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Chapter 1 Introduction

1.1 Overview of Features

The Engine Analyzer program by Performance Trends, Inc. is a software system to let engine builders, racers, performance
enthusiasts, and even the average driver understand and predict many aspects of full power Engine acceleration. The Engine
Analyzer, Version 3 has been designed to be easier and more accurate. Several new features have been added and other features
enhanced. The major changes in Engine Analyzer Version 3 are listed below:

New Features:

Mouse driven user interface compatible with Windows and Window 95 for easier operation and better print capability.

Lots more example intakes, cams, heads, etc. preloaded for you to pick from.

Can save your own example component specs.

Can load cam specs based on events at .050”, .040” (1mm) or seat timing.

Can describe ramp of cam profile, from mild hydraulic to inverted flank solid roller.

Can print most menus and calculation menus separately.

Keeps log of last 25 tests run, for comparison or recall. You can also select to save up to 10 of these tests for as long as you wish.
You can also select to graph up to 5 of these tests with the current results.

Advanced file Open and Save commands let you access any drive or directory with standard Windows File Dialog menu.

The name of the example components is saved and displayed so you know what the specs represents (like Dart II heads, Victor Jr
manifold, etc.)

Better printing of reports.

Many more options for the graphs, like zoom, shift, line styles, etc.

Improved accuracy.

On screen help by simply clicking on any input spec.

If you require more detailed analysis or more features, you may need our Engine Analyzer "Pro".



(C) Performance Trends Inc 1998 Engine Analyzer Chapter 1 Introduction

1.2 Before You Start

What you will need:

e  Computer capable of running Windows 98, Me, XP, 2000, NT, Vista, 7 or newer
e  Printer (optional).

Many terms used by the Engine Analyzer and this user's manual are similar to terms used by other publications, like Flow Efficiency,
Mach #, etc. However, these terms may have different definitions. Therefore, read Chapter 2 to see what these terms mean to the
Engine Analyzer.

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 directory or folder.

To read this file in Windows 3.1, double click on Notepad in the Accessories program group. Then click on File, then Open
and select All Files for the file type. Find the Engine Analyzer directory, usually EA30 under PERFTRNS.PTI, and click on
README.DOC. Notepad will display the contents.

To read this file in Windows 95, use Windows Explorer to find the Engine Analyzer directory, usually EA30 under
PERFTRNS.PTI. Then double click on README.DOC. Wordpad will display the contents.

A new feature also allows you to view the README.DOC file in the Engine Analyzer by clicking on Help at the main screen,
then View Readme File. User Manuals and Supplements describing new features can also be viewed this way..

Every effort has been made by Performance Trends, Inc to provide you with an accurate, cost saving, high quality tool at a very
reasonable price. We do not copy protect our software, to allow our customers full freedom to make back-up copies for their own
personal use. Please respect the programmer's copyright and do NOT give out copies to your friends.

Important: The body of this manual covers v3.0’s features. Check Appendix 5 and 6 for new features
added in v3.2 and v3.4.
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1.3 A Word of Caution

The Engine Analyzer is a comprehensive software package which estimates a 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 (which greatly influence intake and exhaust tuning), the combustion process, fuel
mixing, 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 tradeoffs,
etc.
e Point you in the correct, general direction for making modifications. This direction should be verified by other sources like
known authorities, time slips, 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.
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1.4 Getting Started (Installation)

You must install the Engine Analyzer from the website, or distribution CD to a hard drive before it will run. To do this from a CD,
simply install the CD in your CDRom drive and the Performance Trends Installation Wizard should automatically start, allowing you
to install the Engine Analyzer and demos of any of our other products.

If the CD does not auto- Figure 1.0 Installation Wizard run, then click on Start,
then Run then Browse ES Performance Trends Installation Wizard _1O] x| and ﬁnd your CD dere

? Engine Perfoimance Programs — ~Drag Racing Tools— - Data Logger Programs :
Then look for Install This Program  View Install This Program  View Install This Program  View SETUP.EXE on the CD
and run it to run the Engine Analyz\i: : Brochure : Dirag Racing Analyzer : Erachure : Dyno D ataMite : Brochure : Installation Wizard. If

Engine Analyzer Rlus Brochure Drag Race Analyzer Pro Brochure Drag Race D atakdite Erochure 3 .
n h izar into th:
you want to bypass the Engine Analyzer lia_| _Brochus | 4 Link Caloulator | _Biochure | Foad Race DataMite | _Brochure | wizard, .go to the
Programs fOIder and run — Engine Buildi \ ols Practice Tree | Brochure I IDataMite Swpstern Sp 'I Brochure the Englne Analyzer-
34.CX€ file Install This Progr. View —Circle Track/Road Race Tools—— _ gther Prod
Comp. R atio Calculatbr | Brochure | Install This Program View Install This Program i
Follow the instructions Compnolzer | | Srochue || | _oh Contr Coeultor | _Broche | |yt conamy caeuatr | sroshuee || | of the SETUP program.
. Port Flow Anal Broch Circle Track Anal Eroch .
For most users, just o Flon Aryeer || _Brochu | s s e | [P | e click on OK for each
. Switl Meter Brochure | Suspension Analyzer | Erochure | ] . -
queStlon aSked to accept Turnble: Fisture: ‘ Brochure | Trans. Gear Calculator | Bluchurel nsta s Tragtam e the default answers
Circle Track Log Book. I Brochure I
suggested by the Setup Fuel I, Caleulator |\ Brochus Lop/Segment Tmer | Brochurs | _ i program. Once you have
. 1led the Eng]ne \_ Inertia Calculator I roc ureI Analyzer there Should be
lnSta CIiCk here to insta” Walve/Coll Spring T ester Brochure )
an Engine Analyzer e icon on your desktop.
You can alSO CliCk on ESIDP !f you pl_.m:hased a DnglallI,_l:lil:k on that product’s button to install it as described on your Start (lower left corner Of
zheet. You can install any of our other programs here as demos to see their features.

desktop), then All Programs - S— — = -

Entering Registered Owner's Name: During your first setup, the Engine Analyzer will ask you 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
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 About in the
Main Menu to review your name and code # .

Then you must unlock the program (take it out of demo mode) by entering the correct working code given to you by Performance
Trends. This code is based on the Registered Name and Registered Code number, and could have come on paperwork or in an email
sent to you from Performance Trends. If you do not have this working code, email feedback@performancetrends.com the Exact
Registered Name and Registered Code and we will email your working code.

You will enter the working code by clicking on File (upper left corner of the program), then Unlock Program. Depending on the
version of program you purchased (std or Plus) you will get a different working code. This code works on ALL computers as long as
you use the same Reg Name.

10



(C) Performance Trends Inc 1998

Engine Analyzer

Chapter 1 Introduction

1.5 Example to Get You Going

To start the Engine Analyzer, click on the Desktop icon or, click on Start, then Programs, then Perf. Trends, and then Engine

Analyzer. After some brief introduction screens, you will be left at the Main Screen shown below.

Figure 1.1 Main Screen

= Engine Analyzer v3.0 Performance Trends [302-4V] H s
File [engine] Calc HP[F2] Preferences Help[F1]
| Save Engine to Library I | Calculate Performance I | Quit I | Help I
" Engine Spegcs "Engine Summary
| Short Block I User Specified: 8 cyl, 4" bore # 3" stroke, 307.59 cid
\\ Uszer Specified: 1 1.78"int, 1 1.45" exh valves
Head(z] - . i
pression Ratioc 8.5 Total Chamber Yaolume: 82 4 cos
ffied: Dual Plane-carb(z] manifold
| Intake System I E00 CFM Carbis]
User Specified: S0 lined manifold,
| Exhaust System I Uszer Specified: 360 CFM Exhaust System
= User Specified: Mild Hyd Flat camshaft
| Cam/Nalvellian I Int 202 dur 116. C/L. Exh 202 dur 114. CAL @ 050 inches lit
| SR I Ma Turbo or Supercharger
| Running Conditions
" Help: " Comments:
Click here to see Head Spees like 1985 Production Ford 302 HO 2-bammetTart
sl Risia, bk s Factory rated at 270 ft/Ibs @ 3200 - 210 HP @ 4400
a[wd Flow Efficiency. Port Sizes, Specs reflect vehicle installation
ete.
+

302-4V is
name of
Engine
Specs
currently
being
worked with

Click here
to display
all engine
saved in
Engine
Library

Click here
to display
the menu
shown in

Figure 1.2

From this main menu, you can:

e Choose to review or modify any of the categories of Engine specifications displayed.

e Open or Save a file of complete Engine specifications by clicking on the Open or Save buttons (first 2 buttons on the left) or the
File menu item, then either Open or Save.

e Add, edit or review Engine comments to describe the Engine currently held in the program.

e (Calculate Engine performance from the options listed under Calculate Performance. From here you can specify calculation

options (barometric pressure, humidity, RPMs to run, etc.).
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, or click on the Quit button.

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

11
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.|
In the Main Screen’s blue title bar you will notice the current Engine is [302-4V]. The program has descriptions of Engines saved in
the Library right from Performance Trends. The current file from the Engine Library is called 302-4V.

To get started, let's examine (but not change) the various categories of specs. Click on a button for one of the categories like Engine,
Transmission, etc. A new menu will appear displaying the various specs and the current values for the 302-4V Engine. 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 Screen by clicking on OK or clicking on an area outside this menu.

Now click on the Calculate Performance button in the Main Screen to calculate performance for this 302-4V Engine. The next menu
will show you the Running Conditions menu as shown in Figure 1.2.

Figure 1.2, Running Conditions Menu

=-| Engine Analyzerv3.0 Performance Trends [302-4V] 'li
File [gl= Running Conditions |~
End| [ Test Conditions " Fuel Specs
lm C |FU'B| Type |Gaso|ine |£I -

|§3<‘z§<§ fras, "Hg |Fue| Octane [R+M)/2 /7
|§zz{<§§<¢ A Tomp, dog b ~ RPMs to Run

DI depl [ ] | Starting rM 1000

|§EZ§<W<§?%<>¥2, foat |—| |Numher T Im—l
RPM | t

|Coo|anl Temp. deg F 195 | ncremen 500

[FPM Preview: 1000, 1500. 2000, .... 5500 ]

" HNitrous Oxide Specs
I 'Starting Point' Suggestions

oy 1 oy "y e oy oy B A

System Type (Mo Mitrous Injecti *
| bk Ll B For Peak HP at this RPM 4000 _
[151 Stage HP Ratng - Click here to
4 Hage g I—I [For This IWunnm Len 10 lculat
E |'§ i Silags Dralne HPM ~ ga culate
— 'H no
= [Znd Stage Added P Zﬁfo'n arrow to select 2 standard setz of dyno y
Hel | = P eTT weather conditiong or to Use Conds Below whers you performance
Cli |&m§ Hlags Blatng BPH ~ can zet weather conditions. p 64 .
cal = shown in
e f
thel | Back I | Help I |Ealculale Per[mmancel Flgure 1 3

For now, leave all the Running Conditions as they are and click on the Calculate Performance button. This will start the program
calculating performance for the specifications of the 302-4V stored in the Engine Library with the Running Conditions currently
displayed. A progress bar graph shows how the calculations are progressing. The calculations may require several seconds on slower
computers.

