down the intake manifold. You could pump the gas tank
dry in a matter of minutes, but we all know that the engine would probably produce no power at all. The energy in the fuel can
only be released if there is enough oxygen available to burn it completely and the fuel and air are well mixed in the right
proportions.

Under perfect conditions, it takes about 14.6 1bs of air to completely burn 1 1b of fuel (an air/fuel ratio of 14.6:1, or A/F =
14.6)*. Under these conditions, extra fuel over the 14.6 A/F is wasted and can severely reduce power if extremely rich (A/F
ratios richer than 11.0). This wasting of fuel decreases efficiency "Eff". Therefore, to get more fuel into the engine to produce
more HP, you must also get more air in so the fuel can burn completely. From this information, we can add something to the
equation for the "black box" engine, that HP does not depend on fuel flow, but more importantly on air flow. We will replace
the "Fuel Flow Rate" with "Air Flow Rate / Air/Fuel Ratio".

HP from "Black Box" Engine:

4) A.F.R x C.E.F. x Eff = HP out
A/F 2544

Where: A.F.R.= Air Flow Rate, Ib/hr
A/F = Air Fuel Ratio
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Although it's easy to get extra fuel into the engine, it is difficult to get more air (oxygen) into the engine. The amount of oxygen
the engine takes in for a given amount of time depends on:

e  The amount of air the engine can take into the cylinder(s) on one Intake Stroke.

e The # of intake strokes in the given amount of time.

e  The density of the air that enters the cylinder.

e  The amount of oxygen in the air, which is always 21% , unless you are using nitrous oxide or a fuel which contains
oxygen like Alcohol.

The amount of air the engine can take in on one Intake Stroke depends on the number and the size of the cylinders. This is the
engine's displacement or CID (cubic inch displacement).

The # of intake strokes in a given amount of time is the engine's speed or RPM/2. RPM is divided by 2 because 4 cycle engines
ingest air only once for each 2 revolutions.

The density of the air that enters the cylinder depends on many engine design characteristics, for example intake system
restrictions, cam timing, etc. A number which describes how dense the air is which enters the cylinder is the Volumetric
Efficiency, or Vol Eff % as it is called by the Engine Analyzer Pro. See Vol Eff % in Section 2.8. These 3 items are what
determine the Air Flow Rate in equation (4).

Although 14.6 A/F is the perfect ratio chemically, not every oxygen molecule in the air
will "find" a fuel molecule to react (burn) with. Therefore, since air flow is the factor
limiting power, extra fuel is added to better ensure every oxygen molecule in the air can
find a fuel molecule. For this reason, actual engines run at 11.5-13.5 A/F to obtain
maximum power.

(5) AF.R.= CID x RPMx60x VE % x.0764
1728 2 100%

Where: CID s the cubic inch displacement of the engine
RPM is the engine speed
VE % is the volumetric efficiency in % (for the air which actually stays in the
cylinder)
1728 converts cubic inches to cubic feet
60 converts RPM to Revs per Hour
.0764 is an approximate density of air (Ib/cu ft)
100 is to convert VE % to a simple fraction

Multiplying all the constants together:
(6) A.F.R. = CID x RPM x VE % x .00001326
Substituting equation (6) into equation (4):

(7) HP out = CID X RPM x VE % x .00001326 x C.E.F. x Eff
AJF 2544
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Now, lets look at the last term in the equation, "Eff". This efficiency term is actually talking about 2 separate efficiencies:

Thermal Efficiency or Thermal Eff, % in the Pro’s results : The thermal efficiency is an engineering term that describes
how efficiently the combustion and expansion process makes use of the heat energy which pushes on the piston during the
expansion stroke. Explaining thermal efficiency can get quite complex for this discussion. However, a simple illustration
of thermal inefficiency is the heat left in the exhaust gasses. If the thermal efficiency of the engine were higher, more of the
heat of combustion would be used to push on the piston, less heat would be exhausted from the cylinder, and the exhaust
would be cooler. The thermal efficiency is quite difficult to improve beyond the range of .40 (40%), with most engines
having a thermal efficiency of .25 (25%) to .35 (35%).

Mechanical Efficiency or Mech Eff, % in the Pro’s results: Up to this point we have talked only about the amount of work
the burned gases or "explosion" does on the top of the piston. This work done on the piston is called Indicated Work or
Indicated HP. However, not all this Indicated Work or HP gets out of the engine to the crankshaft. Some of the HP is used
up in forms which can be grouped under the title of "Friction" which include:

Where HP is lost to Friction:

. Rubbing, mechanical friction from piston rings rubbing on the bore, bearings rubbing on journals, lifters
rubbing on cam lobes, etc.
. Required accessories like oil pump, water pump, cooling fan, etc. (The cam and valve train could be included

under this category.)
Rubbing and accessory friction can be illustrated by removing the spark plugs, putting a torque wrench on the crankshaft
bolt and turning the engine by hand. The torque required to turn the engine represents torque which could be used to power

the vehicle if the engine had no friction.

The work or power lost to friction is called Friction Work or Friction HP and the work which actually appears at the
crankshaft is called Brake Work or Brake HP. See Figure A.8.

Brake HP = Indicated HP - Friction HP

Figure A.8 Indicated HP, Friction HP and Brake HP

HP Indicated HP HP
Brake HP
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The HP lost to friction can also be expressed as an efficiency:

Mechanical Efficiency = Brake HP
Indicated HP

Mechanical Efficiencies can be in the range of .00 (0%) up to .90 (90%) or higher. A good illustration of Mech Eff % = .00
is when an engine is idling, clutch disengaged or transmission in neutral. All the HP being generated by the fuel and the
"explosions" in the cylinders are producing no BRK HP at the crankshaft. This fuel is being completely wasted, just to
overcome the engine's own friction and keep it running.

Multiplying the Thermal Efficiency and the Mechanical Efficiency together is a better way of describing the "Eff" term in the
previous equations:

Eff = Thermal Eff % x Mech Eff %
Substituting this relationship into equation (7) we finally get the formula for HP of an engine:

(8) HP out = CID x RPM x Vol Eff% x .00001326 x C.E.F.x TEFF % x MEFF %
AJF 2544

Combining all the constants together, (assuming 14.6 A/F and dividing twice by 100 so TEFF % and MEFF % can be in
percents) you get:

Detailed Equation for HP of a 4 Cycle, |.C. Engine

9) HP out = CID x RPM x VOLEFF% x C.E.F. X TEFF % x MEFF %
28 E12

Note: 28 E12 is "scientific notation" for 28,000,000,000,000. Your calculator will probably
not let you enter 28,000,000,000,000, so use the "scientific notation" method.

Now, for the important stuff; what is equation (9) telling us. It's telling us that to make more HP (to raise the value of the left
side of the equation) you must raise the value of something on the right side of the equation. Listed below are these factors from
the right side of the equation with some explanation, and a list of some specifications from the Engine Analyzer Pro

which effect that particular factor.

CID: The cubic inch displacement of the engine:

Bore, inches
Stroke, inches
# Of cylinders

RPM: The engine speed:

Stroke (the shorter the stroke, the higher the RPM limit)

Rod length (the longer the rod, the lower the piston Gs)

Anything which lightens reciprocating components extends safe RPM limit.
Other short block specs which affect strength of rotating components

Valve Train Specs which allow high revving without valve toss

212



(C) Performance Trends Inc 2009 Engine Analyzer Pro Appendices

. ___________________________________________________________________________________________________________________________________________|
VOLEFF%: Volumetric efficiency:

Most cylinder Head(s) Specs

Most Intake System Specs

All Exhaust System Specs

All Cam Specs

Most Supercharger Specs

Weather Conditions and Nitrous Oxide under Calculation Conditions

C.E.F.: Chemical Energy of the Fuel:

Gasoline/Alcohol
Possibly Nitrous Oxide

[Note: This is where alcohol and nitro-methane burning engines make additional power over gas engines. When
burned, these fuels release more energy per pound of air than gasoline. Nitrous oxide, on the other hand, is only a
way to get more oxygen into the cylinder so more fuel can be burned. Technically, nitrous oxide is improving VE %
by supplying "air" with more oxygen (for example 30%) rather than the 21% oxygen typical of normal air. ]

TEFF %: Thermal efficiency:

Compression Ratio

Spark Advance Specs

Piston Coatings

Combustion Chamber Design and Coating
Cylinder Head Material

MEFF %: Mechanical efficiency:
Most Short Block Specs

Coolant Temp (effects oil temp and therefore oil viscosity)
Supercharger Specs (for centrifugal or Roots type, belt driven superchargers)
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Appendix 3: Intake and Exhaust Tuning

Intake Inertia Tuning

The intake process of a 4-cycle engine is a cyclic process. During the intake stroke, the piston accelerates a column of fresh air
from rest to speeds of up to 1000 ft/sec and then back to rest in only a few thousandths of a second. Decelerating the inertia of
this column of air at intake valve closing results in high pressures at the intake valve. This high pressure forces additional fresh
charge into the cylinder, like a supercharger, resulting in higher volumetric efficiency and torque. This condition is called
inertia tuning. See Figure A.9.

Figure A.9, Typical Intake Runner Pressure Pulsations

Intake Intake Intake Intake
Valve Valve Valve Valve
Opens Closes Opens Closes
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At Valve Closing At Valve Opening
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!

* Piston suction accelerating air column creates high vacuum pulse
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A good analogy of inertia tuning is the "water hammer" effect in old plumbing when you quickly close a running faucet. (New
plumbing has "trapped air shock absorbers" to reduce this effect.) Decelerating the column of water in the pipes by closing the

valve causes a sharp pressure rise that literally "rattle the pipes". This is the same situation as when the intake valve closes.

Inertia tuning is responsible for an increase in volumetric efficiency and torque over a broad RPM range. See Figure A.10.
Inertia tuning is optimum when the rise in intake runner pressure is high over a broad range of the valve opening period,
especially around intake valve closing. This usually occurs when In Tune Prs is highest in the RPM data test results. See
Example 4.5.

Intake Resonance Tuning

Once the intake valve has closed, this pressure pulsation continues to be reflected back and forth in the intake runner until the
intake valve opens and the process starts again. If a high pressure peak of this reflected wave is at the intake valve during valve
overlap, it can blow the burnt exhaust gasses out of the clearance volume into the exhaust. This results in additional gains in
volumetric efficiency.

However, if a vacuum peak arrives at the intake valve during overlap, additional exhaust gasses will be drawn into the intake
runner. This process hurts volumetric efficiency since the cylinder must first draw in that "blown back" exhaust from the intake
runner before it starts to induct the fresh, power producing air charge. The timing of this reflected wave to aid scavenging is
called resonance tuning.

For typical runner lengths (6-20 inches) and RPMs (3000-10000 RPM), the resonant pressure wave is reflected several times
between intake strokes. Therefore, at some RPMs positive intake tuning occurs and negative tuning occurs at other RPMs.
Resonance tuning is responsible for the "wiggle" seen in torque curves for engines with high valve overlap. For engines with
low overlap, resonant tuning has much less effect. Also, each time this wave is reflected it looses some strength, so at lower
RPMs or for shorter runner lengths resonance tuning is negligible. The Engine Analyzer Pro detailed tuning simulations will
show these gains or losses in volumetric efficiency and performance for resonance tuning.

Figure A.10, Effect of Inertia and Resonance Tuning On Volumetric Efficiency and Torque.

Resonance Tuning

Volumetric (high overlap)
Efficiency Resonance Tuning
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Intake Secondary Tuning

Inertia and Resonance tuning deal with pressure waves present only in the "primary" intake runner. Secondary tuning deals with
pressure waves present in a plenum and "secondary" runner ahead of the "primary" intake runner. A good example of secondary
intake tuning is the dual plane, V-8 intake manifold. Most engine builders realize that a dual plane will produce good torque at a
lower RPM than a single plane. The question is "Why?".

Figure A.11, Dual Plane 8 cylinder Intake To lllustrate Manifold with Secondary Tuning

Secondary Runner
(carb or throttle
body & piping)

Plenum Volume

Runners
to

Primary
Cylinders

Figure A.11 is a simplified view of a dual plane, 8 cylinder intake manifold. It consists of the primary runners, a plenum, and a
secondary runner. In the case of a carburetor, the secondary runner is the carburetor barrel(s) which supply each plane. For fuel
injected engines, the secondary runner is the throttle body and any piping before and after the throttle body.

A single plane, 8 cylinder intake also has a plenum and a secondary runner, but it does not display secondary tuning. The reason
is that when 8 cylinders all draw on the same plenum, there is much overlap of the pulses. These pulses look more like a
constant suction than pulses. With no defined pulses on the plenum or secondary runner, there is no secondary tuning. In
general, if more than 4 cylinders are drawing on a plenum, there will be little secondary tuning.

Then why use a single plane intake? This lack of pulses on the carb is one reason the single plane intake is less restrictive at
high RPM. A carburetor is less restrictive to a constant flow than pulsing flow. Also, secondary tuning helps at low RPM due
to the complex interaction of waves produced in the secondary runners. These complex waves generally "mess up" the simple
Inertia and Resonance tuning waves at their tuned RPM (generally high RPM). To summarize, single plane intakes provide
better high RPM tuning and are less restrictive.

Secondary tuning is treated in a more simplistic way by the Engine Analyzer Pro than inertia or resonance tuning. The RPM
where secondary tuning will be most significant is strongly influenced by the Plenum Specs in the Intake System menu. These
specs include the length and area of the secondary runner or carburetor, and plenum volume. Where the # of Cylinders in the
Short Block menu is high relative to the Manifold Type chosen, the secondary runner length and area specs will be disabled as
there will be no secondary tuning.
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Exhaust Resonance Tuning

Things are much more violent in the exhaust runner due to the sudden rush of high pressure exhaust out the exhaust valve when
it first opens. In fact most of the exhaust is expelled during this first rush called "blow down". That leaves relatively little for
the piston to push out during the exhaust stroke.

Due to this violent "blow down", exhaust tuning is not significantly affected by the previous cycle as in intake resonance tuning.
Exhaust resonance tuning is caused by the reflections of the "blow down" pulse in the exhaust runner while the exhaust valve is
open. If one of the negative, vacuum pulses arrives at the exhaust valve during overlap, it benefits performance by:
e  Clearing out the cylinder of any residual exhaust to reduce “contamination” of the fresh incoming intake charge.
e Preventing reversion by keeping the exhaust flowing out of the cylinder and the intake charge flowing into the cylinder.
e Letting the intake charge get a “head start” at filling the cylinder, because the exhaust is sucking the intake charge into the
cylinder before the piston has moved enough to suck the intake charge into the cylinder.

With high overlap camshafts and good resonance tuning on the intake side, it is possible to completely scavenge the clearance
volume of residual exhaust. This provides for very high volumetric efficiencies, and possibly "short circuiting". Short
circuiting is when fresh intake charge passes directly through the clearance volume out the exhaust during overlap. Obviously
this wastes fuel, but to produce optimum power that may not be important.

As on the intake side, exhaust resonance tuning will produce torque gains when a vacuum pulse arrives at the exhaust valve
during overlap. However, a torque loss will be produced when a positive pulse arrives.

As runner velocities increase (smaller pipe diameters), the shape of the exhaust pulses change.
e  The primary blowdown pulse gets wider and the arrival of the 1st vacuum pulse gets delayed.
e The amplitude (height) of the blowdown pulse gets higher and generally the suction of the st vacuum pulse gets stronger
also.

Therefore, the combination of pipe length and diameter are important to determine what pipe should be used for a particular
applications. At Performance Trends we are still trying to better understand the details of intake and exhaust tuning. As we
improve our understanding and capabilities, we will add these improvements to our software.

Additional Factors Affecting Tuning:

All tuning factors are affected by temperature, since temperature affects the speed of sound. The speed of sound in the runner
influences how fast the pulsation’s are reflected. Since temperatures are affected by so many factors not simulated by the
Engine Analyzer Pro, tuning effects can only be estimates.

The pulsation’s produced by other cylinders can affect tuning pulsation’s. This is especially true at points where neither the
intake or exhaust are at peak tuning, or "off design" points. These influences from other cylinders are simulated only very
simply by the Engine Analyzer Pro.

Low restriction runners (high Runner Flow Coef) provide better tuning effects. However, the exact relationship between
Runner Flow Coef and tuning strength is not completely developed. Therefore, you are advised to try a range of Runner Flow
Coefs for your simulation. For example, if you measure a Runner Flow Coef to be 2.1, also try the calculations at 1.6 and 2.6.
If performance changes significantly, you know tuning is critical. However, you are not guaranteed that the estimated
performance at Runner Flow Coef = 2.1 is the best estimate of the engine's actual performance. (Exhaust tuning is not
significantly affected by changes in exhaust Runner Flow Coef. This a change in the Windows version 2.1.)
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Figure A.12, Exhaust Pressure Diagrams Showing Various Types of Tuning
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Appendix 4: "Fine Tuning" Torque & HP
Curves

The Engine Analyzer Pro was primarily designed to illustrate basic Internal Combustion Engine Theory and give estimates of
the "pay back" of certain engine modifications. See Appendix 1. If you are using the Engine Analyzer Pro program to help you
make the right decisions for modifying a particular engine and you have dynamometer performance data for that engine, you
should first get the Pro calculated results to agree with the dynamometer data.

The suggestions which follow will help "dial in" the engine specifications to match your dynamometer data. These suggestions
will also help you tune your engine to give the desired amount of torque or HP at a desired RPM. However, do not assume that
just because the Pro's results matches the dyno's results that all the Pro's inputs or predictions are correct. It is always possible
you have overestimated some specs and underestimated others.

Also check Example 4.5 and Appendix 3 for how to adjust tuning effects, which can dramatically alter the torque and HP curve.

A new feature in V2.1 for Windows is the Analysis report, where the computer makes several
recommendations based on your desired HP peak RPM and general type of engine you are building.
See Analysis Report in Section 3.2.

When creating any engine file for a particular engine, it is best to start with an existing file which most closely resembles that
engine. Then modify all the specifications to match that engine for the things which you can measure or you know for certain.

For other specifications like Runner Flow Coef, Exhaust System CFM Rating, etc you may not have data to make a calculation.
Estimate these values as best you can from the tables or equations provided in Chapter 2. Calculate performance and compare
the Engine Analyzer Pros results with your engine's actual dynamometer results (or your desired torque and HP objectives).

First, compare the Pro's secondary RPM data results (not torque or HP) to that which has been measured on the dynamometer,
i.e. air flow in Actual CFM, Fuel Flow, Motoring HP, Int Vac, Exh Pres and Mach #.

Actual CFM

Actual CFM is the volume of air flowing into the engine. If the dynamometer data has air flow readings, try to match the Actual
CFM readings of the Pro's results. Most dynamometer equipment reads out directly in Actual CFM. Actual CFM air flow can
be increased by several means, depending on the RPM where the increase is needed.

e To increase CFM at low RPM (with little effect at higher RPM):
e Reduce Intake Heat to the Manifold in the Intake System menu to allow less heat to be transferred to the intake
charge.
e Reduce coolant temp, deg F to allow less heat to be transferred to the intake charge.
e  Specify a smaller turbo Turbine Nzzl Dia or higher Belt Ratio if supercharged or turbocharged.
e To increase CFM at low RPM (with little effect at higher RPM), cont:
e  Adjust runner lengths to account for temperature and tuning variations.
e Adjust intake Runner Flow Coefs to alter strength of tuning.
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e To increase CFM at high RPM (with little effect at lower RPM):
e Reduce any intake or exhaust flow restrictions, or increase flow ratings, i.e. Intake System Total CFM Rating,
Runner Flow Coef, Exhaust CFM Rating.
e  Adjust runner lengths to account for temperature and tuning variations.
e Adjust intake Runner Flow Coefs to alter strength of tuning.
e Increase Roots Supercharger Vol/Rev, Centrifugal Island CFM, Turbocharger Island CFM, higher Belt Ratio, or
set a higher Boost Limit if supercharged or turbocharged.
e To increase CFM at low RPM and reduce CFM at high RPM:
Increase Cam Advance
Decrease any of the cam timing specs, especially the Intake Centerline or Intake Duration.
Decrease intake or exhaust Valve Flow Coef or Flow Table readings.
Specify longer length and smaller diameter intake and exhaust runners.
Adjust runner lengths to account for temperature and tuning variations.
Adjust intake Runner Flow Coefs to alter strength of tuning.
Specify smaller valve diameters.
e To increase CFM in the mid range:

e  Specify Secondary Throttles as None or Mechanical.

e  Adjust runner lengths to account for temperature and tuning variations.

e  Adjust intake Runner Flow Coefs to alter strength of tuning.

e  Specify short duration or early intake closing cam events, but with high tappet lift or high rocker arm ratios.
Fuel Flow

Fuel flow will generally follow air flow (Actual CFM) if the A/F is constant. If the dynamometer data includes fuel flow in
Ibs/hr and an actual A/F measurement based on exhaust gas analysis, calculate dynamometer air flow as follows:

Actual CFM = Dyna Fuel Flow (Ib/hr) x Dyna A/F x .218

Now you can use the Actual CFM rules to make dynamometer and Engine Analyzer Pro air flows match.

If the dynamometer data does not include a measured A/F, then assume your engine is running at 12.5, just as the Pro assumes.
Use the same rules as listed under CFM to get the Pro’s fuel flow to match the dynamometer fuel flow. For example, if the Pro's
results need more fuel in the midrange to match the dynamometer results, try specifying Secondaries as None or Mechanical as
listed under "To increase CFM in the mid range".

Motoring HP

If the dynamometer your engine is tested on can "motor" the engine (spin the engine over at high speed with spark and fuel off),
the dynamometer data should include the measured motoring friction HP. This data should be taken with oil and coolant at
operating temperature and WOT (wide open throttle). If this data is available, compare it to the Pro's Motoring HP. Motoring
HP from the Pro should match relatively well with motoring HP from a dynamometer.

If the measured motoring HP is lower, increase the value of the Short Block specs which increase friction, like Piston Skirt,
Bearing Size, Cooling Fan Type, Water Pump & Drive, or Windage.
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Int Vac

To the Engine Analyzer Pro, Int Vac is the intake vacuum after the carb or throttle body during the intake stroke. Intake vacuum
measurements on a dynamometer are an average over all 4 strokes. Therefore, dynamometer data will (and should) show less
vacuum than the Pro's results, especially for individual runner intakes or engines with less than 3 cylinders. However, if the
dynamometer data shows more vacuum than the Pro, you may want to increase the Pro's vacuum by reducing Total CFM Rating
in the Intake System menu.

Exh Pres

Exh Pres is calculated by the Engine Analyzer Pro so as to correlate well with dynamometer exhaust pressure measurements. If
the dynamometer data shows more pressure than the Pro, you may want to increase the Pro's back pressure by reducing Exhaust
System CFM Rating.

Mach #

Although you can not measure Mach # with a dynamometer test, it can be measured on a flow bench. Accurate flow bench data
will give accurate flow coefficients, which are key for accurate Mach #s. Without significant tuning effects, severely restrictive
runners, carb or exhaust system, the Mach # primarily dictates torque and HP peaks. The torque peak will occur at a Mach # of
approximately .35-.4 and the HP peak at a Mach # of about .45-.55. For example:

Example of Adjusting Torque Peak Using Mach #

e  The dynamometer data show (or you require) a torque peak at 5500 RPM
e The Engine Analyzer calculates a Mach # of .48 at 5500 RPM
e You should try to lower the Mach # to .4 at 5500 by providing:
e  More intake cam duration or lift
e Larger intake valve area (increase Valve Diameter or # Valves/Cylinder)
e Improved intake air flow (increase Valve Flow Coef or Runner Flow Coef)
e Decrease Bore or Stroke for the same size head

Brk Tg and Brake HP

If you match up the secondary information as shown previously, ideally the torque and HP will automatically match. However,
this may not happen or perhaps some secondary information is not available from the dynamometer data. Therefore you are left
with matching dynamometer brake torque and HP with Brk Tq and Brake HP from the Engine Analyzer Pro.

Since torque and HP are largely a function of air flow, follow the rules outlined under the Actual CFM category. That is, if the
Engine Analyzer Pro needs more torque at low RPM, apply the rules under "To increase CFM at low RPM (with little effect at
higher RPM):", for example "Reduce Intake Heat to the Manifold in the Intake System menu".

The other possible avenue which has a large impact on Brk Tq and Brake HP is Motoring HP. If the Pro results show
significantly more HP at higher RPM, try increasing Motoring HP as discussed previously.
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Differences in Dynamometer Testing Methods:

Variations in dynamometer testing procedures can produce significant difference in measured torque and HP. Some
dynamometer tests try to simulate actual vehicle installations, some go for "maximum possible HP". Table A1 shows the
differences between typical vehicle installation and dynamometer installation for various Engine Analyzer Pro specifications.

The Calculation Conditions for some engine files reflect vehicle installations using the SAE (Society of Automobile Engineers)
standard weather conditions for rating engine power, per SAE Procedure J-1349. However, dynamometer tests going for
"maximum possible HP" for racing engines use a different set of standard conditions which result in approximately 4% more
power. These "Other Std Conditions" are also typical of the dynamometer conditions used in the 1960s by the automobile
manufacturers, which tended to "over rate" an engine's power.

Table A1. Showing the Difference Between Typical Vehicle and Dynamometer Installations

Engine Analyzer Specs Vehicle Dynamometer
Engine Specifications

Cooling Fan Type Actual None

Water Pump & Drive Actual None

Type of Int Heat Actual Actual or Reduced Heat
Exh Header Dia Actual (see note 3)

Exh Header Length Actual (see note 3)

Exh System CFM Rating Actual

Calculation Conditions

Intake Air Temp, deg F 77 60

Dew Point, Deg F 49 32

Barometric Pressure, “Hg 29.6 29.92

Elevation, ft 0 0

Coolant Temp, Deg F Actual Low, i.e. 140-160

Note 1: Typically an electric motor or water pressure is used to circulate coolant, eliminating water pump losses on
dynamometer tests.

Note 2: Occasionally the crossover is blocked and the coolant is cooler to obtain optimum torque and HP.

Note 3: Typically headers are installed with no exhaust system to obtain optimum torque and HP.

In general, production engines are dyno tested following the guidelines of the Vehicle column in Table 1A. Race engines are
dyno tested following the Dynamometer column.
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Appendix 5: Watching Tuning Pressure
and Flow

The main way to increase HP is to increase the engine’s volumetric efficiency or ability to breathe air and trap it in the cylinders.
One way to allow the engine to breathe more air is to pressurize the intake system like a supercharger does. A pressurized
intake system will push more air into the cylinder for every cylinder filling event. Another way is to reduce the pressure on the
exhaust side, similar to what open headers do compared to a restrictive, full vehicle exhaust system.

It turns out that you do not have to pressurize the intake system for the whole cycle to get the benefit of a pressurized intake. If
you only pressurize the intake, say to 5 PSI for only 30 degrees of rotation right before the intake valve closes you get almost
the same benefit as pressurizing to 5 PSI for the entire 720 degrees of the cycle. The same is true on the exhaust side. If you
provide low exhaust backpressure only during overlap (when both the intake and exhaust valves are open or right before the
exhaust valve closes) you get most of the benefit of running low backpressure.

To increase pressure on the intake system and reduce pressure on the exhaust system, you must first reduce all flow restrictions
to a minimum. This includes restrictions like carburetor, muffler, restrictive intake and exhaust runners, and especially
restrictive valves and ports.

Figure A.13 Click on Show Tuning Pressures

Calculation Progress

However, even with zero intake and exhaust restriction,
volumetric efficiency for a non-supercharged engine could

only get as high as 100%. Many race engines have volumetric Calculating for- l [ | E Culations. l
efficiencies greater than 100%. This is done by taking [GOO0RPM | [1of 12 | .
advantage of the pressure waves which are created in the |_Show Tuning Pressures |

intake and exhaust runners due to the normal cyclic nature of _

engine operation. See Appendix 3. The most competitive Percent Complete, All RPMs 100%
race engines are developed by maximizing the effect of these _
pressure waves by proper sizing of the intake and exhaust 0% Percent Complete, Pass # 3 100z
runners, cam timing and valve flow for the particular engine Bpprox VEs: 107 109 |
displacement and RPM operating range. These engines are
said to be highly funed and are taking advantage of tuning
waves in the intake and exhaust.

A useful feature in the Pro is the ability to watch these tuning pressures while calculations are being performed. See Section 3.7,
See Engine. Click on Show Tuning Pressures button to produce the screen shown in Figure A.14. As said earlier, you only
have to have high pressure on the intake side right before the intake valve closes to get a good increase in volumetric efficiency.
The example in Figure A.14 shows a wave in the intake port of over 20 PSI absolute, which is over 5 PSI over atmospheric
pressure of approximately 14.7 PSI. That is almost as good as running a supercharger with slightly over 5 PSI of boost!

Figures A.15 - A.17 show several examples of Tuning Pressures and Flows screens identifying important points.
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Figure A.14 Screen of Tuning Pressures and Flows Showing Good Tuning

Exhaust pressure steadily drops, coming close to exhaust port pressure.
After TDC, cylinder pressure follows intake port pressure. Ideally, cylinder
and port pressures would match almost exactly, indicating very little flow

restriction across the valves.
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Watch tuning pressures
in this graph, where the
objective is to maximize
intake pressure and
minimize exhaust
pressure.

Intake pressure close to
intake valve closing is
very high, over 20 PSI
absolute, or over 5 psi
higher than normal
atmospheric pressure
(around 15 PSIA)

Exhaust pressure is low
during overlap (between
intake opening and
exhaust closing) to pull a
high portion of exhaust
out of the cylinder.

\_ A slight amount of reverse flow (velocity goes below 0)
is present at intake closing. Too much reverse flow
says piston is pushing fresh air & fuel which has
entered the cylinder back into the intake port.

Very little reverse flow is seen here for either the intake or
exhaust during overlap. This indicates no reversion.

Watch this Velocity graph to watch intake and exhaust flows and
which direction the flow is going. Exhaust flow velocities will be
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Figure A.15 Runners Too Short for this RPM

Cylinder pressure match exhaust and intake port pressures almost exactly. This
indicates very little flow restriction from the port and valve. This is a good thing,
and would produce good power if the tuning pressures and/or valve timing were

correct.

Reflected vacuum pulse on the exhaust has returned too early, well before
overlap. This could be fixed by using a longer exhaust header pipe.
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A high pressure exhaust pulse is present during overlap. This causes
reversion, or reverse flow. See the velocity graph.

Intake pressure
peak is occuring
too early, well
before intake
closing. This is
also shown by the
reverse flow at
intake closing in
the velocity graph.
The amplitude of
this intake wave is
also relatively low,
indicating a
smaller diameter
intake runner may
be required to
produce a highe
amplitude wave.

\_ Considerable reverse flow at intake closing because
the high pressure intake pulse occured too early in the
cycle, well before the intake valve closed. This could
be corrected at this particular RPM with either a
longer, and possibly smaller diameter intake runner or
by closing the intake valve earlier.

Reverse flow is indicated if velocity goes below 0. Here it goes below 0
for both the intake and exhaust, because there is a high pressure wave in

the exhaust port during overlap.

225




(C) Performance Trends Inc 2009 Engine Analyzer Pro Appendices

Figure A.16 Runners Too Long for this RPM

Although there is an exhaust suction pulse during overlap, it is not as
strong and wide as that shown in Figure A.14. This exhaust header is not
necessarily too small a diameter, but too long for this RPM.
Although intake pressure at intake closing is quite high, the
low pressure period caused by piston suction is quite long and
deep. This intake port is too long for this RPM.
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\_ Exhaust velocity shows one continuous, large hump. Usually best volumetric
efficiency is obtained when there is one hump at blowdown (exhaust opening)
and another hump in velocity at TDC (or overlap). See Figure A.14.
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Figure A.17 Runners Too Small for this RPM

Exhaust pressure during overlap is too

high, much higher than the blowdown

pulse at intake opening.
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Figure A.18 Valves and Ports Too Restrictive

A restrictive exhaust valve is easy to spot because the the large
difference in exhaust port pressure and cylinder pressure.

A restrictive intake valve is less obvious, but is
seen here by a relatively large difference in intake
port pressure and cylinder pressure at mid stroke,
where piston speed is the greatest.
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Figure A.19 Tuning Pressures when Supercharging

When supercharged the

/
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intake pressure graph is
shifted up by the amount
of boost pressure. Notice
that the tuning waves are
still present, but intake
pressure is always well
above the Barometric
Pressure line.

Barometric Pressure in
PSIA.

If this engine were
turbocharged, exhaust
pressure would also have
been raised by the amount
of exhaust pressure driving
the exhaust turbine.

It is also possible to compare tuning pressures or flows from one condition to another using graphs. For example, Figure A.20
shows a Single Data Graph of ExPort Pres (exhaust port pressure) for 2 diameters of exhaust header. This is the same graph as
exhaust port pressure in the upper graph in the Tuning Pressures and Flows screen, except without the barometric pressure line
and intake and exhaust opening and closing lines. Here you see the smaller diameter exhaust header produces much more

exhaust pressure during overlap, which would hurt performance.

Figure A.20 Comparing Tuning Data
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Click on Single Tuning pressure
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\_ Smaller diameter header produces higher exhaust pressure during overlap,

hurting performance.
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Appendix 6: Why So Many Inputs

If you have used other engine simulation software, you will notice that the Engine Analyzer Pro uses many more inputs than
other programs. For example, you may wonder why we would ask for "anti-reversion", especially when we say that most heads
(ports) have 0 anti-reversion. The Pro does not need to know the anti-reversion of the head to accurately predict the engine's
performance potential. It could simply make the assumption that there is 0 anti-reversion and be approximately correct for all
current heads.