12
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Figure 1.3 Calculated Results Results
Engine Analyzer v3.0 Performance Trends [ 302-4¥] r|= Summary
=| Back Graph Print View SendToVehProgram File Analyze Help[F1] *
] NolesI Motes Summany: Piston speed somewhat high, Pk Tg Awg /isk HF Awg
:@ @ Send Spark Knock, Click o Motes toretme—— Mew 268 238 ° 219 16] Summary of
2 /' |Cmnts Last 268 238 219 161 imoortant Notes
RPM 1500  [2000 [2500 (3000 3500 [4000 [4500 [5000 [5500 [6000 [+ p .
Brake Tq 240 753 262 268 268 264 255 (2?5 184 145 of Interest. Click
Brake HP 685 (965 125 153 178 20 219 714 193 166 on Notes button
Exh Pres 2 4 7 1.0 1.4 1.9 24 26 28 30 .
Int ¥acuum 2 4 b b b b b b b Ki for more |nf0.
Vol Eff % 71.2 (746 776 80,7 829 843 (850 (816 (767 727
Actual CFM 100 140 182 227 272 9 383 396 410 Tabul It
Fuel Flow 349 486 633 789 946 110 125 re2 abular results
A/F MixQal [994 1000 936 100.0 1000 100.0 100.0 [100.0 (1000 100.0 which change
BSFC 509 504 508 516 630 548 | 570 621 713 858 ; ;
with RPM, lik
BSAC 6726 6658 6702 6812 6998 7234 (7529 £202 (9409 11.230 t , 1IKE
Friction HP 2 15 23 ]l 41 54 68 86 109 136 dyno results.
Mach # 169 225 281 337 394 450 506 562 619 | 675
Piston Spd 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 ]
Piston Gs 124 221 345 497 676 3 1197 1379 1669 1986 Special Calc-
Overlap Z¥E -4 -3 -.2 -1 N -1 0.0 0.0 .0 .0 | ulatlon results
Int AvgVel 89 119 148 1 207 237 267 796 326 356 + .
<1 Which do not
—————— Valve Flow Calculations -------------—-—-———— —-Int-- --Exh-- || Change with
Overlap Area, Total Avq Flow Coef .231 -316 RPM. like idle
Total Exh{ £ 908.5 Lobe Area, inch=deg 19.82 19._82 ’ .
Lobe Separation, deg 115.8 Ulv Area, degxsq in  158.7 136.5 vacuum, dis-
Lobe Centerlins, deg 116.8 114.98 p|acement, etc.
*

The final results will appear in a table as in Figure 1.3. The rows are for various types of readings (Brk Tq, Brake HP, etc) which
occurred at the RPMs you requested in the Running Conditions menu.

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

If you look at these rows, you see a maximum or peak Brk Tq of 268 ft Ibs at 3000 and 3500 RPM, and a maximum or peak HP of
219 HP at 4500 RPM. If you look in the upper right corner you see a Summary of the Current and Last performance, including the
Avg Tq and Avg HP for these runs. Boy it sure is easier and cheaper than dyno testing!

The menu bar and the command buttons at the top of the screen shows some of the options for
various formats for data output:

e  Analyze will produce a report of performance and safety tips on the test results

e  Graph will produce various types of graphs. You can also compare the current results to results of the previous run, or some
other Baseline you have saved.

e  Print lets you print these results on your printer.

If you have a printer hooked up to your computer, try the Print command by clicking on Print in the menu bar or on the Printer button.
A small menu of printout options are presented. These options allow you to enter a report comment, include Engine specs and
comments in the printout, etc. These options are explained in Section 3.5. For this first time, accept the default settings and print the
report by clicking on Print Results.

13
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Figure 1.4, Calculated Results with Help Definition Click h
= Engine Analyzer v3.0 Performance Trends [ 302-4V] R ICK here or
= Back Graph Print View SendToVehProgram File Analyze HB1F[F1] > press the F1 key
‘;@ @ Send Nolesl Mates Summary: Piston speed somewhat high, PkTq &vg  PkHF Ava for general help
! . en Spark Knock. Click on Motes for details. Mew 268 236 219 161
' [ | Lt 268 23 213 181 on what your
RPM 1500 [2000 [2500 [3000 [3500 [4000 [4500 [5000 [5500 6000 |+ OF_’UonS_ are at
Brake Tq 240 253 262 268 268 264 255 225 184\ 145 this point in the
Brake HP 685 96.5 125 153 178 2m 219 214 193 166
Exh Pres 2 Defintt TResult 8 0 program.
Int Vacuum | 2 E i
Vol Eff % 1.3 6.7 ¥27 By C“Cklng ona
AotualCFM |100] Brake Tq = 184 at 5500 RPM 96 410 number in the
Fuel Flow 34 38 142
AZF Mix Qal gg_i Brake torque in ft Ibs at the flywheel p 72 00.0 1000 reSlljltS' ?_n d
BSFC 50 713 .58 explanation an
BSAC 6.74 [¥ou may may to click on the OK button twice or simply 409 11.330 definition is
Friction HP 9 press the <space bar> key. 09 136 given including a
Mach it .16 619 675 ’ .
Piston Spd___|750 750 | 3000 page number in
Piston G 124 669 1986 this manual for
Overlap Z¥E -4 1} 0 . .
Int Avg¥el 89 119 148 178 207 237 267 296 326 356 [+ more information.
0 Help is also
—————— Valve Flow & Cam Calculations ——M—-—--—--— —-Int— --Exh— [ H
Ouverlap fArea, sq in=deg .7 Total Avg Flow Coef .231 .316 a\_/all_able by
Total Exh/Int % 90.5 Lobe Area, inchxdeg 19.82 19.82 clicking on output
Lobe Separation, deg 115.8 Ulv Area, deg#sq in  158.7 136.5 H H _
Lobe Centerlins, deq 116.8 1148 In _SpeCIal ('?alcu
= lations section.

To help explain the other columns of output, simply click on those results. A definition of that particular data 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, Running 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 Screen. From the Main Screen you can modify the 302-4V
to see the effect on performance. For example you could go into any of the component menus and:

e Change to a different cam.
Install a turbo or supercharger.
Change weather conditions.

The beauty of the program is that it repeats exactly each time. This lets you find differences which would be “clouded” by changes in
weather conditions or test-to-test variability.

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 information.

Some of the Engine specifications have “Clc” buttons. One example is Dew Point in the Running Conditions menu. “Clc” stands for
"calculate". For example, if you want to calculate the Dew Point from wet and dry bulb readings, simply click on the Clc button. The
program will display a new menu listing the inputs and the Calc Dew Point from these inputs. For further explanation, click on the
Help buttons in these menus. To use the Calc Dew Point calculated from these inputs, click on the Use Calc Value button. Otherwise
click on Cancel to return to the Running Conditions menu with no change to Dew Point. Section 2.9, Calculation Menus explains all
these calculations.

Once you feel comfortable changing specifications in the various menus and making various performance calculations, read Section
3.4 of this manual called Engine Library to learn how to save a set of Engine 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.

14
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Chapter 2 Definitions

2.0 Basic Program Operation:

Figure 2.1 shows the Engine Analyzer’s Main Screen with explanations of your options here. Figure 2.2 shows the Head(s) Specs
menu with explanations of options for most component menus.

See Appendix S, 6 and 7 for new features on the Main Screen, including adding a picture file image.

Figure 2.1 Main Screen Options
Menu bar. Click here for “drop down”

menus of program options, some being
the same as the Command Buttons.

Buttons to display
individual menus
containing engine

specs. Name of current engine file

Engine Analyzer v3.0 Perdormance Trends [302-4V]

File [engife]  Calc HP[F2)  Preferences / Help[F1] Command
[ buttons to
| Engine,ﬁ_iblaly I | Save Engine to Library I/"Calculale Performance I | Quit I | Help I Save or Open
i En4ine Specs — | [Engine Summary an engine file,
I Short Block User Specified: 8 cyl. 4 bore 2 3" stroke, 301.59 cid Calculate
Head(s) User Specidigd: 1 1.78"int. 1 1.45" exh valves performancev
Compression lo: 8.5 Total Chamber Yolume: 82 4 cos etc_

User Specified:
Uszer Specified: 500 CF

Uszer Specified:  Streamlined mani
User Specified: 360 CFM Exhaust Sps

User Specified: Mild Hyd Flat camshaft This area gives
Int 202 dur 116, CAL, Exh 202 dur 114, C/L @& 050 inches it

Intake System e-carbls] manifold

E xhaust System

Cam/¥alve Train

T Mo Turbo or Supercharger a gen.er_al
description or
| Flu*ning Conditions I su mhmafrg;]o.rﬁ
| [ Comments: eacho e
";"0\’9. VB & ol "'?mt{f'ﬁ : 1985 Production Ford 302 HO 4 barrel carb + menus of
(SEETRIER) 18) 212 @RS [0 WA (Al Fact ted at 270 ft/lb: 3200 - 210 HP @ 4400 H
frame at the lower left corner. Szgc?sﬂ:;ﬁeect 3ehic|e inslzlglion = SpECS Wh'Ch
Click on 'Help' in menu line for
more detailey info on options. = make Up an
A\ .
‘\ D engine.

\_ Enter comments to describe engine

Click here to display Running Conditions (weather, fuel, nitrous, etc), and
then calculate performance.

Move mouse over an area and a description of the item is given here
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. _____________________________________________________________________________________________________________________________________________|

Figure 2.2 Explanation of Sections of Typical Menu
[. Name of specs. Click on them for a description in the menu’s help frame.

-

Help frame giving definition of spec and page # in manual for more info.

Drop down combo box. Click on down arrow button on the right
’_ side to pick from a list of possible choices for this spec.

Standard text entry box where you can type in the value of
the spec (which will be checked against acceptable limits).

Calculation button which opens up another
menu where you can calculate the value of
a spec from other inputs

" General Specs " Intake

Tyvpe g [Layout |'I walve & 1 port

*
[Valve Diameter. in 215 J
|Avg Port Diameter, in 204 EE
|Eomp[es ion Ratio 55 ClI |P|:|It Yolume, ccs 268 J
i)

3

[Chamber | ypical wedge

Col %al, cufn |42 93 Chamber ccs ||:"E|'lt Length. in L

Flow Efficiency. % 50.0 3

Help ; _

Click on the Hown arrow button to select to either use Exhaust
yaur own specs in thiz menu or to Pick an Example
zet of specs] If you have picked Example Specs, the
E=ample naJ e will appear here unlesz you change
zome of the Example zpecs.

|Layout |'I valve & 1 port

l"l.l"alve Diameter. in 1.

65
Flow Efficiency. % 50.0 (Erd
[Frint

| \ oK I | Help \I | Get Examp\le I | Save Example,l I
| N N | |
\_ Click here to close menu.
Click here to obtain 1 to several
screens of help to explain this menu.
Click here to display lists of examples of specs for this menu
Click here to save the appropriate current specs in this menu

as an example in the list of example specs.

Click here to print this menu.

Is the name of the example specs (if an example was used) or else called
something like “Use Specs Below” where specs are not from an example or are
modified from an example. Other options include “Let program estimate specs”.
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2.1 Preferences

See Appendix 5, 6, and 7 for many new Preferences which have been added.

Click on the Preferences item in the menu bar at the top of the Main Screen screen to drop down the Preferences shown in Figure 2.3.
Here you can adjust some program items to personalize the program for your needs.

Figure 2.3 Preferences Menu

Available from Main Screen
lyzer v3.0 Performance Trends [302-4¥]

RAE TR Help[F1]
Beginner User
+ Experienced User

E

+ Calc CCs from Dia when Port Len. Changes
Calc Dia from CCs when Port Len. Changes

+ Show Comparison when picking Examples
Don't Show Example Comparison

Set Default Test Pres. [currently 28.0")

Restart Displaying Help Tips

+ Don't Show Yalve Open{Close Events
Show Yalve Openf{Close Events
Int 202, dur 116 C/L, Exh 202 dur 114 CAL @ 050 inches lit

Beginner/Experienced User

If you select Beginner, the program will lock out or hide the more complicated features, make more checks on specs assuming you
could be making mistakes, and gives more explanation before an action is performed (assuming you may not be familiar with it). We
strongly recommend this choice to anyone new to computers or this program.

Calc CCs from Dia when Port Len Changes
Calc Dia from CCs when Port Len Changes

In the Head Specs menu, inputs are available for Average Port Diameter, Port Volume in CCs and Port Length which are all
mathematically related. If you change Port Length, either the Volume must change if the Diameter does not change, or the Diameter
must change if the Volume does not change. This option determines which assumption is made and which input (Diameter or
Volume) is changed when you change the Port Length.

Show Comparison when Picking Examples
Don’t Show Example Comparison

When you pick examples specs, the program can show a side by side comparison of the new Example specs versus the current specs
before the new Example specs are loaded. Selecting “Don’t Show Example Comparison” omits this step and saves time.
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Set Default Test Pressure (currently xx.x”)
For several calculation menus, flow bench test pressure is an input. The program automatically loads in the Default Test Pressure,

usually 28” water. If you consistently use a flow bench test pressure different than this Default Test Pressure, you can change it here
to most anything between 5-60” water. Click on this menu item and the program will ask you for a new Default Test Pressure.

Restart Displaying Help Tips

You will notice several tips displayed during running the program, many with a Check Box which says “Don’t Show This Again”.
Once you are aware of a tip, you do not want to be shown it again, so click on this check box to “X” it, then click on OK.

If you ever want to review a tip, click on this menu item, and all tips will be displayed again at the appropriate time in the program,
just as when the program was new, before you checked “Don’t Show This Again”.

Don’t Show Valve Open/Close Events
Show Valve Open/Close Events

Asking to Show Valve Open/Close Events tells the program to show and update valve opening and closing events in the Cam/Valve
Train menu. You can also then enter Opening and Closing events and have the Duration and Centerline determined from these inputs.

Asking to Don’t Show Valve Open/Close Events simplifies the Cam/Valve Train menu for many users.
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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 # of Cylinders, you can immediately see the effect on cylinder displacement, total engine displacement, and clearance
volume (assuming Compression Ratio stays fixed).

Figure 2.4 Short Block Menu Click here (or on the Pick Example

Engine Size Specs button below) to pick an example, or
choose Use Specs Below and type in
you own Short Block specs.

Calculated Engine Volumes and Ratios

Short Block Specs

"fShort Block . Qalculated Specs

Type
301,59 434371 4943 g power

Bore, 1 C
| - |4—| .R. 2.50 2.50 260 loss itemd
|5lmke, in E @/ Chamber Volume  5.03 824 0.032

[t of Cylinders |3 | BoresStroke Batio  1.333
Rod/Strake Ratic 1,800

[Rod Length. in A0 P Help

Tl CC Liter Specs
770 G179 0E18 describin

| Losses Help - sec‘uo_n
- - Click. ar the i arrow button to select describ-
L‘B‘CCE“D"’q Cluteh fan and praduction water pump |EI bo eithier usE your own specs in this menu ing item
or to Pick an Example zet of specs. If pau g
|Crankcase |T_l,lpic:a| Windage |£I have picked Example 5pecs, the Example Cu rrently
name will appear here unless you change bein
|Pistonz/Bearings |F'rc-duc:ti-:n design |£| zome of the Example specs. ) g
high-
| oK I | Help I | Get Example I | Save Example I | Print I Ilghted'

Type

This combo lets you describe the source of the specs used in this menu:
*  You can select the Use Specs Below and enter in most any combination of Short Block Specs.
®  You can pick the Pick an Example to be presented with a list of Example Short Block Specs, much the same as clicking on
the Get Example button. It will then display the name of the Example Short Block specs you have picked.

The Type you choose has a large effect on how this menu looks. If you choose Use Specs Below, all specs will be printed in black,
and you can change them to most any number you want. If you have chosen an example, the specs which relate directly to the
example will be displayed in blue (or hidden if you are in Beginner User mode).

Should you choose to change any of these blue specs, a notice is given that changing any spec related to the example will change the

Type from the example name to the general name of Use Specs Below. The example name is a handy reminder of what the specs in
this menu represent, so you may not want to change any of these blue spec settings.

Bore, inches

The diameter of the cylinder measured in inches. Click on the Clc button to calculate a Bore to produce a certain Cubic Inches for a
given Stroke and # of Cylinders. See Section 2.9.1.
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Stroke, inches

The distance the piston travels from TDC (top dead center) to BDC (bottom dead center) measured in inches. Click on the Clc button
to calculate a Stroke to produce a certain Cubic Inches for a given Bore and # of Cylinders. See Section 2.9.2.

# Of Cylinders

The number of cylinders for the engine. For example, for a V-8 this number is 8, for a single cylinder engine this number would be
L.

Figure 2.5 lllustration of Rod Length, in

Rod Length, in

The distance from the center of the wrist pin bore to the m

center of the crank journal bore measured in inches. This + \_l_:j/‘

spec is not used in Beginner User mode as it has a small
effect on performance.

Accessories

Front end accessories "rob" the engine of significant power <<—— Con Rod Length —>
which could otherwise be used to power the vehicle. Click
on the down arrow button of this combo box to pick the
description of the accessories on your engine. Generally, the further down the list you go, the more or larger accessories that are
assumed and the more power “robbed” from the final brake torque and HP numbers.

Crankcase

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.

e  Dry sump systems where the crankcase is evacuated to a low crankcase pressure (over 10” mercury vacuum).

Pistons/Bearings

Piston and bearing size and design have a large impact on internal engine friction. Engine friction also robs power from appearing at
the flywheel, especially at high RPM. Generally, the smaller the bearings in width and diameter, the smaller the piston skirt, and the
smaller and lower tension the piston rings, the lower the friction. However, small skirts and bearings will likely have reduced
durability and reliability.

The program makes no assessment of the safety or reliability of a particular
combination. This must be decided by an experienced engine builder and the
part’s manufacturers.
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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.

See Appendix 5, 6, and 7 for new features, including new Plus version features.

Figure 2.7 Cylinder Head(s) Menu

" General Specs " Intake

Layout |'I valve & 1 port

alve Diameter, in
Chamber |T_I,I|:|i|:al Wedge v

|Avg Port Diameter. in

|Eumpressiun Ratio g5 |F‘urt Yolume, ccs
Cyl*al, cuinf37.70 Chamber ces[a24 | Port Length, in

|Fluw Efficiency, %

" Help . _
Click on the down arrow button to select to either uze Exhaust
poLr ok specs in thiz menu or to Pick an Example
zet of specz. |f vou have picked Example Specs, the |LE'-‘"":""'t |'I walve & 1 port
E=ample name will appear here unless you change
zome of the Example specs.

['qu'alve Diameter, in

|Fluw Efficiency, %

| Get Example | Save Example

General Specs:
Type

This combo lets you describe the source of the specs used in this menu:
e You can select the Use Specs Below and enter in most any combination of Head Specs.
e  You can pick the Pick an Example to be presented with a list of Example Head Specs, much the same as clicking on the Get
Example button. It will then display the name of the Example Head specs you have picked

The Type you choose has a large effect on how this menu looks. If you choose Use Specs Below, all specs will be printed in black,
and you can change them to most any number you want. If you have chosen an example, the specs which relate directly to the
example will be displayed in blue (or hidden if you are in Beginner User mode).

Should you choose to change any of these blue specs, a notice is given that changing any spec related to the example will change the

Type from the example name to the general name of Use Specs Below. The example name is a handy reminder of what the specs in
this menu represent, so you may not want to change any of these blue spec settings.
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Chamber

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

This spec does NOT affect flow as that is described by the Flow Efficiency data described later.

Table 2.1 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

designs listed above it has 2 spark plugs which fire at approximately the same time but

at different locations in the 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 2.9.3 for calculating Compression Ratio from clearance volume, piston dome
volume, deck height and gasket thickness.

Cyl Vol, cu in
This is the cylinder volume in cubic inches calculated from the current Short Block Specs. This value is displayed for your

information to see how Compression Ratio is calculated and can not be changed here directly, but only by changing the Short Block
specs.
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Chamber ccs
This is the volume of the total combustion chamber (head chamber, piston dish or dome, gasket thickness volume, etc. This value is

displayed for your information and is calculated from the current cylinder volume and Compression Ratio, and can be changed here
directly.

Intake Port Specs:
Layout

Identifies if there are 1 or 2 intake valves per cylinder and how many ports there are for this number of intake valves. If 2 valves are
specified, both valves are assumed to be equal size and opened exactly the same. If 2 ports are specified, the program also assumes

the intake manifold has the same number of runners. Therefore, if you have 2 valves per cylinder, and the ports from these valves
siamese (run into each other) in the head or right after the head, specify the number of ports as 1.

Valve Diameter, in

Is the outside (largest) diameter of the head of the intake valve(s) in inches. This is not throat area.

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 you know port CCs, enter it in the spec below, first making sure the Port Length is accurate.

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, this is the diameter of only 1 of these ports. These ports are
assumed to be the same length and diameter.

Port Volume, CCs

Is the volume of the intake port in CCs (cubic centimeters). This value can be input directly (then the Avg Port Diameter changes to
match this volume and the Port Length spec). Also, if you enter or change the Avg Port Diameter, this value will be calculated based
on that diameter and the current Port Length spec.

If you set the number of ports to 2, this is the Volume of only 1 of these ports. These ports are assumed to be the same length and
Volume.

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.
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Flow Efficiency, %

The flow capacity of the heads can be described by a combination of the valve area (diameter) and the Flow Efficiency. 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 efficiencies can be calculated.

As valve lift increases, the valve opening area (curtain area) increases, flow increases and the flow efficiency changes somewhat. See
Figures 2.8. 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. Additional valve lift gives no increase in valve area, although
flow may still increase somewhat.

The flow efficiency at a valve lift of L/D=1/4 (ratio of valve lift to valve diameter) is the one which the Engine Analyzer uses to
estimate the valve's entire flow curve. Flow efficiencies at L/D=1/4 can vary from 20% for a restrictive port/valve up to 75-80% for
the best, latest racing technology.

It is best to have flow bench data for the cylinder heads being used to calculate the Flow Efficiency as shown in Section 2.9.5. The
next best estimate of Flow Efficiency is by picking an Example Head.

If you can not find your head or a similar head in these Examples, use Table 2.2 for a general idea for estimating Flow Efficiency.
You can also obtain estimates in the program similar to Table 2.2 by clicking on the Clc button, then answering No that you do not
have flow bench data. You will be presented with a list of simple descriptions of ports with typical Flow Efficiencies for you to pick
from.

Table 2.2: Estimate Intake Flow Efficiency
Description (years engine was designed) Flow Effcy
1930s and 1940s Production, domestic Flatheads 20-25%
1930s and 1940s ported production Flatheads 25-30%
1930s and 1940s racing Flatheads 30-40%
1950s production, domestic OHV 25-35%
1950s ported production OHV 35-45%
1950s racing OHV 40-45%
1960s and 1970s production, domestic OHV 35-40%
1960s and 1970s ported production OHV 40-45%
1960s and 1970s racing OHV 45-60%
1960s and 1970s production, domestic OHC 40-45%
1960s and 1970s ported production OHC 45-50%
1960s and 1970s racing OHC 50-65%
1980s production, domestic OHV 42-47%
1980s ported production OHV 47-52%
1980s racing OHV 52-70%
1980s production, domestic OHC 45-50%
1980s ported production OHC 50-55%
1980s racing OHC 55-72%
1990s production, domestic OHV 45-50%
1990s ported production OHV 50-55%
1990s racing OHV 55-72%
1990s production, domestic OHC 47-52%
1990s ported production OHC 52-57%
1990s racing OHC 57-75%
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Table 2.3: Examples of Valve Flow Efficiency
Description & Source Int Exh
Flow Valve| Flow Valve
Effcy% Dia Effcy% Dia
Stock "461" SB Chevy, Hot Rod 3/88 439 2.02 | 41.0 1.60
Stock "993" SB Chevy Open Chmbr, Vizard * 449 194 | 389 1.60
Stock "186" SB Chevy Clsd Chmbr, Vizard * 42.3] 194 46.6 | 1.50
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 53.8 202 | 546 1.60
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 Iron. Oval Port, PrfTrns 479 219 | 445 1.88
Portd Dart Alum 360 BB Chev, Sonny's Racing 574 230 | 56.1 1.90
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 56.1 1.94 63.7 | 1.60
Stock 1970 351W SB Ford, C.1., SprFrd 8/89 442 184 397 | 1.54
Portd 70 Boss 302 Trans Am, Perf Trends 51.0 219 | 440 1.7
Briggs & Stratton, 5 HP, Perf Trends 245 112 | 294 .99
Pont RamAir Ill Stock, HP Pont 4/91 (adj) ** 409 211 | 395 177
Stock Mopar 360A, P4529589, Hot Rod 11/91 418 2.02 | 482 1.60
Stock Mopar 440B, 452, Perf Trends 429 2.08 | 413 1.74
Light Portd Mopar 440B, 452, Perf Trends 465 214 | 517 1.74
Stock Mopar 440B, 240618, Perf Trends 53.7 208 | 47.1 1.88
426 Hemi Ported, SS&DI 6/81 60. 2.25 | 56. 1.94
1600 cc VW Stock Dual Port, Novak & Ass. 4821 140 38,5 | 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 | 50.7 1.50
* How to Build & Modify Chevrolet Small Block V-8 cylinder Heads, David Vizard, Motorbooks
International, 1991.
ok Adjusted down to match other sources of stock Pontiac flow data

Many additional heads are loaded in the cylinder Head(s) Examples. If you have flow bench data at approximately L/D=.25 , click on
the Clc button to calculate Flow Efficiency as described in Section 2.9.5.