Performance Trends does not know from where the next major breakthrough in engine technology will come. But, by giving
you freedom to simulate numerous unusual engine conditions (so many different inputs), you could possibly discover a
breakthrough on the computer. This is the only way to try radically new designs without actually building and dyno testing
them.

For example, 40 years ago, no one thought tire growth or clutch slippage was important in drag racing. That was before the
development of new technologies like "wrinkle wall" slicks, and "slider" clutches. If computer simulations had been available in
the 1950s which let you simulate tire growth and "slider" clutches, racers could have simulated these parts before they were
invented. Once they saw that the computer predicted better ETs, they would have developed the parts.

In other words:

Computer simulations should lead the technology breakthroughs by allow you
to simulate running conditions which are not yet possible with existing parts.

Simulations which only follow what is already being done can be useful to the novice racer who is content to follow what the
innovators are doing. But they will not allow for new designs because there are not enough inputs which consider innovative
designs.

Theoretical vs Empirical Models:

This brings up another point, the difference between a "theoretical" model and an "empirical" model. An empirical model is
based on past history, like the equations which predict HP per cylinder from intake valve air flow. These are based on
experience with flow testing lots of cylinder heads and then dyno testing the engines.

A good analogy to an empirical model is a book with lots of dyno curves with descriptions of the engines. You try to find an
engine description in the book close to your engine and then see what power it produced. Sometimes, mathematical "regression"
techniques are used fill in the gaps between these dyno curves.

Empirical models can be quite accurate if you are doing things similar to the developer of the model was doing (same fuel, same
cam profile, same header design, etc.) However, if you want to simulate something which the developer of the model has not
tried, you are basically "on your own".

The Pro is mostly theoretical, which means it is based on numerous laws (equations) of basic physics, like Force = Mass x
Acceleration. These equations are then "tuned" to better fit known engine data.

A good analogy to a theoretical model would be cardboard cutouts of a 4 link, rear suspension. The cardboard strips represent
the different links and pins locate the pivot points. You can move the cardboard axle up and down and watch pinion angle
change.
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A good test of a theoretical model is "does the model tell you things that the developer did not know". For example, does it
know that you get about a 4% performance improvement by increasing compression ratio 1 point without the developer telling
it. If the developer has told it, then it is probably an empirical model. If it gives the correct result without being explicitly
told, then it is probably a theoretical model.

Theoretical models can accurately simulate real engines. However, their big advantage is they can also simulate engines which
the developer has never tested. This could be a Jaguar V-12 when the developer has never seen a dyno curve for a V-12. Or it
could be an engine from the future. For example, it could simulate heads with 100% anti-reversion (which allow no reversion of
exhaust back into the intake runner), even though no one has ever built these heads.

Clearly, future breakthroughs in engine building can only come from "cut and try" on the dyno or from "cut and try" with
theoretical engine models.

Note: "Anti-reversion" was picked as only 1 example of some to the Pro's detailed inputs. The Pro' has numerous of other
inputs which allow the engine builder to try innovative designs.
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Appendix 7: Copying Files

There are many times you may want to copy files to or from the Engine Analyzer Pro. Examples would be:
e Copying Cam Dr files from a floppy disk received from a cam grinder.

e Copying engine or component files between Engine Analyzer Pro programs on different computers.

e  Copying ASCII files produced by the Engine Analyzer to the directory of a spread sheet program.

Windows 3.1

e  Open File Manager (usually in the Main program group)
e  Click on Help from the Menu bar, then on Search, then type in the word COPY and click OK. This will give an overview
of copy commands.

Here’s an example of copying a Cam Dr file from a floppy disk in the A drive to the CAMFILES directory (the directory where
the Engine Analyzer Pro first looks for cam profile files) on the C drive.

e Find the Disk Drive and directory you want to copy the file zo and click on it. In this example that would be the
CAMFILES directory under the EAP directory under the PERFTRNS.PTI directory on the C drive.

e Ifyou clicked on CAMFILES, it should be highlighted on the left side of the File Manager window, and the files in that
directory should be listed on the right side. This is now the default directory.

e  Click on the A disk drive icon in the upper left corner. Find the Cam Dr file you want to copy. Click on it, hold the
mouse key down, and drag it to the C disk drive icon. This will copy the file to the default directory on the C drive.

Windows 95

e  Click on Start, Programs, Windows Explorer.
e  Click on Help from the Menu bar, then on the Index tab, then type in the word COPY and click Yes. This will give an
overview of copy commands.

Here’s an example of copying a Cam Dr file from a floppy disk in the A drive to the CAMFILES directory (the directory where
the Engine Analyzer Pro first looks for cam profile files) on the C drive.

e In Windows Explorer, find the Disk Drive and folder you want to copy the file zo in the list on the left called All
Folders and click on it. In this example that would be the CAMFILES folder under the EAP folder under the
PERFTRNS.PTI folder on the C drive.

e Find the Disk Drive, Folder and Cam Dr File on the A drive in the All Folders list on the left. You should see the Cam
Dr file on the right side called Contents.

e Click on the Cam Dr file, hold the mouse key down, and drag it to the list on the All Folders list on the left. While
holding the mouse button down, find the CAMFILES folder. If it has moved off the screen at the top or bottom, move
the mouse icon to the top or bottom. The list of All Folders will scroll by until you see CAMFILES. When you see
CAMFILES, move the icon over it and release the mouse button.
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Appendix 8: Cam Calculations

The Engine Analyzer Pro’s simple cam profiles (not using cam files) requires intake and exhaust cam duration or timing events
at .050" lift from Base Circle at the tappet or follower. It also uses Max Lift from Base Circle in Inches Measured At the Tappet
or Follower. See Section 2.6.

Many cam grinders give exactly this information. However, some give different specifications. The guidelines below will help
you convert other types of cam specs to the units required by the Engine Analyzer Pro.

Notes:

These specifications are also available from measurements of the valve train using a dial indicator and a degree wheel.
Performance Trends' Cam Analyzer helps with this process. However, these procedures are beyond the scope of this manual,
but are available from cam grinders, engine builders and "speed shops".

The calculations below assume cam profiles are symmetric around the Max Lift or Lobe Centerline point.

"Advertised" duration and events are assumed to indicate the points where the lash is eliminated and the valve just starts to open
of close. Occasionally, a cam grinder will call the .050" duration or events the "advertised" duration or events.

Estimate Duration at .050" Given Advertised Duration:
Mechanical, flat tappet
Duration @ .050" = Advertised Duration - 40
Mechanical, roller

Duration @ .050" = Advertised Duration - 32

Hydraulic, flat tappet
Duration @ .050" = Advertised Duration - 56
Hydraulic, roller

Duration @ .050" = Advertised Duration - 44
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Estimate Lobe Centerline from Duration and Overlap:

Lobe Centerline = Advertised Duration - Advertised Overlap
2

Lobe Centerline = Duration @ .050" lift - Overlap @ .050" lift
2

Calculate Max Lift At Tappet Given Max Lift At Valve and Rocker Arm Ratio:

Max Lift at Tappet = Max Lift at Valve
Rocker Arm Ratio
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Appendix 9: New Features in Version 3.3

Engine Analyzer Pro has had many updates since this user manual was written for the original v2.1 for Windows. These include
v2.1 B, v2.1C, v2.1D and now v3.3. Here is a brief listing of some of the features new in these versions, including Version 3.3:

. Program is now a 32 bit version, fully compatible with newer operating systems, starting with Windows, 95, then 98, Me,
XP, and 2000. This also allows you to use much longer, more descriptive file names for saving engines, heads, etc. It is
also more compatible with newer printers.

e  The program is now designed for 600 x 800 or higher resolution screens. Screen colors are also more compatible with
Windows XP.

. On the main screen, you now have a “View Comments” button where you can view and modify comments for the Total
Engine File and all Component Files.

. There is now a separate "Examples" folder for example engine and component files provided by Performance Trends. New
engine and component files which you save will be saved to a separate folder.

. File commands to save an engine or component file to a floppy disk or CD, or open a vehicle file from a floppy disk or
CD. This allows easy transfer of files from one computer to another.

. You can now choose to list engine and component files alphabetically (as normally done) or by saved date, with the most
recently saved files listed first. This should make it easier to find recent files more quickly.

e When Opening Files, the program now lets you list only files with certain letters in their name, like 'Chev' or 'Ford'. This
lets you find files faster.

. Hundreds of new example parts have been added, including the entire Crane Cams Catalog, Brodix, AFR, Edelbrock,
World Products, Dart and TFS heads, more Import parts, motorcycle parts and kart parts, and more.

. Several new Example Complete Engine Files have been added.

. Program now reads Engine Analyzer v 3.0, 3.2 and 3.2+ files and examples.

. The user’s manual is now available from inside the program by clicking on Help at the top of the main screen, then
Display User’s Manual. The manual is in a high quality PDF format

. The Performance Trends website is now available from inside the program by clicking on Help at the top of the main
screen, then Performance Trends on the Web.

e  Engine Dimensions can now be entered as either inches or millimeters.

. History Log keeps track of tests you have made, making it easier to recall engine specs or pick tests for making graphs.

e  The calculation accuracy has been “tweaked”. Most evident changes are:

. Spark Knock Index has been adjusted to be more realistic.

. Revised the BSAC calculation to be more consistent with fuel flow (not change so significantly 'with weather
conditions as done in earlier v3.0).

. Very Rich gas as fuel option to help to reduce detonation.

. Duration at .200" lift is now shown in the Cam/Valve Train screen for the combination of cam specs you have
specified.

. Short Block screen now shows Bore/Stroke and Rod/Stroke calculations.

. Short Block screen now has Calc menu for finding the Bore or Stroke which will produce a certain desired engine
displacement.

. Several new restrictions have been added for the intake system, including Air Meter, Restrictor and Intercooler.

. From better information than we previously had, the Coolant HP is now reduced and more accurate.

. Cheater cam profiles (flat nose with limited lift and aggressive ramps) so you can get most any .200" duration by
specifying a varying amount of 'Degree Dwell'.

. The "Flow Coefficient' of the ports can now be calculated from up to 3 flow/lift points. Using a full Flow Table is
still the most accurate way of defining the flow of the port.

. Alternate fuels like Propane, CNG (compressed natural gas, methane) and various types of diesel.

. Program now allows for Chassis Dyno torque, where torque and HP are reduced by a certain percentage to simulate
results from a chassis dyno. This input is in the Calculate Performance Conditions screen and must be activated via a
Preference in the Preferences menu.

e  Added Ring Land specs for the Compression Ratio Calculation screen.

. Intercooler effectiveness can now be picked in 5% steps (previously it was 25% steps).
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. Program now allows a wider array of Bearing Size Coefficients, more typical of 6 and 4 cylinder engines and other
small engines.

. The Calculation Menu for Bearing Size Coefficient now allows for estimates for roller bearings (typical of small,
motorcycle or Kart engines).

e A Preference allows you to have the program more closely match the results from the old v2.1D, rather than giving
what we believe are the slightly more accurate results of v3.3. This can be handy for users who have a great deal of
experience with v2.1 D.

e A Preference allows you to display either a Heat Release curve or Carb Metering Signal in the Cycle Data results.
The heat release curve is new to v3.3.

. Two new Preferences allow for Valve Toss or Lifter PumpUp to either always show a power loss (typically a good
setting if you are not studying Valve Train Dynamics), or to allow the engine to breath better if the valves are open
significantly more. This is the setting to use if you are trying to simulate “controlled valve toss” as done with some
small Kart engine cams.

User defined Spark Curve now allows for 4 break points, increased from just 2 in v2.1.

A header Primary pipe can now have 2 steps and you can specify exactly the lengths of each step.

New Turbo “Turbine Eff, %" options for ball bearings, allowing boost to come on sooner.

Revised some turbo performance calculations after the wastegate comes on (show less performance).

Dyno Inertia in the Short Block specs is now more accurate when you do an accelerating dyno test.

Burn Rating replaces Swirl as an input in the Head Specs menu, and has several more choices for better fine tuning.

. Several features have been added to the graphs, including:

. The graph screen is now larger, and generally fills the entire screen.

. The Graph cursor now interpolates between points. This means that if one power curve has results at 2000, 2400 and

2800 RPM, and another has results at 2000, 2500 and 3000, the cursor will read both curves at all RPM points you
ran, 2000, 2400, 2500, 2800 and 3000.

e  TDC and BDC labels are now displayed on the Cycle Data graphs. If you are using a cursor, the cursor value is also
given as, say “24 deg ABDC”.

. A Preference lets you turn off the Graph always AutoScaling a new graph. This means that if you have found a set
of scales you like, the program will maintain them.

. You can right click on the graph line labels to hide that particular Graph Line to reduce clutter on the screen. Right
clicking again will have the graph line reappear. There is also a menu item under "View" on the Graph Screen so
you can Hide or Restore hidden graph lines.

. You can now save combinations of scale settings, like max and min RPM (X axis) and max and min torque and HP
(Y axis) for easy retrieval in the future. This makes comparisons of printed graphs much easier if they are always
printed to the same scales. This is done by clicking on the Set Scales button (right side of Graph Screen), and using
the "Open Saved Settings", "Save Current Settings" or "Delete Saved Settings" menu options. Note that you must
turn AutoScaling Off for these features to work.

e  You can click on the graph line labels (left, normal button) and that line will flash so you can identify it easily.

e  New Printing options for graphs, including “Dot Matrix Printer Adjustment”, Width adjustments and more (in
Preferences).

e  New Printing options for reports, including different Font Sizes and omitting the “Starting Point Suggestions” for cam and
runner dimensions (in Preferences). The “Starting Point Suggestions” often misled users into think they were more
accurate than what their name implied, that they were just a suggested Starting Point from which you should start
optimizing using the program.

Version 2.1 let you send a power curve to a vehicle program to be loaded and run in that vehicle. Version 3.3 lets you do
that also. However, that process requires several key strokes and time. Version 3.3 lets you “Auto-Link™ with a vehicle
program of your choosing. Auto-Link runs every power curve you produce through a vehicle program, and produces a
summary of the results. Now you can instantly see how a cam change, head swap, more nitrous will affect ET or circle
track Lap Times. At the time of printing this manual, Auto-Link was only available for the Drag Racing Analyzer v3.2
and Circle Track Analyzer v3.2.

. Added a Factor button to Flow Table screen so you can increase or reduce all flows by a certain percentage.

. You can now enter either Tappet Lift or Valve Lift in the Cam Specs screen and the other input is automatically calculated

based on the current Rocker Arm Ratio.

. You can now pause the Tuning Pressures screen at the end of each RPM step, when the final results for that particular

RPM have been reached. You can now Maximize the Tuning Pressures screen to fill your entire computer screen for

better viewing. Click on the maximize button in the upper right corner for this option.
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. Hemi and 4 valve cylinder heads are now drawn more correctly in the "See Engine" screen where you watch piston and
valve movement and interaction.

. Valve Angles and other specs concerning Piston-To-Valve clearance in the See-Engine screen are now saved in the Head
Specs screen. You can view them by clicking on the Angles button. Note that most example Head files and your old v2.1
files will not have these specs entered correctly or they will be blank.

. The program is now using a more stable computer hardware #, so that minor changes to your computer settings will not
require you to get a new unlocking number.

. A new preference lets you customize the Test Results Summary. You can choose either Peak Tq & HP @ RPM with
Average Tq & HP (like old v2.1) or you can show a comparison of Peak and Avg Tq & HP (no RPM) for the current test
and the previous test you selected to saved.

e A new Preference allows you to change the relative size of the “Special Calculations” section of the output screen,
Standard, Small, and Very Small.

. On program shut down, the program now asks if you want your changes saved to the “Library Copy” of the file you are
working with.

. The Engine Analyzer Pro can now read several cam file formats, including Cam Dr ™, Cam Pro Plus ™, S96, Doctor Dr,
Competition Cams ™, and Andrews ™.

Figure A20 List Engine Files by Date Last Changed in Open File Screen
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Figure A21 Some New Features on Main Screen
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Figure A22 Help Options on Main Screen
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like & mainz on a 4 cyll

zimilar friction to journal bearings. p 14

main bearings iz greatér than the number of cylinders,
der. Click on Cle buttan to
calculate. Program only considers thiz spec's effects
on friction and nat durakility. Raller bearings have

ILb = Ft™2 IT_I,.Ip Watm@ Dyno J -
|DBS|EI" I Typical Windage J
 Calculated Specs
Culn CCs Liters
26.21 4131 0413
e 151.24 24789 2479
Current C.R Ftall] 7RO Ftall]
Charber Yolume a3 636 0.064
Bore/Stroke: 1\433 Rod/Stroke: 2.239
 Comments N\
Ole's GT-R3000 " eSoBitchy”. _Current ;I
block spec
. hd|

Inertia for “Typical”
dynos revised to be
more accurate.

Calc menu for Bearing
Size now has option of
“Roller Bearings”.

119

I ngp I Retrieve from Library I Save to Library I

Print

\

Rod/Stroke and
Bore/Stroke ratios are now
calculated and displayed.

Bearing Size now has more choices for smaller engine’s bearings, where the
number of main bearings is greater than the number of cylinders, like a 4
cvlinder with 5 main bearings.
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Figure A24 New Features in Head Specs Screen

Clear All Data | Print Setup

Factor Up | Factor Down

Several new Print options
are available, including
“Print Int+Exh” which
prints both flow tables to
1 piece of paper.

Click on “Use Flow
Table” option (not shown
here), then click on Flow
Table to bring up the
Flow Table screen
shown here.

I Tip: Itis best to have one point at a Walve L/D of close to 25

Usze radiuzed [or clay] entrance when flowing intake.

3

d at 130 HPj
File, many

& estimated ﬂ

s (gl m Cylinder Head Sp x|
———— |' Intake Port Specs Exhaust Port Specs —
Mnan fram F
. Intake Flow Table x| to 1 port j
Intake Flow for Inches Water Pressure 2 Valves, 1.5" dia \E —
alve alve Flow, Flow
F_li[l, in r[,m ‘ CFM ‘ Coef ‘ l = ] Bz | alyze
g 0.5
] 067 | [83 576 = Ao o w 17 |
2 133 |[153 | [531 150 Nt G e
3 200 | [192 (444 0y © 4
35 233 | |198 (392 ¥ 100 = Flow Tabfe
4 267 | [208_ | [385 4 v 0z A
.45 .300 210 388 /|| [~ &0 o alyze
7 1] 0.0 3
00 01 02 03 04 05
0K | Help I Print Zcreen | ) ) - alyze
7/ Valve Lift, inches
Clear CFM Only | Pririt Int+Exh |

alpze

oK I HelpI See Layout I Retrieve from Library | Save to Library I Print | Angles | |
/

Click on Retrieve from Library for
the options and screens show in
the figure on the next page.

_/

Pizton to Yalve Clearance Info

|Tutal Intake Yalve Angle

16.4

|T otal Exhaust ¥alve Angle

13.9

" IntakefExhaust ¥alve

[Int Primary Angle

E

|Int Canted Angle

7

|I nt ¥alve-Deck Distance

a2

[Exh Primary Angle

13

|E:|r.h Canted Angle

5

|E'.u:h ¥Yalve-Deck Diztance

16

" Other Specs

|Deck Height Clearance

|Easket Thickness

.04

" Mote:

‘canted' valves.

Enter O for ‘Canted Angle' for heads without

Keep Data | Helpl Ean-::ell Frintl

Burn Rating replaces
Swirl as an input, and
has several more
choices for better fine
tuning.

Factor Up and Factor
Down buttons increase or
decrease all flows by a
certain percentage that
you will be asked to enter.

Click on Angles button for this screen, where
you can enter and save valve angle and other
data which is used for the “See-Engine” screen
to check piston to valve clearance.,
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Figure A25 New Features in Head Specs Screen, cont.

When you click on the Retrieve
from Library button in the Head

Specs screen, you can choose
|33B Cylinder Heads in Library |Chnsen File: 1999 Ford Mustang GT 4_6L either Example Heads from
1970 BB Ford CJ Stock =] | Preview [EA Pro v2.1):  (inches) Performance Trends or Heads
1972 Cadilac: 472-500% -2 Ported ou have saved. Either will
1972 Cadilac 472-500-8 Stock y :

1572 Cadilac 472-500%-8 %-Ported ";‘ﬁ‘?:lﬁes_ . 5““',‘:;;*&‘3_ . bring up a screen like this.
N o L ook Valve Dia: 1.84 Valve Dia: 1.57
1998 Ford 4 6L DOHC Stack T B hl Flow Table
11999 Ferd DOHC 4.6L Stock = ™ Aluminum This section shows
1999 Ford Mustang 5T 4.6
200 For Fousetc Ported E'EELI":C“S%E‘% "i‘uﬁ::?n? GT 2 walve. - Head files saved
.BL Ford Modular ‘Performance . .
Sgt EﬂdEiDc:T;SDZSto?tCSSt;?:ik Source: PTI Contact speC|f|caIIy for Engme
2.3L OHC Ford E sslingsr Alum ICTaLﬂb;r El:El:::Sl: _ Analyzer Pro, with all
23 il Engine Anayzer ro
2000 Aprila 1000 o Y-Twin Stock Intake Part Dir [gasket): -l specs entered.
2000 Kawaszaki Yulcan 1500 %-Twin Stock w7
{* List Alphabetically . .
Show Only Fil L ;
i~ List by Date Last Changed [most recent first] cn:l‘;in rtlﬁis |esa|:e Certain Preferences
may have to be turned
Open Delete | Cancel | Advanced | on zr adjusted for
\ these features to be
Std Engine Analyzer Head Examples | Load from Port Flow Analyzer o | shown or work
Thiz option lnads in gsimple example specs from oughftd.
Enainge Analyzer's Library of Examples. f \ correctly.

. Open Port Flow Analpzer | =2zt File 5[

. Catagonies of Cylinder Head Example’ for Ficl 5'
. - [31 Tests in Library |Chosen File: CARCUSTO.M

Catagories [groups] of Catagornies [groups] of
 Performance Trends' Examples  Examples Added by User ] AIRCOOLE.D = Freview [max CFMz comected ta 10%)

BLIMP-PR.OF Head #:
Typ Small 2 Valve Heads -
= BUGPACK
Typ Small 4 Valve Heads BUGPACK-kev Intak:
Typ Small Flatheads CARCUSTO.M ; imar I 1 you own Port Flow
Typ Large 2 Yalve Heads CARCUSTO M-kev Wi D
Typ Large 4 Valve Heads CBNEW044.5TK 1CF3"1‘1 Analyzer and have
U L2l ConEwid w4 ] chosen its folder in
Small Block Chevrolet 8 —
Eig Block Chevrolet CHEISERS am  Preferences, you
Mopar [Chrysler] ESTHONE EvH H
= EXTHONE Kev w1 can pick heads from
Small Block Ford FOMOCOOA4.25 Int te . . .
Other Ford FOMOCOO4.25 Kev THE this screen which is
Other Domestic 57 :
e E kov .| [*'Y the same as in the
New Catagory Name l:l - T
Use Catagory | Cancel | @ List All Files by File Name “rolad Port Flow Analyzer.
- O List by File Mame (include Head #)

. i . i Add New Catagory Hame to List | © List by Head # (include Fis N TR CICR O 3
Tip: Click on a catagory in either section ta ist by Head # {includs File Name) 42437 wal different Folder
highlight it, then click on the 'Usze Catagorny' Rename Chosen Catagony | 44x37 name ta display al
buttan, or just Double Click on the catagom EXAMPLES the tests saved
to pick in one step. [Catagories are groups Delete Chosen Catagory | Open | gw-T gslt: Hr::é that Folder
of examples. like a group of Chevy heads, See page 118 in manual for details. RECiathed
not individual examples.] E2d Cancel | Help | _[Stockhead

x|
Big Block. Chewy HEADS Lapout ‘ Walve  |PortDia [Port CCz |Port Len |Flow -
Dia Effcy

AFF BB Chev 305cc Stack. Twlwdprt 225 1.99 306 B Table Az cast Big Black Chewy PHN 3080 Source: 2003 AFR Catalog

[exh] Twlwdprt 1.88 Table Muln: 364cfrm/28" MuEw 290cfm/28"
AFF BB Chev 315cc CNC Part Twlwdprt 225 202 M5 B Table CMC Ported 305'z Big Block Chewy PM 3150 Source: 2003 AFR Catalog

[exh] Twlwdprt 1.88 Table Muln: 387cim/28" MuEw 315cm/28"
AFF BB Chev 325cc Stock Tlwdprt 23 208 325 B Table As cast Big Block Chewy PN 3250 Source: 2003 AFR Catalog

[exh] Tlwdprt 1.88 Table Muln: 384cfm/28" MuEx 290ckm/28"
AFR BB Chev 335cc CNC Part Twlwdprt 23 202 HE B Table CMC Parted '325'z Big Block Chewy PM 3350 Source: 2003 AFR Catalog

[exh] Twlwdprt 1.88 Table Muln: 410cfm/28" MuEx 325cfm/28"
AFR BE Chev 345cc Stock Twlvd1prt 23 211 344 E Table Az Cast Big Block Chevy PH 3450 Source: 2003 AFR Catalog

[exh] Twlvd1prt 1.88 Table buln 398cfm/28" M=Ex 290ckm/28"
AFR BE Chey 357cc CHE Port Twlvd1prt 23 215 387 E Table CHC Ported '345's Big Block Chewy PH 3570 Source: 2003 AFR Catalog

[exh] Twlvd1prt 1.88 Table Muln 425cfm/28" M=Ex 325cim/28"
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Figure A26 Some New Features in Cam Specs Screen

All cam specs are now contained on a

single screen. Specs which are not being

used are hidden.

Duration and

events can now
be entered at 3
different tappet

w. Cam/Yalve Train 5pecs for: 2003 Ford Focus Stock

. Cam Profile

N\
Intake Profile

|[Zenter|ine, deg ATDC

|Duratil:|n @ 050 "

|Dpen @ 050 ", BTDC

[Close @ _050 ", ABDC

|Hax Lobe Lift, in

115

|Hocker Arm Ratio

i

|Lifler [profile] Type

|Emss Yalve Lift. in

|Dwe|| Over Hose

IAggr Hy.dfﬁﬂer j I.-’-'A.ggr Hydﬁﬁller j

353

AN

EDeqg- Chegtdr =

|Duration @ 200"

| [z 1

lifts. Note: .040

Xl inches is 1 mm.

I Owerall Cam Specs /

[Total Cam Advance |.5 Advancfe j

|the Separation, 11556

|Lift for Rating Events I_g5|:| iches j
 Calculate VYalve Train D

CiYes @ No | See Spy L=

Profile Type (aggressiveness) can
omments

now be different on Int vs Exh.

2002 Ford Focus facto
HP

estimated

Some, ma
Engfhe Analyzer v3.2 H
ny Engine Analyzer

=

You can now specify a “Dwell
Over Nose” to simulate more

aggressive and “cheater” cam
profiles. See Graph below.

" Help
The tappet T from which d

Duration at .200 inches lift is now
displayed so you can adjust
specs to obtain a particular value
by adjusting other specs. Note:
You can not enter this value

|USE a Cam File \ oo . LI opening/clozing events are
|Eam File C:AVE98\project aftermarket standard iz 050"
sBAEAPROXA\CA motarcypcles use 040" (1 mng
Pick MFILESA2176-7. called 'advertised' duration o
Intake cl amethod, p 45
) directly
0K I Help I\ Retrieve from Library I Save to Library .
\

As with Head Specs, you can also retrieve
Standard Engine Analyzer v3.2 Cam Specs
for thousands of different of cam profiles.

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

The Engine Analyzer Pro can now read several cam file
formats, including Cam Dr ™, Cam Pro Plus ™, S96, Doctor
Dr, Competition Cams ™, and Andrews ™. Simply use the
“Pick Intake” or “Pick Exhaust” button to find the cam file and
click on the cam file. The program will automatically determine
the format, or say the format is “unrecognized”.

————————————————————————————————————————————————————————————————

---------------------------------------------------------------

Lobe with 40 degrees of Dwell Over Nose

Standard Lobe (no Dwell Over Nose)
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[ Test Conditions

Figure A27 New Features in Calculate Performance Conditions Screen

. Calculate Performance Conditions for: 2003 Ford Focus Stock

I Fuel Specs

Many new fuel choices
and fuel richness settings.

Weather  [Sif Conds (77 deg, 296" 7|

|Bammetlic Preszure, "Hg (29.9

[Accel Rate. RPM/sec ID Steady S/E/J
|

|Ehas=;|s Dyno Losses

" RPMs to Run
|5lalting RPM 4000
|Numher of RPM Steps 2
|FIPH Step Size a00

[Type IGaSDIine j

Liquid or Air cooling
options.

eleohol
® Mo r;:‘g(gzt{g Gazaline
-l B azoline |
Owith ) aieohol

Rich Drag Race Gaszoline

park ey rich gazoline [for blowers)
Wery righratcotofforbiowers

ISpark West Fower =] Specs I

|Intake Air Temp, deg F 60

|Dew Point, deg F 32

|Elevatinn_. feet 1] /'

[Cooling System ILiquid Cooled ﬂ

|Cnulant Temp, deg F 180 I
v

0 Chain Calculations ?

® No

Settings to simulate
Chassis Dyno results.
These must be turned On
in Preferences.

See Chamn Calculation Specs |

CiYes

I "Starting Point’ Recommendations

5500

|T uning Hecomendations RPM

- | This setting may not be
shown if you have turned
Off “Recommendations”
in Preferences.

" Help
Click on arrow to zelect tupe of fuel. Drag Race
Gazoline haz zhightly higher energy content than
Gasoline, but haz lower wapor preszure [doesn't
atomize as welll. p 66

|F|F'M Freview: 4000, 4500 |

OK./Return | Help | Calculate Performance

" Manifold Specs [ 1 runnerfcyl]

|F|unnel Dia @@ Head. in  [1.7

|D ezign I Straight Runners, merge tC\head j

|F|unner Length, in 6.2
|Flunner Flow Coef 1.62
|Hunner Taper, deg 1]

||"'|ﬂ"i|"|:'|":I Type IE{ingIe PIenum-Hacing\EFI j

Figure A28 New Features in Intake Specs Screen

. Intake System Specs for: 2003 Ford Focus Stock

X

| Throttle Body[z] /
|Tutal CFM Rating

300
Secondary Thotlles  [0pen @ 4000 APt 7]
r [ cleanycFy Rating | (300
™ [Air Meté [:Fy Rating 0
|Flestlic:tur OFM Rating 1]

New restrictions
added. Click the
Check Box to
enable, then type
in a number or
click on the Clc
button to
calculate from
various inputs.

" Plenum Specs

® Estimate Specs (' Use Specs Below

|G|

Intake Heat IFAquced Heat \ j
L

|Plenum Yolume, cu in |

New Runner Design input. “Straight Runners, merge to head”
enables you to simulate fuel injection runners where the diameter
is approximately constant over entire length until it gets close to
the head, where it blends into the port in the head. Click on “See
Layout” button at bottom of this menu to view Designs.

New Manifold Type choice on “Single Plenum Racing EFI” to simulate racing
EFI intakes which look like tunnel rams with electronic injection.
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Figure A29 Preference Modifying Output Screen

EEnglne Analyze Pro  Engine [1998 Busch Motor 10:19 am] Test Results [Untitled] Note that Certaln rOWS Of OUtpUt are Hcollapsed" and
Pirt Help File History Anaee SesEngine Send
Cmnts | Motes Summary: Carb ar T/B Very small, Piston speed Exttemely | PRT q=482@52) Avg=430 not Shown . These rOWS have been picked in th e
Notes high. Click on Mates far mare Details. PkHP=543¢ Awrg=481 Prefe rences menu as Shown below
Engine RPM 4400 [4B00 [6200 [5600 [6000 6400 [Bs00 [7200 [veid | /)] [
Brk T, ft b 472 482 483 471 486 451 408 343 300
Brake HP 396 440 478 502 521 543 528 47 4
(Actual CFM 466 524 534 625 633 B 05 ET2 643
FuelFlow. lb/be 170 132 218 229 234 255 258 246 235
|&/F Matr Oy, % [1000 1000 1000 1000 1000 1000 1000 1000 1000 x|
BSFC.b/HPhr  [0431 0435 0455 0456 0449 (0464 0483 (0515 0543
ThemalEN, % [34.33 3407 3278 3293 3377 3294 83 3177 058 f Reading Data Files T Calcul cont
IMEF, PSI 05 210 21 207 203 202 185 164 148 [ Printing / Graphing ]’ C 0K |
FricinTa.filbs  [48.29 511 538 567 595 624 653 682 712 General Dperation T e e
Frctn HP 4045 4666 533 604 680 760 845 935 103 £ e DR - 4
FMEF. PS5 1900 2009 2118 2229 2341 2454 2563 2684 2800 = = Cancel |
MechEff, % 907 (904 900 693 895 878 862 (836 |80 Aute-Link to Vehicle Progiam
Motoring HP 4734 568 TI1 783 844 101 1300 152 173 [Nane, Dart Auto-Link to Any Program ~| Find |
FumpngWok, HE|-683 1016 1782 -1850 -1642 2462 4650 583 639 Restart
FesduslEsh % [81 37 16 17 24 16 13 32 58 [Send Power Curve ta Vehicle Program Sé'l‘;"‘r'?fs
ShiCicl,® 00 08 30 23 07 16 16 07 01
ExhTemp, degF (1373 1338 1415 1336 1371 1330 1354 1403 1463 |A"0W a Choice Each Time =l -
MiCylPres, PSI (100 1067 1078 1057 1024 1032 995 892 =8 Turn DF
MeCylTmp, deg F (4477 4517 4673 4660 4620 4660 4648 4576 4470 Vol Eff, Sl
In Port Tmp, deg F (94 77 73 73 73 89 ] &7 75 Actual CFM Help Tips
Fiston Spd, fi/min (2567 2800 3033 3267 3500 333 3967 4200 4433 Fuel Flow. Ib/hr — |
PistonGs @ TDC 1230 1460 1720 1930 2290 2600 2940 3300 3670 :"'“Fs' :b::f'h
Caclart HP 12 24z 26 20 W8 s a2 Ml Restore Al | SR LT Help |
BlowBy.CFM [00 00 00 00 00 00 00 00 00 -
—————— Ualve Flow & Cam Calculations --—————--————--———- ——Int—- AExh-- {llow Chassis Dyno Losses” Factor Jves x|
Ouverlap Area, deg=sq-in  31. Ulv Area, degxsq-in  437.4 / 338.5 Don’t Ask
Total Exh/Int % 77.4 Total Avg Flow Coef 0.381/ 0.513 About
Lobe Separation, deg 106.8 Lobe Area, inch=deg 32.5 32.93 Updating
Overlap, deg 106 Duration, deg 219
Overlap @ .858, deg 48 Opening Events, deg o8
Closing Events, deg 58
———————————————————— --Int-- --Exh-- ration @.0858, deg 262
Duration @.2080, deg 172 175 0pR_Evnts @.850, deqg 61
TDC Tappet Lift, in 8.139  6.115 vnts @.658, de 21
Gross Valve Lift, in \ 8.691 8.650 nterlns, de: 182.8 116.8

Settings under “General Operation” also let you size and
customize the “Special Calculations” section.

New outputs for Duration at .200” lift and lift at TDC
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Figure A30 New Features for the “See Engine” Screen

Click on “Options” to bring up the Options screen shown here.

w Watch Charbe

Valves for 4 valve and hemi

engines now drawn coming form

onnosite sides of chamber.

Back [close] Options  Print Help

i)

ou can Auglo-Link' to

Crank Degrees 408 “S5ee Engine’ Oplions
Gasket Thickness 04 - Emphasize
E Deck Ht Clearance o b
B @ Intake Valve ) Exhaust \
I Exhaust Intake O Intake and Exhaust Yalve Equally
: Fri. Walve Angle E
5 Sec. Walve Angh [ Thickness of Selected Lines
e Inches from Valfe @ Thin Lines O Thick Lines [sh
ﬂ to Head Surfac '1/8 sl
B
E Tatal Walve Axpgle [1£9 [1E.4 —
l Valve Diametgr 3h 1.5 |H PM ta See [analyze) 4500
It Piston to Yalfe 913 . 536 [Data To Graph IVaIve Lift
i Wi Piston tg ' alvg [ 182 123
= S . WValve Tosg 000 ]
[Fi EJ , E:Z‘:{:;g;‘ead Yalve Trai Brdha [ 000 1] [Typical Dimensions of Common Heads
ED TTTTTTTTTTITTITTIT Actual Vafee ARt (000 306
M - Theo. Wahveditt 000 | 306 |
| Eﬂh,::e' O RPM Note: I5 screen is not a substi- 0K | E?éal | Tabular
F tute fgichecking clearances with
= ﬂ 1|l1l\ clay! [Flearances are based on a /
= flat tpp piston and NO rod stretch.
dimenzions not bo scale. Click an

Program now IetS” you enter a sec_ondary yalve Help button for mare information.]

angle for “canted” valve engines like hemis. These

angles are also saved in the Head Specs screen.

Click on the “Angles” button to view.

& WATCHDAT.TMP - Motepad =] 3]

File Edit Seach Help

RPH = uc@o@ -

Crank Piston Int Exh Int Exh

Deq Depth Lift Lift PSI P3I

112 2.689 .Bag .81 16.1 16.3

116 2.785 .ge8 .@82 16.1 15.9

128 2.796 .Baa .@@s 16.8 15.7

124 2_.882 .Baa  .@18 15.7 15.6

128 2.962 .Baa  .@16 15.2 16.4

132 3.836 .Baa @24 4.7 117.7

136 3.184 .Ba@  .@33 14.1 19.8 .

148 3.167 .889 .6u4 13.6 208.7 Click the Tabular Data

144 3.223 .88 .85¢7 13.2 22.7 2678 59.8 button for some Cntlcal data
148 3.274 .g88 .871 12.8 24.5 2815 56.2 to be listed i | .

152 3.318  .880 .086 12.6 26.2 1950 52.7 0 be listed In columns In
156  8.357 .08 183 12.5 27.5 1985 49.4 Notepad. From here you
168 3.398 .Baa 119 12.5 28.6 1858 A46.1 int i R i
164 3.417 .Baa 137 12.6 29.5 178 42.6 can prlnt It' save: IF to afile or
168 3.438  .000 154 12.8 29.9 1736 39.7 copy and paste it into a

172 3.453 000 .171 13.1 29.7 1687 37.1 spreadsheet program

176 3.462 .Bag  .188 13.5 29.1 1634 34.4

188 3.465 .888 .285 14.8 28.2 1598 32.3

184 3.462 .Baa  .228 14.4 26.8 1546 38.3

188 3.453 .Baa  .236 14.8 25,1 1588 28.%5

192 3.438 .Baa  .258 15.8 23.6 1468 26.9

196 3.417 .Baa  .263 15.2 22.8 1413 25.2

288 3.398 .Bae 276 15.4 28.5 1366 23.5

284 3.357 .Bag  .288 15.4 19.3 1326 22.2

288 3.318 .Bag  .299 15.2 18.8 1288 28.7

212 3.274 .68 .388 15.8 17.8 1242 19.%

216 3.223 .Baa 317 14.7 16.1 1284 18.4 =

Kl A
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. Engine Analyzer Pro [1998 Busch Motor 10:19 am] Test Result

Back File Fomat “iew Help | MIXED single HISTORY LOG [LIST

([ B el ] [ [T =] [e[=T+]

Torque & HP vs RPM

540

510

430

450

420

390

360

Figure A31 Some New Graph Features

“358 cid busch” torque title
was right-clicked and that \
graph line is now hidden.

B—

1998 Rusch motor

Erk Ta, ft b 451

358 cid b&ch —

922

Brake HP

Even though no
results were
calculated for
6400 for the
“358 cid busch”,
the program

Y A A P TN interpolates and
w LA i . i L i i N displays the
: ! : ! : : ! value
a7 0 i 0 i 0 0 i
oo 4500 s000 5500 &0 B500 7000 7500 &000 P 5400
\

A Preference lets you choose to
Not have a new graph always
Autoscaled

Graph now fills your computer
screen for most any screen
resolution.

For Cycle Data graphs, the cursor location now includes
location before or after TDC or BDC.

04 ’ 77777777 / 777777 e e e e \ 77777777 e e e :
- : ‘ ‘ : ‘ : ‘ ‘

BDC 240 300

New commands
for saving scale
settings

w Engine Analyzer Pro [1998

TDC 420 4380

BDC 600 peg 340 (20ETDC)

Click here for Set Scales screen

I i Engine Analyzer Pro [1938

Back File Fomat “iew Help | MIXED  singl

Graph Scales
Open Saved Settings

Save Cument Settings

ElEINEIERIEAE

Delete Saved Settings

Graph Scales

Open Saved Settings Save Curent Settings

RPM Data Cycle Data: Degrees Cycle Data: Cyl Yol | [ Cycle Data: Time SB Chev 400 HP Cycle

MaxRPM (0O [Max Degrees  [500 Max Cyl Yol [Max Time, sec [ .01 | _ Max [

|Min RPM 2000 |Min Degrees 100 ‘Min Cyl Vol |Min Time. zsec [0 ’m

[Max Recorded [¥) Data  [200 Max¥Data |1 Maxz ¥ Data | [1000 [Maz¥ Data | [1000 Max’

[Min Recorded (Y) Data  [100 [Min Y Data 0 Max Y Data 0 [Max Y Data 0 Min Y
O AutoScaling ON el sesles] Screen obtained by clicking

=]

©\AuloScaImg OFF [use specs given above]

on Open Saved Settings

Close Saved List

—~——

=

- o

AutoScaling must be Off for these settings to be used.
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Figure A32 Auto-Linking to a Vehicle Program (Drag Racing Analyzer v3.2 shown here)

In Preferences, choose
which Vehicle Program to
“Auto-Link” to. At this time,
only Drag Racing Analyzer
v3.2 and Circle Track
Analyzer v3.2 will Auto-Link.

i, Preferences

( Printing / Graphing ]

General Operation

|Aul|:|—Link to ¥ehicle Program

I.t’-‘«uto-Link to Drag Race Analyzer w32 j Fintl_\l. u

e —— Click here to have system
Send Power Curve to Vehicle Program locate the Vehicle Program
J&llowr a Choice Each Time = — you have chosen.

Restart |

The results of the New (current) Engine
Power Curve coupled with the Vehicle File —~—

in the Vehicle Program produces these

. > kon PkTg Avg PkHP &wg DR&  ET Imprs
results. The “Last” results are for the on Mew 33 358 333 323 |New 1143 18
. . . Lagt 365 342 384 30 Last  11.E1
previous Engine Power Curve coupled with
the same vehicle. . i
401 -

70 Summary of Results from Yehicle Progran:

Click on these results to get a summary of =~ kg1 .
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You do not need to start the vehicle program; the Engine Analyze Pro will do it automatically. The vehicle
file being used is the last vehicle you were working with when you shut down the vehicle program (the
vehicle that would be opened when you start the vehicle program).

A 2-3 second time delay is built in the Engine Analyzer Pro to ensure reliable communi-cations when doing
Auto-Link. You will not be able to click on Back to return to the Main Screen before this delay is over. You
may also notice the progress bar from the Vehicle Program momentarily appear on the screen, indicating
the vehicle program is running.
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The original Engine Analyzer Pro v2.1 had a method of letting you save important test results for analysis and comparisons in
the future in a “Common List”, a list of commonly used test results files. This was done by clicking on File” at the top of the
test results screen. Read Section 3.6, page 147 for more information on using this powerful, but somewhat less convenient

method of saving test results.

The Engine Analyzer Pro remembers the results and the engine specs which produced those results for up to the last 25 to 100
runs you have made. The number of runs saved is selectable in the Preferences menu. This can be a very handy comparison of
one run to another and saves you the trouble of making notes on pieces of paper. It is also handy to be able to go back to some
condition which gave very good performance, but you don’t remember why or what the specs were. Figure A33 shows the

History Log and options.

This History Log is also the method used to determine which test results will be graphed. You have 3 choices for picking results

to graph:

1. Current Run only

2. Current Run plus the “Last” run (where the Last run is the run made immediately before the Current Run)

3. Current Run plus runs picked from the History Log (or “Common List” if you have chosen to “Use Old v2.1’s
‘Common List” as Method of Picking Which Saved Runs to Graph”, Section 3.6, page 147)

Figure A33 History Log and Options

Click on File to save test results using the older method
described in Section 3.6, page 147. This can be more
powerful, but less convenient than the History Log.

Click on History for History Log
Options discussed in this section.
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This section discusses the use of the new History Log, and how it can be used to do analysis, retrieve past results and engine
specs, and choose saved test results for graphing.

Test Title

Click on Test Title and you are asked if you want to retrieve the specs which produced these results. The program will first ask
if you want these specs retrieve, answer Yes and the specs are retrieved.

Graph?

You can choose what Test Results to graph by clicking on the Graph column to insert a Yes there. Clicking on a Yes will blank
it out (remove the Yes). Tests marked Yes to Graph will be graphed when you click on the 'Graph Tests Marked 'Yes''. The
first test (usually the current Test you are working with) is always graphed even with no Yes marked. The number of tests

actually graphed are limited by available space, usually a limit of about 24 graph lines total. The tests marked in the History
Log are only graphed if you have clicked on “history log (list)” at the top of the Graph Screen.

Graph Title

Graph Title is the name which will be printed on graphs for this run. The default Graph Title is the engine file’s name. Click on
Graph Title and you can change the name to most anything you want, 16 characters maximum. This is a useful place to put
what this test is, like “Crane 256 Cam”, or “Baseline”.

Save

Choose to Save certain Test Results by clicking on the Save column to insert a Yes there. Tests marked Yes to Save move to the
bottom of the History Log as more runs are made, but will not fall off the History Log.

Pk Tq/lncr, Avg Tq/Incr, Pk HP/Incr, Avg HP/Incr

Are the Peak Torque, Average Torque, Peak HP and Average HP test results for the particular run. The “Incr” results are the
increase of a particular run over the previous run.

Print

You can print the History Log on a printer by clicking on the 'Print' menu command. Note that the History Log will be most
readable when the Page Orientation is in Landscape setting.
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At the Graph Screen, several options are available to graph selected tests from the History Log, and change the Graph Titles.
You can obtain the History Log by clicking on the menu command History Log at the top of the Graph Screen. The History Log
is how you graph different tests together for comparison. From this screen you can:

e Choose to Graph certain Test Results by clicking on the Graph column to insert a Yes there. Tests marked Yes to Graph
will be graphed when you click on the 'Graph Tests Marked 'Yes''. The first test (usually the current Test you are
working with) is always graphed even with no Yes marked. The number of tests actually graphed are limited by
available space, usually a limit of about 24 graph lines total.

e  Graph only the current test results (the test file at the top of the Log) by clicking on 'Graph Current Test Only'.

e  Click on 'Graph Title' to change the Standard Title for this test. The program defaults to the Engine File Name, but you
can change this to most any name of 24 characters or less. You can also specify 'Alternate’' titles and legend names by
clicking on 'Format' at the top of the Graph Screen, then 'Edit Titles/Legends'.

Important: The History Log is only used as described here for picking which test results to graph in you have set “Use Old
v2.1’s ‘Common List’ as Method of Picking Which Saved Runs to Graph” to No in the Preferences menu.

[T< Engine Anaiyzer Pro ;198

Back File Fomal,Aew Help | MIXED  single HISTORY LOG [LIST]

Figure A34 History Log at Graph Screen
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Tests marked Yes to
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also possible by
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then Edit
Legend/Titles.
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Appendix 10: New Features inv 3.5

Engine Analyzer Pro has had many updates since this user manual was written for the original v2.1 for Windows. These include
v2.1 B, v2.1C, v2.1D v3.3 and now v3.5. Here is a brief listing of some of the features new since v3.3 was released, including
Version 3.5:

New Features:

The “Chain Calculation” feature to automatically set up several calculations with various settings has been extensively
expanded. Previous to v3.5, you could only set 1 or 2 engine specs to change between calculations. Now you can set up to
6 different engine specs to change, allowing you to make thousands of calculations without requiring any action from you.
Since thousands of calculations require lots of time (hours or days), an estimate of the required time is displayed before you
start the calculations. Also, because thousands of calculations would require lots of evaluation time, settings are available
to only keep combinations and results which meet your requirements. See Fig. There is also a new Preference you can set
to keep the best 5 to 35 results, under the General Operation tab called “Chain Results to Display”. However, all results are
kept, and if you change the requirements, the to 5 to 35 results for the new criteria will be displayed.
The Engine Analyzer Pro will now Auto-Link to the Fuel Economy Calculator, and let you send power curves to both Fuel
Economy and Trans Gear Plus Calculator programs.
In the See Engine screen (to watch the piston interact with the valves, flows and pressures) an Viewing Speed option has
been added. Also, the graph at the top of the "See Engine" screen now will adjust its scales if the results go off scale, unless
you've asked for "detailed" graphs, where then the scales are adjusted to zoom in on certain results.
A new Graph command to show the line labels (Legend Titles) in larger text has been added. Click on Format, then
Legends (graph line labels), then you have 3 choices. Classic is old way, Larger and Largest show the text in larger fonts
for easier reading, and let you scroll up and down to show all of them.
Several options and features for emailing files has been added. At the main screen, you can click on File, and then Email an
Engine File. Also, once you have calculated results, you can click on Print, then Print Test Results, and check the “Email as
PDF ™ file”. This allows you to email an Adobe Acrobat printout of the report to any email address. You must have
Adobe Distiller as a printer option to do this, only available if you own the full Adobe Acrobat.
The Preferences menu now has a new Tab called Emailing, where settings for these new email options are stored. If you
are using Outlook, Outlook Express or Eudora, all you need to do is choose one of them. If you choose “Other-use specs
below”, you will have to fill in the required fields:

e [P address can be obtained by clicking on the Find button.

e SMTP server must be obtained from the settings in your email program.

e Sender Email Address lets you specify the email address that the recipient of the email can reply back to.

e Note: In Eudora, to eliminate a MAPI warning, click on tools, options, MAPI, shut off the automatic warning of

MAPL
o In Preferences, under the General Operation tab, options for having the computer “beep” when calculations are done
have been added

You can right click in the list of Std Engine Analyzer Example Cams and the Valve Lift (tappet lift x rocker arm ratio) is
displayed.
The program now makes metric to English and vice versa conversions of the head angle and clearance dimensions, part of
the Head Specs.
Click on File at the top of the main screen, and either Backup or Restore to backup or restore some or all data files with
only a couple of key strokes. This makes it much easier to backup and restore files, and transfer the program from one
computer to another.
In the Head, Intake and Exhaust screens, there is a button to “Show Layout”, a drawing of the intake and exhaust runners
and valves. Version 3.5 now more accurately resizes these drawings if you resize this screen, and shows the labels in
Inches or MM.
The program now shows pictures of typical Manifold Types in Intake Specs screen to better clarify what is meant by the
various types.
A Calculation Menu (Clc button) option for Intercooler Restriction based on intercooler dimensions has been added. Also,
if you calculate Intercooler Restriction from dimensions, an optimistic estimate of Intercooler Effectiveness is also
calculated, which you can use if you choose to.
A new Preference to have program remember the last type of graph you were making when you restart the program has
been added. It is under the Printing/Graphing tab and is called 'Always Remember Last Graph Setup'.
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e  The program now remembers any 'search phrase' you were using in the various “Open” screens for the engine and
component libraries. It also now has a 'Show All Files' button to simply restore all files to the list.

e  The program now warns if the intake or exhaust lobe max lift is zero, typically caused from a problem in a cam profile file.

e  The program now asks to save changes to the engine file you are working on (to the permanent copy in the Engine Library)
when quitting the program.

e The program no longer checks for valid cam specs that are not needed, like if you are using a Cam File.

e  Program now has some enhancements in the Preview when opening Metric files.

e Now if you click on Cancel at point where program asks for a Report Comment, you will cancel printing also, in addition to
canceling just entering a comment.

e An 'Open from Cam Analyzer' button in the Retrieve form for Cam/Valve Train screen has been added. It explains how to
go about using a Cam Dr file.

e A Preference to 'Choose Data NOT to Display' in the Test Results screen has been added.

e A Preference to allow NOT printing the Special Calculations section has been added.

e A more detailed help for Valve Angles, Comp Ratio calculation menus and History Log has been added.

New Inputs:

e Added new Cam Profile Option of Specified Ramp which would then enable Ramp Rating, a rating from 0-100% with
100% being the most aggressive ramp. There is also now a new 'Clc' button for Ramp Rating to determine which rating
best matches your profile specs.

e Added 4 more input lifts for the flow table, so it now has 12 total. Added a check for unusual flow coefficients (less than .3
or greater than .9) when leaving the Flow Table, and program asks if you want to keep current entries.

e A new Turbo Input of “Maximum Flow, CFM”, has been added. It is estimated on a compressor map as the point on the
right side of the map where the efficiency has dropped to 40% at a pressure ratio (PR) of 2. The program assumes that
flows much higher than this will produce very poor efficiency and the turbo has met its flow limit.

e A new Turbo Input of "Wastegate Is..." has been added, so boost can be controlled to either the pressure Before or After the
Intercooler.

e Increased the Turbo A/R ratio allowed in the Calculation Menu.

e Added both Single and Dual Ball Bearing Types to the Turbo Exhaust Turbine Efficiency choices.

e  Many more choices for Turbo Exhaust Turbine Efficiency have been added, 55, 65, 70, 80 and 90%. It was previously 55,
70 and 80%

e  The "Throttle Location" in the Roots Supercharger specs was changed to 'Type", a combination of Throttle Location and
Basic design. The Design choices are Standard (like in prior versions of EA Pro) and a new "Modern" design, new for
v3.5. The Modern Choice assumes that tight seals do not increase the friction as much as prior versions and that the
volumetric efficiency is slightly better also.

e A 'Use MM Inputs' in the Calc Menu for Carb/Throttle Body CFM Rating when using Inches for measurement inputs has
been added. Most throttle bodies, even in the US are measured in mm.

e  An additional method of calculating Rocker Arm Stiffness for Valve Train Dynamics has been. It is based on the amount of
'Lost Lift' of the valve because of the valve spring force at max valve lift.

e  The program now allows collector exits to be as small as 60% of the Exh Runner Diameter.

e  The program now allows for negative taper angles on the Detailed Exh Collector.

e  The program now allows for slowing down the burn rate by up to 50%. Previously, the program only allowed for speeding
up the burn rate.

e  The minimum Eff Rocker Arm Stiffness has been dropped down to 1000. Some small engines do have numbers this low.

e  The minimum dimension required for some critical specs has been lowered so VERY small engines can be simulated.

e The Air Meter and Intake Racing Venturi Restrictor inputs, and their calculation menus, have been finalized and updated.

e An Air Cleaner restriction CFM can now be calculated from Flow Data.
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w Outputs:

As discussed above, the Chain Calculation allows for many new types of output, including average and peak torque and HP.
A 'Spring Table' option to the Valve Train Dynamics screen has been added. It allows you to print out tables of spring force
at various lifts, with option for forces as seated height and valve open height also.

Several features to deal with Valve “Clash” for Hemi and 4 Valve heads in the See-Engine screen (which also evaluates
piston-to-valve clearance) have been added. Clash occurs when a valve enters into the valve 'curtain area' of the other
valve, for example if the intake enters into the 'curtain area' of the exhaust valve during overlap.

A new Preference for Desired 'Clash' clearance has been added. If Clash is less than this amount, the Clash value is
displayed in Red in the See-Engine screen.

An option has been added to the See-Engine screen, to print tabular data for piston clearance, piston position, pressures,
valve opening, and new 'Clash' in either 1 or 4 degree increments. This option can be accessed by either clicking on the
Options at the top of the See Engine screen, then clicking on the Tabular Data buttons, or clicking on Print, then one of the
Print Options.

A Preference to graph either Carb Metering Signal or Heat Release has been added.

The turbo output for Pressure Ratio to better describe the ratio across the compressor by itself has been refined. Previously,
the PR more closely equaled the PR across the compressor and intercooler together.

curacy Improvements:

new inputs discussed above have allowed for improved accuracy. In addition to these changes, the calculations themselves

have been refined for better accuracy. These include the following:

Several refinements to the exhaust tuning for better accuracy have been made. This includes how the flows and pressure
waves change at the junctions and steps, and how the runner and collector is divided up into sections for calculations. . In
general, these more accurate exhaust tuning features tend to show slightly more performance than found in v3.3. Highly
tuned engines show more improvement in v3.5 than stock engines, which show almost no difference. These improvements
make the “Detailed Collector” option more accurate than in previous versions.

There is a Preference to have the program estimate either valve toss or hydraulic lifter pump up even with Valve Train
Dynamics turned Off. In v3.3, the program could be showing a power loss, but not be showing valve toss or hydraulic lifter
pump up. In v3.5, if there is a power loss from valve toss or hydraulic lifter pump up, the program also shows that valve
toss or hydraulic lifter pump up are present.

The program now increases the stiffness at the cam/lifter stiffness for rocker arm OHC and direct acting OHC valve trains.
The program has several refinements for estimating valve train friction, valve toss or hydraulic lifter pump up, and exhaust
tuning when using mm measurements.

The seat timing events in the Special Calculations section when using .000" as the event are more accurate because program
previously used .0005" as the cut off point, not .000".

The Turbo Nozzle Area is now being estimated more accurately when specifying twin turbos.

The program now estimates the effect of intake boost pressure and/or exhaust back pressure on valve opening forces and
dynamics more accurately. The program now also shows warnings in the results and the Valve Train Dynamics input
screen if these pressure forces are significant compared to valve seated force.
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Figure A35 New Chain Calculation Features
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Chain® 192 (30" Ha ldie Vac) . .
InFiDia=18 InFrDia=18 IntFnlen=b5 Tq |46¢ 520 568 G675 GGG G570 547 504 453 629 The asterisk indicate the hlghest
ExFriDia=21 ExPiiLen=35 HF 3\ M6 52 B2 B46 706 723 713 B30 603

Chain® 37 (20" Haldle Vac) Average Tq and HP.

InPrDia=1 @ IntArDia=1@ IntArlen=7.5 Tq |462 533 647 574 563 540 B25 474 4% 17

ExPriDia=21 ExPiller=25 HP 314 aE2 521 BN BAM GE3 B39 E7F  BES 57

Chain # 313 (3.0" Ha ldle Yac)
InPriDia=1.6 IntArDia=18 IntAnLen=7.5 Tq (492 550 561 572 574 545 430 437 388 512

ExFriDia=2.1 ExFriLen=45 HP 375 47 A34 533 EBG B78 ER3 B24 B91 A76

Chain # 241 (3.0 Hg Idle Vac)

InFiDia=1.8 InfinDia=18 Infiren=75 Tq (500 549 553§ et st Chain results consist of 3 rows of data, with the
ExPriDia=1.7 ExPiiLer=45 HP 38 645 63 B0 559 B3 549 .

Chain# 277 [3.0"Ha ldie Vac] labels ShOWlng Idle Vacuum, a Tq row and HP
I"FiiDia=18 IntFinDia=1.6 IntFinLen=7.5 Tq —] B43 563 G572 673 543 480 422 35 607 ; [ : :
ExPriDia=1.9 ExPiiLer=45 HP 75 471 532 593 654 672 64D G02 571 568 FOW: The SettmgS/ mOdIfIC_atlonS of the pamCUIar
Chain # 205 _[3.0" Ha Ide Vac] chain is also shown here in the labels.

InPitDia=1.8 IntAnDia=1.8 IntRAnlen=F.5 Tq 482 555 BEG 673 573 563 533 473 425 527 ‘ v‘
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Figure A36 New See-Engine Features
% Watch Chamber and Yalves
Back (close) 'v'iew\ing Speed  Options NS Help
Print This Screen Crank Degrees 5
Print Setup Gazket Thickness 024
Deck Ht Clearance 039
\ Print Data at 1 Deg Ierements . Yalve Separation 03
Print Data at 4 Deqg Icrements
Exhaust Intake
Pri. Valve Angle [12 |5
E— — (256 ][0
Print Data options |[72 [18
to prﬁducebreiport =T
L as snown below 1.6 1.6
5:;8 55-9 —ver O LEEL) LRl Valve
@__TT Min Fiston taValve [123 ik S i
i . Walve Toss 000 000 eparation,
Cylinder \ Piston to Head | /., o 112 Brdng (007 000 P ;
Pres ; flsganee — | sowalvalveLit [000 ] [000 used in
[TTTT IV TTTTTTTTTTTTT . Theo. Walve Lift 001 .000 Valve Clash
Cylinder Walve Clash (030 030 :
RPM
T Min ¥ alve Clask = |-052 i) calculations
O Clazh Estimate iz Appmxim;
Mote: This screen is not a subdg-
< Back | Cll{nlinuous | | Forward > | tute for checking clearances with——— [ \/glve Clash results, for multi
clayl Clearances are based on a . i
[Some dimenzionz nat to sc%le. Click on Helo button for more information at top piston and MO rod stretch. valve and Hemi type heads.
| I V|eW|ng Speed to Speed up VaIVe CIaSh IS What the CIaSh
I WATCHDAT. TMP - Notepad or slow down animation clearance is at thls particular _
File Edit Format View Help crank degree being shown. Min
RPM = 5000  (data in inches) ~ Valve Clash is the smallest
Crank Piston Int Exh Int Exh Cyl Cyl Int Exh Int Exh
Deg  Depth Lift Lift PSI PSI  Temp PSI Clear Clear Clash Clash clearance for all crank degrees
64 1.847  .088 .881 21.5 15.0 3163 244.2 1.288 1.259 0.038 0.030 tested. Ifitis ne.gatlve (-), it
68 1.157 .e88 .@@1 21.8 15.9 3064 219.2 1.398 1.369 9.038 ©.038 means that parhcular valve has
72 1.269 .08 .@02 21.9 15.9 2973 197.9 1.502 1.480 0.030 0.030 . s
76 1.381  .pe@ .@@3 21.9 15.9 2888 179.9 1.614 1.591 0.038 0.829 entered into the other valve’s
80 1.494  .080 .BO5 21.7 15.9 2809 164.% 1.727 1.782 0.038 0.029 ‘ in’ i
an 1.685 .080 .088 21.4 16.8 2736 151.1 1.838 1.811 0.030 0.028 curtain’ surface, a cylinder swept
88 1.715  .980 .B11 20.9 16.0 2668 139.5 1.948 1.918  0.930  0.928 out by the edge of the valve. See
92 1.824  .080 .@15 20.2 16.6 2600 129.2 2.057 2.022 0.030 0.027 h .o
96 1.938  .p@@ .828 19.7 17.3 2555 122.9 2.163 2.123 0.038 0.826 drawing at bottom of this figure.
108 2.033 888 .025 18.9 18.7 2488 114.0 2.266 2.221 0.838 0.825
108 2.132  _@P@ .032 18.9 28.2 2428 105.9 2.365 2.314 0.838 0.623
108 2.228 .088 .040 17.1 21.5 2353 98.2 2 461 .h@2  @8.030  0.022
112 2.320  .080 .049 16.2 22.7 2286 91.1 2.553 2. 0.038 0.028
116 2.408 .080 .859 15.4 23.6 2221 B8A4.S 2.641 2.563 830  @.817
120 2.490 .800 .879 14.6 24.5 2158 78.5 2.¥23  2.635 0.0 : — | Data report of all engine data
124 2.569 _@P@ .@83 13.9 25.3 2097 73.8  2.802 2.700 0.838 0.812 .
128 2.642 @080 @898 13.3 25.9 2837 67.9 2.875 2.759 0.838 9.089 used to produce this screen,
132 2.710  .088 114 12.7 264 1979 43.1 2.943 2.812 0.0838 0.006 ; :
136 2.772 .08 131 12.2 26.9 1922 58.5 3.805 2.857 ©.803 ©.830 including valve clearance and
148 2.838 .08 .158 11.8 27.1 1864 54.2 3.863 2.896 0.803 0.630 valve clash results. Clash
148 2.882 _@p@ .171 11.4 27.1 1887 50.2 3.115 2.928 0.803 0.630 .
148  2.929  .988 .193 11.8 27.1 1751 46.3  3.162 2.953 0.003  0.838 results only show if you have
152 2.970 .08 .217 18.7 27.8 1697 42.7 3.203 2.971 0.802 0.630 . .
156 3.0086 .088 .242 18.5 26.7 1646 39.4  3.230 2.983 0.003  0.030 specified a ‘Hemi’ or ‘Pent
1680 3.636 808 .268 18.3 26.3 1597 36.4  3.269 2.988 0.003 0.630 d
164  3.061 @08 .295 18.3 25.6 1553 33.6 3.294 2.986 0.803 0.630 Roof t¥|°e head layout, or more
168  3.888 .988 .323 18.3 24.9 1512 31.2  3.313 2.978 0.083  9.038 than 1 intake or exhaust valve.
172 3.894  .080 .352 18.4 241 1475 29.1 3.327 2.964 0.803 0.830
176 2.183  .088 .381 18.6 23.3 1anm1 27.2 3.336 2.943 0.802 0.630
180 3.186 .08 411 11.8 22.5 w12 257 3.330  2.018 0.802 0.830
< »
Ln1, Col 1
\
\
"\« Exhaust valve’s ‘curtain’ surface (cylinder swept out by edge of valve)
\
\\
\
‘\ L
\ s — Y
— »| [« Intake Valve Clash (intake valve enters into exhaust valve’s ‘curtain’)
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Engine Analyzer Pro [Porsche 944 2.5-litre HA Euro. dat]

Back File NEsfjn= Yiew Help |

=] [E
800

Joo

.A00

400

.300

.200
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Single Data Graphs
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Edit Titles/Legend

Edit Printed Commenys
Grid Skyle

Background Colgr

Line Colors

Axes

Legend {graph line labels)

MIRED single HISTORY LOG (LIST)

-

-

R I
ol YT

Figure A37 New Options to Format the Graph Legend (labels)
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I O e
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v Classic View (smaller) nct L

Larger Wiew
Largest Wiew

[TRTIN
ExvLit
ot Ev LI

porsche Sdd 2.5+ 13 e 0 0,0EtT 53 3
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ot WL
In W LI

' ot EvLIT

2135 1w-gti 0 1035 an somn
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oo

600

View Help |

Single Data Graphs
Mixed Data Graphs
Line Skyle

Edit Titles/Legend

Edit Printed Comments
Grid Skyle

Background Color

Line Colors

Axes

. . Engine Analyzer Pro [Porsche 944 2.5:-litre NA Euro. dat]
Back File Nl

MIXED single HISTORY LOG (LIST) last  rpm-CYZ  FicRPM
vlEs el ] ]2 ] lw] [pele] k] @] runvien|set soaes
. porsche 844
3 activif L

Test Results [Untitled]

Ext Wl Lift
Act EVLIT

parsche 944 2 5-litre ng
Act VLT
In Wl Lift
Ex Wl Lift
Act EWLift

Classic view {smaller)
w Larger View
Largest View

parsche 944 2.%-litre n3
At VLT
I Lift
B v Lift

parsche 944 2.5-Iit>g nd
Act VLT B

In Wl Lift

Act EVLif

2.1 35 Twe-ntd.0 10:38
Act LT
Il Lift
Ex Wl Litt
Act EVLIT

Crank Degrees

Classic View can
be quite small and
difficult to read if
you have lots of
graph lines.