Note:
The total flow potential of a port depends not only on the flow efficiency, but also on the number of valves per cylinder and the valve

diameter. A very good Flow Efficiency (at L/D=.25) of say 60 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 2.7.
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Figure 2.7 lllustration of Valve Size (Diameter), Flow Efficiency, and Effect
of Flow Bench Air Flow and Engine HP Potential

Large Valve, 2” Dia Larve Valve, 2” Dia Small Valve, 1” Dia
Large Flow Effcy, 60% Small Flow Effcy, 30% Large Flow Effcy, 60%
Bench Flow = 280 CFM Bench Flow = 140 CFM Bench Flow =70 CFM
HP Potential = 600 HP Potential = 380 HP Potential = 270

Lok

Important: Plus version adds the ability to include a full flow curve.

Exhaust Port Specs:
Layout

See Layout in Intake Port Specs earlier in this chapter.

Valve Diameter, in

See Valve Diameter in Intake Port Specs earlier in this chapter.

Flow Efficiency, %

See Flow Efficiency in Intake Port Specs earlier in this chapter.

Note: Generally, exhaust valves have better Flow Efficiencies, by about 5%. This does not mean the exhaust flows more air, because
the exhaust valve is generally smaller. It means the exhaust flows better for the size valve it is. This may be because the exhaust

flows out of the cylinder or because the smaller valve is less shrouded by the bore.

Important: Plus version adds the ability to include a full flow curve.
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2.4 Intake System

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

See Appendixes 5 and 6 for new features added in v3.2 and v3.4.

Manifold Specs (x runner/cyl)

Figure 2.8 Intake System Menu

" Manifold Specz [ 1 unnerfcyll] — | [ Carburetor[s]

|T}'PE |L|$e Specs Below

|£|
(CFM Rating 600
*

l"lul"at:uum Secondanes ez

Manifold Type |Dual Plare-carb(z)

|H unner Diameter, in

" Help .
Click on down amow button to either let program

estimate typical specs, to use your own specs, o to
|Fluw Efficiency, % Pick an Example zet of Intake Manifold zpecz. [ pou
hawve picked Example Specsz, the Example name will

|Intake Heat Prod [full] Heat ,,I appear here unlezs pou change same Example

IpECE.

|H unner Length, in

1] 4 I | Help I | Get Example I |Eave Examplel | Print

The "x runner/cyl" depends on the current value of Layout choice under Intake Port specs in the Head(s) menu. If x=2, then the
Manifold Spec of Runner Diameter describe only 1 of the 2 intake manifold runners for each cylinder.

Type

This combo lets you describe the source of the specs used in this menu:
*  You can select a general type of manifold and the program will estimate the specs. This is useful when you can not find an
Example close to your engine and you do not know your manifold’s specs.
e  You can select the Use Specs Below and enter in most any combination of Manifold Specs.
e You can select the Pick an Example to be presented with a list of Example Manifold Specs, much the same as clicking on the
Get Example button. It will then display the name of the Example Manifold specs you have selected.

The Type you choose has a large effect on how the Manifold section of this menu looks. If you choose one of the Typical manifolds,
all Manifold specs will be disabled (printed in gray) and you can not change them. If you choose Use Specs Below, all specs will be
printed in black, and you can change them to most any number you want. If you have chosen an example, the specs which relate
directly to the example will be displayed in blue. In Beginner User mode, disabled specs or specs printed in blue are hidden.

Should you choose to change any of these blue specs, a notice is given that changing any spec related to the example will change the

Type from the example name to the general name of Use Specs Below. The example name is a handy reminder of what the specs in
this menu represent, so you may not want to change any of these blue spec settings.
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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

Engine Analyzer

Chapter 2 Definitions

percent of the carburetor or throttle body is available to each individual cylinder and the type and strength of the intake tuning effects.

Table 2.4 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 4.2. 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 4.2. 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. Single plane intakes on engines with 2-4
cylinders also exhibit "secondary" or low speed tuning effects. See
Appendix 3 and Example 4.2. 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 "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 4.2. 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.
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Runner Diameter, in

Identifies the effective, average inside diameter of the intake manifold runner(s). If the runners are oval or rectangular or you know
the runner volume and length, click on the Clc button as described in section 2.9.4, to calculate the effective average diameter.

The program assumes the same number of intake manifold runners per cylinder as you specify in the Layout in the cylinder Head(s)
menu. The Runner Diameter 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.

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.

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.

Flow Efficiency

Is similar to the Flow Efficiency 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 2.10.

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 Flow Efficiency of 100%, indicating virtually no restriction due

to the manifold Fig 2.9 lllustration of Restriction Level vs Runner Flow Efficiency design. Use Table 2.5 to
estimate the Runner Flow Effcy.
High
Level of
Restriction

Or Power Loss

Low

0 60 70 80 90 100
Flow Efficiency
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Table 2.5 Estimates of Runner Flow Efficiency

Manifold Description Est Flow Efficiency, %
Production, carbureted manifolds 60 to 75%

Production manifolds for individual cylinder fuel injection 65 to 85%
Aftermarket, dual plane intake manifolds 70 to 95%
Aftermarket, single plane, “X” type or “tunnel ram” manifolds 85 to 100

Race single plane (sheet metal, custom design) 100%

Runner Flow Efficiency is different from Valve Flow Efficiency in that Runner Flow Efficiency has a very "non-linear" relationship
to restriction. This means that the difference in restriction between flow efficiencies of 60% to 70% is much greater than the
difference between 90% to 100%. Figure 2.9 shows that most change in restriction level occurs between Runner Flow Efficiencies of
60 to 80%, and that a Flow Efficiency less than 60% is very unusual.

Runner Flow Efficiency not only affects flow restriction, but has a strong influence on intake tuning. See Appendix 3 and Example
4.6.

See Section 2.9.6 for how to calculate Runner Flow Efficiency from flow bench data by clicking on the Clc button. Even if you do
not have flow bench data, review Section 2.9.6 for an understanding of how the flow capacity of the head’s ports relate to the intake

manifold’s Runner Flow Efficiency.

You can also click on the Clc button to pick typical examples of Flow Efficiency from a list.

Figure 2.10 lllustration of Runner Diameter, Runner Flow Efficiency, 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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Intake Heat

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 2.6 Descriptions of Intake Heat Ratings

Description Type of Intake Heat
Production carbureted manifolds heated by exhaust gas and/or engine | Prod (full heat)
coolant.

Production individual cylinder fuel injection manifolds or carbureted Reduced Heat
manifolds with blocked exhaust crossover.

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

individual stacks; manifolds which have no coolant passages, exhaust

crossover, and are insulated or isolated from the lifter valley.

Carburetor(s)
Throttle Body(s)

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

Type

This combo lets you describe the source of the specs used in this menu:
®  You can select the Use Specs Below and enter in most any combination of Carburetor or Throttle Body Specs.
e You can pick the Pick an Example to be presented with a list of Example Carburetor or Throttle Body Specs, much the same
as clicking on the Get Example button. It will then display the name of the Example Carburetor or Throttle Body specs you
have picked

The Type you choose has a large effect on how the Carburetor or Throttle Body section of this menu looks. If you choose Use Specs
Below, all specs will be printed in black, and you can change them to most any number you want. If you have chosen an example, the
specs which relate directly to the example will be displayed in blue (or hidden if you are in Beginner User mode).

Should you choose to change any of these blue specs, a notice is given that changing any spec related to the example will change the

Type from the example name to the general name of Use Specs Below. The example name is a handy reminder of what the specs in
this menu represent, so you may not want to change any of these blue spec settings.
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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 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 2.9.7 on these options.

Secondary Throttles

This Yes or No combo box identifies if the carburetor has additional air flow capability at high air flow demands. Select Yes or No as
follows:

No If there are no secondary throttles, pick No.

No 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 No.

Yes  If'there are throttle openings which are not completely open, but which open "on demand"
when engine air flow requirements increase, pick Yes.

This spec can affect power due to increased carburetor restriction until the secondaries open, but improve power at lower RPM due to
improved A/F Mixture Quality. This spec is disabled if you have specified a Fuel Injected Manifold Type.
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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.

Figure 2.11, Exhaust System Menu

Exhaust Specs

" Header Specs [ 1 unnerfcyll] | [ Exhaust System

Type |L|$e Specs Below |£I Type |L|se Fiestriction Spec Below |£I

Tube Headers E |E:ch Sypztem CFM Rating |3E|]
Primary Diameter. in 1.5 | -
| " Help

|Plimﬂl_',l Length. in q Click on down arraw to pick a design of header

ifald. p 35
Flow Efficiency, % 66.7 |Cig or manifold. p
|Eullet:tur Length. in |25—|

oK I | Help I | Get Example I | Save Example I | Print

Header Specs (x runner/cyl):

The "x runner/cyl" depends on the current value of # Ports specified by Exhaust Port Layout in the Head(s) menu. If x=2, then the
Header Specs of Inside Diameter and Total Length describe only 1 of the 2 exhaust header or manifold runners for each cylinder.

Type

This combo lets you describe the source of the specs used in this menu:
e You can select the Use Specs Below and enter in most any combination of Header Specs.
e You can pick the Pick an Example to be presented with a list of Example Header Specs, much the same as clicking on the
Get Example button. The program will then display the name of the Example Header specs you have picked

The Type you choose has a large effect on how the Header section of this menu looks. If you choose Use Specs Below, all specs will
be printed in black, and you can change them to most any number you want. If you have chosen an example, the specs which relate
directly to the example will be displayed in blue (or hidden if you are in Beginner User mode).

Should you choose to change any of these blue specs, a notice is given that changing any spec related to the example will change the
Type from the example name to the general name of Use Specs Below. The example name is a handy reminder of what the specs in
this menu represent, so you may not want to change any of these blue spec settings.

Design
This combo box lets you pick the general design of the exhaust header:

*  Tube headers, where each cylinder’s exhaust port connect to fairly smooth tube headers, which smoothly merge with other
cylinders in a collector.
Log Manifold, where each exhaust port dumps into a common manifold with very short runners, usually less than 1" long.
Streamlined Manifold, where each exhaust port dumps into a common manifold, but the runners are designed to smoothly route
the exhaust away, and try to prevent exhaust from 1 cylinder traveling up the port to another cylinder.

*  Zoomies are just like tube headers, except there is no collector, each cylinder empties into an individual pipe which does not
connect to another cylinder.
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Primary Diameter, in

Is the average inside diameter of the header primary. 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

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.

Primary 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.

Production headers for performance engines generally have runners in the 12-24 inch range. Aftermarket headers generally have a
length of 20-40 inches.

Flow Efficiency

Is similar to the Runner Flow Efficiency discussed in the Intake System section. Runner Flow Efficiency affects flow restriction and
exhaust tuning.

See Section 2.9.6 for how to calculate Runner Flow Efficiency. Even if you do not have flow bench data, review Section 2.9.6 for an

understanding of how the Valve and Runner Flow Efficiencies relate to each other. If you do not have flow data, use Table 2.7 to
estimate the Runner Flow Efficiency for typical exhaust manifolds and headers.

Table 2.7, Estimate Exhaust Runner Flow Efficiency

Description Flow Efficiency %

Aftermarket, “street” headers (typically more bends to clear frame, 65 - 90%
provide for easy installation, etc.)

Aftermarket, “race” headers (designed primarily for low restriction, good | 75 - 95%
tuning characteristics)

Collector Length

Is the length of the collector on the Tube Headers from the end of the primary pipes at the beginning of the collector to the end of the
collector where it opens to atmosphere or dumps into a muffler. If you have selected a Design other than Tube Headers, this spec is
disabled and not used in the calculations.
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Exhaust System

Type

This combo lets you describe the source of the specs used in this menu:
e You can specify Open Headers or No Exhaust System
e You can select the Use Restriction Spec Below and enter in most any Exhaust System CFM Rating.
e You can pick the Pick an Example to be presented with a list of Example Exhaust System Specs, much the same as clicking
on the Get Example button. It will then display the name of the Example Exhaust System specs you have picked

The Type you choose has a large effect on how the Exhaust System section of this menu looks. If you choose Use Specs Below, all
specs will be printed in black, and you can change them to most any number you want. If you have chosen an example, the specs
which relate directly to the example will be displayed in blue (or hidden if you are in Beginner User mode).

Should you choose to change any of these blue specs, a notice is given that changing any spec related to the example will change the

Type from the example name to the general name of Use Specs Below. The example name is a handy reminder of what the specs in
this menu represent, so you may not want to change any of these blue spec settings.

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":

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

CFM@204’ = CFM@XX x | 204
XX

Where XXis the actual test pressure in inches of water

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 * /Z-M =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 2.8 to estimate the CFM Rating or click on the Clc button to calculate CFM as explained in
Section 2.9.8.
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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 described in Table 2.8:

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 Engine Analyzer, 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.

Table 2.8, 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

Definitions for Table 2.8:

Quiet is a production exhaust system for a family sedan or luxury sedan where a "throaty" engine roar is undesirable.
Sporty is a production exhaust system for performance/sports cars.

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

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

36



(C) Performance Trends Inc 1998 Engine Analyzer

2.6 Cam/Valve Train

Chapter 2 Definitions

The Cam/Valve Train specs describe the opening and closing of the valves, cam profile shape and valve train design.

See Appendixes 5 and 6 for MANY new features added in v3.2 and v3.4, and which can be added with Plus version.

Figure 2.12, Cam/Valve Train Menu

Cam/¥alve Train

General Cam Specs
|T otal Cam Advance |1.0Retard

T g Specs in thiz Men = =
Ll |z Specs in this Menu E Lifter (profile] Type |Mild Hyd Flat |£|

||-i“ for Rating Events |.EIEEI inches |£I rlul"ahre Train |F'ushr|:n:| w Fackidrm [pr-:n:lu|£|

" Intake " Exhaust
|Eenterline, deg ATDC |Eenterline, deg BTDC 114.
|Duratiun @ 050 * i |Duratiun @ _050 ™ 202.

Open @ 050 *, BTDC Open @ 050 *, BBDC |35

|E|DSE @ 050 ", ABDC |E|DSE @ 050 ", ATDC

|HEIH Lobe Lift, in |HEIH Lobe Lift, in

sl ot Yabvs, in

|H ocker Arm Hatio

—y
-

-]

sl ot Yabvs, in

|H ocker Arm Hatio

" Help
Click on the down arrow button to select to
either use your own gpecs in this menu or to
- Fick an Example zet of specs. |f you have
||"'“'|“3 Grosz Valve Lift, in -448 picked Example Specs, the Example name will
- appear here unlezs you change zome of the
|Exhaust Grozz Yalve Lift, in | 448 Example specs.

" Calculated Cam Specs

BT

|Luhe Separation

114 I | Help I | Get Example I |Save Euamplel | Print

Valve Open/Close Events” checked. Checking the Preference “Don’t Show
Valve Open/Close Events” greatly simplifies this menu. See page 14.

This screen shows the full Cam/Valve Train menu with the Preference “Show
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Cam and valve train specifications are critical to engine performance; therefore reliable information is necessary. It is recommended
that you use specifications given by the cam grinder or engine manufacturer. Actual measurements of cam 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.

Figure 2.13 Engine Analyzer Cam Profile Definitions

Typical Exhaust Lobe

Max Lobe Lift Lobe Separation
is Cam Degrees ___
from this Lobe

Centerline to

Base Circle Intake Centerline
. * Lash at Tappet
Lobe Centerline
Opening Closing
Events Events

.050” Tappet Lift oo L
.040” Tappet Lift [T

. € ” —> :
o Dur at 040 _Dur. at .050 i T
<4—Adv. Dur. >

<

* Lash at Tappet is Lash at Valve divided by Rocker Arm Ratio. Lash at Tappet is
shown only to illustrate lash in general. Lash at Tappet is not used in program or
engine builders because it is difficult to measure.

Important: The Cam/Valve Train menu updates all specs as you change other specs.
For example, if you change a centerline, the Total Cam Advance number changes
to reflect the new centerline.

General Cam Specs
Type

This combo lets you describe the source of the specs used in this menu:
®  You can select the Use Specs in this Menu and enter in most any combination of Cam or Valve Train specs.
®  You can pick the Pick an Example to be presented with a list of Example Cam Specs, much the same as clicking on the Get
Example button. It will then display the name of the Example Cam specs you have picked

The Type you choose has a large effect on how this menu looks. If you choose Use Specs Below, all specs will be printed in black,
and you can change them to most any number you want. If you have chosen an example, the specs which relate directly to the
example will be displayed in blue (or hidden if you are in Beginner User mode).

Should you choose to change any of these blue specs, a notice is given that changing any spec related to the example will change the

Type from the example name to the general name of Use Specs Below. The example name is a handy reminder of what the specs in
this menu represent, so you may not want to change any of these blue spec settings.
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Lift for Rating Events

You can pick the lift from base circle at which cam events are rated from the following:
e .050" which was the method used by all our previous Engine Analyzers, and is the way used by most cam grinders for
American aftermarket and racing cams.
e .040" or Imm which is a common metric method used for motorcycles and foreign cams.
e Seat Timing which is commonly used for Advertised Duration by American cam grinders.

Be sure you are using the correct one, as this will create large errors in the results if you are not.

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 DOS versions of Engine Analyzer 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.

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 and whether hydraulic lifter pump up is
possible. The other choices simply determine differences in the steepness of the profile 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.

Valve Train

This combo box lets you pick a general description of the Valve Train. This gives the program some idea of the spring loads and
design which can effect engine friction, and the weights, stiffness and spring rates which effect when the valve train will go into
Valve Toss for mechanical lifters or Lifter Pump Up for hydraulic lifters.

These problems also depends strongly on the steepness of the cam profile, the amount of valve lift (Lobe Lift x Rocker Arm Ratio) for

the amount of duration.. High lift with low duration indicates a very steep or aggressive profile. The outputs of Valve Toss and
Lifter Pump Up are displayed in the output to let you see when problems occur.
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Intake

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.

Duration @ xxx

Is the number of crank degrees where the tappet is lifted to the tappet lift specified as the Lift for Rating Events in the General Cam
Specs section above base circle.

Opening @ xxx

Identifies crankshaft degrees before top dead center where the tappet has been lifted to the Rated Tappet Lift above base circle Base
Circle on the opening ramp. (Rated Tappet Lift is specified in the General Cam Specs section.) 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, if it is reported as

4 degrees after top dead center, enter -4.

This spec is not displayed if you have checked the Preference “Don’t Show Valve Open/Close Events”. See Pages 13-14.

Closing @ xxx

Identifies crankshaft degrees before top dead center where the tappet has been lowered to the Rated Tappet Lift above base circle
Base Circle on the closing ramp. (Rated Tappet Lift is specified in the General Cam Specs section.) 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, if it is reported as 4
degrees before bottom dead center, enter -4.

This spec is not displayed if you have checked the Preference “Don’t Show Valve Open/Close Events”. See Pages 13-14.

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 by clicking
on the Clc button to open up a Calculation Menu. See Section 2.9.9.

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: The Engine Analyzer assumes the lash you enter here is the lash the cam was designed for. You need the Pro version to set a
lash different than what the cam was designed for.
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Rocker Arm Ratio

Identifies the ratio between tappet lift and valve lift. Generally rocker arm ratios vary between 1.3 to 2.0. For valve trains with no
rocker arms, for example overhead cam systems with directing acting tappets, enter 1. See Figure 2.14. The Pro assumes the ratio is
constant although actual rocker arm ratios vary slightly with valve lift.

Figure 2.14, Various Valve Train Designs & Estimated Rocker Arm Ratios
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Max Lobe Lift, in
Actual Lash @ Valve, in
Rocker Arm Ratio

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

Calculated Cam Specs

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. This number is calculated from other specs in this menu and can not be entered directly.

Gross Intake Valve Lift, in

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, sometimes called
Advertised Lift. This number is calculated from other specs in this menu and can not be entered directly.

Note: If you are not using (specifying in the program) the same Rocker Arm Ratios as what the cam grinder is
assuming, this number will not match the cam grinder’s catalog or advertised lift.

Gross Exhaust Valve Lift, in

See Gross Intake Valve Lift above.
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2.7 Supercharger

See Appendixes 5, 6, and 7 for new features added in v3.2, v3.4 A, and 3.4 B.

The Supercharger specs describe the turbocharger or supercharger installed, if any.

Figure 2.15, Supercharger/Turbocharger Menu
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This combo tells the program if any supercharger is installed, and if so, what type.
e No Supercharger
e  Turbocharger
e Roots Supercharger
e  Centrifugal Supercharger

Depending on your choice, various sections of this menu will be enabled or disabled (hidden or shown in Beginner User mode).
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Turbocharger

Select Turbocharger from the Design Type combo box in the upper left corner 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. This will enable or display the Turbocharger Specs section of this menu.

Turbocharger Specs
These specs describe the size and efficiency of the turbocharger's compressor and exhaust driven turbine.

The size and performance of the turbocharger's compressor can be obtained from a compressor "map", which are available from 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 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 Nozzle size 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.

Figure 2.16, Definitions of Turbocharger Specs from
Typical Compressor Performance Map
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Type

This combo lets you describe the source of the specs used in this section:
* You can select a general type of turbocharger and the program will estimate the specs. This is useful when you can not find
an Example close to your turbo and you do not know your turbo’s specs.
e You can select the Use Specs Below and enter in most any combination of Turbo Specs.
e  You can pick the Pick an Example to be presented with a list of Example Turbo Specs, much the same as clicking on the Get
Example button. It will then display the name of the Example Turbo specs you have picked

The Type you choose has a large effect on how the Turbo section of this menu looks. If you choose one of the Typical turbos, all
Turbo specs will be disabled (printed in gray) and you can not change them. If you choose Use Specs Below, all specs will be printed
in black, and you can change them to most any number you want. If you have chosen an example, the specs which relate directly to
the example will be displayed in blue. In Beginner User mode, disabled specs or specs printed in blue are hidden.

Should you choose to change any of these blue specs, a notice is given that changing any spec related to the example will change the

Type from the example name to the general name of Use Specs Below. The example name is a handy reminder of what the specs in
this menu represent, so you may not want to change any of these blue spec settings.

Peak Efficiency, %
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%. This combo box lets you pick a general rating. If you do not have a compressor map, pick
70% or pick an Example Turbocharger.

CFM at Peak Efficiency

Is the CFM where peak efficiency occurs. CFM is usually the horizontal "X" scale of a compressor map.

If you do not have a compressor map, estimate Island CFM from your engine's displacement and application as in Table 2.9 or pick
one from the Turbocharger Library.

Table 2.9 Estimate Peak Efficiency CFM

Engine CID Application CFM at Peak Efficiency Number of Turbos
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

Pres Ratio at Pk Effcy

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 Examples.
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Turbine Nozzle

This combo box lets you pick a general description of the exhaust turbine's minimum flow area or nozzle. This spec determines when
the compressor will start to produce boost, the smaller the nozzle, and the earlier (lower the RPM) the boost comes on.

Safety Note: Although the Engine Analyzer 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 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.

Wastegate Limit, PSI

If turbocharger conditions are such that it delivers boost greater than this specified level, the Engine Analyzer 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 Wastegate Limit to the pressure the wastegate is
designed to control boost to.

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 Running Conditions menu with no change in boost pressure. See Table 2.10 for definitions of the various ratings.

Note: If the compressed air’s temperature has increaded more than 300 degrees above ambient, the intercooler’s effectiveness drops.
This is to more realistically simulate real intercoolers.
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Table 2.10 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 The intake charge is brought back 25 % to its original temperature.
Air-to-Air 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- The intake charge is brought back 50 % to its original temperature.
to-Air 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 The intake charge is brought back completely (100%) to its original
Water 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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Roots Supercharger Specs

Select Roots Supercharger from the Design Type combo box in the upper left corner if the engine is equipped with a belt driven,
positive displacement "Roots" supercharger, like those produced by B&M (tm), Weiand (tm) or the "original" GMC 6-71. A "Roots"
compressor looks more like a typical engine oil pump, where a volume of gas is trapped and then forced into the intake manifold. The
advantage of an ideal "Roots" supercharger is that a relatively constant boost level can be maintained from low RPM to high RPM.

However, the disadvantages of the "Roots" supercharger include:
e Higher internal friction due to large seals rubbing on surfaces
e Internal leakage reduces boost at lower RPM
e Lower thermal efficiency than a centrifugal supercharger

Type

This combo lets you describe the source of the specs used in this menu:
®  You can select the Use Specs in this Menu and enter in most any combination of Roots Supercharger specs.
*  You can pick the Pick an Example to be presented with a list of Example Roots Supercharger, much the same as clicking on
the Get Example button. It will then display the name of the Example Roots Supercharger specs you have picked

The Type you choose has a large effect on how this menu looks. If you choose Use Specs Below, all specs will be printed in black,
and you can change them to most any number you want. If you have chosen an example, the specs which relate directly to the
example will be displayed in blue (or hidden if you are in Beginner User mode).