Click on the
‘More’ button to
move the
Legends down.
A ‘More’ button
will show up at
the bottom of
the legend when
you need to
move the

Larger View
shows legend in
larger text font.
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lé w. Cam/V¥alve Train Specs for: POR944CY. 5T

w. Cam/Valve Tr

Figure A38 New Ramp Rating for Describing Cam Profiles in More Detail

Enter a Ramp

ain Specs for: FFOR94: Rating from 0

Calc Ramp Rating

Calculated Ramp Rating

| B g el

—
=

Other info for these results

Calc Ramp Rating. % [44.4 |
Duration (@ Seat Timing
Minimum Tappet Dia. in

Cam Specs
Based On

| Duration @ 050 & 300"+ |

Follower Type

Saolid Flat -

Cam Profile :
Select one of the _|I.1n1l.gk.|:\Pmlile | ﬁz:.aUSl Profile | Centerline. deg ATDC Ex:g amgllgdr)etsos;]voe(;
‘Spec Lifter (profile) | gi—— 2 || pustion @ 0a0- Click on the “CIc”
Types to get the T B | Open @ .040 *, BTDC button to calculate
Ramp Rating inputs M\ | 6 | Close @ 040 *. AEDC a rating from other
to display. @\ | [& | Max Lobe Lift. in ] inouts.
Actual Valve Lash. in  [022 | | [02a | Actual Valve Lash, in I-q'22 | [024 |
Designed ¥alve Lash. in |_I]1 \ | ol | Designed ¥alve Lash. in |¢1 | |_l]1 |
: Rocker Arm Ratio |1 \ | |1 | Rocker Arm Ratio |1! | |1 |
——| | Lifter (profile) Type  [aggSoidFigt ~| [sgorSoidFlat | Lifter [profile) Type |Fpec SoldFlat ~| |&gor SolidFlat |
Chooze a 'Spec' Litter [profile]
Type to enter Ramp Ratings Ramp Hating. %
Bl | Gross vaive Lift_in Gross Valve Lift, in [32 | [33 |
Delllzerioze |0 Deg5td Profit | Dwell Over Nose |0 DegStd Profile | |0 Deg-Std Profile_~ |
E [Duration @ 200" [Duration @ 200" [o7.0 | (333 |
Use a Cam File " e Use a Cam File [ Yes [ Yes

Graph of different
Ramp Ratings

Select what specs
you want to calculate
a Ramp Rating From

Allow Dwell Over Nose Mo

Max Tappet Lift, in
Designed Valve Lash. in

Rocker Ratio

Enter your specs here,
some are preloaded

with specs from the -
Cam Screen.

Duration @ 050"
Duration @ 200"

Click on Help for more
up to date info.

Use Calc Value| Hefp | Cancel | Print |

50%

25%

0%

Fig A39 New Calculation Men

us

Calc Intercooler CEM Rating

Calc Intercooler Rating
E st Intercooler Effectiveness
Flow Data / Measurements
Do you have Flow Data? Mo -
Length of Tubes, in 15
Width of Intercooler. in 10
Thickness of Intercooler. in - |2

Motes:

|ntercooler manufacturers should provide this
infarmation, but seldom da. Flow the intercooler

Calc Maximum Flow, CEM

Mazs Flow, Kgfmin -+

Calc Maximum Flow, CFM
Turbo Data
Hating Type

Maximum Flow Rating

Notes:

Thiz calculation will convert wanous Max Turbo

Ratings [for a single turbo) to a b aximum Flow in
CFH.

Help ‘ Cancel | Print ‘

Calc R.A. Stiffness

Calculated R_A. Stiffness 28945
Calculated Lost Lift .022

Test Results
Method Fird Lost Lift from Spring

[~

Spring Rate, Ibs/in 700
Seated Spring Force, lbs 200
Expected Max Valve Lift, in 624
Meazured Max Valve Lift. in | 602

Mote:
See Figure 2,50, p 118 in manual for dezcription

mn A tunicAl e henck wzed for Aasinn beads

rf first treat methind Annle Faree b Rnek ar 2o
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Fig A40 New Turbo Inputs
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Many more choices
for Turbine Efficiency
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s |
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Figure A41 Features and Settings for Emailing Files
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= Email To:
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Print to send an
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Report Printing Dptions
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Engine: Porsche 951 turbo Big 4.txt

Send
Cancel

= Engine Analyzi2r Pro

B+ Back Graph
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Exit
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Click on File, then one of these email
options to email a graph as a .omp file.
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Figure A42 File Backup and Restore Options
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IMPORTANT: Be very careful when restoring files. You can overwrite
more recent files with changes you want to keep with older files, if they
have the same name. You may want to make a backup of all your files
as they currently exist before restoring files. That way if you loose

some files, you can restore them.
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Appendix 11: New Featuresinv 3.9

Engine Analyzer Pro has had many updates since this user manual was written for the original v2.1 for Windows. These include
v2.1 B, v2.1C, v2.1D, v3.3, v3.5 and now v3.9. Here is a brief listing of some of the features new since v3.5 was released,
including Version 3.9:

New Features:

The screen for opening standard Engine Analyzer Example Cams now shows the Gross Valve Lift and Lobe Separation for the
cam you selected if you right click on the selected cam. Fig A44.

The screen for opening standard Engine Analyzer Example components now lets you select to only show components which
match up to 3 criteria you have selected at the bottom of the screen. For example, you can choose to only show “Crower” cams
with a lobe lift greater than .330 inches. Fig A44.

The screen to pick a Category of standard Engine Analyzer examples is now more intuitively obvious as to how it works, and it
also remembers your last choices which will save time when you use this feature often. Fig A43.

We’ve now added 'Chain Calc These Cams' button when displaying standard Engine Analyzer example cams. This will have
the program calculate performance for all cams in the list which meet the criteria of ‘Show Examples Only Fitting These Limits'.
Fig A44.

You can include a graphics file, which could be your company logo, when printing graphs and reports. This file is loaded in via
the Preferences screen. Fig A45 and Fig A49.

You can include add dyno power curves which you have entered manually to a graph. This lets you make comparisons between
actual dyno performance and the Engine Analyzer Pro’s simulated results. Soon we will be exporting power runs from our
Dyno DataMite software to the Engine Analyzer Pro. The default location for these files is the “engine” folder in the Engine
Analyzer Pro v3.9 folder. Fig A48.

You can now import Cam Analyzer files almost seamlessly. The Pro will now install the cam nearly exactly as measured, even
if the lobe is asymmetric. Fig A56.

You can now email results as a simple text file now in Print Options, which does not require a PDF writer program like Adobe
Acrobat.

Program now remembers the ASCII file name and path, and which data channels have been selected to be output in an ASCII
file.

Program now better accommodates the first column in printouts if the title in the left column is very long, like for a chain
calculation. Fig A44.

A new Preference has been added under "General Operation, cont" tab to let you hide the Progress Bar during calculations. This
lets you minimize the program during calculations to work with other programs, which can be very handy when doing long
chain calculations. Fig A45.

We’ve now added Delete Row and Insert Row buttons to the Flow Table screens in Head Specs. Fig A47.

You can now select to include the torque and HP data when you print out RPM data graphs as long as there are torque and/or
HP data on the graph. Click on the Tq/ HP Data option. Fig A49.

The program now has a separate ASCII File command in the Output Screen to make it more obvious you can export the data as
ASCII data.

Now program can now better find newer versions of Acrobat or Acrobat Reader to display the user’s manual, supplements, and
more. You can also ‘browse’ to find Adobe Acrobat in the Preferences screen. Also, the program now allows other “PDF
Writing” programs produce PDF files for emailing, other than just Adobe programs.

Program now better remembers the printer you have selected and landscape vs portrait when you click on Windows Printer
Setup in various screens.

Some printouts now use a proportional font for better printouts.

Program now remembers its screen position and window size and restores it when it is opened again.
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Now program should require you to 'Allow’ it to run in Vista (same as right click on desktop icon, then select Run As
Administrator'). This should make the program more Vista compatible.

New Inputs:

The program now lets you enter various types of ethanol fuels, like E85, and other percents of ethanol and gasoline. It now also
has a Richness factor input which makes it easier to pick different types of fuels and richness factors. Fig A50.

You can now specify a variable cam timing, or Variable Valve Timing (VVT). This lets you specify a particular RPM where the
program switches from the base cam timing to a modified cam timing and lift. This can be for the intake and/or cam profiles.
Fig A53.

You can now specify an amount of Asymmetry to a cam profile being created in the program. Fig A52.
You can now specify up to 6 break points in spark curve. It was previously limited to just 4.
We’ve added a “Clc” button for Lobe Lift being calculated from Gross Valve Lift and Rocker Arm Ratio in the Cam Specs.

We’ve added several general intake manifold types. These choices let you pick a manifold type and the program will estimate
various measurements based on the engine size and intake port size in the Head Specs screen. You can see what the program
has estimated for these specs. Then if you change the type to “Use Specs Below”, you can modify these to your liking. Fig
AS1.

The Centrifugal Superchargers now have a Max Airflow input. This allows the program to better fine tune the supercharger
performance map within its calculations.

We’ve added hundreds of new standard Engine Analyzer Example cams, including Comp Cams, Crower, Isky, Lunati, Harley
Davidson, and production cams. Hundreds of these are for stock engines courtesy of John Holm. Many thanks John. Many of
the Harley Davidson cams are courtesy of Stephen Mullen of S&P Mullen Enterprises, Inc www.Nightrider.com or
www.tuneyourharley.com . Many thanks Stephen.

We’ve added several new standard Engine Analyzer Example cam categories, especially Imports. Fig A43.
You can now specify .053" lift for rating cam events (like Harley Davidson cams).

We’ve added an option to import Other Format Files for Head files, like .flw and .dfw files from Desktop Dyno (tm) and
DynoSim (tm). Hundreds of compatible head files with flow data, valve sizes, and some with port volume (not available with
typical Desktop Dyno or D ynoSim files) are available via Stan Weiss at http://users.erols.com/srweiss/tablehdc.htm You can
purchase a CD from Stan with all the files or just visit his site for free info for your particular heads. I believe if you purchase
the CD, everything will be in the correct format and you may have additional data not free on the website, like port volume.
Note: Not all head files have port volume, material, etc. Fig A54.

We’ve added an option to import Other Format Files for Cam files, like .cam and .scm files from Desktop Dyno (tm) and
DynoSim (tm). Fig ASS.

Program now has section for storing comments about the valve train dynamics specs.

We’ve added several new Chevy LSx and LTx example files of both Components and Total Engines courtesy of Aaron
Anderson. Many thanks Aaron.

We’ve added many example Garrett turbocharger files, courtesy of Bjorn Deildok of SWR Performance, Norway. Many thanks
Bjorn.

We’ve added the ability to calculate turbo turbine Nozzle Diameter based on exhaust turbine flow data.

The program now asks if you want to use an unrecognized cam file format. This can help if you have a file which is not exactly
the correct format but still useable.

New Outputs:

We’ve added Sq In Area and Port Volume to the Head Specs screen.
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We’ve added a new Preference under "Calculations, cont" tab to let you pick the number of decimal places to use to display
torque and HP. This does NOT improve the accuracy of the calculations. Fig A46.

We’ve added 2 new Preferences to allow all or user selected outputs to be displayed in Metric units. Fig A46.

We’ve modified the Preference setting of 'Include Averages in Chain Results' to 'Chain Results Include' either No Averages,
Average Tq and HP, and now Avgs + Engine Masters Challenge. The Chain Calculations now include the engine Displacement
in CID with Idle Vacuum to provide the info necessary for this calculation. The calculation is:

Engine Masters Challenge Score = (Avg Tq + Avg HP) x 1000 / cid

The Average torque and HP is calculated over the RPM range you have selected to calculate. The Engine Masters Challenge
rules can change from year to year, and will determine the RPM range. You can also rank your chain results based on this EMC
Score. See Fig A44 for results and Fig A45 for the Preference Setting.

Accuracy Improvements:

We’ve improved the accuracy of Roots Supercharger simulation at very low RPMs which would typically produce very low
boost levels.

We’ve made some improvements to the calculation about the amount of boost or exhaust pressure required to blow the valves
off their seat.

We’ve made some improvements to the tables of Spring Force vs Spring Height, available in the Valve Train Dynamics screen.

We’ve added a Preference for Filter (smooth) Cam Lobe File data. Since Cam File data can come from many different sources,
it may be best to set this to Yes, especially if you are doing Valve Train Dynamics. Fig A45.

If you are using a Cam Lobe File for either the intake or exhaust lobe, then the velocity and acceleration data for this lobe will
be filtered also.

We’ve increased the "Number of Cam Bearings" allowed up to 40 (was 20) for calculating Bearing Size Coef. in Short Block
Specs.

We’ve fixed a bug where direct acting OHC buckets would show valve toss at very low RPM (less than 1000) due to math
problem.

We’ve refined the blow-by calculations, so that the amount of leakage also reflects a loss of fuel energy due to lost fuel.
The program now allows for up to 20 degrees cam advance or retard.

We’ve made refinements to the Estimated Idle Vacuum in the Special Calculations section. Now it is based on the Barometer
setting in the Calculation Conditions screen, supercharger type, and some other refinements.

We’ve added a Preference to have Cranking Compression calculated by cranking RPM, barometric pressure, and cylinder
leakage, or just the simpler v3.5 and earlier versions. For a little background, if there is any leakage as specified in the Short
Block Specs screen, that bleeds off cranking compression. The faster you spin the engine to recording cranking compression,
the less time available to leak and the higher the pressure. Also, the higher the barometric pressure, obviously the higher the
cranking compression. Fig A46.

Lifts at TDC are now done with NO lash, to better match what most cam grinders report.
We’re now doing a more precise simulation of the difference between aluminum vs cast iron heads for Knock Index difference.

We’ve increased the Piston Speed limit above which program says is Impossibly High because materials and technology have
made huge improvements over the years.

We’ve made some refinements to the Cam Profiles created by the EA Pro to more precisely time them to the nearest 0.1 deg.
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Help
Enter comments for descrbing
this engine

Open fram My Saved Files
Open Std Engine Analyzer Example
Gpen Std EA ‘Chevy Corvair' Cams

Factory rated £
Conditiors refl
Engine finalyzi

JL&I: BERRVE] G anciion poferance Troncs | —_Pm

Figure A43 New Features for Using Standard Engine Example Component Files

urnp, blocked crossover|
ts are estimated

Click on Retrieve from Library and you are presented with
choices. This list of options can grow as you choose
different options at the next ‘Retrieve’ screen show below.
For example, the ‘Corvair...’ choice is presented because
you have picked a ‘Corvair...” cam in the past.

=, Retrieve a Cam/Valve Train File @

320 Cam/¥alve Trains in Library Choszen File: C| =
Chev CC 277LCE HA-114 54-477-11 LSx Al g - —
Chew CC 27701 HR-113 54-456-11 LSx Tew: inches)
Chev CC 277LTE HR-115 54-480-11 LS« e BTt
Chev CC 281LR HR-113 54-453-11 LS» C" fL'? - 103 C"li'.‘s 115
Chev CC 231LRR HR-113 54-963-11 LS« D" L '_"‘2’-2? ; D" L '_"‘23;“ ;
ic HR-109 MT THOMPR B4-60111 LS P e PO AL,
Chey CC 285LCB HR-115 54-475-11 L5x [obe 0 [obe 0
Chev CC 285LR HR-113 54-260-11 LS« ash- Ty ash- Ty
Chev CC 285LRR HRA-113 54-470-11 LS«
Chev CC 285LTE HR-115 54-481-11 LS« “Wendor. Comp Cams ~
Chev CC 289LR HR-114 54-361-11 LS« Mendar Part # 54-601-11
Chev CC 289LRE HR-114 54-467-11 LS» Manufacturer: Camp Cams
Chev CC 289LFR HR-114 54-471-11 LS« M anufacturer Part 4 54-B01-11
Chev CC 2917 HR-109 BMT THUMPR 54-602-11 LSx Description: "CAMSHAFT: L51 283T HR-108 MT
Chev CC 293LCE HR-116 54-479-11 LS« THUMPR
Chev CC 293LF HR-114 54-462-11 LS= Intake: 3532 - 283 / 227 /140 / 0,332 3
Chev CC_293LRR HA-114 54-472-11 LSx hd
T - Show Only Files which 7 -
g L!Sl (il b . contain this phrase |Sh0w All Files J
" List by Date Last Changed [most recent First)
Open Cancel | Help |

Just to contrast the ‘Std
Engine Analyzer Example’
files from ‘Engine Analyzer
Pro’ files, the Pro files are
listed in this section, and
when you click on them, a
preview is shown to the right.
Most all the commands and
options above the ‘Std
Engine..’ button relate to Pro
files which typically contain
more detail than the ‘Std
Engine Analyzer...” examples.

Std Engine Analyzer Cam M Cam Analyzer |

Load

Thiz option loads in HUMDREDS af simple
Cam specs from our std. Engine &nalpzer's
Library.

Click an buttan above far info on loading  This optig
other cam file formats.

other can

Categones [groups] of
Performance Trends' Examples

Click on ‘Std Engine Analyzer Cam Examples’
button to open up the screen below, showing
categories of literally thousands of cam specs
preloaded from which you can choose.

Categonies [groups] of

i Categories of Cam Examples for Picking @

Exanwfes Added by User

Typical Cams
Amernican Motors & Cyl
Amerncan Motors V-8
Buick ¥-6

Buick V-8

Buick - Other Engines
Cadillac

Small Block Cheyy
Big Block Chevy
Chevy 4 Cyl

Chevy Inline & Cyl
Chevy ¥-b

Other Chewy V-4

Fa

Chevyy Gen Ill LS ¥-8
Comp Cams All Mopar
Crane All Mopar

Cancel

Tip: Click on a Category in either zection to
highlight it, then click on the ‘Use Categony’
buttan, or juzt Double Click on the Category
to pick in one step. [Categories are groups
of examples, ke a group of Chewvy heads,
nat individual examples. |

Ke#in
ynoSim AMC

Pick a Category of Std Engine
Analyzer Example file, then click
the Use Category button.

Mew Category Name I:I

Add Mew Category Mame to List |

/ |
/ |

See page 118/n manual for details.

Uze Category | Cancel |

Now there’s a Use Category and
Cancel button in this section for
Examples Added by User. They
act the same as the original Use
Category and Cancel button in the
Performance Trends’ Examples
section to the left.

Note: You typically add Examples
if you have our Standard Engine
Analyzer program and have linked
the Pro and Std programs in EA
Pro’s Preferences. When you
save a Cam /Valve Train file in
the Pro, you are saving it in EA
Pro format. Note: You can also
add a Category and “Other
Format” cam files as shown in
Fiqure A55

264




(C) Performance Trends Inc 2009

Engine Analyzer Pro

Appendices

=, Examples

Figure A44 New Features for Using Standard Engine Example Component Files, cont

Other Chevy Corvair Flat B Cams

Rated Lift

Center
Line

Lifter Profile Walve Train DL

Ruocker
Ratio

Labe Lt [Valve

ash

Famp
Fating

/Fuume/cummams

|—
Isky CORVAIR

050

[exh)

Isky CORYAIR

050

[Exh]

Isky CORVAIR

[Exh]

<

P+RA imp 108
116
104
112

104

202,
202,
208,

SpecHydFlt
SpecHydFlt P+RA imp

P+RA imp

SpecHydFlt

I I (- s -

325
325

PM: 116125 HYDRAI

PH: 115126 HYDRAI

aross Yalve Lift for Highlighted Cam
Intake: 311 x 1.5= 4665

If you right click on a cam
you have picked (which
will be highlighted in blue
as shown here), several
calculated parameters for
that cam are shown.

Exhaust: 311 x 1.5= 4665
Lobe Separation: 103.0

In this section, you can choose to Show... ‘All Examples’ or ‘Only These’
as shown. Then you can use the 3 groups of conditions to determine
what examples are shown. For example, in this screen, we have picked
to only show cams with the phrase ‘Hyd’ in the Lifter Profile description
and an Int Lobe Lift greater than .29 inches.

Ms=Motorsport

Show.

Abreviations: BIR=Blue Racer CC=Comp Cafns Lun=Lunati
s Comyh Cams Grinds:
DEH=Duel-Energy XR/XE=Estreme-Energd Nx=Nitrous-HP

Show Only Examples Fitting These Limils

Tips: Click on Exampls T Fughnght it

then click on 'Fick' ar Delsts’ button. Pick ‘

| Print ‘ l:am:el|

Double click to pick Example in 1 step.

\

[ Lifter Profil:

Oy these :‘v |Eontams ﬂ |H5Jd

Rlight click to show Yalve Lift Chain Calc These Cams
" Ho & And . or * Ho © And " O
= [Int Lobe Lift =] | E
[15 more than | |.28 [ =l |

=
| = Engine Analyzer Pro
B3 Back Graph  Print

Cmnts

Chain Results Options

Engine [1969 Pontiac GTO 400 Stock]
Help File ASCIIFile History  Analvee See-Engine  Send  Stop

Click on this button (only available for
example Cams) and the program will do
a chain calculation on all cams listed

Test Results [Untitled]

The program
now better
expands this first
column to fit all
the descriptive
data given.

Motes M aintain at least |3" idle wacuumm ﬂ Rank Resultz |,& ﬂ Refresh
Ergine APM 3000 [4000 [5000 [G000 [Awg [EMC | | hverage HP
Chain # 2 [16.0" Hg ldle Vac, 415,63 cid] Peak Tg
Isky CORVAIR Tq AGAAE 40477 4770 IN0IE 402 Peak HP
Eng Mazters Challange Sco
PM: 115128 HYDRALULIC 25006500 RPM |2B5.30 37682 41678 35444 35334 % 1877.05
Chain# 2 [18.8"Hglde Vac, 41563 cid) Engine Masters
Isky CORVAIR Ta 40263 4B6E2 39735 2RE52 40826 Challenge is now a choice
PM: 115126 HYDRALLIC 20005500 RPM |275.66 37054 37829 30448 33225 1781 for Ranking if you set the
Chain# 1 [21.2"Hgldle Vac, 415,63 cid) appropriate Preference.
Isky CORVAIR Ta 47803 48082 30007 25014 39747 -
P 115125 HYDRAULIC 1500-4800 RPM |273.52 36620 361.84 20577 321.83 173063 A Preference lets vou ch t
\ \ you choose to
\ \ show the.Average Torquc_a and HP,
\ \ and also include the Engine Masters
Challenge column in the Chain

Calculation results.

All these torque and HP results (and Engine Masters
Challenge Score) are shown to 2 decimal places because
that Preference has been turned. If that Preference was not
turned on, these numbers would have been shown to the
nearest whole number, that 366.20 would be shown as

Results for the Cam Examples you choose to keep in the
screen above. Note that these are ranked by ‘Average
Tq’ by any of the 5 choices in the ‘Rank Results’ combo
list. The ‘Eng Masters Challenge Score’ is only possible
if you've turned it on in Preferences.
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Figure A45 New Preference Settings

[ Emailing T Enhanced Features 0K [ Emailing T Enhanced Features oK
[ Reading Data Files T Calculations. cont f Reading Data Files T Calculations, cont
[ Printing / Graphing T Calculations Cancel [ Printing / Graphing T Calculations Cancel
General Operation T Gen. Operation. cont General Dperation T
Restart _ - Restart
:hlovfli!]g Auto-Link to Vehicle Program Sh?:u?;g
Number of Tests Held in History Log i ee e |More, Don't Auta-Link to Ay Fragiam | Find | Help Tips
Turn Off Send Power Curve to VYehicle Program Turm O
Showil - - -
Ask to Save Latest Test Results Yes Helgwll!z::?s |.Qllow a Choice Each Time ﬂ I-?;:?E::?s
Use Old ¥2.1's ‘Common List' as Method of Mo D
Picking which Saved Files to Graph ﬁ%‘?rm}e Data |Themmal Eff. % “~
Help . = Help
Dizpl
Choose what to R
include in Chain Don't Ask Restore Al Don't Ask
Calculation Results ) & B ybout Nae
T ¥ [Cuirert AvgrPeak s@RPH ﬂ : g Allow ‘Chassis Dyno Losses' Factor Mo = —
Look for Hide Progress Bar During Calculations M - Look for
E ztimate "Starting Point Suggestions” A’;z:e Aﬂg:e
Show "Special Calculations' Section goiohat Settlng this to Yes lets you Acrobat
Beep when Never Return All mil‘]nlm!tze tr;fe proglram Return All
Chain Results to Dizplay Top 10 arly - D rl':' t w en itpe Orms ong o [lD |
e \ etaults Chain Calculations so you - _Defaults
ain Results Include A Eng Masters Challan: + .
vgs + Eng Masters Chalang 7| | LI can work with other -
Mo Averages | . . -
Tqand HP applications.

Choose Yos and you

can click on the

[ General Operation TI Gen Browse button to ﬂnd [ General Dperation T Gen. Dperation, cont (1]'4
[ : Emailing_ T I Enha a graphiCS f||e on [ Emailing T Enhanced Features
( Reading Data Files T I Calcul our computer and [ Reading Data Files T Calculations, cont Cancel
Calcy Y . R P . Printing / Graphing T :
i this will be included
':_:3::'::::'“9 [:U":r“‘e"ts I — in your printOUtS. Engine Dimenzions |Inches j Sﬁh?;?:g
‘our name [and phone . i

Second Line here EIiC" on Preferd See Flgure A49. Default Test Pres. for Flow Data 7HEIP Ties

i (Enlen et (eempar r;ame, hone &, i) Desired Piston-Yalye Clearance, Intake 100 -

appear at top of printouts. ;:'" Ot Dezired Piston-¥Yalve Clearance, Exhaust m ;:'" Ot

= owing owing

Use Logo File m Help Tips Desired Hemi/4 Yalve 'Clash® Clearance 100 - Help Tips

C:A\WEB 98\projectsE\EAPROXAPTLEMP Moo

Help Set to Yes and Help
Graph Labels Font [defaul fort = - program will Filter
Dot Matrix Graph Printer M Don't Ask (SmOOth OUt) the Cam Don't Ask
o hd About H A i About
S— T - Updating Lift data file it reads to Updating
T — describe the cam lobe, e
t i % - : .

e e 00 T like a Cam Dr ™ file, Lo (o
Alwaps Autoscale a New Graph Mo - Aﬂﬁﬁe Cam Pro Plus ™ ﬁle, Al:ljzre
Always Remember Last Graph Setup ey v Acrobat etc. Specified in the Acrobat

Printing 5pecial Calculations - Cam/Va|Ve Train

Font Preference |C0urier ﬂ Hetl.tlm All screen. Flellilrn All

o (-}

Font Size |Standard Size j Defaults — T Defaultz

Set Graph Colors | __ Filter [smooth] Cam Lobe File Data __
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Choose if you want more

Figure A46 Options in Preferences Under ‘Calculations, cont’ Tab

w. Preferences

detailed C|_'ank|ng 0K — — 1 e |
Compression estimated.  batjon, cont If you choose :
If you choose Yes, RPM Feptures Cancel i ] Click on the data
s enabled for you o o Gones ||| Picked, the. 1 channels you want
! you fostar Pick from List reported in Metric
FPerf. Calculations — THey 43.5/3.9 Calculations j |.?h|DwTipg button is ) wvB.5/3.9 Cflculations Units, or click on
Cycle Data |Sh0w ETU Heat Release j lp lips el‘la.bled._ CI|Ck ow BTU Hed Release buttons in th|S SeCtion
Wwrite Errors to Error Log File INU__L| on |t to dISp|ay Fil ’ND— to Select A” or
Cranking Compression Estimate ;;::;2:; I|St Of data E stimate Deselect A” When
Do More Detailed Estimate Yes | v Help Tips channels. Inat [Yes | you have selected
Cranking RPM for Measurement 350 - T TP TOT 80 the correct Channels,
Help :
Metric Dutputs Metric Dutputs click on the Close
For RPM Data MNore =] Dot Ask o (T el e ’Eﬁ_eep) t;ytton tg Ic(:lose
For Cycle Data MNore - About For Cycle Data IS Se.C Ion an eep
Ypdating Pick RPM Data ~—| your Picks.
Lt e |2 (Gpa 34 R j Look for TotP g:lc::DE‘ri:;ry et - gﬁlose [keep) Look for
New : = N
Adabe Cmoreos Pros Rt | ——coneel | Adobe
Choose Acrobat Compressor HP Select All Acrobat
Wh|Ch outputs e i Deselect All
et P Choose how many s - Return Al
you ﬁ di decimal places for Turbo Suge % [N LI Dot s
reported in torque and HP outputs. ]
Metric units. - | | |

Figure A47 Flow Data Table Screen (from Head Specs Screen), New Commands

. Intake Flow Table @

Flow Coef

Insert a Row at the row where the cursor is positioned, in this

Intake Flow for Inchez Water Pressure 1 Valve, 2.4" dia
W alve W alve Flowe, Flow
Lift, in | (LD CFM Coef I A00 na
e
1] 042 | [77 668 A ks
2 083 | [166 720 400 / 1l
3 125 | [257 | [743 E 4
4 6 338 733 O 300
5 208 392 680 _ / 404
6 .250 421 608 = 200
i 292 410 592 _Cl
B .333 419 605 L + 0.2
1001
/ Delete the row where the cursor is positioned, in this case, the 1%
row. All rows below this will be moved up 1 row.
OK/5ave | Help | ﬂrint Screen | VdIvE LI, MCTIES
Clear CFM Only | /Print Int+Exh |
Tip:
Clear Al Data | PrintSetup— e,
Factor Up /l Fctor Down | case, the 1% row. All rows at this position and below will be
/ moved down a row and the bottom row will be lost.
Delete How | Inzert Row |
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Figure A48 Including Actual Dyno Curves with Graphs

i = Engine Analyzer Pro [!v2.1 LATE-MOD.EL]  Test Results [Untitled] CIICk here to CaICUIate
Back MR Format Wiew Help |  MIXED single history log flist)  last  RPM-cyc an approximate pOWGr
| [ e EntedEdk Do Crvegats OK {back) curve. You can then
Show Dyno Curve on Gfaph Full Powe i . i .
History Log {pick tests for overlay araphs) w Hide Dyno Curve on Gifaph 180-— i 150 edlt thOSG data pOIntS
rink Black & White (dashed lines) ~ [Feem-moo- T a0 || T Save Engine
';rin: 2n\nr i\n’:d T\nes) : : ’ Save Enging As ™ ) }
= 3 3 e Click on File for these
Emall 256 ColorGraph PP | 0 T e st - options _to Open or
S ‘ ‘ wl A 160 Save this data set.
Exit ,
380 J---o-ooeoaooooo- oA T CECETRTRTEITES CPTPPE e LR 4 35
. 1D1DUDD 2000 3000 4000 5000 EDDUD
In Graph screen, click ‘ | i
2 pth o ; I 3 | e Type in your RPM,
onrile, the Actual  f.2 22 C 1 torque and/or HP
Dyno Curves, then N data points. Once
Enter/Edit Dyno N ] you have entered 2,
Curve Data to get | | — the 3" input is
screen shown to riaht. : : — calculated and filled
T | A a — in for you.
Click here to include this data on the
graph with Engine Analyzer Pro
calculated data, as shown below.

u| Engine Analyzer Pro[!'v2.1 LATE-MOD.EL]  Test Results [Untitled]

Back File Format Yiew Help | MIXED single  hiskory log {ist)  last  RPM-cyve
T S = S A X 3 e
" Torque & HP vs RPM - 2.1 late-mod.el 9:40 am

Engine Analyzer Brk Tiy, fi-lbs

Pro’s calculated

as0 |---.| power curves. . . ; - tovota.dateadz
Dyno Curve HP
S R T
O P G . : : - :
200 f---eeee domeeoe- deeeeeee ZL : : : E
/— || Power curves from ‘Actual Dyno
150 foromomomdeneopdoed AR i A T it Curves’ screen shown above.
100 : . : : : i boeeene beeneees i
U ; : : : : : poeeeee [ :
1200 1800 2400 3000 3600 4200 4800 5400 6000 GEOO 7200  RPM
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Figure A49 Including a Torque and HP Data Table with the Printed Graph

. Printed Graph Comments @

i Engine Analyzer Pro [1v2.1 LATE-MC

Back File NEEES view Help | MIXED .
. — 2 Graph Data Sets [comments available for each Data Set]
ll = Single Data Graphs r E
Mixed Data araphs = w1 2
Line Style 3 -
Edit TitTes,fLegend 8 Graph Title |!v2.1 latesmomtelbl 0=y | Engine Comment
dit Printed Comrments |~ Test Comment ~
tid Style r
chkground Color 4
e cobrs . ——+ | Check Tg/HP Data to include
Ldgend (graph line labels)  # torque and HP data table at the
: bottom of the printed graph.
\ : Include on Grgph Titles to Use Note: This data is ONLY
300 =1 Click on [] TestCopfments @ Std Titles | printed if the graph includes
Format, then [ Enging Comments (O Alt. Titles torque and HP data vs RPM.
Edit Printed O Gre L See Titles
151 1--| Comments to
get screen
shown to right. oK ‘ Help | v

: Engine Analyzer Prov3.9  Your name and phone # cango  This Graph Printed:
R Eng: 2.1 LATE-MOD.EL here. Click on Preferences. 11:21 am 11-16-09
Calculated Test Results Performance Trends (C) 2009 Page: 0

400 Py T T T T R =l i W2 1 late-mod. el 10:57 am
| I I I Brk Tq, ft-lbs
//11\4\ | 1 | {
|
360 boooosdloo_ 0 ST | Printed Logo graphics file will appear here, as

picked in Preferences screen shown in Figure A45

| |
I I
I I
I I
; ; | | | |
300 Fomm e £ O T N ||

D e e e T

50

0
1200 1800 2400 3000 3600 4200 4800 5400 6000 6600 7200

Data Table for: 2.1 LATE-MOD.EL 10:57 am
RPM 3500 4000 4500 5000 0 6000 6500
Tq 316 355 388 388 372 347 310

HP 211 270 332 369 389 397 384

Data Table for: toyota.dat.EA32
RPM 1600 2000 2400 2800 3200 3600 4000 4400 4800
Tq 112 140 166 167 169 166 163 159 148
HP 34.1 533 75.9 89 103 114 124 133 135

Data Tables appear here, under
the graph on printouts.
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Test Conditions

| Calculate Performance Conditions for: Iw2.1 LATE-MOD. EL

Fuel Specs

Weather |L|se Conds Below

Intake Air Temp, deg F
Dew Point, deg F

Elevation, feet

=l
Barometric Pressure. "Hg
o]

Figure A50 New Ethanol Fuel Choices (like E85) and Separate Richness Setting.