Should you choose to change any of these blue specs, a notice is given that changing any spec related to the example will change the
Type from the example name to the general name of Use Specs Below. The example name is a handy reminder of what the specs in
this menu represent, so you may not want to change any of these blue spec settings.

Design

This combo box lets you pick a general description of the Roots supercharger. This description determines the amount of leakage
around the seals. More leakage spins easier (has less rubbing friction) but does not build as much boost, especially at low RPM. If
you pick one of the “screw” types, the program also assumes a higher thermal efficiency. Whipple (tm) and PSI (tm) are brand names
of screw type Roots superchargers.

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, cuin =15"x 27.45 = 412
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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 2.9.10.

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%

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.

Check Appendix 7 for new Modern Supercharger designs you can pick from.

Centrifugal Supercharger

Select Centrifugal Supercharger from the Design Type combo box in the upper left corner if the engine is equipped with a belt
driven, centrifugal supercharger like a Paxton (tm) or Vortech (tm). A centrifugal blower or compressor looks much like a typical
engine water pump. The impeller must be driven at very high speeds to create significant boost. Usually, there is a "speed increasing
drive system" internal to the centrifugal compressor so the impeller is spinning much faster than its external drive pulley.

In general terms, the boost of a centrifugal superchargers is directly related to the square of the RPM. This means that if it will
produce 3 PSI boost at 3000 RPM, it will produce 4 times that boost at twice that RPM (12 PSI at 6000 RPM). Therefore, 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 Specs

Centrifugal superchargers are basically "belt driven" turbochargers. 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 the ones 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 previous Turbocharger section. You may want to glance at it first before
you read this section.
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Type

This combo lets you describe the source of the specs used in this section:
®  You can select the Use Specs Below and enter in most any combination of Supercharger Specs.
e You can pick the Pick an Example to be presented with a list of Example Supercharger Specs, much the same as clicking on
the Get Example button. It will then display the name of the Example Supercharger specs you have picked

The Type you choose has a large effect on how the Centrifugal Supercharger section of this menu looks. If you choose Use Specs
Below, all specs will be printed in black, and you can change them to most any number you want. If you have chosen an example, the
specs which relate directly to the example will be displayed in blue. In Beginner User mode, disabled specs or specs printed in blue
are hidden.

Should you choose to change any of these blue specs, a notice is given that changing any spec related to the example will change the

Type from the example name to the general name of Use Specs Below. The example name is a handy reminder of what the specs in
this menu represent, so you may not want to change any of these blue spec settings.

Peak Efficiency, %
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 55 to 75%. This combo box lets you pick a general rating. If you do not have a compressor map, pick
60% or pick an Example Centrifugal Supercharger.

CFM at Peak Efficiency

Is the CFM where peak efficiency occurs. CFM is usually the horizontal "X" scale of a compressor map. The older, original Paxton
had a CFM at Peak Effy of only 320 CFM. Newer Paxtons, Vortechs and PowerDynes have CFM ratings in the 500 to 1000 CFM
range. If you do not have a compressor map, we strongly recommend you pick one of the Examples Centrifugal Superchargers.

Pres Ratio at Pk Effy

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 the old, original Paxton (tm) being approximately 1.35 and newer Paxtons and Vortechs being from 1.5 to
1.8. If you do not have a compressor map, we strongly recommend you pick one of the Examples Centrifugal Superchargers.

Pulley RPM at Pk Effy

Is the pulley RPM (not internal impeller RPM) where peak efficiency occurs.
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Max Safe Pulley RPM

This is the manufacturer’s safety limit on pulley 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. Also, boost and power are purposely
reduced significantly to flag out this overspeed problem.

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

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.

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 Running Conditions menu with no change in boost pressure. See Table 2.10 in the Turbocharger section for
definitions of the various ratings.
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2.8 Calculate Performance
2.8.1 Running Conditions

You can run a test (calculate performance) by:
e  Clicking on the Calc HP button at the top of the Main Screen
e Clicking on Calc HP(F2) menu item or press the <F2> key at the Main Screen
e  Clicking on Running Conditions to open up the Running Conditions menu, then click on the Calculate Performance button in
this menu. The Running Conditions menu will present a menu of conditions and options which describe how you will run or
test this engine. These conditions include:
e  Weather conditions
e Level of nitrous oxide and type of fuel
e RPMs to run and options for the calculations

Check Appendix 6 for new features for this menu available in v3.4, standard and Plus versions.

Figure 2.17, Running Conditions Menu
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Test Conditions

Weather

This combo box lets you pick whether you want the test results corrected to standard dyno conditions, or to the weather conditions
listed in this section. Standard conditions consist of:
e Standard Dyno 29.92” Barometer, 60 degrees F, dry air (0 deg dew point) used for most racing dynos and quoted by most
racing magazines.
e SAE conditions 29.6” Barometer, 77 degrees F, normal humidity (49 deg dew point) used for rating new car engines by
automakers since about 1985. This rating gives about 2% less power than the Standard Dyno conditions

If you choose standard conditions, the weather conditions in this menu are disabled, as they have no effect on the calculated
performance.

Baro. Pres., “Hg

Is the barometric pressure in inches of mercury of the nearest weather station; or at the track or dynamometer room if a barometer
instrument is available at these locations.

If this pressure is in: Multiply by:
PSI 2.036

Bar 29.52

mm Hg .03937

To obtain " Hg. For example: 14 PSI is 14 x 2.036 or 28.5” Hg.

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

Section 2.9.11.

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 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 =30 x 1.8 + 32 = 86 degrees F.
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Dew Point, Deg F

The dew point in degrees F of the air at the track or dyno room, 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 2.9.12.

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 0 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 2.9.11.

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.

Nitrous Oxide

System Type
Click on the System Type combo box to pick the type of nitrous system, either None, Single Stage or Dual Stage.

The Nitrous Oxide specs in this section describe the amount of nitrous oxide a system can deliver. Most nitrous systems are rated for
the HP increase they can deliver in a properly tuned engine. The Engine Analyzer makes 3 major simplifying assumptions concerning
nitrous oxide injection:
e Jet sizes are proper for correct A/F, 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 to design nitrous systems, but only to estimate performance improvements. 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. If you select None, all Nitrous Oxide specs are disabled (set to gray and you are not able to change
them) because they have no effect on the calculations.
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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.

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.

Fuel Specs:

Fuel Type

Specifies the type of fuel being burned, either street gasoline, alcohol (methanol) or “Very Rich Alcohol. The Engine Analyzer
makes the following assumptions about the difference between these fuels.
e Alcohol is run at 5.0 A/F versus 12.5 for gas.
e Alcohol is 13% more dense than gas.
e  Alcohol almost always produces 8-12% more power 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.)

The differences between Alcohol and Very Rich Alcohol include:
e Very Rich Alcohol produces less power
e Very Rich Alcohol runs 67% richer or A/F of 3:1
e Very Rich Alcohol nearly completely eliminates any detonation.

Obviously many more considerations must be made when building an alcohol engine than what are considered in the Engine

Analyzer. Generally, alcohol has a fuel octane (R+M)/2 of 100 but its cooling effects shows less detonation potential than 100 octane
gasoline.
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Fuel Octane (R+M)/2

Is the octane # rating of the gasoline 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 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 .

The Engine Analyzer 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 Mix Qal 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.

This spec is disabled if you choose one of the Alcohol fuesl and the program picks the octane.

RPMs to Run
Starting RPM

See RPM Step Size below.

Number of RPMs

See RPM Increment below.

RPM Increment

These three RPM specifications tell the Engine Analyzer 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 Increment 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
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“Starting Point” Suggestions

The Engine Analyzer can give suggestions 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 program’s calculations.

For Peak HP at This RPM

Enter the RPM where you want optimum intake and exhaust tuning, or RPM where you want HP to peak. The Engine Analyzer 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.

For This Intake Runner Len

Enter the length of the intake tract (port in the head and runner in the manifold) that you are “stuck with”. The program will give an
average diameter for the port in the head and manifold runner to produce good intake tuning at the RPM entered above.

You can determine the Port Volume for this diameter by going to the Head(s) Specs menu and typing it in for Intake Port Avg
Diameter and seeing what Port Volume is calculated. For this Port Volume to be accurate, you must also have entered the correct Port
Length in the Head(s) Specs menu first.

Starting Point suggestions given in the Special Calculations section of the Test Results
based on the specs above may NOT give best performance and MUST be refined
through 'cut and try' running the program. Runner Dimensions are for Port PLUS Intake
Manifold Runner or Exhaust Header Primary Pipe.
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2.8.2 Test Results from Calculated Performance

The Engine Analyzer’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 one RPM, for each different crank angle of the engine. In this version of
Engine Analyzer, the only cycle data available is Valve Lift.

Figure 2.18 Major Features of Output Screen Showing Test Results

Menu bar with output options: Back to Main Menu, Make Graphs, Print Results,
Display Help, View Special Calculations or the History Log, Analyze results
(program gives advice based on current results), File to write an ASCII file

Command buttons: Make Graphs, Print Results, Display/Edit Engine, Display
Notes (safety issues, possible problems, etc. about current test results)
Summary of Notes (safety issues, possible problems, etc.)

Name of current Engine File

Performance Summary
RPM Data. Click on

Engine Analyzer v3.0 Performance Trends [302-4V] ¥ any cellin the grld
=|(IBack Graph Print View SgndToVehProgram File Analyze Help[F]) +| fora HeIp definition
] I Nolesl Hateg Summary:_Pistan speed samewhat high, Pk Tqg lAvg Fk HF &g of that particular
b @ Send 5/C RPM high. Click on Motes for details. Mews 455 [ 351 33 210 .
| ] Last 455 351 33 210 piece of data.
RPM 1000 [1500 [2000  [2500  [3000  [3500  [4000 [4500 [5000  [5500 [+ . .
Brake Tq 233 284 439 442 448 455 433 383 223 165 L Slide bar. Click
Brake HP 444 812 167 21 256 303 330 328 212 172 and drag button to
Exh Pres A 3 1.0 16 25 36 45 5.0 3.0 31 .
Boost 2 I 11 22 35 49 55 59 1.7 [ a7 display all RPM test
Vol Eff % 624 (746 829 (91.7 1007 1104 111.7 1060 684 635 results.
Actual CFM__ [69.0 124 183 253 334 427 494 528 378 386
Fuel Flow 236 423 830 107 135 167 190 202 151 155
A/F MixQal __[100.0 100.0 100.0 100.0 100.0 100.0 100.0 |100.0 100.0 |100.0 Special
BSFC 531 | 521 496 | 509 527 | 551 577 615 714 /900 Calculati
BSAC 7117 6984 5028 5517 5980 6460 6.869 7.363 8. 10.279 alculations.
Friction HP 7 13 23 35 50 72 96 122 158 Results which do not
Mach # 128 192 256 320 384 448 512 | 576 704 -
PistonSpd__ |580 870 1160 1450 1740 2030 2320 3190 ch_ange with RPM.
Piston Gs 65 147 261 408 588 801 1046 1977 Click on any result
Overlap 2¥E__|-5 -3 -2 -1 0.0 7 9 0 0 L
intAvavel |63 104 133 173208 242 277 u6___am v fora Help definition
/ [#| of that particular
—————— Ualv Flow & Cam Calculations v --Int-- --Exh-- [\ . )
Overlap Area, sq in=deg ] Total aAvg Flow Coef ._239 .3a89 L. Slide bar. Click and
Total Exh/Int % 86.1 Lobe Area, inch*deg 19.51 19.51 :
Lobe Separation, deg 115.8 Ulv Area, deg*sq in 156.7 134.9 drag button tO dis-
Lobe Centerlins, deg 116.8 1148 play all SpECIaI Cal-
H  culation test results.

RPM Data and Special Calculations are shown in Figure 2.35. Cycle data of Valve Lift is only available for graphing. Several other

features are available from this screen (Figure 2.35) which are also discussed in this section.
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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-lbs

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 earlier versions 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 lbs
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

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 lbs/hr for either gas or alcohol. If you are running Nitrous Oxide,
this does include the fuel for the nitrous oxide system, even though this may come from a separate fuel delivery system.