Fuel Richness |T_l,lpic:a| for best power
Approximate; A/F =125

Fuel Octane [R+M]/2

@ Ho Nitrous Oxide
) 'with Nitrous Dxide

1 LATE-MOD.EI.

Here are some of the fuel
types, now including ethanol
and ethanol blends.

Fuel Specs

[ |

ratio for that fuel

[

New method of selecting
fuel type and Richness
factor. The approximate A/F

is also

These are the available
Fuel Richness settings.

Fuel Specs

1 &
4 . | &lEahol [methanol]
PRI Mfrag R acing Gazoline

Fuel O

" No

O Wit E100[100% etharal]

Propane [lo-pres. gas]

E10 [10% ethanal + 90% gasaline]
EB0 [B0% ethanol + B0% gazaline]
EG5 [85% ethanal + 15% gasaline]

Type | G azoline /

el bz |T_'r'iCEI| for best pawer
Approximate: ASF =

Fuel Octane [B+

5% Rich of best power
30% Rich of best power

® Mo Mitrouz Oxide |
(" with Nitrous Dxide

| = Intake System Specs for: VCTRJR-2.BRL

Manifold Specs [ 1 runnerfcyl)

Type |Use Specs Below

Typical Production Dual Ma
- Typical Street Dual Plane
Design (T\pical Face Dual Plane
Runner Typical F'roduc:ti_on Single Plane
Typical Street Single Plane
Typical Race Single Plane

Runner

ilingel Typical Race Tunnel Ram [
Manifold Type |Single Plane-carb(s] j

Examples of thiz Manifold Type' [click for zource]

[~ |

Intake Heat |N0 Heat

Help )
Chck on down amow button to let program estimate
typical specs, of o Use pour own Specs. poxx

1].4 Help See Layout

Fuel Delivery Calculations

®Yes O No _Calc;ulate carburetor requirements, like
See Specs | Ietsize

Carburetor(s]

Click on the new input of
Type and select either
Use Specs Below and you
can enter the manifold
specs, or choose one of
the “Typical” manifolds
and the manifold specs
will be disabled (as shown
to the right) and the
program will fill the specs
with typical settings for
than manifold type based
on this engine’s size and
port size in the Head

T E T T T BT

Retrieve from Library |

Save to Library | Print

Figure A51 Picking a “Typical” Manifold Type in the Intake Specs Screen.

w. [ntake System Specs for: YCTRJR-2.BRL

Manifold Specs [ 1 runner/cyl)

Type

Typical Street Dual Plan:

| [

If you
choose of of
the “Typical”
Types, the
manifold
specs are
disabled
(displayed in
gray and
you can not
change
them) and
filled in by
the program.

Help R
Click on down arrow button to let program estimate
typical specs, of to use your own specs. pxK

114 Help See Layout Retrie
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Intake Profile

Figure A52 Asymmetric Cam Profiles

w. Cam/Yalve Train Specs for: LATE-MOD. EL

Cam Profile

E xhaust Profile

Owerall Cam Specs

1]

Help

Retrieve from Library

Centerline. deg ATDC |1 06 |1 06.0 | Total Cam Advance |EI Straight Up ﬂ
Duration @& 050 ™ |254_I] | |2I32_I] | Lobe Separation, cam deg
Open @ 050 ™ BTDC BBDC | | Lift for Rating Events | 050 inches |
Close @ 050 " [53  |ABDC ATDC ) )
S Calculate Valve Train Dynamics
Max Lobe Lift. in [3493 ] [3573 ] .
. (@ Yes [ No See Specs for Dynamics |
Actual Yalve Lash, in |_l]1 g | |.l]2 |
Designed Yalve Lazh, in |_I]1 8 | |_I]1 8 | Yariable ¥alve Timing [¥Y¥T)
A0 e 0 A [1.5 | 1.5 I—| Enter the amount of Asymmetry
Lifter [profile) Type |sgar Solid Flat v, Taaar Soid Flat ~| 0 here. Here, 30 degrees means
?hoose a 'SpeF?' LIHBFII [profile) ; the actual centerline based on
ype o enter Ramp Hatings [| peak lift with occur 30 degrees
Asymetry. deg 30 | [o | earlier than the centerline based
Gross Valve Lift, in [-524 | |-536 | on the opening and closing points
at .050” lift. If the actual peak

Dwell Over Nose 0 Deg-Std Profilk | |0 Deg-Std Profil = o

_ 0 DogStd Profic S0 Deg St ProfidEl occurs later (which is somewhat
[Duration @& 200" [160.6 | (675 || [ H unusual), you would enter a
Use a Cam File ™ Yes I Yes ol negative (-) number

Save to Library

Print |

& Engine Analyzer Pro [!v2.1 LATE-MOD. EL]
mixed SIMGLE  hisl

Back File Format ‘Wiew Help |

Test Results [Untitled]

tory log (list) LAST rpm-CYC  PicRPM

el [ele] [ [eln] [els[+]v] [sofx]e]ruvied sesca]

5400

4800

A200

3600

3000

2400

800

200

0600

.0aoo

In Viv Lift

Asymmetric Profile,
shown to an
extreme degree to
illustrate the point.

Asyrmmetric Profile
’In Wl Lift

[ Symmetric Profile

Symmetric Profile

-----------------------------------------------------------------------------------------------------

TDC 290

420 450 480 510

BDC

Crank Degrees

271



(C) Performance Trends Inc 2009

Engine Analyzer Pro

Appendices

C. Profil
am Frotfe Intake Profile

= CamfValve Train Specs for: Honda ¥ TEC Big Cams Stock Import

E xhaust Profile

Centerline, deg ATDC [108 [1o8

Duration @ .050 ~ [180 | [180 ]
Open @ _050 [18 | BTDC [i8 | BBDC
Close @ 050 * [e | ABDC  [8 | ATDC
Max Lobe Lift. in [23 | [23 |
‘Actual Valve Lash, in [-006 | [-o08 ]
Designed Valve Lash_in [008 | [oo8 ]
Rocker Arm Ratio [1.55 | 155 ]

Lifter [profile) Type
Choose a 'Spec’ Lifter [profile]
Tupe to enter Ramp Ratings

| 50r Selid Rolle - |

| #a0r Solid Roller_ - |

Figure A53 Variable Valve Timing (VVT) Feature

Overall Cam Specs

Total Cam Advance

0 Straight Up -

Set to Yes to enable Variable
Valve Timing (VVT) specs.

Lobe Separation/cam deg

108.0
080 inches -

Lift for R ating

s ||

See Specs for VW T |

Vofable Valve Timing [VT]
@ ivYesi( Mo

Once enabled, click on the
See Specs for VVT button to
bring up screen shown below.

Comments
Stock Type-H Cams

] Help

(1] .4 Help

Aspmetry, deg |D | ||] |
Gross Valve Lift. in [357 | [357 ]
Dwell Over Nose [0 Degstd Profic v | [0 Deg-Std Profile_~ |
[Duration @& 200" [69.6 | [69-6

Use a Cam File [~ Yes [~ Yes

Retrieve from Library |

Cliclk. on Spec Mame or S pec Value for explanation of
zpec to be given here.

Save to Library | Print |

= Yariable Yalve Timing (¥¥T) Specs for: Hont

Enter the values you want to use at and above the “RPM to Change to
Final Values” input in the lower left corner.

Final Intake Cam Profile Final Starting Change Final Exhaust Cam Profile Final Starting Change

Yalue Yalue Yalue Yalue
Centerline, deg ATDC |1l]5_B | |1 0a | |—2.4 | Centerline, deg BTDC |£I£I_5 | |'Il38 | |—8.5 |
Duration @ 050" 330 | [1®__ [F%—— | These are the settings from the original Cam Specs
Opening @ 050" [10.9 | [ NEE | | screen shown above for comparison.
Closing @ 050" [42.1 | [ | [e21 || | [Closing & 050" 185 | [18 | [365 1
e [t LT (302 | Bz | [072 | MarLd In this column, the program calculates the

“Change” (difference) between the Starting Value
and the Final Value.

Grozs Yalve Lift. in 468

Enter the RPM at which the program should switch from the specs on the
original Cam Specs screen shown above to the specs on this VVT screen.

Total C4qllse Intake Specs Above

Lobe Separation, cam deg

0K

Print |

General YT Specs Your choice here determines which specs are enabled and visible on this screen.
T”V| Uze Al Specs Above hd | method pou want to simulate il T
PG e, Click here for more details on how this screen

Copy

Int to Exh | Copy Exh to Int

Copy Starting to Final |

Cam Profile for 5500
RPM and above

Screen above said
to make switch at
5500 RPM.

Higher HP at high

e viee with WA Hock ing
Beake 19

nenan viee wilh WA stack imp

honda viec with v 5000 1
Act VLB
Ponda viec with wi 5500

ExvviLn
Act EVLI

RPM with bigger cam.

Starting Cam Profile
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Figure A54 Importing an “Other Format Head File”

et Do — — - At bottom of Head Specs screen, click on
- ki . R .
e ) = — MuchFaster| Retrieve from Library for these choices to
Help _ Comments appear. Click on either of the top 2 choices and
Click on 5 M 5 Walue fi lanati f
ICE. 0N apec Name or opec Value ror explanakion ol « . M
ST ey Honda BISLS Head the “Retrieve” screen to the lower left appears.
I | |
Click on the “Open Other Format Head
OK | Help| See Layout | [HEEVETGRABET]  Save to Lishe | Print flles choice and you .JUI;np directly to the
Opep Example from Performance Arends ,_ Open a Head FlOW F||e ShOWn belOW.
| Open from My Saved Files —
Help '.?_‘: Open Other Format Head Filés EQH Ei
Enter comments for deseribing Some specs are estimates
w| Retrieve a Cylinder Head Filz These are Engine Open a Head Flow File From this screen
396 Cylinder Heats in Librar Analyzer Pro format Lckin 5 nod -| you can browse
VT SVOFROSTCR head files. - most anywhere on
1970 B Fard CJ Stack v PRy 3 |Z]4.5L 29 P.L. CHC MzRace Systems Alum_1220_5H your computer to
1972 Cadilac 472-500 V4 P : .
1972E:d:|2§ 7950078 Stack Intake . Exhaust. \_ﬁ :j%L 2¢ P.L Ported Patriot Performance Stage 1A find .dfw or flw
1 U Valves: 1 I Valves: 1 MyRecant |2 4,60 4v '99-up PénerHeads SFE0D Aum_1242_3t f t head fil
Valve Dia: 1.74 Valve Dia: 1.5 Documents | ) ormat neaa tiles.
1985 5B Ford 5.0l /stock ﬂ 4,6L P.I, 5.4LAY Parked Patriot Performance Stag .
1907 58 Ford 5.4 Stack Full Flow Table Full Flow Table . Click on one to
1938 Ford 6L DOHC Stock CR:85 Ml Cast lron [B 3 4.6LP.I 5.9( 2V Ported Patriot Performance Stag i X -
1939 Ford DOHC 4.6L Stack TR 34\1 '93-'98 8 Spartman CNC Gamrace Alum_1238_ hlghllght it and
1499 Ford Mustang GT 4.6L Stock o o ot otoc A Deskh = gy g3t i
LI AT e esktop gw 53-8 Stage 2 CNC Gamace Aum_1239 5 .then click on 'Open
Fard Focus Zetec Stock \ETaITbE‘I CtECsC £0 . ﬂw 93-'93 B Stock Ganrace Aum_1237_Stan_Well 0 the lower rig ht
OHC Ford D Port Stock aKe Frl L4 e 2| 4v Cabra CNC M2 Race Systems Aum_1241_Stan ;
2.3 OHE Fard Essinger élum Evhaust Port CCs: i %‘WC L b B 1245 & _W | cornerto brlng up
231 OHC Fard Dval ot Stock Irtake Part i (gaskel) MyComputer | oo Ve Rate systems Sum_LEE AN IR g0 o o oraan gt the
23L Tubo DHE Ford Stack Intake Valve Angle: 3 |24 FRS0D CHC M2 Race Systems Alum_1236_3tan | ot
; — |]5.4L 2 '99-04 LFP Stage I Alum_1224_Stan_weil__ e’ &
Click here to Open the l""”’l'#' H':‘ ich |ShowAH Files j ‘»!] JMotorspurt 24 5Y0 Mild Parting_1225_Stan_Weiss World W\de Enterpnses Kewn et
screen to the right to find [P My M
andopena.dfwora fiw || Places *
head file. Foprne: | o [ |
5td Engine Analpzer Head Examples [ Load fiom Port Flow Analyzer | Load Other Format Files Files of type |Head Files [*. dfu." flw) j Cancel
This option loads in hundreds of simple Head  This option loads Head Flow Data from — This option lets you load files from
apecs from our std. Engine Analyzer's Library. — aur Port Flow Analyzer software other company's programs. [ Dpen as read-only

Summary of head file you just picked.

=, |mport a Head File

Head: 5.4L 24 '99-04 LFP Stage |l &lum_1224_Stan_\Weiss_‘World ‘wWide Anterprizes_ e i If this head file has port
Current Setting  Mew Setting volume, it will calculate an
Intake Surnrmary 1.780 dia valve, 223.0 FW/ EO0 It @ ‘ Avg Port Diameter based on
Settings for .1 either the Port Length of th_e
E =haust Sumn current Engine 128439 dia valve/‘aé 0 CFMA B0 lift (= ‘ current Eng Analyzer Pro fl|e,
niske Pot¥q Analyzer Pro | [[028° {500 or select “Use my New entry’
Intske Port Dif head file, that | [178 \Bar and you can enter a new port
Intske Part L. Will be over- B = length for calculating the Avg

|Use Current value -

Port Diameter.

|
) be |
Exhaust Party  Written if you [F73 |[E7.0 | |
click on Import Use my Hew entry
E”:‘m: ::":E i the Iowe?leﬂ I;'N H;m I —1 | These comments are
Fhadst e |Use Cunent value created by the program
b aterial corner. [lurninurm | [Bluminum | based on file name and
Comments - :
Honda B18C5 Head File: 5.4L & "93-04 LFP Stage || i H i
Alurn_ 1224 Stan weiss world wide other info in the file. You
Enterprizes_ Kevin Gertgen.dfw can these comments now
Alurmn-Stan wWeizs 8
o . 1 . == anything you want.
This file doez MOT hawve all the Engine Analyzer specifications. IF you chooze to import these limited
specifications, be sure to adjust those mizzing specs in wour current file to better match these heads.
Import Cancel Look Again for a Head File Help /l__ Click here for more info.
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Figure A55 Using the “Load Other Format Files” for Cam Files Feature

| 0K | Help ]

- |
Help

Enter comments for dezcribing

i
Open from My Saved Files
Open Std Engine Analyzer Example

Acura Integra H
These specs al  Open Std EA 'Chewy Corvair' Cams
Some specs ans swmmarss

1 ~ - .=
P
seample From PerFW
EEEEJ Eor-:rl

At bottom of Cam/Valve Train screen,
click on Retrieve from Library and select
one of the first two “Open..” options to
bring up screen to lower left.

& Retrieve a Cor g N
These

1) Find the CamFiles
(.CAM) folder on your
computer and click on it.

ns in Libr; Dpading Desktop Dyno Cams
[N Find| 'CamFiles [.CAM]" Folder

Engie Family for Files

[ Buick
(3 Cadillac ine name o '‘chonge it
(1] Chewy ¥ leting. A ‘preview of that

frame. Double click on
stely Open it without a

Chevy LS V8

Create Examples in 5tandard Engine
Analyzer Format

i‘;“"?:’::z"';‘ cams are tesenBr - 2) Pick the Engine Family —
owkiea full Engine of Cams you want to import.
Tl PE G124
cefirecr2sl]  Analyzer | | ‘
Crefe FE BT7L5
omireenels| Pro format .
Chev LPE 6T L5+ fil 3) Click on the
Cevbmeily | CAMTIES.
Cres WTI C1172L. e Py Create button,
R | INgie CICK On an engine name o choosd
E:Zm” E} FSi = forppossﬁn\e (pening ongleting.A‘plewew‘ of tO add a
inewl be given i tis fame, Doutle
o coelisgmuisiae toke - Category of
Click here to bring up the -‘ (E;xample
“Loading Desktop Dyno Cams” r?ms, ?)SI
screen shown to the right. —{——{ Shown below.
—
(Tt by Date Last Changed [most recemt ost] |]pen |
Open | Delete ‘ Cancel ‘ Help ‘ Advanced ‘

5td Engine Analyzer Cam Examples ‘

Load from Cam Analyzer ‘ [oad Oih

This option loads in HUMDREDS of simple:
(am gpecs from our std. Engine Analyzer's
Library.

otfier cam e fomats.

Click on button abave for info on lading  This option lets pouload fles from
other company's programs.

Thiz aptiah loads in HUNDREDS of
[Cam specs from our std. Engine Ang

1] Find the ‘CamFiles [.CAM]' folder
Changed ¢ontaining the Cam Info you want to import.
2] Choosze the Engine Family for the Cams.
De 3] Click on the 'Create..." button. The
program will import the data and create a new

: '5td Engine Analyzer Example’ containing this
Std Engine Analyzer Cam Ex jnfg.

Tevers -
Show All Files

J Advanced
pad Dther Format Files

‘ 3ption lets you load files from

Cancel [don't import cams] company's programs.

Librany.

Categoriez [groupsz] of
Performance Trends" Examples

| Categories of Cam Examples for Picking

Categoriez [groups}of
Examples Added by Uszer

Typical Cams Y
American Motors 6 Cyl
American Motors V-8
Buick ¥-b

Buick ¥-8

Buick - Other Engines
Cadillac

Small Block Chevy
Big Block Chevy
Chewy 4 Cyl

Chevy Inline 6 Cyl
Chevy ¥-b

Other Chevy ¥-8s
Chevy Corvair

Chevy Gen Il LS ¥-8
Comp Cams All Mopar
Crane All Mopar

Use Category Cancel

Tip: Click on a Category in either zection to
highlight it, then click an the 'Usze Categony’
button, or just Double Click on the Categaony
ta pick in one step. [Cateqories are groups
of examplez, like a group of Chevy heads,
not individual examples. ]

qC
DynoSim Chey

LS V&

Mew Category Hame I:I

Add New Category Hame to List |

|
]
See page 11

W far details.
Uze Categdry | Cancel |

The program will find all cam
files for the particular Engine
Family you chose from all the
sub folders under the CamFiles
(.cam) folder you found on your
computer (or most anywhere
you can browse to on your
computer like a network
location, memory stick, etc.)

It will then create a Category in
the Std Engine Analyzer
examples, where you can
compare and pick from all
these cams. You can also use
all features available to Std
Engine Analyzer examples, as
outlined in Figure A44.

Highlight this new
Category under “Examples
Added by User” and click
on Use Category to view
all these imported cams.
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Figure A56 Importing a Cam File from Cam Analyzer

:‘l OK Help | |

At bottom of Cam/Valve Train screen,
click on Retrieve from Library and

Save | select one of the first two “Open..”
A T e OPen Example from Perfor ——— options to bring up screen to lower
&ip . These zpe  Open from My Saved Files :
g:;celéio zee Cam Walve Train iome lspte Open Sid Engine Analyzer Example Ief':: The"Open Cam Analyz,er File
3 oura I Cpen Std E& '"Chevy Corvair' Cams option will appear once yOU Ve_ .
Open Cam Analyzer File opened a Cam Analyzer file via this

& Open Cam Analyzer, Test File

This screen shows all tests and
folders (in lower right corner) for
your Cam Analyzer program.
Click on a different Folder if
needed to find your file, then click
on the file to highlight it, then click
on the Open button in the lower

[

At the Retrieve
screen click on
Load from Cam
Analyzer to bring
up the screen to Chaskn Engine Fle:
the right.

12 Tests in Library

CCB034-5 RO4
Example Circle Trad)
Example Drag Canf PTI
E=-CamPP.cpp

For the Pro to find

RanJackson's 350 CID Chewy - Cast Iron Heads
the Cam Analyzer 158 Forg/on Sta Int=260 @.050/.435 Esh=260 @ 050/ 435 are specs
(and for th|S but’[On ;ﬂp ngb\‘ecuhckunan%wglwnenageta‘choosm: LIDBUED-S B/

el or potsible Opening or Delefing. & 'preview’ of that
tO be V|S|b|e), you engpm W\Hbepgivengm this !ram%. [faublac\ick on
an endine name to immediately Open it without &
must set up Cam
Analyzer in the ® List Al Files by File Name Foldors

Preferences screen () List by File Marne (include Head #)

Show Dfly Files which [iyer; = . - : Tip: Click on a
H contain fhis phrase () List by Head # Jude File M F
under the Reading Show A Fies Sl il oA e Harley Davidson for .053 Litt Point | different Folder
Nata Files tah cel Help mytests name ta dizplap all
oldiles the tests saved

| Load Other Format Files ‘ Open Hr;dn_?; that Falder
This option loads in HUNDREDS of simple  Click on button above for info on loading  This option lets you load flles fiom

Cam specs fiom our std, Engine Analyzer's  other cam fle farmats, other company's programs. Cancel H elp
Library.

Std Engine Analyzer Cam Examples | Load from Cam Analyzer

wm. Cam/¥alve Train Specs for: Honda ¥TEC Big Cams Stock Import

Cam Profile Intake Profile E xhaust Profile Overall Cam Specs

Centerline, deg ATDC  [101.1 | [mm=—— | Back at the Cam/Valve Train specs screen, you will see
this cam file name (slightly modified with “Int” or “Exh”)
being used for both lobes. The Cam Analyzer program
puts them in the Engine Analyzer Pro’s “CampFiles”
folder, the default location for the Pro’s cam files. Other
specs like Lash, Rocker Ratio, Centerline, Comments,

Actual Valve Lash.in  [.02 [ ] [lo22 ||| etc are also carried over to the Pro, so the Pro should be
reading the file exactly as you entered it or measured it
Rocker Arm Ratio G /71 [i-® || in the Cam Analyzer.
1
Lifter (profile) Type |s0ar Solid Rfller | |Raar Solid Roller |

What the Cam Analyzer program has done is created 2
files in Comp Cams ™ format, adding “Int” and “Exh” to
the name and storing them in the CamFiles folder. Raw
Cam Analyzer format is too complicated and may not
include all modifications you have made (like virtual
follower, timing changes, etc) and that is why the Cam

Duration @ .200" [n/a fpr cam file | i/a for cam file | | Analyzer writes them in the much simpler Comp Cams
Use a Cam File v ‘Yes Yes ™ format.
Cam Fil UDGOG0-5.RO7 UDGO60-5 RO7
am e Int Exh
Pick Pick
Intake Exhaust
1] 4 | Help | Retrieve from Library Save to Library Print
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Appendix 12: New Featuresinv 3.9 B

Engine Analyzer Pro v3.9 B has many updates, new example engine files and component files, and improved features. Here is a
listing of the features new since v3.9 A was released.

New Features:

You can now link your engine file to a picture file. This picture appears on main screen and adjusts to fit the available screen.
This picture file can also be included in printouts of graphs and reports. Fig A57-AS8.

You can now do Chain Calculations on Opening and Closing Cam Events.

Program now has a Graph on the Cam Specs screen to give you an idea of the shape of the valve lift curves, this graph is
updated with each change you make to the inputs. You can also click the graph lines in the Cam/Valve Train specs screen and
the data at that point are displayed at the bottom of the graph. Fig A59.

The program has several new features for outputting reports as ASCII text files. Fig A60. These files are useful for using
results in other programs like Microsoft Excel ™. These features include:

e  Option for exporting as simple text (.txt) or files more compatible with Excel, like comma separated (.csv).

e There is a new Browse button for creating names locating where the files are written.

e There’s a new option for outputting the data as either Rows or Columns.

e There’s a new field where you can enter several comments which will appear at the bottom of the ASCII file.

When opening a Total Engine File, there is a new "Compare" button. If you click on a file name (but not open it), you can click
this button and see what modifications have been done to a particular file compared to the file you are currently working with.
Fig A61.

Printed graphs have a new layout which eliminates the left side border which could appear “broken” on some printers.
When sending files to vehicle programs, there is a new Browse button for looking for files and programs.

The program now sends files you delete to the Recycle Bin instead of permanently deleting them. This allows you to recover
them from the Recycle bin if you made a mistake.

The program now works better if you are pressing the <> and >< buttons on graph to change scales or after changing scales you
go to print the graph.

There is a new option on the Graph screen under File called “Email Graph Printout as PDF” file.
The program now has many enhancements for Email Preferences for more modern email servers. Fig A62-A63.

The program has a new “Convert” option to be able to modify the CFM entries on the screen for entering detailed turbo map
data. This allows the user to enter data in various units, and then convert the flow data to CFM or increase or reduce the data by
a particular factor. Enterprise Edition only.

The input grid on the screen for detailed turbo or centrifugal map screen will now enlarge better if the screen is enlarged. This
makes it much easier to read the grid. Also, now clicking on the Turbo or Cent SC Map will highlight the cell at the point you
clicked on the map. Enterprise Edition only.

You can now load a .jpg image of a compressor map for more efficient and accurate “translating” its data into an Engine
Analyzer Pro compressor map file. Enterprise Edition only.

New Inputs:

The Enterprise Edition has a completely new input screen called Valve Spring Dynamics. Here you can describe 1, 2 or 3 valve
springs for Intake and Exhaust and the program will evaluate how they will work with a particular valve train. New graph
options let you watch how well controlled the coils behave, and if you are likely to have valve spring surge. With valve spring
dynamics On, the program will also simulate valve bounce on the seat and how that valve bounce re-opens a valve and could

277



(C) Performance Trends Inc 2009 Engine Analyzer Pro Appendices

affect power. Note: For this first version, the units in this screen are always in English units. Files you create in Engine
Analyzer Pro are saved in the Users Spring Files folder.

The program now has 2 more types of Roots Supercharger Types to pick from, “Modern” and “Modern 2000+”. The original
Roots Supercharger type (now called “Standard”) is for an old style GMC blower, like a “671”. The new types represent
superchargers installed on production supercharged cars like modern Mustangs and Corvettes. Fig A64.

The program now allows for a “ramp” (gradual) change in valve duration, timing and lift when simulating VVT (variable valve
timing). Fig A68.

The program will now read a “.p” file format of cam file.

Valve Spring “Compression to Bind” is a new input in the Valve Train Dynamics screen and the Valve Spring Dynamics
screen. The program also considers this bind travel when doing valve train dynamics calculations for improved valve train
simulation accuracy. There is also a new “Clc” calculation utility screen for calculating this travel. Fig A65.

There are now more Std Engine Analyzer example cams supplied with 'the Pro were available, mostly Comp Cams BB and SB
Chevy.

In Head Specs, there is a new choice for Chamber Designs which are for modern Direct Injection. Fig A66.
Program now lets you select which ports to use for importing tests from the Port Flow Analyzer program. Fig A67.

We’ve added several new Example Total Engine Files, component files like Complete Heads, and full compressor maps for both
turbos and centrifugal superchargers.

You can now use KG for force for calculating spring force and rate for valve train dynamics in 'Clc' screen.

There’s a new Preference called "Valve Lift at TDC Assumes 0 Lash" under the Calculations tab. The Valve Lift @ TDC is
shown in the Special Calculations section of the results. If you choose Yes for this, the program assumes there is NO LASH
when checking this lift, like if checking with a light duty test spring. If you choose No, the program assumes there is the lash
the program used for performance calculations. For Hydraulic lifters, this is typically assumed to be .006" lash, or compliance.

New Outputs:

When doing Valve Spring Dynamics, the program has new Graph Options for graphing the valve spring motion, and an
“animation” screen to visualize the valve spring motion. Enterprise Edition only.

If you choose a Cam File for the cam profile in the Cam/Valve Train specs screen, the program now checks the Max Valve Lift
for the cam file, and displays it on the screen.

There is a new Preference to allow you to pick of number of decimal places for RPM data to be reported.

Printouts now show proper units for Engine Input Specs in either Inches or MM, depending on your choice of units in
Preferences.

Bind Clearance now displayed in the Special Calculations section of the Report Screen after calculating performance. Bind
Clearances is calculated from peak valve lift from the cam specs and the new input Valve Spring “Compression to Bind”.

The Special Calculations section at the bottom of results now are shown in mm instead of inches where appropriate.

Accuracy:

The program considers the new input of Valve Spring “Compression to Bind” when doing valve train dynamics calculations for
improved valve train simulation accuracy.

The new Roots Supercharger types will greatly improve accuracy of simulating modern positive displacement (roots type)
superchargers. See New Inputs section.

The program has refined its simulation of plenum volume for race EFI and tunnel ram intake manifolds.

There has been some refining of the Knock Index calculation. This does not affect performance calculations.

278



(C) Performance Trends Inc 2009

Engine Analyzer Pro

Appendices

P& Engine Analyzer Pro v3.98 Parlarmance Trands Ent.Ed,
Fis (engne)  CalkcHP Cok Colbeation Map Help  Preferences

Engting [ spring metric coll clash |

Figure A57 Picture File Features
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File options in
Graph screen.

. & Engine Analyzer Pro [spring metric coil clash

History Log (pick tests For overlay graphs)

Print Black & White {dashed lines)
Print Color {solid lines)

Printed Camments

Windows Print Options

Email 256 Color Graph
Emnail 16 Color Graph
Email Graph Printout as PDF

Exit

w5~ |f screen is enlarged, the
meesmed - PiCtUre file will fill the
msm| Available screen area.
— VA R B 2 i
e ee—— T View /L4 Comments bos AN Componend Tiden |
Help ¥ 5 T ] 204 L 830 i s v

Back NEIEM Format Wiews Help | MIXED single  hist
5
Actual Dyno Curves » .|1

1 Graph Data Sets [comments available for each Data Set)

Graph Title [spring metric coil clash |

Engine Comment

Test Comment

GT-40 Mods

249 HP at 40
curve

Mearly production 351 Windsor with
Dyno'd at 330 It |bs @ 3250 and

00 with retarded zpark

Include on Graph

Options for including picture

Test Comments

Engine Comm ' Alt. Titles

See Titles

[ Make Picture Smaller

file in graph printouts.