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
Ib/gal), heating value (19,000 BTU/Ib), and stoichiometric A/F (14.7). Gasoline fuel flows are calculated based on an optimum power
A/F (air/fuel ratio) of 12.5:1.
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 calculates. Multiply the Engine Analyzer’s 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 calculates 145 lbs/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:

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. (For “Very Rich
Alcohol” fuel type, the A/F is assumed to be 3:1.) Fuel flows are calculated based on an A/F of 5.0:1. To calculate fuel flows in
gallons per hour (GPH), multiply 1bs/hr of alcohol by .152 .
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A/F Mix Qal, %

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 program 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.

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, including any additional fuel required for the Nitrous Oxide if any is injected.

BSAC, Ib/HP-hr

Is the brake specific air consumption of the engine in 1bs/HP-hr, or pounds of air per hour per horsepower. BSAC is a measure of
how efficiently the air is being used to produce power at the crankshaft. A good BSAC is in the range of 5.0 to 5.5 near the torque
peak RPM.

Friction 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, including the HP to drive a belt driven supercharger (if

any).

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. Motoring HP from a dynamometer will be higher since it includes the pumping work, the power required
to ingest and expel air through the engine.

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 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.
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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. 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 #

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

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.

Overlap %VE

Is the amount volumetric efficiency increases due to scavenging during overlap. This scavenging can aid overall volumetric
efficiency if Overlap %VE is positive, but detracts from volumetric efficiency if it is negative. Overlap %VE is reported primarily to
show scavenging effects due to tuning, or turbo/supercharging. For example, if intake and exhaust tuning pressures should provide
for good scavenging, but Overlap Area is small, Overlap %VE will be small also. With good scavenging, Overlap %VE should be in
the range of 5 to 10%.

Int AvgVel

Is the calculated average flow velocity of the intake charge in the intake runner. A performance trade off exists between high and low
runner velocity. Low flow velocities give little restriction to flow but posses little inertia. High flow velocities show higher flow
restriction, but also posses higher inertia to continue filling the cylinder after the piston has crossed BDC.
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Sources vary greatly when recommending average intake flow velocities which give maximum volumetric efficiency (torque peak).
One source recommends only 80 to 180 ft/sec, another as high as 270-330 ft/sec. Most recommendations fall between 150 to 250
ft/second. However, highly successful race designs have run as high as 400 ft/sec and higher. Obviously there is no one optimum
runner velocity.

The Engine Analyzer bases optimum runner velocity on runner length. Long runners give best volumetric efficiency at low runner
velocities, since high velocities in long runners can be a restriction. Short runners can tolerate higher velocities. For typical runner
lengths, the Engine Analyzer will use velocities ranging from 180 to 280 ft/sec.

In InertiaPrs

Is the estimated increase in pressure (over Intake Vacuum or supercharger Boost levels) caused by inertia tuning, in PSI. High values
of In InertiaPrs to 5 PSI) show good inertia tuning at that particular RPM. In general, In InertiaPrs and intake tuning increases with
improved Intake Manifold Flow Efficiency, Intake Manifold Type, Intake Valve Flow Efficiency and changes in intake cam timing.

In ResTunPrs

Is the estimated increase in pressure (over Intake Vacuum or supercharger Boost levels) during valve overlap caused by resonance
tuning, in PSI. High values of In ResTunPrs (1 to 5 PSI) show favorable resonance tuning at that particular RPM. Negative values
of In ResTunPrs show resonance pulses limiting performance.

Ex AvgVel

Is the calculated average flow velocity of the exhaust gases in the exhaust runner. Like with In AvgVel, a trade off exists between
high and low runner velocity. High velocities are more restrictive, low velocities contribute little to exhaust inertia tuning.

There is better agreement for "rules of thumb" concerning calculated exhaust velocity. Most sources agree that header pipes should
be sized to give average calculated flow velocities of 300 ft/sec. Also see Example 4.5 and Appendix 5 for further explanation.

The word "calculated" is stressed here because the actual exhaust gas velocities are much higher, in the range of 1000 ft/sec when the
calculated velocity is 300 ft/sec. This is primarily due to exhaust being approximately 3 times hotter and less dense than the intake
charge.

ExTun Prs

Is the estimated increase in pressure over ExTun Prs (exhaust back pressure) during valve overlap, in PSI. Since both inertia tuning
and resonance tuning are only effective during overlap (immediately before exhaust closing), the two effects are added together.
Good exhaust scavenging will occur with large negative values of ExTun Prs (-1 to -5 PSI).

Valve Toss
Lifter Pump Up

Indicates that the RPM has gone past the valve train’s safe operating range. If you are simulating mechanical lifters (with Valve
Lash), Valve Toss is shown here. If you are simulating hydraulic lifters (without Valve Lash), Lifter Pump Up is shown here. Either

condition will produce a drop in power.
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Valve Toss and Lifter Pump Up depend strongly on the cam profile. Aggressive ramps with high rocker arm ratios, aggressive roller
profiles, high lobe lifts for a given duration do increase power, but also increase the likelihood of valve toss and pump up.

Valve toss and Lifter Pump Up also depend strongly on the choice of Valve Train type you’ve chosen.

Spark Adv

Is the estimated spark advance in degrees before TDC for for optimum performance at this RPM under these conditions. The Engine
Analyzer automatically reduces (retards) Spark Adv if detonation (spark knock or ping) is likely. You will see an "*" following the
Spark Adv value if it has been retarded. You will also notice a HP and torque loss at RPMs where Spark Adyv is retarded.

Safety Note: You can not set your engine's spark advance curve based on the Engine
Analyzer's Spark Adv calculations. Details in combustion chamber design, A/F
distribution, cooling system design, etc. make predicting your engine's spark
requirements impossible to predict accurately.

Special Calculations

Valve Flow & Cam Calculations

Overlap Area, deg*sg-in Figure 2.19 Overlap Area

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

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

e A valve area of four square inches was open for one Overlap Area
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
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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 charge 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.

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
2.20 compares the actual flow curve with the theoretically "perfect” flow curves to illustrate Avg Flow Coef.

Coefficient is an engineering term similar to efficiency, where a Flow Coefficient of 1.0 is the same as a Flow Efficiency of 100%
(Flow Efficiency = Flow Coefficient x 100%). 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 but would run “real strong”. 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 with very agressive roller cams.

Note:

The average flow coefficient should not be confused with Intake or Exhaust Flow Efficiencies in the cylinder Head(s) input specs.
Intake or Exhaust Flow Efficiency 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. Figure 2.20, lllustration of Total Avg Flow Coef

Technically, the calculation of Valve Flow Profile for "Perfect" Camshaft and
flow coefficient can vary "Perfect" Port (FLOW COEF = 1.0 at max lift)

significantly with the choice of Valve Flow Profile for Typical Camshaft and
valve opening and closing "Perfect" Port (FLOW COEF = 1.0 at max lift)
points. The lower the lift points
chosen, the lower the flow
coefficient. The Engine
Analyzer uses a relatively low

Valve Flow Profile for Typical Camshaft and
Typical Port (FLOW COEF = .5 at max lift)7

lift of .003" at the valve to 1.0 —
calculate average flow Sy area Ci area C2
coefficient. Therefore, average Coef

flow coefficients calculated by

the Pro are likely to be less than area B

average flow coefficients from 0.5— T

other sources.

Total Exh/Int % area A

This is the percentage ratio of 0.0 b— o
total exhaust flow area to intake Intake Opening Intake Closing

flow area. It is calculated as: . o
* Flow Coef is similar to VALVE FLOW COEF

Total Exh/Int % =
Exhaust VIv Area,

- AVG FLOW COEF = area under typical ca t ow i
* (o)
deg*sg-in.  x 100% area under perfect cam/port flow profile
= (area A)

Intake VIv Area, deg*sqg-
in

(area A + area B + area Cl + area C2)
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"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%.

Lobe Area, inch*deg

Is the estimated area of the cam lift profile measured in tappet lift x cam degrees. See Figure 2.21.

Figure 2.21, Definition of Lobe Area

LOBE AREA, in
inch * degrees

Tappet Lift,
in inches

Lobe [~ Lash at Tappet Separation, deg
o X Base Circle
Is the separation T between the intake and exhaust
. . Cam Degrees K
lobe centerlines in camshaft degrees. The Engine
Analyzer assumes the centerline half way between
the opening and closing events, or that the cam is

symmetrical. You would have to double this value to obtain lobe separation in crankshaft degrees.

VIv 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 calculated
from the valve lift curve and the valve flow curve. See Figure 2.22. Unlike the Avg Flow Coef. number, 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 port Flow
Efficiencies. Also like Overlap Area, deg*sq-in, larger cylinders will require larger valve areas for similar volumetric efficiency.
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Figure 2.22, lllustration of Vlv Area Calculation

Valve Lift Profile Valve Flow Curve VLV (Flow) AREA
(cam profile, RAR, (CFM at various
and lash) valve lifts)

Crank Degrees Valve Lift Crank Degrees

Lobe Centerlns, deg

Intake and Exhaust lobe center is simply calculated from the appropriate opening and closing events and assumes a symmetric cam
lobe. The intake lobe center is given in crank degrees after TDC, the exhaust lobe center is given in crank degrees before TDC.

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.
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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.

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.

Est Idle Vac, "Hg

Is the estimated idle vacuum at 1500 RPM, with no load on the engine (no torque converter). The Engine Analyzer 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 Suggestions: Pk HP Peak @ xxxx RPM

These 'Starting Point' suggestions 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.

Notes:

e The RPM for these recommendations is entered in the Running Conditions menu under the heading ‘Starting Point’
Recommendations as “For Peak HP at This RPM”. See page 67.

e Veteran engine builders can likely pick better 'Starting Point' Specs than the program simply from their experience. The
"fine tuning" of these specs through detailed, "cut and try" analysis on the computer is the Engine Analyzer’s real strength.

Starting Point suggestions given here are based on current engine specs and may NOT give
best performance and MUST be refined through 'cut and try' running the program. Runner
Dimensions are for Port PLUS Intake Manifold Runner or Exhaust Header Primary Pipe.

What this means is that these specs might be a good first try. But then you should start making small changes in runner lengths,
diameters, cam advance and retard, duration, centerlines, etc. Constantly compare what these changes do compared to the
performance these “Starting Point Suggestion” produced. Keep the best combination, which could be quite different than these
suggestions.
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Intake Dimensions (for x Runner/cylinder ):

The following sets of lengths and areas/diameters are 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 based on your inputs for Port Layout in the Heads
specs menu. For example, the area given for 2 runners per cylinder will be approximately half the area recommended for 1 runner per
cylinder.

These lengths and areas are based on simplistic "rules of thumb" concerning inertia tuning described in Appendix 3. The actual
tuning simulated by the Engine Analyzer 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.

These lengths and diameters are also based on the current cam specs. If you change cam
specs (for example to those recommended later in this section), these runner suggestions
will change also.

Rec Inertia Len, 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.

Spec Inertia Len, in and Rec Area sq in/in

Is the length specified in the Running Conditions menu as For This Int Runner Length. The area and diameter given will give
optimum inertia tuning for this engine and this specified runner length. However, runner velocity may not be optimum. Also see Rec
Inertia Len, in and Rec Area, sq in/in.

Rec Len, 2nd Pulse, in and Rec Area sq in/in

Is the intake runner length to produce strong resonance tuning for this engine. This will appear in the Test Results as a strong In
ResTunPrs pressure at this RPM. This resonance pulse is from the second reflection and is usually the strongest pulse available for
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resonance tuning. The area and diameter given will also give optimum inertia tuning for this engine and this runner length. Also see
Rec Inertia Len, in and Rec Area, sq in/in.

Rec Len, 3rd Pulse, in and Rec Area sq in/in

Is the intake runner length to produce strong resonance tuning for this engine. This will appear in the Test Results as a strong In
ResTunPrs pressure at this RPM. This resonance pulse is from the third reflection and is usually not as strong as the second pulse.
The area and diameter given will also give optimum inertia tuning for this engine and this runner length. Also see Rec Inertia Len, in
and Rec Area, sq in/in.

You can determine the Port Volume for any diameter given in this section by going to the Head(s) Specs menu
and typing it in for Intake Port Avg Diameter and seeing what Port Volume is calculated. For this Port Volume
to be accurate, you must also have entered the correct Port Length in the Head(s) Specs menu first.

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 Layout 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.

Rec Len, 1st Pulse and Rec Area,300ft/sec

Is the exhaust runner length (from the valve to the collector) 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 (from the valve to the collector) 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:

o  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 page 76.