Help

Check Comments
ok | |

have those comments enabled for changing.

i the 'Include..." list on left ta
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Figure A58 Picture File Features, cont

Engine Analyzer Pro v3.9 B
Eng: spring metric coil clash
Calculated Test Results

I<

Your name and phone # can go
here. Click on Preferences.
Performance Trends (C) 2009

This Graph Printed:
10:15 am 08-14-16
Page: 0

Printing picture nomal

spring metric coil clash 10:12 am
Boost, P31

Printing picture smaller

Engine Analyzer Pro v39 B
Eng: spring metric coil clash
Calculated Test Results

Your name and phone # can go
here. Click on Preferences.
Performance Trends (C) 2009

This Graph Printed:
10:16 am 08-14-16
Page: 0

720

I T T T T T
| 1 I 1 v | 1
| 1 T 1 1 v 1
1 ' ' 1 1 1 '
| v ' ' ' ' :
I ' ' ' ' ' v
I 1 1 1 1 1 1
840 - b e o L Fommmmm - L e e +
i 1 v v 1 1 1
| ' ' ' ' ' '
I ' ' ' ' ' '
I ' ' ' ' ' '

. Printout Options @

Report Printing Options
[®:Include Engine Specs :
X Include Engine Comments
[~ Request Report Comment
[~ Dot Matrix Printer Adjustment
™ Include Special Calcs
[ Include Engine Picture
[~ Small Picture [if portrdit)

[~ Email as PDF [tm] File
[~ Email as Text File

spring metric coil dash 10:12 am
Boost, PEI

Printing picture file
in reports

Printing picture file smaller in Reports

Print Report Using These Specs |

Engine Analyzer Pro v3.9B
Eng: spring metric coil clash
Calculated Test Results

Your name and phone £ can go
here. Click on Preferences.
Performance Trends (C) 2009

This Report Printed:
10:17:45 am 08-14-16
Page: 1

=

R Engine Comments:
Other Printout Types o

Nearly production 351 Windsor with GT-40 Mods
Dyno'd at 330 ft los @ 3250 and 249 HP at 4000 with retarded spark curve

Print Blank Worksheet |

Projected Performance

: RAF Engine RPM 2000 3000 4000 5000 600D
Print Definitions of Outputs | _Q_Bm i L
Brake HP 158 265 351 379 346
T Exh Pres, PS| 7 19 35 48 57
. Boost, P 976 1160 1230 1373 1778
Cancel See page 145 in manual for mare Vol EFf, % 1126 1261 1314 1254 1147
infa. Actual CFM 229 385 535 638 701
Fuel Flow, Ir 801 1345 1860 2229 2447
Nitrouss: Ibvhr m  on oo oo Mo
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Figure A59 Graph in Cam Specs Screen Click on a
point on the
w Cam/Valve Train Specs for: MARINE-3.51 graph and
b Intake Profile Exhaust Profile e Lo -Valve Lift the data at
[Centerline, deg EI ATDC Total Cam Advance  [20 Retard j that p0|nt is
Duration @ 1.25 mm Lobe Separation, cam deg 15— shown at the
{Open @ 1.25 mm Lift for Rating Events | 150 inches - bottom of
[Close @ 1.25 11
= 5 A - Calculate Valve Train Dynamics the g ra ph .
Max Lobe Lift. mm Cle e — .
Actual Yalve Lash, mm |_l]2 | ‘.? ‘ é :
VYariable Yalve Timing (Y¥T) e i
Rocker Arm Ratio |] | ‘] ‘ (' Yes @ No :
Lifter [profile) Type |bogSoidFlat ] [dom SoidFiat ¥] i
Choose a 'Spec’ Lifter [prafile) ! _ i
Type bo enter Ramp Ratings Production 351 2% Marine cam :
Asymmelry, deg D :
|Gross Valve Lift, mm | 52 | ‘]l] ‘ SR e g R e e E
Dwell Dver Nose 0 Deg:5td Profi =
[Duration @ 200" [n/a for cam file | [158.4 ||~ Help E
- — Click on Spec M Spec Yalue for explanation of :
Use a Cam File I Yes : Dlgc toonbepgeisrenarrwne?em pec: Yalue for explanation o
Cam File crant.cl crant.cl i i

Pick Pick 60 0 B
Intake | Ewhaust |/ |jseFuhlobe [~ UselntLobe

0K J Help J Retrieve from Library Save to Library Print Click graph line to display data here —> Crank Deg = 360 Exh Valve Lift = 1.261 mm

Figure A60 New ASCII File Features

New features.
Output ASCII File
ASCII file from settings
Comma Separated RMM,Erk Tqg,.Brake HP,Exh Pre .
415,158,.7,.00, shown to the left, displayed

[ Cycle Data [vs RPM Datd g0, 454, 265,1. 9, .00, in Notepad

000,462,351,3.5,.00, ’

co00,398,379,4.8, .00
L] Output all data 000,303, 346,5.7, .00,
Convert to Columns ’ ’ T
Include Engine Spe
O Include Special
O
[ Excel .cs¥ [vs .txt}h
Ascii File Comments E o0
: Temphscii.txt - Hotepad
File Mame and Path m 433 CID with John Jones ported heads - . - ;
[CAWB 3B W izands kevin om EA Pro.t Ho Gt Famet fmw GER
Engine RPH,2008,3808,4080,5600,5000
Defio Uigoes RPM: Brk Tq,415,46%,462,398,363
E ~ - 5 Brake HP,158,265,351,379,346
B:akeql"lP = Exh Pres,.7,1.9,3.5,4.8,5.7
Exh Pres_PSI Tips Mitrous,.00,.00,.00,.00,.00
Boost, PSI First choose if you want to save Cycle Data vs RPM
Vol EFf. & Data. &lso choose any other options for the format
Actual CFM of the ASCI data file. Then click on the types of
Fuel Flow. Ib/hr data you want written to the file. |F pou want all data
llDS. h wiitten, check the Output Al D ata box.
1z Fuel, I
BMEF, P51 For Cycle Data alzo chooze which RPM you want
ggFFg“Ill;flll-llg'hz data saved for. (Only 1 RPM per file for Cycle Data.)
. “hr
Thermal Eff, % Click on 0K and the progranm wil lzt you enter &
::MEtP'TPS |" b name, directary and path for storing the file.
rctn Tq, ft-lbs
Frctn HP
FMEF, P51 W7
oK Cancel Lm 1, Cal 1
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Figure A61 File Compare Feature

The program will display the differences found
between the file highlighted and the current

% Ratrieve an Engine File @ settings for the engine in the program now.

355 Engines in Library Chosen File: spring metic coil clash

30000504 proj - Tasman Mirsprt dat

. Preview: [millimeters)
sping dynamics
s el Bore: 1016 IntValve: 45,72
Stroke: 88.9 Exh Valve: 38.1
4 Colinders: 8 CFM Rating: 680
CCs: 5765.9 Int Cam File
CR:85 Cent §/T

Meatly production 351 Windsor with GT-40 Wods
Dyno'd at 330 ft s @ 3250 and 243 HP &t 4000
with ratarded spaik curve

& List Aphabeticall Show Only Files which - v

contain this phrase

(" List by Date Last Changed (most recent first) Show All Files
Open ‘ Delete | Cancel ‘ Help ‘ Advanced‘ Coppare |

Click on a file name (upper left)
to highlight it, then click the
Compare button.

I File-Dif.txt - Notepad
File Edit Format View Help

[nput Spec Current File in ~

Settings Library
tam/Valve Train, Duration @ .858" 244 264.8
tam/Valve Train, Opening @ .@50" 53 33
Cam/Valve Train, Closing @ .858" 11 -9
Cam/Valve Train, Hax Lobe Lift, mm 10. 7.06
tam/Valve Train, Actual Valve Lash, mm .7 .82
Cam/Valve Train, Gross Ualve Lift, nm 18 108.572
Cam/Valve Train, Use a Cam File ] 1
Cam/Valve Train, Ramp Rating, % ] 1
Turbocharger, Haximum Flow, GFH 3an

Hotes: Some differences found may not be labeled correctly, and not all
differences found will produce different performance results.

For Input Specs where you can choose from a ‘drop down' list, the
settings may be shown as, say, '3', which actually means the 4th item

in the 1ist. The setting of '@' means the first choice in the 1ist.
Comments are not checked for differences.

S >

Lni, Col1

Figure A62 New Emailing Preferences

w| Preferences

|/ Reading Data Files T Calculations, cont

[ Printing / Graphing T Calculations

f General Operation T Gen. Operation, cont
T Enterprize Edition /

My Email Pragrar [New Methads in v3 9 B ~|

Ernail Info |Use Specs Belaw j

SMTF Server |smtp.hostcentric.com |

Por e

Use Secure Socket Layer Yes -

Pazsword Enter/E dit P/

Sender Email Address |kevin@performancetrends.c:om |

FathtoMSPant | | Find |

PDF Frinter |AcrobatDistiller | Find |

Send Test Email | Emailing Help ‘

In ¥3.9B there are new email options available if you
choose ‘New Methods in v3.9 B® at the bottom of the
list under "My Email Program®

Updating

Acrobat

Defaults

Choose this option “New Methods in v3.9B”

oK and several new inputs are enabled. The new

inputs allow the EA Pro to email from newer
Cancel email services like gmail, hotmail, etc.

Restart
Showing
Help Tips

Turn OFff
Showing

Help Tips | | ~—— | Click this Help button for more info on the new
- Email Inputs.

Help

Don't Ask
About

Look for
New
Adobe

Return All
to
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Figure A63 New Emailing Features for Reports and Graphs

& Printout Options

Report Printing Options
[ Include Engine Specs

ail as PDF [tm] File
mail as Text File

Print Report Uzsing These Specs |

Other Printout Typesz
Print Blank Worksheet |

Print Definitions of Dutputs |

Tip
Cancel See page 145 in manual for more
infa.

New emailing options for Reports

Back BEIEN Format Wiew Help | MIXED

Actual Dyno Curves

History Log {pick kests For owerlay graphs)

4

. =i Engine Analyzer Pro [spring metric coil clash]

single  histor

Prink Black & \hite {dashed lines)
Print Color (solid lines)
Printed Camments

‘Windows Print Options

Email 256 Color Graph
Email 16 Color Graph
Email zraph Prinkout

Exit

New emailing
option for Graphs

Figure A64 New Roots Supercharger Types

i = Roots Supercharger Specs for: BaM-144

Roots Supercharger Specs

;| | Wolume/Revolution. cu in
|Tight Street j
|Norma| [typizal] ﬂ

Peak Thermal EFf., |T_'r'|:'- Foots lype [55z]j

Leakage [seals)

Mech Friction

- | Bel Ratio

. Help

Click. on arraw for selecting the Design “intage'
[Standard is 1960-1980 era, Modern iz 1530 or
newer] of the supercharger and where carb or throttle
body is located, either Blove Thraugh [after blower] ar
Diraws Through [before blover), p 53

[l oK |

Help |

Retrieve from Library

General Supercharger Specs

Type Standard Draw Thioug

Standard Blow T hrough
Mumber o Modem Draw Thiough
Modern Blow Through
Intercoold b odern 2000+ Draw Thiough
todern 2000+ Blow Through

LU IS |

Comments

BiM 144 CID Roots Blower with 2.38
belt ratio

Save to Library Print

These new “Modern”
supercharger types are
much more efficient than
the “Standard” types in
the v3.9 A and earlier.

The “Modern 2000+” type
would be used for
modern supercharged
“muscle cars” like Shelby
Mustangs, Z06
Corvettes, and Dodge
Challengers.
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| Yalve Train Dynamics Specs for: MARINE-3.51

Intake Yalve Train Specs

Valve Train Type  |Ditect Acting OHC
Eff Yalve Mass, gms

Eff Lifter Stiffness, Ib/fin

Spring Rate. Ibfin
Calc Comp. to Bind
Seated Spring Force, Ibs B E
Compression to Bind. mm Compression to Bind. mm Cle Spiing Specs
. ) . . . . Bind Height, mm 18
The Intake valve will start to unseat with 49 psi of The Eshaust walve will start b unzeat with 70 pai of
Bioost Back Pressure _ _ Seated Height, mm 29
[~ Spring Harmonics Valve Spring Dynamics OFF g -
Comments Help
Click on Spec Mame or Spec Yalue for explanation of Notes:
spec to be given here. Thiz calculation determines how much the spring
zan campress from seated height before cail
bird.
Help ‘ Print ‘ Detailed Spring Table | Simple Spring Table Usze Calc Yalue | Help ‘ Cancel ‘ Print ‘

Figure A65 Valve Spring “Compression to Bind”

New “Compression to Bind”

Calculation utility
screen for calculating
“Compression to Bind”

| Direct Aoting OHC

25000 ]
o]

Calc Comp. to Bind

&, Cylinder Head Specs for: PROD-GT4.0
Intake Port Specs

# Valves/Ports |-| valve & 1 part j
Yalve Diameter, mm
Awvg Port Diameter. mm
Port Length, mm

Portol 131.8 coe Awg Port Area 12,97 sgcm

Q

Anti-Reverszion, %

C

:

(" Use Single Flow Coef

@® Use Flow Table Flow Table

L

Combustion Chamber
Compression Ratio Clc

Chamber Design, # Plugs. Direct Injection.

Tupical Wedge

Exhaust Port Specs
# Valves/Ports
Valve Diameter, mm
Avg Port Diameter, mm
Port Length, mm
PartYol. 63.1 ccx

Anti-Reversion, %

() Use Single Flow Coef
@ Use Flow Table

Miscellaneous

Material/C

Burn Rating

Diual Plug Hemi

[ual Plug Flathead

[ual Plug Pent Roof

Tupical Wedge-Direct Inj
Compact Wedge-Direct Inj
Hemi-Direct Inj

Flathead [side valve)-Direct Inj

| \“

Pent Roof-Direct [nj

Figure A66 New Direct Injection Input

L

1 valve & 1 port

@ )
@
fa

o
g

3.5
Avwg Port Area 9.93 20 cm

Q

Cl

:

Flow Table

The bottom half of this list now
lets you pick Direct Injection,
which means fuel is injected
directly into the chamber after
the intake valve has closed.

ting | Cast Iron

| Typical

uut

Production GT-40 heads with flow bench

data

This is similar to a diesel engine,
but for gasoline engines. Only
the most modern engines would
have this type of fuel delivery.

119 | Help| See Layout

Retrieve from Library

Save to Library

Print Angles
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Figure A67 Picking Which Ports to Import from Port Flow Analyzer

w. Port Flow Analyzer File Options @

Comments .
[ Include Test Comments Select which Port Flow dinalyzer
commetts or specs bo copy o

[ Include Head Comments bz Head Fils comments
[ Include Head # zection. Select Eraze Existing

[ Include Customer Name Comments to erase the cument
Head Fil='s comments. Select

. Eraze Existing Head Mame to

[ Erase Existing Head Mame | ho ey Head File in Pro

[ Erase Existing Comments Untitied"

Other Head Specs — | New option to allow picking which
[ Blank Dut Select thiz option and the specs nat included with port’s data to import. Prior to this,
the Port Flow Analyzer file will be blanked out. the data was averaged across all

Theze Head Specs not available: Anti-Reversion, Compression cyIinders for a particular head.

Ratio, Chamber Design, Matenal and Swairl.

Wwhich Ports
Intake or Exhaust Exhaust Only j

Wwhich Cylinders

Copy PFA Specs to Thiz Head File | Cancel |

IMPORTANT! If you click on the "Copy ._." button, specs
from the EA Pro's Head File PROD-GT4.0 will be
overwritten by these new specs and flow data.

Figure A68 Ramp Change for Variable Valve Timing Feature

& Engine Analyzer Pro [2013 Ford Shelby]  Test Results [Untitled]

Back File Format Wiew Help | MIXED single history log (list) last  rpm-CY¥C o PicRPM
17 = 3 e
VIVLﬂS 2013 ford shelby 2:04 pm 4500 —
== et VLt {0796
.a000
et EVLIfR 0868
RE 2013 ord shelby 2:04 pm 5000 —
et VLT 0367
4000
Exx Wl Lift 1064
et EVLIT 1064
.3500
2013 ford shelby 2:04 prm 5500 —
3000 et MLt aog1
In Wl Lift o091
E:: Vv Lift 12449
-2500 lact EVLIR 1248
2000 2013 ford shelby 2:04 prm 6000 —
et WLt ulilits}
It Wl Lift aoos
1800
AW 2013 ford shelby 2:04 pm 6500 —
et VLT .oooa
0500 In v Lift ulilits}
et EVLIT 1438
oooo
120 BDC 240 300 TDC 420 430 BDC 600 Deg 356 (4 BTDC)
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Appendix 13: New Features inv 3.9 (A &
B) Enterprise Edition

The Enterprise Edition of Engine Analyzer Pro has some very advanced features the typical user would not use. These include:

e  You can use a full compressor map to define the performance of a turbocharger compressor. Figs A70 and A71.

e  You can specify a particular turbocharger boost level, intake manifold temperature (after the turbocharger compressor),
and exhaust backpressure level. This gives you more freedom to simulate some particular situation which may be
difficult to simulate using the turbocharger compressor and turbine model specs in the program. Fig A72.

e  You can view the compressor map when calculations are being performed to see what area of the map is being used.
Fig A73.

e You can use a full compressor map to define the performance of a centrifugal supercharger compressor. Figs A74 and
ATS.

¢  You can design a system where a centrifugal supercharger feeds into a roots blower supercharger. Fig A76.

¢  You can interface to the Compression Ratio Calculator program and transfer data back and forth between them. Figs
A77 through A80.

e  You can run a part throttle performance “map”. This map can be useful for calibrating electronic engine controllers, or
just understanding part throttle performance. Fig A81 and A82.

e  There is a new Preference which lets you choose a different language for certain labels in the program. Fig A83.

e Two new Preferences are provided to adjust the valve train dynamics calculations. One allows you to increase the
stiffness of the lifter/cam interface. The other allows you to increase the stiffness of the rocker arm for Overhead
Rocker Arm styles of valve trains. The factor you pick is multiplied by the default stiffness. For example, if you pick
1.5, the default stiffness is increased 50%. Fig A83.

e A Preference has been added to allow for adjusting intake runner wall friction for the Intake Runner and Port. The
program picks a certain amount of wall friction based on manifold type, Runner Flow Coef, etc. Your choice here will
change it by the percentage you pick. Fig A83.

e A Preference has been added to let you adjust how much valve toss (separation between follower and cam) will be
called Valve Toss in the tabular results. The default used by the program for many years. is .020”. If the program sees
more than .020” separation between cam lobe and follower, it is flagged as Valve Toss in the calculated results. Your
choices will let you pick a certain percentage of the lobe’s maximum lift. Fig A83.

New Features in v3.9 B

New features added in v3.9 B include:

You can now import a .jpg graphics file of a turbo map to assist in translating the data from the .jpg file into the tabular data
required by the program. Fig A84 — A86.

Additional features have been added to the Compressor Map screen to allow for easier entering and editing of data. Fig A87.
You can now enter details about the valve springs to simulate valve spring dynamics. These inputs are very similar to the inputs

used in Performance Trends’ Spring Wiz program. Check out our Spring Wiz program for more info on the specifications used
for the Valve Spring Dynamics inputs. (At this time, the inputs on this screen must be entered in English units.)
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1st Stage Turbocharger Specs

= Jurbocharger Specs for: RAJAY-30.0F

General Turbocharger Specs

Figure A70 Using a Full Compressor Map for Turbochargers

Note that some specs are
not needed when you
choose to use a Map.

Throttle Location |Dlaw Through

Max Boost Limit, PSI
# Turbos/Stages |1 Single Turba j
Intercooler Eff. % |EI°/° Mo Intercooler ﬂ

Comments

Full Compressor Map

Use Compressor Map Ve

Help
CFM where the surge line intersects press

114 Help

Exh Tuibine Eff. % [g5: Typical ﬂ
Turbine Mozzle Dia. in El
Force to Boost Conditions

Force Thege Conditions Mo -

Approximate specs for single Rajay 300F
trim with 10 pszi limit on wastggate.

File [@CAWVE

98'\proiectsE'\Eﬁ3«PHDX\EENTMAF’\Gar| View |

ratio of 20, p 59

Retrieve from Lib

Current Map File Name

Click on View for screen
below, to enter, open or
edit Map settings.

Set to Yes and then you can choose a Map File to
describe the turbocharger compressor.

| 5/C Map [ Garrett GT1241

50 Tria.CMP ]

Choose settings which describe how large
the Map will be and how many “cells” you
have to fill in for the Map, the smaller the
“Step Size”, the more cells.

F‘r-essure Ratio Hange- [rows] EI?I'-I Flow Range [columns) e Surge CEM is still
Highest Pressure Ratio Highest CFM 290 || Lo pOate ara o 2 used with Map and
Pres. Ratio Step Size CFM Step Size / drawn on Map.
[Preview: 100113125, . 500 || | [Preview: 15,29, 44, _ 230 | hptgllabte
PresRatio 15 [23  [44  [s8  [fa  [&7a 0 205 | .
1.00Ef% |45 45 B0 ] B0 B0 5.0 j ZSteo g:f(’: gllls not
1.13Ef% |48 ] 55 55 55 s ] updated witt?
1.25Eff% |50 55 B0 B5 E5 E2 f 75 each changs you
1.38Eff% |55 ] E5 B5 B8 £8 70 make. Click here
1.50Ef% |55 ] E5 B3 700 73 = . :
163Ef% |55 60 65 717 s [ bo to update the
175Ef% |55 60 65 &8 74 r 60 graph.
1.88Eff% |55 E5 E5 B3 700 | r bh
200Eff% |55 ] £5 B3 E9 72 | m |
213Ef% |55 60 E5 E5 B8 72 oan Click on a grid cell
2 25 EffE ala] G E5 E5 ga 72 = s Eff% to enter the Thermal
220 FHe FR Fn FFR FF (=) al -ID I Eﬁ|C|enCy at that
< » )
Pressure Ratio and
OK [keep changes] | Cancel Changez | Save Az [new name) | Open | Mew [blank out] CFM flow, then
press <Enter> to

advance to next cell.
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Pressure Ratio Range [rows]

Highest Preszure\H atio

Pres. RHatio Step S5\ze

. 5/C Map [ Garrett GT1241 50 Trim.CMP ]

CFM Flow Range [culumns]
Highest CFM
CFM Step Size

Figure A71 More Compressor Map Features

Surge CFM ._

Update Graph |

4 h24
nnt Table

[Preview: 1.00,1.13, 1.5, ... 5.00 |

[Freview: 15, 23, 44,

Select a fhle, then/é:k/Zn Open

Click on a saved
Map file, then click
on Open This File
button to open it.
Turbocharger Map
files are saved in
the CENTMAP
folder with a
“.CMP” file
extension.
Centrifugal
Supercharger Map
files are saved in
the same folder
with a .CMC
extension.

PresRatin [15 23 \ |44  [s8  [7a 874

1.00EfE |45 45 50 50 Eentr;le&pTr;lanE TEME .
s |0 S5 55 || olek GT3502R 56 Trim/CMP
1.25Eff% (50 55 B B2 | |Tubonetics TO45-60-1.0MP
1.33Ef% |55 &0 58 62 | [Tubonstics TE1.CMP
150EfE |55 &0 70 73

1.63EFE |55 &0 71 74

1.75Ef% |55 &0 71 74

1.88EFE |55 B5 70 74

200EfFE |55 B0 B9 72

213EFE |55 B0 B3 72

225EF% |55 B0 B3 72

DA FH FFR [={]] | ={=] ral b .

¥ 3 Open This File | Cancel Open |

Hew [blank out] |

OF. [keep changez] | Cancel EhangE¥| S\ave Az [new name] |
\ \

Click this Open button to display
the list of saved files shown above.

Click here to save this Map to a new name.

specs you see in this screen.

Current Map file name. Note: A Map file is just the
It is just a part of the
total Turbocharger component file.
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Figure A72 User Specified Turbo Boost and Backpressure

i, Turbocharger Specs for: RAJAY-30.0F

Exhaust pressure is typically close to the Boost
pressure. In a very efficient, turbo which is well
matched to the engine, the exhaust pressure can
be less than boost pressure. In an inefficient
system, exhaust pressure will be higher. If you
are not sure, set this equal to Boost pressure.

Comments

Approximate specs for single Rajay 300F
trim with 10 psi limit on wasteqgate.

Force to Boost Conditions
Boost. psi Int Temp

(100 | [ |

Force Theze Conditions

Choose Yes and you can produce most any intake
and exhaust conditions you want. You will notice
that all other turbocharger settings are not shown to
indicate they will have not affect on the results, just

0K Help Retriewe from Library Sa these 3 InpUtS'

Help
Enter the Intake Boost Pressure you want the frogran to force inta this intake ma
produce much maore or less boost than thiz, p 3

Click on this Clc button for the screen to the left, where
you can enter some inputs about the turbo system and

get a good estimate of the Intake Air Temperature
Calc Intake Temperature going into the engine after the turbocharger.
Calc Intake Temperature, Deqg F

Dutzide Air Temperature. Deqg F
B arometric Pres. inches HG 2966

Intake Conditions

Boost Level, P51

Turbo Efficiency | 70% Good -
Intercooler |Yes j

Intercooler Effectiveness,

Help | Cancel | Print |
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Calculation Progress

Figure A73 Watching the Compressor Map during Calculations

If you are using a Map file, this button will appear on the
Progress Form. If you select to Show S/C Map, you have
choices to show continuously or Pause at different steps.

Calculating for: Cancel o . . «
| p——— Ron Contnoous J/™— For most situations, “Pause Each
% v Hide 5/CMap S RPM” is a good choice.
= ause Fach Step |
ar | 0% Percent Complete, All RPMs 100% e ThisMery T — —
oz Percent Complete, Pass f 10 100%
= ApprnxVEs| 107 111 112 118 124 128 132 136 140 |
Click mouse button down on the blue
title bars of these small screens and
hold down to grab these screens.
While holding mouse button down, slide
mouse to place where you want to see
what you need.
= C Map [ Garrett GT1241... [ El@]
I See-Engine 3000 RPM CFM = 273 PR = 255
o - — | Dots are shown
! Cmnts | Notes Summany: . Click on Motes for more Details. i
| @ for each
! Notes Ir] . X
. "| intermediate
Engre RFM  [2000 | | | | | | | I || step. Note that
Brk Tq. ft-bs 24 these dots to
Brake HF 1304 P
ExhPres, PS5l |10.4 OU’f at a pressure
Boost, PS5 167 Current conditions shown ratio of about 2.0
EZlf;:c/m 1::? here as numbers and because of the
FuslFlow b/ 553 | 9raphed on Map as dot. Ma)f Boost .
: : : setting of 30” in
Mitrous, Ibhr pui] the Turboch
Nirs Fuel lb/br |00 € lurbocharger
EMEF, PS5l 29350 Specs screen.
A/F Mt Qly, %2 |100.0
BSFC. b/HP-hr |45
Thermal Eff, % 3320 2
@ >
Calculating for: Next Step | Print |
| SOODIGELS | | 2ol | Continuou; | Hide Map |
(1):4 Percent Complete, RPMs 100
0% Percent Completé, Pasz ## 16 1002
Approx VEs[152 161 171 180 176 /68 166 168 171 174 174 |

At the end of each step, click on these new
buttons to advance to the next step, print
the Map, or go back to Continuous running.

—
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Centrifugal Supercharger Specs

Internal Gear Ratio
Belt Ratio
M aximum Flow, CFM

Full Compressor Map
Uze Comprezszor Map |y Vie

File |@E:WESB\proiectsB\EAPHDX\CENTM!—\F‘\ |

-

Help
'‘Speed up' gear ratio within blower, for example most
Pastons uze 4.4, zome Vortech's uze 3,45, p 56

(114 Help

w| Centrifugal Supercharger Specs for: YORTECH-.S

Centrifugal Superc

Mech Friction

Comments

diger Specs. cont

Figure A74 Centrifugal Supercharger using Full Compressor Map

Click here to choose to use a
full map.

Typical Friction

Click here to bring up screen

shown below

[

1 Single 5/C =]

0% Mo Intercooler j

[to0000 | [eid

Single Yortech Centrifugal 5/C

¥2-5 trim with no intercooler and 1.75
belt ratio. Change intercooler and belt
ratio gpecs to match your application.

Retrieve from Library

Save to Library

Print

Click here to show the

m. 5/C Map [ Yortech ¥5 F trim.CMC ]

RPM Graph.

0K [keep changes]

Cancel Changes

Save Az

Preszure Ratio Hange [rows] CFM Flow Range [columns] Sufge CFH
Higheszt Preszure Ratio Highest CFM | |..Jodate braph :l
Pres. Hatio Step Size CFM Step Size show RPM |
[Freview: 100,120 140, . 260 || | [Preview: 200,400,600, 1000 | Print Table |

PresFiatio (200 [400  [500  [300  [1000 -~ 0 1200

1.00 RPk 000 &000 5000 S000 26

1.00 Effz 10 20 20 10 10

1.20 RPM 2000 31000 359500 50000 20000 75

1.20 Eff 70 B0 33 28 10

1.40 RPM 38600 37500 43000 52000 F0000 {0

1.40 Eff B7 75 E1 40 30 1

1.60 RPk 43500 43500 47500 53500 F0000 (1]

1.60 EffE B2 75 72 a0 35 5L

1.80 RPk 49000 43500 51500 5500 70000

1B0EfZ |58 72 B 42 20

2.00 RPM 54500 59000 FH000 45

200Efz |55 68 B4 &0 Eff%s

220 RPM EO000  BER00 E2000 30000 - - T

YT o = N o —* The Map is very similar to the Turbocharger Map

except you also need an RPM to go with each
Thermal Efficiency at each Pressure Ratio and CFM
flow data point. For example, this point shows the
blower is spinning at 49000 RPM and produces 58%
efficiency at a Pressure Ratio of 1.80 at a CFM of 200.
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Figure A75 Centrifugal Supercharger using Full Compressor Map, RPM Graph

im| 5/C Map [ Vortech Y5 F trim.CMC ]

Pressure Ratio RBange [rows] CFM Flow Range [columns] Surge CFM

Higheszt Pressure Rahio Highest CFM Update Graph |

Prez. Hatio Step Size CFM Step Size 200 2how Eite ) |

Freview: 100,120 140 260 || | [Preview: 200400 600, 1000 | Pt Dbl \\ |

PresRatio [200 [400 [E00  [800  [1000 ~ 0 1200 ~ Click here to
1.00 RPH BOO0 5000 5000 5000 2.6 go back to
1.00EfE (10 20 20 10 10 the Thermal
120RPM  [26000 31000 39500 50000 80000 105000 Efficiency
1.20Ef% |70 B0 28 28 10 Graph.
140FPM  |35500 37500 43000 52000 70000 30000

140Ef% |67 75 B 40 a0 75000

1E0RPM (43500 43500 47500 53500 70000 60000

1E0EM: |62 75 72 B0 5 45000

180FRPM (49000 48500 51500 55500 70000

180EffZ |58 73 72 Bl 42 30000

200RPM  [54500 53000 54000 59000 75000 15000

200Ef%: |55 EA 73 E4 B0 BPM
220RPM__|60000 56500 57500 62000 90000 | |10

0K [keep changes) | Cancel Changes | Save As [new name] | Open | Mew [blank out]

fivial 1

P

.rFM 1
3

Open from Engine Library Save

Complete Engine

“Your narme

Calc HP ‘ Past Tests | | [jick

Short Block Specs ‘

Head Specs ‘

Intake System Specs ‘

Current Component Files

351wW-FOR.D

PROD-GT4.0

FRODUCTION 351 WIND

Production GT-40 heads »

LR FUT S Type of Supercharger el

Figure A76 New Supercharger Type, Centrifugal Feeding into a Roots Supercharger

(") None [naturally asperated]

() Roots Supercharger

—

Exhaust System Specs ‘ HHTD-EE i ROOtS SuperCharger'
) Centrifugal Supercharger e
) Turbocharger
Cam/VYalve Train Specs ‘ LARINES Ll @ s ]
’ | ’ ,l/ |_—— | You can view both types of
oK View Roots
Turbo/Supercharger Specs (BTl S pal SuperCharger Specs.
VORTECH-.S View Cent. jo,lf.

Calculate Performance | Engine Comments:

New choice of a Centrifugal
Supercharger feeding into a
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Figure A77 “Talking” to the Compression Ratio Calculator, Short Block Specs

'Your name and phone # can go Eng CID: 351.9

pen from Engine Library h ) Chbr cos: 961

Save Complete Engine

%, Short Block Specs for: 351W-FOR.D

Past Tests

Block/Pistons/Rods Accessories
— Bore. in l:l Cooling Fan Type Elechic =
Stroke. in E Water Pump &k Drive Smaller Pump  +

fta

_— # of Cylinders Engine+Dyno Inertia # Crank Design
Piston Rings |3 Standard Tension ﬂ LbxFt*2 [g .
~ | |Clc
Rod Length. in ; | =g al
! gth. s ] Desion  [TypicalWindage ~|
“| | |Piston Skirt i i -
§ § |Ty|:|ca| ki J Calculated Specs « ” i
Bearing Size [ - Culn  CCs  Liters — | New “CR Calc” button in
—{ | [PistonTop  [No Coating =l Cylinder Voume 4398 7208 0721 Short Block Specs,
- Engine Yalume 351.86 BYET.0  RFEF H H
Cyl Leakage |[Typical Leakage =] Sty o aen . aen iallowmg for 2 optpnﬂs. The
ChamberVolme 585 961  0.0% Short Block Details
= Help Bore/Stroke: 1,143 Rod/Shoke: 1.571 screen is shown below.
Click on Spec Mame or Spec Yalue for explanation of Comments
Tl spec to be given here.

PRODUCTION 351 WINDSOR

0 for All Component Files |
el 1] 4 Help Retrieve from Library Save to Library Print | RS
Clich - View/Edit Shart Block Details
Skart Up Compression Ratio Calculator J

—

) ) ) i Starting up the Compression Ratio
Compression Ratio Details Calculator is shown if Figures A65

and A66
Deck Height Clearance. in 024

Short Block Specs

Deck Height, in 8. 672

Pizton Compreszion Ht. in 1.398

Total Rod Small End Wt gms 430

[l (et E"_d Wt ams 222 — | Total Small End Weight includes the piston, wrist
Rod Bolt Diameter. in -28 pin and keepers, and rings in addition to just the

small end of the rod. This is used in the
Compression Ratio Calculator to estimate loads on

Motes: the rod bolts at a particular RPM.

Thiz calculation iz bazed on Strake = 3.5 and

Fod Length = 5.5, i ] E

E.‘;araiﬂi = 024 st in the Compression Elcati-:. — | Current Stroke and Rod Length used for the Deck

Height Clearance calculation.

anly, and to pazs infarmation b
R atio Calculator program. |F the
Ht Clearance does not match the Ded — | Current Deck Height Clearance which has been set
Clearance fram the Head Specs Compression in the Compression Ratio utility menu in the Heads
Ratio 'Clc’ screen, it does hot affect any Specs screen. See Figure A64. Ideally you will
el adjust specs either on this screen or the

Compression Ratio utility screen to get these to

[Keep Settings | Help | Cancel | Print | match each other.
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Figure A78 “Talking” to the Compression Ratio Calculator, Cylinder Head Specs

&, Cylinder Head Specs for: PROD-GT4.0
Intake Port Specs Exhaust Port Specs

i & Valvez/Ports |1 valve & 1 port

L]

# Valves/Ports |1 yalve & 1 port ﬂ

VYalve Diameter, in lII
Avg Port Diameter, in

Port Length, in

# | Malve Diameter. in

Avg Port Diameter, in

Two options from the Cylinder
Head Specs screen. The top
option shows the same
Compression Ratio utility screen
in the standard Engine Analyzer

Port Length, in
= | Port¥ol 131.8ccs  Awg Port Area 2.01 sqin Port %ol 3.1 cos Avg Port Area 1.54 sgin

[+ 1lod
Anti-RBeversion, % l:l Anti-RBeversion, %

I

) Use Single Flow Coef E——— ) Usze Single Flow Coef Pro. However, in the Enterprise
(@ Uge Flow Table ow 1 able @ Usge Flow Table Edition. now these inpUtS are
Combustion Chamber Miscellaneous saved when you leave this
Compression Ratio E‘ Calcul-a-te-CF‘: U5|;g Eng Anallyzer Pro 7 | ﬂ screen so they can be
Chamber Design | Typical'wedge I Skart Up Comprassion Ratio Calculakar - tranSferred to the ComprESS|On
: Ratio Calculator program.

Help Eor&ents
Mumber of intake valves and ports per cylinder, usually 1 Production GT-40 heads with flow bench
valve and 1 port. Click on arrow to pick from list. p17 data

1] 4 | Help | See Lapout | Retrieve from Library | Save\h Library | Prin

Click here to start up the Compression Ratio
Calculator program shown below.

Calc Compression Ratio '[E mpression Ratio - Performance Trends Inc. B

Calc Compression Ratio 12.27 £
Total Chamber CCs _3 9 Base Engine Inputs Eal_culaled_ Results ¢ 1 cCs Liters Bore. inches
. 4 | Bore, inches Eyhr_ndet S'ZB
Chamber Specs = Engneare
p | | Stroke, inches Chamber Size
Chamber CCs in Head 46 | | Cylinders —| Compression Ratio
Pizton Dome CCs [5] . Eff. Comp. Ratio na
= = Rod Length, inches Dyn. Comp. Ratio Adjust Specs
Gasket Thickness, in 032 | | lInt Valve Closing. deg Cranking Pres. PSI tDDQ'.Bt;
o s . esire
Gaszket Bore Dia. in 4022 =4 | Int Yalve Closing. deg Clc Bore/Stioke Ha!lo Comp. Patio
. _ - Rod/Stroke Ratio
Deck Height Clearance. in D24 E _fuench_

| compRATO
Ring Land S5pecs
Include Ring Land Gap Yes ¥ H

Ring Land Depth. in 26
Piston Dutside Diameter, in 395

‘fou are now in the Compression R.atio Calculator with data from wour Engine Log Book program,

‘hien vou quit the Compression Ratio Calculator, results for the file you have open at that time can be sent back to the Engine Log Book program.

2 TR e
Motes: Top Rikg Depth, inches
Thiz calculation iz based on the existing Shart
Block specs of aBare = 4 and Stroke = 35, If st b mches
thiz iz incarect, change these specs befare uzing Piston 0.0.. inchgs. 1le ]
thiz menu. ; :
Entor 2 negative [ Deme CCs for a Piston Dish, e If you own the Compre§S|on Rat|c_> (_Za_lculator program
E_nteranegat'ijve [-]Eezk erighTtglcearance if the Barometric Pres. (baSIC, Plus or Pro verS|ons) and it is installed in the default
piston goes above the deck at TDL. Cvileakage [| location, it will start automatically. A note is given here to
Turbo or Supercl - explain your options.
Use Calc Yalue | Help | Cancel ‘ Print | Boost, psi | m

Compression Ratio utility screen in Engine Analyzer
Pro (standard version and Enterprise Edition).
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Figure A79 Actual Compression Ratio Calculator Program Called from Engine Analyzer Pro
Enterprise Edition

You will see most all your numbers from the Engine
Analyzer Pro transferred over to the Compression Ratio
Calculator. Now you can do any other detailed
calculations as shown here.

= Compression Ratio PRO - Perf. Trends [ ELBData.PTI ]
File Options Comments  Boring/Stroking  Helg

Reg Ta: Kevin Ger|

Base Engine Inputs Calculated Results Cu. In. CCs Liters
- Cylinder Size 4398 72049 0.721 ﬂ
Lz, [ 4 Engine Size 105 57E7. B7ET
Stioke. in 35 Chamber Size 29 £3.9 0064
- Compression Ratio  12.27 [T
it of Cylinders
= Eff. Comp. Ratio 12.27
Rod Length, in 5.5 Dyn. Comp. Ratio  na Adjust Specs
|:| Cranking Pres. PSI  na Iti? get 3

i Bore/Stroke Ratio 1142 SEIRC
Deck Height, in )

9 8672 Rod/Stroke Ratio  1.571 Comp. Ratio

h 056
Chamber/Piston Inputs EREIE
= = Y¥olume Contnibutions
Chamber CCs in Head Clc Cu In. CCs % of Total
Piston Design | pish Top j Head Chamber 2807 4E. 71.3
= - Gasket 0407 BEE 104
S DL 206 5 Cle| | peck 0302 494 77
Gasket Thickness, in 03z Pigton Dish 0.30s e 7.8
Piston 0.D. 0.0a1 133 21

Gasket Bore Dia. in 022 e

Deck Ht Clearance, in 024

5
EIEE]
7] o

Help
The amount of volume in the cplinder head's combustion /_\

Fiston Ring Depth. in 26 chamber, measured in cubic centimeters,
Piston Top 0.D . in 395 If things do not “add up” as
Compression HE, in 1.398 far as deck height stackup, a

message is given as shown
here and Deck Height
Clearance is adjusted to
make it “add up”. NOTE:
The Engine Analyzer Pro
does not force these
numbers to “add up” as most

do not affect engine
. . performance.
Deck Height Clearance Adjusted —

Deck Height Clearance will be adjusted to be consistent with the current Stroke, Rod Length, Deck Height and Compression Ht,

Pluz Features

Max Engine RPM
Total Small End Wt, gms
Half Big End Wt, gms

3500 ftAmin 4602 Gz 3068 Ibs bof load

Barometric Pres, "Hg

[2%)
o
o

A3/ |

||

Turbo or Supercharged

=
o

H

If this is not what vou want b have done, click on one of the Calc butkons by the spec wou want adjusted to it the other specs (after vou click on OK on this message).

(This notice given only once For each program starkup.)

When leaving the
Compression Ratio
Calculator, you are given
these 3 options.

Feep Your Changes?

<P This file and all current settings will now be loaded back to the 'Engine Log Book!, Is this what you wank to do?
Click. on 'Cancel' ko stop shutting down this Compression Ratio Calculakor program.

Click. on 'Mo' to return ko the Engine Log Book program but abandon any changes wou've made in this program.

Mo Cancel

If you choose Yes, you will see the numbers from the
Compression Ratio Calculator transferred back to the EA Pro.
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These 2 screens (and several
others for calculating volumes

from geometry) are only available

in Pro version of Compression
Ratio Calculator.

Niaksl wakew Hellet Woluma

Mt | eoarecl] Voksme

Wadwa FInlind Brdo

Wawe Amybz, Deg
Hahed liawetar. mn

Cravarny rue in efact scan

[T —
Walve Seporatien. min
litzat fram Fin Gantaibne,

ag DG, of &

Cale Pidon Mizh, s ||H El |
Pizclioey Dicdh Gusmechay
Shape | Girsigha Tapered |conical] =
Flal e anni pelon log [res =
Flat Edge 'Waith, mm H
Taoper Angle. deg EEN ]
Degth, mm ]
Hizdpe
Thazs calcdsliore e bassd on curent Fion
TepO D of 101 &

:qi_ﬂ_c;-ﬂE Wabse | Help | Concel | Print

[Uree: el W

Hels

e Wl e
Waluwwn e aim 0wk Val|

Walva | Ishnk | pps |¢u.,.._-h'..., Acle: - |

Theaze b 20 s baed on e Frodon

Caarrcl

Figure AB0 Some of the Advanced Features in the Actual Compression Ratio Calculator

E12 I Dt QAT I sl pnils
an | = —
R 2
Ll 11 [EEN RN
—
P N
e}
[ ! 1
i J _
T s
{ (Y
S [
| '\ g 1
=] e
|, 7P
] |'
W ;S
R L
B

Piind

Calc Deck Ht Clearance
ADD for Desired Clearance

Adjust Deck Ht for Desired Clearance

Calc Deck Ht Clearance

Adjust Comp. Ht for Desired Clearance

Engine Data

Deck Height, in

Piston Compression HE, in
Rod Length, in 098

Dezired Deck Clearance. in

e

Motes:

- This calculation iz based on the curent

Stroke = 362 . If thiz iz incomrect, change this
spec befare using this menu.

- Enter a negative [-] Desired Deck Clearance if
ol wank the piston to go above the deck, at
TDL.

- Click on one of the "Adjust’ buttang at the top to
produce your 'Desired Deck Height Clearance'.

Usze Calc Yalue | Help ‘ Cancel‘ Print

Calc Dome CCs

Calc Dome CCs

Checking Data

Piston Bore. in

Piston Depth in Bore, in

%]

7.2

Ii

Plate Design

CCs of Fluid, CCs

Motes:

‘Srokey' Cavity Plate
Yolume of Plate. CCz

i

[y
ury
M

Thiz calculation menu uges results from CCing the
top of a pigton in the bore. The piston is placed
down the bore a measured depth. [f the pistan is
at TDC, this would be the Deck Height
Clearance. The edge of the piston iz sealed with
grease. A flat plate, or plate with a circular
‘cavity' of known volume [zometimes creditted to
"Smokey' Yunik] iz balted ta the bare. Liquid is
added ta fill the space above the piston and the
cavity in the plate [if anyl.

ilise Calc Value!

Help | Cancel| Print |

1ches.

Automatically
adjusting

desired
Compression
Ratio.

specs to find a

T
By Adjusting Chamber CCs
By Adjusting Gasket Thickness
CCs By Adjusting Piston Top
E7.5 By Adjusting Deck Ht Clearance
824 107
0. 0.
0. 0.
1.1 1.4 l&\

Piston Ring Depth. in
Piston Top 0.D.. in

Compression Ht. in

Plus Features

1026 Buick V6 4.090 .033 8.5

1027 Chevrolet V8 Big Block 4.370.0338.7
1028 Ford Y8 Big Block 4.670.04111.4
1029 Chevrolet V6 3.620 033 6.7

1031 L Ford Y8 Small Block 4150 .041 9.4
1031 R Ford Y8 Small Block 4150 .041 9.4 b/

Piston Desion [Flat Tap walve Reliel + Head Chamber 4118 E75 &7.8 | |
p—— Rackat neM2 2724 in7
Yalve Reliefs. ccs Pick a FelPio Head Gasket
Gasket Thickness. in 04 0K [uze this gasket] | Cancel WA SOUMCE |
Gasket Bore Dia, in 4 | j
: 1024 Ford LG 4180 .033 8.9 ~
Deck Ht Clearance. in [0 ||\ 1025 Chevrolet L5 4,165,041 91

i

H

CylLeakage |Typical [production] =

Turbo or Supercharged YYe: w

Max Engine RPH
Total Small End 'Wt. gms
Half Big End W, gms

6000
450

Picking gasket specs from
pre-loaded list of gaskets.
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Figure A81 Calculating a Part Throttle “Calibration” Map

Click here at top of main
screen for these options.

= Engine Analyzer Pro ¥3.9 Performance Trends  Engin

File (engine)  Calc HP ReE]SeE S WEGNEESSN Help  Preferences

Calculate a Calibration Map

alibration Map Details L= Calc H

Open from Engine

Current Component Files

Calibration Map

Calibration Map

MAP Stepsz. psi |2 pi j
Highest Map, psi  |Full Power, w0T = |
Lowest Map, psi |4 j

K.eep Specs | Help| Eant:el| Print|

351W-FOR.D

| Chonet Dlank Crnnn I

EEngine Analyzer Pro.  Engine [Iv2.1 351W-GT4.0]  Test Results [Untitled]
B. Back Back+Save Graph Print Help File ASCHEFile History Analyze See-Engine Send Stop

Here’s the Map Details, which is
basically the starting and ending
MAP (manifold absolute
pressure) points and
increments. The RPMs which
are run are set the same as for
WOT (wide open throttle)
performance, in the Calculate

EngreRPM  [1000 1500 7000 [2500 (3000 [3500 [4Deq [4m00 [sO00 [ER00 |

| | Performance screen.

Brk To, fths 28421 30829 INB9 33244 35229 /AL 186 3

Brake HP 5411 8305 12258 15824 201.23 239719 26037 26105 24483 20
MAP, pi 145 145 145 145 144 144 143 143 143 143
ol Eff, % 28 73 78E 823 885 323 %03 #ev TR 77
BSFC.b/HP-he 473 456 456 462 463 480 4% A2 5BE B%E
Imick Dty Cyc, % [17.036 26412 36764 48133 62746 7H586 00040 90233 89456 54.825
In Plse Wdth, ms 20443 21129 22058 23107 24853 25915 26517 24063 21469 20.689
&/F Mur Gy, % (333 1000 1000 1000 1000 10000 1000 1000 1000 100.0
Knock Index 260 23 22 1% 13 1% 16 13 10 8
Spark Advnc.deg (202 225 241 254 2R3 XZ 0 25 233 M3 335

Click on ASCII File to produce the 2
types of files shown in Figure A68.
You will be asked for a file name and
folder for storing the files. Then the
program will write 2 files, a “.csv” or
comma separated variable file which
imports to Excel, or a “.txt” file which is
tab delimited and reads better in

FuelFlow, lb/hr 2583 4015 5588 7317 9446 11483 12926 13716 13897 14413

Brk Tq. ft-bs JBBE7 23271 30BZ3 3NVTI 33743 34595 36063 23636 24841 20365
Brake HP 5114 8360 11664 151256 13278 23054 25081 25393 23658 2132
AP, pi 140 140 140 140 140 140 140 40 40 14
ol Eff, % B37 721 T 733 856 B3 BB B3T  T4T T2
BSFC. b/HP-hr (484 460 460 466 474 484 500 57 BEZ A
Imch DipCye, % |16.236 25318 35322 46366 60087 73403 82856 83063 87408
In Plsewdth, me [19.555 20254 21193 22266 24035 257163 24857 23485 2097
AF Mar Gy, % (333 1000 1000 1000 1000 100.0 1000 1000 1000
Fnock Index 24 22 A 13 18 17 15 13 10

Spak Adwnc, deg (204 228 244 A7 %5 X4 MWE 300 22
FuelFlow, b/hr |2477 3848 5363 7048 9133 11158 12094 13387 13286

Brk Ta, ftbs 21193 23204 24380 25420 27106 VR0 2B3E1 23325 191.09

Brake HP 4036 6627 5284 12100 15483 18500 20077 133985 181.37 160.14
AP, psi 120 1200 1200 120 1200 1200 1200 120 1207 120
ol Ef, % 81 6802 632 BRE: 720 754 F4Z B3R B21  H4B

BSFC. b/HPhr (512 485 484 483 4% &OF  BX% BRB B0V 7
Inictr Do % 13R91 21144 P9RRR 3RANZ RNR23 R17NR RI4NR 73RIR 72RRA 7R 5R1
£

Here’s the MAP for each
section of results. The first
section was a WOT, so map
changes as manifold vacuum
changes.
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. 13 H . ” ” . . H
Figure A82 Part Throttle “Calibration” Map” Written to ASCII Files (see Fig A81)
EAP 3
Two (2} files:
C:WE9S projectss\EAPROR CalcMap. csv
C:WE9S projectse \EAPROXCalcMap. txt
_ Notepad displaying the .txt format file.
wwritken,
I CalcMap.txt - Notepad
File Edit Format ‘iew Help
Engine RPHM 1088 1588 20888 2500 3888 3588 L4LBee 4588 caan 1y 1] -
Brk Tq; ft-1bs 284 388 322 332 352 359 32 3085 257 218
Brake HP 41 88 .1 1226 158 .2 201.2 239.2 2684 261.1 248 7 228.8
MAP; psi 145 14.5 14.5 145 144 144 14.3 14.3 14.3 14.3
Uol Eff; % 72.8 75.3 78.6 82.3 88.5 92.3 99.9 85.7 76.5 73.7
B3FC; 1bfHP-hr 470 -45h 456 462 69 488 406 525 556 .655
Injctr Dty Cyc; % 17.836 26.412 36.764 48139 62,146 7F5.586 S85.848 90.238 B9.456 94_8B2G
Inj Plse Wdth; ms 20443 21.129 22.858 23.187F 24859 25,015 25.512 24,863 21.469 290.689
A/F Mxtr Qlty; % 93.9 188.8 188.8 168.8 1868.8 188.8 188.8 188.8 168.8 1868.8
Knock Index 2.6 2.3 2.2 1.9 1.9 1.8 1.6 1.3 1.8 .8
Spark Advnc; deg 28.2 22.5 2h .1 25.4 26.3 27.2 28.5 20.0 31.9 33.5
Fuel Flow; 1b/hr 25.89 48.15 L5 .88 ¥3.17 LL T 114,89 129.26 137.16 135.97 144.13
Brk Tq; ft-1bs 269 293 3086 ER L) 337 246 I 294 249 284
Brake HP 1.1 83.6 116.6 151.3 192 _8 238.5 251._8 253.9 236.6 213.3
MAP; psi 14.8 14.8 14.8 14.8 14.8 14.8 14.8 14.8 14.8 14.8
Uol Eff; % 69.7 721 5.5 2.3 85.6 82.6 88.5 83.7 u.vz 72.1
B3FC; 1bfHP-hr J4Bh 468 68 466 r 484 .588 527 562 661
Injctr Dty Cyc; % 16.296 25.318 35.322 46.366 60.887 73.489 82_.856 88.869 B7. 488 92.781
Inj Plse Wdth; ms 19.555  28.254 21,193 22.255 24,835 25,169 24 857 23.485 20.978 29.243
A/F Mxtr Qlty; % 93.9 188.8 188.8 168.8 1868.8 188.8 188.8 188.8 168.8 1868.8
|
£ >
Lni, Coll
6.1 ed &~ 5 CalchMap.csv - Microsoft Excel - =X
=2 Hame Insert Page Layout Formulas Data Review View @ -7 x
L - Jaxl = =] | Sweers Genera - | = T [ (| 2 A 2
B R Calibri i 1 A A ==||®-| |SWrapText I ! 7,-‘& _J:n == ﬂ_l &l Fu- 2? ﬁ
a1 B[] 9= e (WS | Sl BRI o S e
Clipboard il Font & Alignment il MNumber ) Styles Cells Editing
TR 5
A B C D E F G H I J K L M N (o] P Q R S E‘
1 |Engine RPM 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
2
3 |BrkTg; fi-lbs 284.21 308.29 321.89 33244 352.29 358.92 341.86 304.79 257.02 210.09 . . . = |
4 |Brake HP 54.11 88.05 122.58 158.24 201.23 239.1% 260.37 261.15 244,59 220.01 MlcrOSOft ™ EXCG' dlsplaylng
5 |MAP; psi 14.5 14.5 14.5 14.5 14.4 14.4 14.3 14.3 14.3 14.3 the csv form at f||e
6 |Vol Eff; % 7.8 75.3 78.6 82.3 88.5 92.3 90.9 85.7 76.5 73¢ ) :
7 |BSFC; Ib/HP-hr 0.473 0.456 0.456 0.462 0.463 0.48 0.436 0.523 0.356 0.653
8 |Injctr Dty Cyc; % 17.036 26.412 36.764 48.139 62.146 75.586 85.04 90.238 89.456 94.825
3 |Inj Plse Wdth; ms 20.443 21.12% 22.058 23.107 24,859 25.915 25.512 24.063 21.469 20.689
10 |A/F Mxtr Qlty; % 938 100 100 100 100 100 100 100 100 100 I !
11 |Knock Index 2.6 2.3 2.2 1.9 1.9 1.8 1.6 1.3 1 0.8
12 Spark Advnc; deg 20.2 22.5 241 254 26.3 27.2 28.5 29.9 318 33.5
13 |Fuel Flow; lb/hr 25.8% 40.15 55.88 73.17 94.46 114.83 129.26 137.16 135.97 144,13
14
15 |Brk Tg; ft-1bs 268.57 292.71 306.29 317.75 33748 345.85 330.63 296.36 243.51 203.65
16 Brake HP 51.14 83.6 116.64 151.25 192.78 230.54 251.81 253.93 236.58 213.27
17 |MAP; psi 14 14 14 14 14 14 14 14 14 14
18 Vol Eff; % 68.7 721 73.5 79.3 85.6 89.6 88.5 83.7 747 721
19 |BSFC; lb/HP-hr 0.484 0.46 0.46 0.466 0.474 0.484 0.5 0.527 0.562 0.661
20 |Injctr Dty Cyc; % 16.2%6 25.318 35.322 46.366 60.087 73.408 82.856 88.069 87.408 92.781
21 |Inj Plse Wdth; ms 19.555 20.234 21.193 22.255 24.035 25.16% 24.857 23.485 20.978 20.243
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Figure A83 Language Translation and Other Preferences

New tab of Enterprise Edition Preferences

[ Reading Data Files T Calc 'élinns, cont

[ Printing / Graphing T "élculalions

ﬁta}a/l]pmalion, cont
ﬁlemlise Edition

[ General Operation T
Emailing T

'E ise Edition’ Adjust

Increase Lifter Stiffness by...

Increase '0HC' RAR Stiffness by...

0% hd
WValve Toss Threshold 020" (std default) -
LeTETEs 0% max lift [any toss)

Increase Intake ‘wall Friction by...

1% max lift
Default EngisH 2% max lift
3% max kit

Language

4% max lift
5% max lift
6% max hift

You can choose
a different
language here.
See below.

Mrial I 1

=

Changing language
changes descriptions of

inputs, and also brings up
Balloon showing
description in ‘Help”

LLifter Typ

Chort B !
Echrung, in  Klicken Sie diesen an eine Definition in 'Help' Frame anzuzeigen..

Anzahl der Zylinder

Engine+Dyno Inel

”rserpumpe & Laufwerk | Srmaller Purp -

0K e
4 Choose amount you
M : _ == \want these
/ B3 Back Graph Print Help File ASCIIFile HY .. ”
7 _ : stiffnesses” to be
b Cmnts | Motes Summary: Deton] |
Bt :@ % Motes | [ Piton spesd | EX increased beyond
1 elp Tips R S | |Chick an Mates for mare the program’s
1 .
Engine APM 5000 [eoon [7oo0 [eooo | default assumptions.
jiluin '.3': Coolant HP 121.00 12000 5530 552 Typically increasing
Help Tips Blow By, CFH 43 43 a0 17 the stiffness
- In Tun Pres, PSI |69 49 7 1.0 improves valve train
Help Avg InVel, ft/zec (292 sy 409 468 dvnamics.
Avg Ex Vel ft/sec (358 430 a0z 573
Don't Ask Mach # GBS EET 702 : Changing the
U':";g;;;g ActIn Flowdrea 981 1186 1280 8 1285 \/glve Toss
- 1 ActEx Flowdrea % |97.2 1012 1138 /1208 1213 Threshold will
Look f Valve Toss More  InkEx  InkBR  InkEx  InkEx
Now change the
A':z:e Knock Indes 45 13 1 0 0 ‘ g
Acrobat SpakAdme. deg [373 388 a5 414 443 | Pointat which
Injct Dty Cyc, % |91.888  101.293 109.995 100.835 86.15 YOU See
Return Al Inj Plse Width, ms |22.053 20,259 18.857 15125 11489 warnings about
Defaults Calc Errar 0 ] 1 0 1] Valve Toss in
F; === the output as
hown here.
—————— Ualve Flow & Cam Calculations sho ere
Overlao Area. dea*sa-in a4 U
-l B e | -l A

If you change
language, not all labels
and choices are

-

rtia / Crank Design

Engine Analyzer Pro ¥3.% Tip

[ Don't show this again

e Klicken Sie auf das Eingabefeld

in Zoll gemessen. 5. 13

e Klicken Sie auf das spec Namen oder

Help

Hea Kolbenringe |3 Standard Tensgion j

Intake 5§ | Foberhemd [ Typical Skit ~]

Lagerardibe |_5 j

Kolbenbaden |Nc| Coating j

Exhaust § Col Leakags — ﬂ
Cam/Valy Help

LbFtx"2 |5 =
Design | Typical Windage ﬂ
Calculated Specs
Culn CCs Liters
- 442 7281 0728
Description in 2523 58248 5825
P 251 1251 1251
Help Frame. (s £33  00e3

Bore/Stoke: T.T49

Comments

Rod Stroke: 1.571

|PHDDUETIDN 35

Jedes Mal. wenn Sie Hilfe benotigen. an einem Eingang:

Und eine kurze Definition wird hier mit einer Seite # im
= Handbuch fiir weitere Informationen gegeben.

1 WINDSOR

Most critical “Tip” messages are
also given in the chosen
language. As we receive
feedback from users, more items
in the program will be translated,
and the translations are likely to
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Figure A84 Compressor Map — Translating from .jpg File

In the Turbo specs screen, set Use Compressor Map to Yes. Then click on the View button

s Turbocharger Specs for; TWH-ICTU.RBO

st Stage Tubocharger Specs General Tuthocharger Specs
Thiottle Localion [figw Though <
Max Boost Limit, P51 El
# Twibos#Stages W‘l
Surge CFM Intercooler EFf, % 503 Quick Accslior v

Exh Twibing Eff, % [5% Typical ~| | Inercooler CFM Rating od
Turbine Mozzle Dia, mm [ | Wastegatele.  [Befurslniecoder -

Comments
Typical “medium sized™ twin huboz with
wastegate sef to 15 psi (307 Ho)
With intercooler

Faice to Boost Conditions

| | | IEE |
Force Theze Conditions -

Full Compressor Map
Use Comprezzer Map ;| File [BCAVE I projacts B EAPRDRCENTHAR Gal) View |

Help
Click on Spec Nameﬁhe for explanation of soec to be ohenbeie /

oK | Help | Retiieve from Librany Save to Limay Print |

OK/Back (keep changes)  Cancel Fie 5

Show Image for Translating ) auciGEM

0 Update Graph

Fill in the Pressure Ratio Ranges and CFM Flow
Ranges specs to tell program how many data

points you want to enter for your particular map. HigestiEiEsiuie:Hatn
Pres. Ratio Step Size

Pressure Ratio Range [rows]

CFM Step Size
Click on Options, then Show Image for [Fresview: 1.00.1.25 160__a00 | | | Freview: 50 100,150, @0 | Print Table

Translating for screen on next page.

FresRatio |50 [100 [150 [200 [25 sl 400
1.00Ef: |40 40 3 3w 20|
125EfZ |55 71 B3 50 40
150Ef% |6 73 745 70 59
175EfZ |50 B3 75 744 B9
2.0 Eifz
2,25 Eif
2.50 Eif%
2. 75 Eif
.00 Eif
75
70
|| 85
60
55
50
[= 45
Eff%
1.0
< >
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w S/C Map [ Garrett GT2052.CMP ]

Figure A85 Compressor Map — Translating from .jpg File, cont

A new section of screen opens to the right. Click on the File button for a list of options. Click on the Open New
Picture File and browse to a graphic image file of the turbo map you want to Translate to the Engine Analyzer
program. These are typically .jpg files which you can get from the internet.

Ok /Back {keep changes) Cancel File  Options
Pressure Ratio Range (rows) CFM Flow Range [columns) Surge CFM Compiessor Map Image for 'Translating'
Highest Pressuie R atio El Highest CFM Update Graph @l New Inage
Pres. Ralio Step Size CFM Step Size Load Last File and Settings
Print Table Hide this Imags
|Prewew: 1.00,1.25,1.50, .. 3.00 | |Prewew: 40,100,150, .. 350
Open New Picture File
P R
oty [ [0 160 [200 [z 20 D 400 / Locate O Flow 1.0 PR Pairt
1.00Effk 40 40 35 an 20 Lacate Max Flow
1.25Ef% |55 il 63 50 40 Locate Max PR
1.50Eff% |56 73 745 70 59
1.76EM% |80 69 75 44 B9 Help
2.00Eff% Close this List
2.25EM%
2.50Eff%
2.T5Ef%
3.00Ef%
75
70
| 65
60
55
50
45
Eft%
1.0
< >

lower and left boundaries of the map image.

= $/C Map [ Garrett G12032.

Once the image is loaded, you need to define the max limits of the turbo map image. Click on “Locate 0 Flow and
1.0 PR Point” option and then click on that point in the lower left corner of the map. Lines will be drawn for the

OFfBack (keep changes) Cancel File  Options
Pressure Hatio Range [rows) CFH Flow Range [columns] |Surge CFM Compressor Map Image for *Translaling
Highest Prezzure Ratio I:l Highest CFM Update Graph Er" New Image mm, 50 Trim, 0.51 A/R
- - i = Load Last Fie and Settings  §= 7 7 7 T Y I 1
Pres. Ratio Step Size 25 CFM Step Size
B - = Print T abl Hide this Image : :
[Preview: 1.00.1.25 1,50, 3.00 | | | [Freview: 50,100, 50, ... 350 Ll i i i
Open Mew Fickure File i— | !
PresRalo [B0  [100 [150 200 [25 — 400 T I ! |
1.00 Eff% 40 40 38 30 20 Lacate Max Flow & e
1.5Ef: |5 71 63 50 40 Lacate Max PR !
1.50Eff% |6 73 745 70 59
1.75Ef (B0 B3 75 744 B9 Hel
2.00 Eff% H Close this List
2.5 Eff% a T
" I— =
2.50 Eff% g =
275 Eff% £
3.00 Eff% -
4
70
1 15 —————
65 |
[:11} 1 1
120000 | 1
55 .| i
| i i
2 | | i | |
I
45 " ! | S | |
Eft%% /0 5 10 15 20 25
1.0 Cormecied Al Flow (ibmin)
< > =
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Figure A86 Compressor Map — Translating from .jpg File, cont

After left and bottom limit lines are drawn, click on “Locate Max Flow” option and then click n the right limit of the
image. In this case, the right limit of flow is 25 Ib/min. Click any place on the vertical 25 Ib/min line. The program
asks you what is the flow at this line. To convert Ib/min t CFM, multiply by 13.1, which is 327.5.

Pressure Aatio Range [rows] CFM Flow Range [columns)] [Surge CFM 250 Comp Map Image for *Translating®
Highest Pressuie Ratio  [3___ || | Highest CFM ___Undate Granh_| GT2z052, 52.0mm, 50 Trim, 0.51 A/R
; - B IR e e SN T
Pres. Ralio Step Size CFM Step Size ; -!— A i— _! ]|
Freview 10015 150,300 || | [Freview 50.700.750. 360 | Ern Tl i i i
| i I
FresRatio [50  [100  [150  [200  [28 I 400 1 : i
- . I
100Eff [40 40  3[F 30 A gpll [ . V... ™~ |l
1.26Ef% |56 7 g2 E0 40 : : 1 ! :
1.50Eff% |56 73 748 70 5 I | |
175EMZ |50 B3 75 744 6 — - : = ! :
= ] (k2 | |
200Eff% 3 ! ! ! i :
225Eff% 3 | .}_ J
250Eff SprYE—r—— — = e
275EN% xEio o
S00EM% “wihat i the maw Flow at thi location, 3 number from 10 “uw. :
to 10007 1
180000 |
Cancel | :
s~
1 I
|32? g 120000 : J|
T '
TU T e | ]
I i (= | i
45 | | et | |
Eff% 5 10 15 20 25
10 Comected Alr Flow {ibvmin)
< > 2

. S/C Map [ Garrett GT2052.CMP ]

Comprd

File |

5201 Map Image for Translating'

GT2062, 52.0mm, 50 Trim, 0.51 A/R

Do the same to identify the Max PR line. Click on the “Locate Max PR” option in the list, then click on the 3 PR line
and enter the value of 3. The image below shows the image with boundary lines show on all 4 sides.

Now when you click in the grid to enter an efficiency value, a pink cross hair is drawn on the image so you can
precisely read the efficiency value off the image.

Pressure Raty

Ok Back (keep changes| Cancel File  Cptions
Pressure Ratio Range [rows]) CFM Flow Range [columns) Surge CFM
Highes! Pressure Ratio l:l Highest CFH 350 dpdate;tiraph
Pies. Ratio Step Size CFM Step Size
Freview. 100,125,160, .. 300 || | [Freview. 50,100,150, . %0 | __ PuntTable |

FiesHate_[50__[100_[160 200 28] [~ a0

1.00 Eff% 40 40 35 a0 2008

1.25Ef% |55 M B3 50 40

1.50 Eff% 56 73 74k 70 k]

1.75E/f% |50 3 75 744 B3

200 Eff% [ |

225 Eff%

2,60 Eff%

275 Eff%

3.00 Eff%
7h
70
1
60
13
50
45

i Eft%
< 3|

10 15
Comected Alr Flow {lvmin)

8
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QK JBack (keep changes)  Cancel  File

Pres. Hatio Step Size

Pressure Ratio Range [rows) S BT E
Multiply by a Factor
Highest Pressure Ratio 5.6

CFM Step Size

Figure A87 Compressor Map — New Features

Surge CFM IE

lumns)

New “Convert” options to
factor the CFM you've
entered up or down, or
convert from Ib/min to CFM

Update Graph

|F'leview: 1.00.1.20,1.40, ... BED |

|F'leview: 145, 231, 436, .. 2179

| Print Table

Pres Ratio 872 [1017  [1162 [130F7 |~
2.20Ef% |24 g5 &0 75
240Eff% |85 50 &5 73
2B0Ef% |25 50 50 84
2.80Eff% |24 50 50 50
200Ef% |82 50 50 50
2.20Eff% |20 &7 50 50

240 Eff3 50 50
2E0ER% |75 g1 g6 &7
2.80Eff% |73 77 £3 &5
400ER% |E7 75 78 82
4.20Eff% |65 73 76 &0

4 40Eff% |E3 70 74 78
4.B0ER% |61 E8 72 76
4.80Eff% |59 E6 70 74
B.ODEf% |57 E4 E8 72
5.20Eff% |55 E2 E6 70
B.40ER% |50 57 ED E5

o [5.60Ef% |45 50 55 B~
£ ¥

56

1.0

2324

You can click on a point
on the map and have the
cell containing that data
highlighted. This lets you
quickly track down points
on the map which may
have errors.
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Figure A88 Valve Spring Harmonics (Dynamics)

& Cam/¥alve Train Specs for: MARINE-3.51

Cam Profile Overall Cam Specs

Intake Profile Exhaust Profile Valve Lift
Centerline, deg [i5 |ATDC [i11 | BIDC | | Total CamAdvance [20Retwd =] . .
Duration @ 1.25 P ] | [obe Separation. capea You must turn On Valve Train Dynamics,

- = H ““ H ”
Open @1.35 mm BBDC | | [Liftfor Rating Sents [ Goiinches v then click “See Specs for Dynamics
Close @ 1.25 mm ATDC
= ] Calculat€ Valve Train Dynamics button for screen shown below.
Max Lobe Lift, mm Clc]
®4es C'Ho  See Specs for Dynami
Actual Valve Lash, mm  [02 | [7 ]
Variable Valve Timing (VVT]
Rocker Arm Ratio [ | ] | O Yes @ No f
Lifter [profile] Type Ao SolidFlat w| | Agor Solid Flat =
Choosze a 'Spec’ Liftter [prafile] | _I ‘ _1 E"mmer_ﬂx —
Type to enter Fiamp Ralings Production 351 2 Marine cam
Gross Valve Lift. mm I | [0 |
Dwell Over Nose 0 Deg-5td Profile +
[Duration @ 200" [n#a for cam file | [158.4 | | Help
= T = Click on Spec Name or Spec Value for explanation of
Use a Cam File v Yes I~ Yes ikt b e Ea
e crant.cl crant.cl
am File
Pick Pick
Intake Exhaust | = UseEshlobe [~ UselntLobe
0K J Help Retrieve from Library Save to Library Print Click graph line to display data here —» Crank Deg = Valve Lift =

| Yalve Train Dynamics Specs for: MARINE-3. 51

Intake ¥Yalve Train Specs Exhaust Yalve Train Specs

¥alve Train Type |Diect Acting DHC — + | Valve Train Type |Diwect Acting OHE

=l
Eff Yalve Mass, gms m Eff Valve Masz, gms 153.34

[P |

R |

Check this box and the
simple valve spring

fter Stiffness. Ibfin  [Fooan il oo | specs on this screen

/ ; will be disabled, and
gring R ate, Ib/in

the “See Specs” button
eated Spring Force, Ibs

Eff Lifter Stiffness, Ibfin
Spring Rate, Ibfin

Seated Spring Force, |bs will be enabled so you

Compression to Bind. mm .01 Clc and enter detailed
Valve Spring Specs

Compression to Bind, mm

The Intake valve will stasfo unzeat with 49 pai of The Exhaust valve will start to unzeat with 70 pai of

Boost Back Pressure . . shown in Fig A89.
Spring Harmonics | Walve Spring Dynamics OFF
Comments Help
Click on arrow to pick tupe of Yalve Train from list, p
114 | Help ‘ Print ‘ Detailed Spring Table | Simple Spring Tahle ‘
) ) : When you first turn On Spring
Enter “Eff Valve Mass, gms EI / Harmonics, the program reminds you
et . for s o] ) that the “Eff Valve Mass” includes the
at iz the weight in grams for the Intake valve gpring K. : ;
wzed for the 'Eff Walve Mazs, gms' enty of 193,34 ¢ - proper portion of t.he Valv.e Spring mass
— if you are NOT doing Spring
[ portion of this 193.34 gm weight iz made up by the ﬂ Harmon!cs- If you ARE doing Spring
“alve Spring, and this portion should now be subbracted Harmonics, the “Eff Valve Mass”
ot I:uecausn_a the 'Spring Details’ will contain this weight. should be recalculated to NOT include
Enter a weight from 1 to 1000 gms.] the valve spring mass because the
Spring Details tell the program the
EX
valve spring mass.
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Figure A89 Valve Spring Dynamics, cont

Inputs, help, changing input values are done much the same on all other input screens.

Click on an input name and it's definition is
given on “Help” frame at bottom of screen.

i i S Click on choice here to select 1, 2 or 3
] Valy | Spec MARINE-3 springs in the total spring pack.

—{ | ¥Yalye Spring Details Irtake B
1t 2nd 3rd 1t 2nd Jrd
Plezent Tes ez - (T Tes Yes v |Yes -
| | Mumber of Active Cails R E Com> | R
‘wire Diameter, in 236 162 118 < Copy | 23 162 118
Coail Outside Dia, in 1677 | [1.21 875 1677 | [1.21 875
=1 | Spiing Rate, Ib/in 460.1 1817 | [107.4 <awap> | [4e07 1817 | [107.4
Free Standing Ht, in 2748 |[2755 | |25 2748 |[2755 | [2585
Seated Ht, in 2.23 2230 | [2230 223 2230 | [|zz230

Total Spring Rate, 1béin

Calc. Spring Rate, lbdin | | | | | | |
_E Calc. Taotal Spring Rate, 1bfin
Calz. Seated Force, b | | | | | | |
C Calc. Total Seated Faorce, |b I:I
= | |Calc. Spring 'Wt, . .
S P AiS | | | — | Click here for the 4 options shown.
Calc. Total Spring 'w't, ams
unl | [Cale. Coil Clearance, in
= | [Calz. Bind Ht, in | | / | |
Click here to
Help _ Comments / save all inputs
O | Click on Spec Mame or Spec Yalue for explanation of spec ta be P51 spring packs shown on this
= | agiven here. screen
el '
o =
i3
) 1] | s Help | Save to Library | Print

\ \

\

Qpen Example From Performance Trends ]

Qpen From My Saved Files

Cpen Intake Springis) from Spring Wiz
O{en Exhaust Spring(s) from Spring Wiz

Click here for more info
on inputs and features
on this screen.

Choose one of the
Spring Wiz options to
import data from your
Spring Wiz program.

Click here to save your changes and return to the
Valve Train Dynamics screen.
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Figure A90 Valve Spring Dyna

mics, cont

To show Valve Spring Dynamics,
you must first set the graph screen to
doing “Cycle” graphs by clicking on
the “RPM-cyc” choice here. If this
choice is shown as “rpm-CYC”, the
graph is already doing Cycle graphs.

The “100%” spring
position is on the head
and does not move. In
this graph, it is about
2.25” from the retainer.

(e[l w] el ] ruven]setsca

Intake Spring #1 yisplacements Then click ‘SINGLE" to bring up the
1 list of graph choices shown here.

r spring metric coil clash 2:59 pm 7000

——

2000 - SRR MY
o

Pstn Thist
Cab Signal
1750 / Psin Pos

Here you can choose which spring to

C X Axis - Time, sec

I\

nnnnn ~ . . .

Ay /.\ graph (4 is not yet a valid choice).
- L= S SN N ‘

Ex Spiing 1 L= V4

e .

/ Ex Spiing 4 ¥ Check this box to show

i (o] Gt o

valve spring animation.

Spring 0%

Spring 30%
Spring 40%

Spring 60%
Spring 70%
Spring 80%
Spring 90%
Spring 100%

:Show Spring Animatfon:

1000 -

- EERES
7

T80 e

Crank Degrees

Here you can see
the valve is actually
bouncing slightly
when it reseats.

This is the spot (0 %) on spring which is touching
the valve retainer, which is also indicating what
the valve itself is doing. The program assumes
the retainer and valve follow the same motion.

These lines do not represent individual coils, but portions of the
spring coil along its total length. For example, for a spring with 5
coils, this “20%” line would be at a position 1 full coil from the retainer.
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Figure A91 Valve Spring Dynamics, cont

=i Engine Analyzer Pro [spring metric coil clash]  Test Results [Untitled]

Back File Format Wiew Help | mixed SINGLE history log (list) last  rpm-CYC  PicRPM

o] (o] [cfen | €] [e]s o] o] oo X]o]rav

Intalra @nrina #41 Nicenlaramantg

Intake Spring Dynamics

Do Animatjon | Close | !
*v/ If you have chosen to Do Animation, this

“Spring Dynamics” frame will appear on top
of the graph. Click the Do Animation button
to start animation as shown below.

Label3

w. Engine Analyzer Pro [spring metric coil clash]  Test Results [Untitled]

Back File Format View Help | mixed SINGLE history log (list) last  rpm-C¥C  PicRPM

lea]r] [efn] [ercfee [ o] [e]s[als] [efe] 2] e]

5 Intalra @nrinn #41 Nicnlaramyg It is difficult to see dynamiCS in this still
I S e | 7O00RFPM 540 dog S picture, but this 3™ spring shows a big
: separation of the coils here at the position
closest to the head.

Int Spring 1 Int Spring 2 Int Sprin

— It also shows the coils likely touching here at
the position closest to the retainer, at the
bottom of this animation screen.

The #1 and #2 spring are maintaining the
5 coils spacing relatively well, showing spring
) “surge” is unlikely in those springs.

10% along length of spring.

Drrawing iz not to scale and does MQT show individual coils. Each line shows ,_/1__

This line shows valve seat position. When lowest spring line
is on this line, the valve is seated. Shown here, the valve
(and the coil on the retainer) are lifted off the seat.
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Figure A92 Valve Spring Dynamics, cont

0% is where the coil first starts to leave the retainer.

For a spring with 5 coils, the 10%
position would be half a coil from the
retainer.

For a spring with 5 coils, the 20%
position would be a full coil from the
retainer.

100% would be where the caoil first
touches the cylinder head.
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Figure A93 Checking Effect of Valve Bounce on Performance

» Engina Rnatyzar Pro [spring matric coilchash]  Test Results [Ustitlad]
Bak Fle Pomat Vew Hep | memd SNGE hsrybgils) be pmC PoeM

TR 3 2 2 X 3 Y 3 e

In Port Vel

500 spring melric coll clash 2:59 pm 7000

| i i i H In Port Vel

Port velocity is an indication of
flow by the valve and its direction.
Negative flow is flow going in the
“wrong” direction, which for this
Intake valve, would be flow
leaking back into the port.

Eo

HOC 1 T e [ i e

/ Crank Dugress

These negative flows shown here are from the valve
bouncing on the seat, and flow leaking back into the
intake port from the cylinder. This “leaking” would
result in a loss of performance.

With the standard version Engine Analyzer Pro, the
program assumes all flow stops (the valve seats and
stays seated) at the valve seat closing event, even if
valve train dynamics show the valve could be
bouncing.

Only the Enterprise Edition lets the valve flow
continue past the seat closing event.
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Index

1st Stage HP Rating, 68
1st Stage Starting RPM, 69

2nd Stage Added HP, 69
2nd Stage Starting RPM, 69

32 bit, 235
3rd Stage Added HP, 69
3rd Stage Starting RPM, 69

4 Valve, 49, 253

A/F Mxtr Qlty, 76, 77, 206

A/R Ratio, 122

Accel Rate, 16, 65

Accelerating, 16, 65, 99, 100, 236

Accuracy, 6, 1, 3,17, 18, 21, 22, 29, 38, 45, 49, 83, 84, 85,
93, 95,97, 98, 100, 107, 109, 111, 115, 148, 158, 169,
172,192, 193, 201, 202, 203, 221, 230, 231, 235, 236,
251,253, 263,277,278

Acrobat, 235, 251, 261, 277

Act EVLIft, 142

Act Ex FlowArea, 83, 84

Act In FlowArea, 83, 84

Act IVLift, 142

Actual CFM, 76, 180, 181, 183, 219, 220, 221

Actual Valve Lash, 42

Adobe, 251, 261

Air Bleed, 34, 164, 165, 166

Air Cleaner Shape, 111

Air Meter, 115, 235, 252

Angles, Valve, 237, 252

Anti-Reversion, 22, 24, 103, 188, 189, 191

Area, 19, 31, 82, 87,94, 108, 114, 117, 122, 123, 142, 165,
174, 192, 202, 262

Area Change, 117, 165

ASCII Files, 5, 1, 74, 125, 130, 232, 261, 277

Assumptions, 3, 15, 17, 25, 28, 31, 32, 33, 38, 41, 42, 44,
53,57, 61, 66, 67,77, 84, 85, 89,91, 92, 93, 95, 112,
117, 166, 183, 192, 201, 203, 206, 220, 252, 278

Asymmetry (cam profile), 261, 262

Auto-Link, 236, 251

AutoScaling, 236

Avg Ex Vel, 82

Avg In Vel, 82

Avg Port Diameter, 17, 24, 97, 100, 188, 194

Backup, 251, 259

Barometric Pressure, 63, 64, 75,93, 123, 222

Baseline, 148, 159, 162, 167, 180, 182, 183, 185, 192, 196,
249

Bearing Size, 14, 98, 220, 236, 263

Belt Ratio, 15, 52, 53, 56, 120, 182, 219, 220

Bench Test Pres, 111

Blow By, 82

Blow-by, 15, 82, 263

BMEP, 77, 79

Booster Signal, 115

Bore, 13, 14, 73, 93, 98, 99, 104, 105, 212, 221, 235

Brake HP, 6, 75, 130, 132, 164, 174, 177, 194, 196, 211,
212,221

Break Point #1, 70, 71

Break Point #1, Spark Advance, 70, 71

Break Point #2, 71

Break Point #2, Spark Advance, 71

Brk Tq, 6, 75, 130, 164, 174, 177, 186, 194, 196, 221

Browse, 261, 277

BSFC, 14, 78

Burn Rating (previously Swirl Rating), 23, 236

Calc Error, 85

Calculation Type, 113, 114

Cam, 2,5,6,1,7,9,14,22,41,42,43, 44, 45, 46, 47, 48,
67,72, 82, 83, 84, 87, 88, 89, 90, 91, 92, 93, 95, 96, 98,
103, 106, 117, 118, 119, 120, 142, 148, 158, 167, 168,
169,170, 171, 172, 173, 174, 175, 177, 178, 192, 193,
194, 201, 202, 203, 204, 210, 211, 213, 220, 221, 223,
230,232, 233, 235, 236, 237, 249, 252, 253, 261, 262,
263, 277, 278, 287

Cam Advance, 44, 46, 220

Cam Analyzer, 41, 43, 168, 169, 172, 233, 252, 261

Cam Bearing Diameter, 98

Cam Bearing Width, 98

Cam File, 41, 43, 44, 45, 170, 252, 263, 278

Carb Signal, 143

Carb/T-B CFM Rating, 30, 31, 111, 114, 143, 166, 204,
236, 252, 253

Centerline, 41, 42, 45, 46, 72, 168, 220, 233, 234

CFM, 18, 21, 28, 29, 30, 36, 37, 38, 55, 57, 58, 59, 76, 82,
86, 103, 104, 106, 109, 110, 111, 114, 115, 116, 120,
121, 122, 157, 160, 161, 163, 164, 165, 166, 177, 180,
181, 187, 188, 190, 191, 219, 220, 221, 222, 252, 277

CFM @ Peak Eff, 122

CFM Rating, 28, 29, 36, 37, 38, 114, 115, 116, 219, 220,
221,222,252

CFM Rating CFM *, 114

Chain, 5, 72, 199, 200, 261, 263, 277

Chain Calc These Cams, 261

Chain Closing Cam Events, 277

Chain Step Size, 72, 73

Chamber CCs in Head, 104

Chamber Design, 22, 23, 278

Chassis Dyno, 235

Clash, Valve, 253

Clearance Volume, 22, 92, 93, 104

Closing Events, 90

Cmprssr Pres Ratio, 86
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CNG, 213, 235

Collector Dia, 39, 116

Collector Length, 39

Collector Taper, 39

Combustion Chamber, 213

Common List, 132, 136, 137, 147, 148, 151, 171, 172, 173,
178, 248, 250

Comp Cams, 262, 278

Company Logo, 261

Component Wts, 99

Compression Ratio, 6, 7, 13, 22, 92,93, 97, 104, 213, 235,
287

Compressor Eff, 86, 180, 181

Compressor HP, 78, 79, 86, 182

Compressor Map, 56, 58, 59, 121, 180, 252, 277, 278, 287

Compressor RPM, 86

Controlled Valve Toss, 236

Coolant HP, 81, 235

Coolant Temp, 65, 213, 222

Cooling Fan Type, 15, 206, 220, 222

Crank Pulley Diameter, 52, 56, 120

Cranking Compression, 92, 174, 263

Cranking RPM, 263

Crower, 2, 261, 262

Current Length, 94

Cycle Data, 72, 82, 142

Cyl Leakage, 82

Cyl Pres, 142, 183

Cyl Temp, 142

Cyl Vol, 92, 143

Decimal Places, 263, 278

Deck Height, 104, 105

Deck Height Clearance, 104, 105

Delete, 277

Depth, 113

Depth in Center, 113

Design, 16, 35, 47, 65, 110, 213, 252

Designed Valve Lash, 42, 44

Desktop Dyno (tm), 262

Dew Point, 64, 123, 222

Diameter, 11, 21, 33, 35, 39, 52, 97, 98, 100, 106, 108,
112, 160, 164, 188, 189, 193

Diesel, 235

Direct Injection, 22, 278

Displacement, 6, 92, 113, 114, 263

Dot Matrix, 146, 236

Dry Bulb Temp, 124

Dual Plane, 27, 160, 161, 189, 216

Duration, 41, 42, 45, 46, 90, 91, 168, 233, 234, 235

Duration @ .050, 168, 233, 234

Dwell Over Nose, 235

Dynamic Comp. Ratio, 92

DynoSim (tm), 262

ES85, 262
Eff Lifter Mass, 48, 49, 119
Eff Lifter Stiffness, 48, 49
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Eff Rckr Arm Stffnss, 47,49, 117

Eff Valve Mass, 47, 49, 117

Element Type, 112

Elevation, 63, 64, 75, 123, 222

Email, 1, 2, 251, 261, 277

EMC (Engine Masters Challenge), 263

Engine File, 5, 147, 148, 149, 152, 153, 172, 235, 250, 251,
277,278

Engine HP, 21, 116

Engine Library, 1, 5, 147, 158, 164, 167, 179, 252

Engine Masters Challenge, 263

Engine RPM, 6, 75

Enterprise Edition, 6, 1, 47, 55, 58, 143, 277, 278, 287

Estimated Idle Vacuum, 263

Ethanol, 262

Ex Cam Accl, 142

Ex Cam Vel, 142

Ex Flow Ar, 142

Ex Port Vel, 142

Ex Pshrd F, 142

Ex Vlv Lift, 142

Example Component Files, 147, 261, 262

Excel, 5, 1, 74, 125, 130, 232, 261, 277

Exh Pres, 38, 75, 181, 182, 219, 221

Exh Temp, 80

Exh Turbine Eff, 60

Exhaust System, 5, 35, 100, 105, 106, 107, 108, 116, 213,
219, 221

ExPort Pres, 229

Factor button, 236

File, Engine, 2, 5, 43, 74, 84, 91, 97, 130, 132, 136, 145,
148, 155,157,168, 169, 170, 172, 173, 175, 178, 179,
182, 188, 193, 194, 200, 219, 232, 235, 237, 249, 250,
251, 252,261, 262,277,278, 287

Filter (smooth) Cam Lobe File, 263

Firing Method, 32

Floppy, 232, 235

Flow at Peak Eff, 121

Flow Bench Flow, 111

Flow Coef, 14, 18, 19, 20, 21, 23, 26, 27, 34, 36, 83, 87,
88, 89, 102, 105, 106, 107, 142, 161, 174, 187, 188, 189,
190, 191, 192, 217, 220, 221, 235

Flow Obtained, 103

flow table, 18, 19, 21, 22, 24, 187, 188, 190, 191, 192, 220,
235, 236, 252, 261

Flow Table, 18, 19, 21, 22, 24, 187, 188, 190, 191, 192,
220, 235, 236, 252, 261

Flow w/o Runner, 106, 107

Flow with, 106

Flow-Normal Direction, 103

Flow-Reverse Direction, 103

Flywheel Diameter, 99

Flywheel Weight, 99

FMEP, 77, 79

Font, 236

Force on R.A. Tip, 118

Fraction Eng Disp, 114
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Frctn HP, 78, 79

Frctn Tq, 78

Fuel Economy, 251

Fuel Flow, 76, 77, 78, 132, 181, 183, 208, 209, 219, 220
Fuel Octane (R+M)/2, 66, 67

Fuel Type, 66

Full HP Rating of System, 68

Gasket Bore Dia, 105

Gasket Thickness, 97, 104

Graph dyno power curves, 261

Graph on the Cam Specs, 277

Graph Set Scales, 236

Graphics File, 277

Graphs, 5, 1, 6, 68, 69, 127, 128, 130, 131, 132, 133, 134,
136, 137, 138, 139, 140, 141, 142, 148, 158, 159, 160,
161, 162, 163, 164, 165, 167, 169, 170, 171, 172, 173,
174, 175, 176, 177, 181, 182, 186, 189, 191, 192, 193,
194, 199, 200, 229, 236, 248, 249, 250, 251, 253, 261,
277,278

Gross Valve Lift, 46, 168, 169, 261, 262

Grss Tappet Lft, 91

Harley Davidson, 262

Headers, 35, 36, 38

Heat Release, 236, 253

Heat Trnsfr, 143

Height, 94, 100, 101, 104, 108, 112

History, 235, 248, 249, 250, 252

Hole Dia, 110

Housing Radius, 123

HP, 6, 11, 20, 38, 44, 45, 63, 67, 68, 69, 72, 74, 75, 76, 77,
78,79, 81, 82, 86, 87, 93, 95, 96, 115, 116, 129, 143,
157, 158,159, 161, 163, 167, 171, 172, 173, 174, 175,
177,179, 180, 181, 182, 183, 187, 190, 192, 193, 196,
197, 198, 199, 200, 201, 203, 208, 209, 210, 211, 212,
219, 220, 221, 222, 223, 230, 235, 236, 237, 249, 253,
261,263

Idle Vacuum, 87, 93, 174, 263

IMEP, 77, 78, 79

Imports, 262

In Cam Accl, 142

In Cam Vel, 142

In Flow Ar, 142

In Port Tmp, 161, 181, 183

In Port Vel, 142, 194, 196

In Pshrd F, 142

In Tun Pres, 161

In Vlv Lift, 142, 177

Include Averages, 263

Inertia, 2, 16, 54, 65, 82, 94, 95, 99, 100, 143, 214, 215,
216, 236

Injector Rated Pres, 32

Injector Rating, 31, 32

InPort Pres, 142, 194, 196

Inside Dia at Exit, 35, 116

Inside Dia at Head, 35, 116

Installation, 5, 4

Instnns Tq, 143

Intake Air Temp, 63, 64, 75, 222

Intake Duration, 7, 42, 45, 83, 88, 90, 91, 92, 95, 96, 169,
172,177, 220, 221, 233, 235

Intake Heat, 28, 161, 189, 219, 221

Intake Manifold, 6, 18, 157, 191

Intercooler, 54, 57, 61, 235, 251, 252

Intercooler Eff, 54, 57, 61, 251

Internal Gear Ratio, 56

Isky, 2, 262

Island CFM, 55, 57, 58, 59, 60, 120, 122, 220

Island Efficiency, 56

Island Pressure Ratio, 56, 59

Island RPM, 56

KG, 278

Knock Index, 67, 69, 70, 71, 84, 180, 181, 182, 184, 185,
186, 235, 263, 278

Know, 97, 100, 108, 114, 115, 123, 124, 160, 189

Landscape, printer, 249, 261

Lash, 42, 44, 45, 168, 170, 173, 278

Lb x Ft*2, 16, 99

Leakage (seals), 52

Length, 14, 30, 94, 97, 113, 193, 222

Lifter, 6, 11, 28, 42, 44, 46, 48, 49, 83, 84, 90, 91, 95, 96,
118,119, 142, 161, 167, 169, 170, 173, 174, 177, 220,
233, 236, 251, 253, 287

Lifter (profile) Type, 42, 44, 169

Lobe Area, 90, 174

Lobe Centerlns, 91

Lobe Separation, 46, 89, 261

Logo, Company, 261

LSx, 262

LTx, 262

Lunati, 2, 262

Mach #, 82, 83, 219, 221

Main Bearing Diameter, 98

Main Bearing Width, 98

Main Venturi Dia, 115

Main Venturi Flow, 115

Manifold Type, 27, 29, 30, 85, 160, 189, 216, 251
Map Barometer, 121

Map Temperature, 121
Material/Coating, 14, 23

Max Boost Limit, 53, 57, 61, 179

Max Lobe Lift, 42, 45, 46, 91, 169
Max Safe Impeller RPM, 57

Max Valve Lift, 278

Maximum Flow, Turbo, 252

Mech Eff, 79, 86, 211, 212

Mech Friction, 52

Metric, 63, 64, 74, 252,263
Millimeters, 235

Motoring HP, 78, 79, 86, 219, 220, 221
Mufflers, 38, 116
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Mx Cyl Pres, 70, 71, 80
Mx Cyl Tmp, 80

Nitrous, 6, 67, 68, 77, 179, 183, 213

Nitrous Oxide, 5, 63, 67, 68, 69, 76, 77, 81, 88, 96, 179,
183, 184,210,213, 236

Nozzle Area, 123, 253

Nozzle Diameter, Turbo Turbine, 60, 123, 262

Ntrs Fuel, 68, 76, 77, 78, 183

Number of RPM Steps, 65, 66

Number of S/Cs, 53, 57, 59

Octane, 1, 66, 67, 76, 77, 180, 184, 185, 206
OHC, 20, 48, 253, 263

Opening Events, 90

Operating Fuel Pres, 32

Other Format Files, 262

Outside Air Temp, 123

Outside Rel Humidity, 124

Overlap, 87, 88, 90, 127, 174, 234

Overlap Area, 87, 88, 174

PDF, Adobe, 235, 251, 261, 277

Peak Thermal Eff., 53

Picture File, 277

Piston, 1, 7, 13, 14, 15, 22,23, 74,77, 78, 79, 81, 92, 93,
104, 105, 125, 142, 143, 153, 174, 178, 194, 197, 208,
211,212,214, 217,237,251, 253

Piston Dome, 97, 104

Piston Dome CCs, 97, 104

Piston Gs @ TDC, 81

Piston Rings, 13

Piston Skirt, 14, 220

Piston Spd, 81

Piston Speed, 79, 81, 263

Piston Top, 14, 23

Piston-To-Valve, 237

Pk Secondary Tuning RPM, 93

Plenum Volume, 30, 112

Port Length, 18, 24, 94, 97, 101, 188, 193

Port/Runner Volume, 101

Portrait, printer, 261

Power Valve, 33

Preferences, 5, 11, 63, 64, 74, 84, 92, 93, 164, 235, 236,
237, 248, 250, 251, 252, 253, 261, 263, 277, 278, 287

Pressure Control, 32

Primary Jet, 31, 34, 84, 85, 164, 165, 166, 181, 182

Primary Pipe Dia, 116

Primary Throttle Dia, 109, 114

Primary Tube O.D., 95

Primary Venturi Diameter, 33, 164, 166

Pstn Gs, 143

Pstn Pos, 143

Pstn Thrst, 143

Pstn Vel, 142

PstnSpd, 79, 81, 142

Pumpng Work, 79, 196

Pushrod, 47, 48, 119, 175, 177, 205
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Ramp Rating, 252

Rec Area, 94, 95

Rec Len, 95

Recycle Bin, 277

Residual Exh, 80

Restore, 236, 251, 252, 259

Restrictor, 110, 235, 252

Retainer + Locks, 117

Retrieve, 5, 155, 157, 164, 167, 172, 179, 182, 188, 193,
252

Rocker Arm Ratio, 42, 43, 46, 47,48, 49, 117, 118, 119,
169, 234, 236, 252, 262, 287

Rocker Arm wo Fulcrum, 117

Rod Bearing Diameter, 98

Rod Bearing Width, 98

Rod Length, 13

Roller Bearings, 236

Roots Vol Eff, 86

Rotating Mass Diameter, 99

Rotating Mass Weight, 99

Rows or Columns, ASCII Files, 277

RPM, 1,6,7, 11, 16, 23,27, 29, 38, 45, 47, 51, 52, 53, 55,
56, 57, 58, 65, 66, 67, 68, 69, 70, 71, 72, 74, 75,78, 79,
81, 82, 83, 84, 85, 86, 87, 88, 92, 93, 94, 95, 129, 130,
132, 133, 136, 142, 158, 161, 163, 164, 166, 171, 172,
173, 174, 175, 177, 180, 181, 182, 183, 185, 186, 193,
194, 196, 197, 198, 200, 210, 212, 215, 216, 219, 220,
221,223, 225,226, 227, 236, 237, 261, 262, 263, 278

RPM Step Size, 65, 66

RPM to Start Nitrous Injection, 68

Runner, 18, 22, 25, 26, 27, 28, 30, 33, 35, 36, 39, 67, 81,
82, 87, 88,93, 94, 95,97, 100, 101, 102, 105, 106, 107,
108, 109, 132, 142, 160, 161, 187, 189, 190, 191, 193,
194, 195, 196, 198, 201, 203, 205, 214, 215, 216, 217,
219, 220, 221, 231, 236, 252, 253, 287

Runner Dia @ Head, 25, 160, 189

Runner Diameter, 26, 100, 101, 106, 194, 195, 252

Runner Flow Coef, 22, 25, 26, 27, 35, 36, 105, 106, 107,
187, 189, 190, 191, 198, 217, 219, 220, 221, 287

Runner Length, 18, 25, 94, 161, 189, 193, 194, 195, 196

Runner Taper, 25, 28, 100

S/C Pulley Diameter, 52, 56, 120

Save, 5, 130, 148, 167, 172, 179, 188, 194, 200, 236, 249

Seated Spring Force, 49, 119

Seated Spring Height, 120

Secondary Throttle Dia, 29, 109, 115, 220

Secondary Throttles, 29, 220

See Engine, 5, 1, 6, 153, 154, 223, 237, 251, 253

Send, 1, 2, 251, 261, 277

Setup, 138, 251, 261

Shape, 102, 112, 113, 161, 189

Show Examples Only Fitting These Limits, 261

Shrt Circuit, 76, 80

Single Flow Coef, 18, 19, 20, 21, 24, 26, 27, 102, 187, 188,
189, 191, 192

Single Plane, 27, 160, 161, 162
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Spark, 1, 22, 23, 55, 63, 66, 67, 69, 70, 71, 80, 84, 180,
183, 184, 185, 186, 203, 206, 208, 211, 213, 220, 235,
236, 262

Spark Advnc, 84

Spark Curve, 1, 69, 70, 185, 186, 262

Spec to Use, 122, 123

Spec Type and Name, 72, 73

Special Calculations, 7, 74, 87, 192, 194, 237, 252, 253,
263,278

Spring + Damper, 117

Spring Force, 119, 120, 263

Spring Height, 120, 263

Spring Rate, 48, 49, 119

Starting RPM, 65, 66

Starting Spec Value, 73

Stroke, 13, 79, 81, 82, 93, 99, 104, 210, 212, 221, 235

Surge CFM, 59

Swirl Rating, 23

Test Pressure, 21, 22, 102, 103, 105, 106, 111, 115, 187,
188, 190, 191, 192

Theo. Crank Comprssn, 92

Thermal Eff, 53, 78, 211, 212

Throttle Location, 53, 57, 61, 252

Torque, 6, 28, 44, 45, 65, 67, 72, 74,75, 78, 82, 93, 99,
100, 132, 143, 157, 158, 159, 161, 163, 171, 172, 173,
174, 175, 177, 180, 182, 183, 186, 199, 200, 201, 203,
211,214,215, 216,217,219, 221, 222, 235, 236, 237,
249,253, 261, 263

Total # Injectors on Engine, 32

Total # Pri. Throttle Plates, 109, 114

Total # Sec. Throttle Plates, 109, 115

Total Avg Flow Coef, 88, 89

Total Cam Advance, 44

Total CFM Rating, 28, 29, 37, 114, 158, 160, 189, 220, 221

Total Exh/Int %, 88, 174

Total Length, 35, 36

Tq / HP Data on graph printout, 261

Tuning Pressures, 5, 125, 126, 127, 223,224,229, 236

Turbine Nozzle Dia, 60, 121

Turbo Map, 277, 287

Turbo Surge, 86

Turbo Turbine, 58, 60, 61, 86, 121, 122, 123,179, 219,
236,252,262, 287

Turbo Turbine Nozzle Diameter, 60, 123, 262

Turbo Wastegt, 61, 86, 179, 181, 236, 252

Type of Vehicle, 116

Valve Clash, 253

Valve Dia, 17, 21, 22, 24, 103, 105, 106, 188, 191, 221

Valve Diameter, 17, 21, 22, 24, 103, 105, 106, 188, 191,
221

Valve Lift, 1, 7, 18, 19, 21, 22, 41, 42, 43, 44, 45, 46, 83,
88, 89, 90, 91, 95, 96, 102, 103, 104, 106, 120, 142, 167,
168, 169, 171, 172, 175, 177, 178, 187, 188, 190, 191,
192, 197, 220, 221, 233, 234, 235, 236, 251, 252, 261,
262,277,278, 287

Valve Lift Tested, 103, 106

Valve Spring Dynamics, 277, 278, 287

Valve spring motion, 278

Valve Toss, 83, 175, 177, 178, 236, 287

Valve Train Type, 47, 48, 49

Valve Weight, 117

Variable Valve Timing (VVT), 262, 278, 285

Venturi Discharge Coef, 34, 115, 166

Version3.9B, 1, 6, 1, 277

Vista, 2, 262

Vv Area, 87, 88

Vol Eff, 75, 76, 80, 194, 196, 210, 212

Volume, 22, 52, 53, 86,97, 104, 112, 189, 262

Volume/Revolution, 52, 53

Volumetric Efficiency, 14, 75, 76, 80, 81, 82, 83, 85, 86,
88,93, 158, 201, 210, 213, 214, 215, 223, 252

Wastegate Is..., 252

Weather, 54, 57, 61, 213

Wet Bulb Temp, 124

Width, 94, 98, 100, 101, 108, 112, 113, 236

Windows, 1, 2, 43, 138, 157, 201, 203, 217, 219, 232, 235,
251,261
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