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.
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. _____________________________________________________________________________________________________________________________________________|
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 Engine Analyzer, 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" tappet 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.

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:

Check Appendix 5 and 6 for new Calculation Menus added for versions 3.2 and 3.4, std and Plus.

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,
or a list of typical examples. These menus are like computer “scratch pads” for calculating specs like compression ratio, runner
diameters from other inputs.

Notes: Figure 2.23 Typical Calculation Menu

rformance Trends [ 302-4Y] [+
The starting values in each calculation menu are usually blanked out. If
there is other information in the program to estimate what one of you ntake alt &vQ UIaMmELEr - intaxe B
inputs will be, it may be loaded. For example, Runner Length would be |Ea|c: Avg Diameter 1.76 i
set to whatever value was currently in the Intake Manifold specs menu. ||
However, you are free to change this number to whatever you want. :E Specs
Once enough specs have been entered, the calculated value(s) at the top |I(nuw Bunner CCs ? Yes !I
of the menu will be displayed. This calculated value(s) will now be :E _

|FI unner Length, in 5

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 :I Furmes Width, i

unchanged. If you click on Help, you will be given a general explanation ] |§;§ e Haiht |
o  Haight m
3

|FI unner ¥olume, ccs 200

of calculation menus, and a page # in this section for more information
about the particular menu you are using. If you click on Print, you can IE |§:§§,§¥E?’§ﬁ§ Shape |
print this menu on your printer with some comment you can enter.

The input values or calculated values in any calculation menu have NO t Exan] {Use Calc Value | = |Eancel | P
affect on calculated performance unless you load the Calculated value ;
into the original menu. If you already know a spec in the form required
by the program, then you have no need to use the calculation menu.

For example, if you know the Compression Ratio is 10.3, you have no
need to use a calculation menu to calculate Compression Ratio based on Gasket Thickness, Piston Dome CCs, etc.

Example:

You are working with a particular engine. Assume you want to calculate the Avg Port Diameter for the intake manifold runner menu
for a new manifold. You click on the Clc button for Runner Diameter and are shown the Calculation Menu shown in Figure 2.40.
Note that all inputs are blank except Runner Length which is copied from the current Runner Length in the Intake Manifold specs.
Also note that 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 runner CCs. This is usually the more accurate way to measure average runner 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 manifold 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.

If you had clicked 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".

If you change one of the preloaded specs (in the example above you changed the preloaded Runner Length of 6” to 5”), the program
will ask if you want to use that new value also. If you say Yes, the preloaded value will be changed as well. In the example above,
answer Yes and the new Runner Length you entered into the Calculation Menu of 5” will also be loaded into the Intake Manifold
Specs menu for Runner Length.
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2.9.1 Calc Bore Figure 2.24 Calc Bore

This calculation is available at the Short Block menu and lets you
calculate what Bore is required to produce a certain Cubic Inch [Calc Cylinder Bore 4.330
displacement for a given Stroke and # Cylinders. See introduction to

Calculation Menus on page 91 for understanding how Calculation ~Engine Data

Menus work.

|Desired Cubic Inches 410

Stoke, inches
Desired Cubic Inches # Cylinders 8

Is the cubic inch displacement you want for this engine combination. ~Motes:

Thiz calculation will find a bore diameter which
produces the dezsired Cubic Inches based on the
cument Stroke and # Cylinders.

Stroke, inches

Usze Calc "Iul"aluel | Help I |Eancel| | Print I

Is the Stroke for this engine. Stroke is the distance the piston travels
from TDC to BDC.

# Cylinders

Is the number of cylinders in this engine. For example, for a V-8 this would be 8.

Figure 2.25 Calc Stroke

2 9 2 CaIC Stroke |Ea|-:: Cylinder Stroke 4.018

"Engine Data

This calculation is available at the Short Block menu and lets you calculate what
Stroke is required to produce a certain Cubic Inch displacement for a given Stroke Desired Cubic Inches
and # Cylinders. See introduction to Calculation Menus on page 91 for
understanding how Calculation Menus work.

|Bure, inches

|# Cylinders

Desired Cubic Inches ~Motes:

Thiz calculation will find a Strake which produces
o . . . o the desired Cubic [nches bazed on the current
Is the cubic inch displacement you want for this engine combination. Bore and # Cylinders.

Bore inCheS Usze Calc ¥alue | Help |Ean-::e| | Print

Is the Bore for this engine. Bore is the diameter of one cylinder.

# Cylinders

Is the number of cylinders in this engine. For example, for a V-8 this would be 8.
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2.9.3 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 21 under Figure 2.26 Calc Compression Ratio

cylinder Head(s) specs. See page 91 for general notes on Calculation Menus
Calc Compression Ratio

and for an example of their use.

. ) ) . . |Ea|-:: Comprezzion Hatio 11.74
The equation for Compression Ratio depends on the cylinder displacement.
This displacement is based on the current Bore and Stroke in the Short Block Total Chamber CCs 67.7
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 CCs in Head

" Chamber Specs

- - - |Pistun Dome CC=
Performance Trends offers a very detailed Compression Ratio

Calculator program on its website: www.performancetrends.com. (Gasket Thickness. in

[Gasket Bore Dia. in

|De-::k Height Clearance. in

Chamber Specs
" Motes:
Thiz calculation iz bazed on the existing Short
Chamber CCs in Head Block specs of a Bore = 4.03 and Stroke = 3.48.
If thiz iz incarrect, change these zpecs before
uzing this menu.
Is the combustion chamber volume in the cylinder head, measured in cubic Enter a negative (-] Dome CCs for a Piston Dish.,
centimeters. This is the value obtained if the heads are "cc'd". Enter a negative [-] Deck Height Clearance if the

pizton goes above the deck at TOC.

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 | Help I |Ean-::el| | Print I
volume here as Chamber CCs in Head. Then enter 0 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.

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.)
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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 Figure 2.27 Calc Avg Port Diameter

youmust enter & negadve (-) number Calc Avg Diameter - Intake
294 CaIC Avg Por‘t Dlameter [Calc Avg Diameter

. . . Specs
Is the Port Diameter or Runner Diameter calculated from following specs. Port P
Diameter is defined on page 22 under cylinder Head(s) specs. Runner Diameter is Know Runner CCs 2
defined on page 32 under Intake System specs and on page 38 under Exhaust Franme: Length,

System specs. See page 91 for general notes on Calculation Menus and for an

example of their use. Frannes Yolane, 0ol

Runner Width. in

|H unner Height. in

Know Port CCs?

Runner Shape | Rounded Fle-::tang|£|

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 Use Calec Yalue | Help I ||: an-::ell | Print I
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. However, for the Intake Port, this is automatically
done for you in the main Heads Specs menu. Port Diameter is calculated and displayed based on the current Port Length as you enter
in Port Volume in CCs.

For exhaust headers, it is usually best to simply subtract .1" from the tubing OD to obtain the inside runner diameter,
and not use this Calculation Menu.

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 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.

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 menu.
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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, 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.

Figure 2.28 Port Shapes

Rectangular Oval

————

Rounded Rectangular

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 2.28. Actual runners are likely somewhere between these two shapes, which is the Rounded Rectangular choice.

77



(C) Performance Trends Inc 1998 Engine Analyzer Chapter 2 Definitions

2.9.5 Calc Valve Flow Efficiency

Figure 2.29 Valve Flow Efficiencx Options
Click on the Clc button by Flow Efficiency in the Head(s) menu and

you are first presented with the screen of Figure 2.29. Click on Yes Do you have flow bench data for the intake port
only if you have flow bench data. Then you will be presented with on this cylinder head [preferably with a
the menu shown in section 2.9.5.2. If you answer No you are radiused inlet]?

presented with the menu below in section 2.9.5.1.
9 Select 'No' to pick Valve Flow Efficiency from a

. . list.

2.9.5.1 Estimated Flow Efficiency

Important: DO NOT choose "Yes' and guess at

. . . ) o the flow data as this will produce very

This calculation menu simply presents a list general descriptions of inaccurate results!

ports and a typical Flow Efficiency.

| Yes I | No I ‘Cancell

Pick Intake Port Description
Pick Exhaust Port Description

Simply click on the down arrow for the combo box for the list to appear, then click on your choice. There are more choices than can
appear at 1 time on the list so be sure to scroll down through all choices. The Flow Efficiency for your choice will appear at the top

as the Est Valve Flow Efficiency. Figure 2.30 Calc Menu to Estimate

Flow Efficienc

2.9.5.2 Calculated Flow Efficiency

|Est Yalve Flow Efficiency b5

This calculation menu calculates Flow Efficiency from flow bench data for either
the intake or exhaust port and valve from following specs. Valve Flow " Pick Intake Port Descrption

Efficiency is defined on pages 18-20 under cylinder Head(s) specs. You would
Y pag Y () sp 65 Excellent Racing Heads

use this menu only if you have flow bench data for your ports. See page 91 for
" Mote:

Figure 2.31 Calculated Flow Efficiency| general noteson
Calculation Menus

Calc Valve Flow Effcy, % and for an example Select a general description of your Intake Part

. and Walve.
[Calc Valve Flow Effcy. % 52 5 of their use.

Uze Calc ¥alue | Help |Eam::el | Print

" Flow Test Data

|T ezt Pressure, "wWater

it Yalves/Cylinder

Walve Diameter, in
Walve Lift Tested, in
[Flow Obtained, CFM

" Notes:
Enter flave data for 1 1. 780" diameter Intake
valve at a walve lift from 400" to 500"

| Help I |Ean-::el| | Print I
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Test Pressure, “Water

Is the pressure drop maintained across the port and valve during the flow test, measured in inches of water. From Figure 2.32, 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 the “Default Test Pressure”. (When you first get your program this is set to 28 because 28” is so common.)
However, you can change Test Pressure to most anything you want. Ten (10) and 25” are other common flow bench test pressures.

If you usually get flow data at some pressure other than 28”, you can change the Default Test Pressure by clicking on Preferences at
the Main Screen, then Set Default Test Pressure (currently xx). See Preferences on page 14 of this manual.

Figure 2.32 Typical Flow Curve (valve dia=1.52)
Flow, CFM Lift = Diameter
@ 257 4

200 [ :
Lift = .38”
150
CFM =192
100
50
0
o 1 2 3 4 5
Valve Lift, inches

# 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 Layout 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. From Figure 2.32, 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 2.32.
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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
2.32 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" on the exhaust, rather than just flow the head only.

2.9.6 Runner Flow Efficiency

Click on the Clc button by Flow Efficiency in the Intake menu or Exhaust menu
and you are first presented with the screen of Figure 2.33. Click on Yes only if
you have flow bench data. Then you will be presented with the menu shown in
section 2.9.6.2. If you answer No you are presented with the menu below in
section 2.9.6.1.

2.9.6.1 Estimated Runner Flow Efficiency

Fig 2.33 Runner Flow Effcy Options
;;I
Do you have flow bench data for.
A bare head
AND
9 This same head with this Intake Manifold ?

Select 'No' to pick Runner Flow Efficiency from
a list.

Important. DO NOT choose "Yes' and guess at
the flow data as this will produce very
inaccurate results!

This calculation menu simply presents a list general descriptions of ports and a typical Flow Efficiency.

Pick Manifold Description
Pick Header Description

Simply click on the down arrow for the combo box for the list to appear,
then click on your choice. There are more choices than can appear at 1
time on the list so be sure to scroll down through all choices. The Flow
Efficiency for your choice will appear at the top as the Est Flow

Figure 2.34 Estimated Flow Efficienc

Est Hunner Flow Efficinecy %

Efficiency.

2.9.6.2 Calc Runner Flow Efficiency

|E st Flow Efficiency

" Pick Manifold Description

79 Good Production [significant Flow E

|?5

Is the intake or exhaust runner Flow Efficiency calculated from the
following specs. Runner Flow Efficiency 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 Efficiency. See page 91 for general
notes on Calculation Menus and for an example of their use.

" Mote:
Select a general dezcription of your Intake
tanifold. Desctiption in paranthesiz gives some
idea of the flow lozs the manifold would produce
when bolted to a head on a flow bench,
compared to the bare head with radiuzed inlet.

Flow Data, Head Only

Usze Calc Yalue

| Print

| Cancel

| Help

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
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This is initially set to the Default Test Pressure (usually 28”") when you enter this menu. However, you can change it to most anything
you want. Ten (10) and 25” are other common flow bench test pressures. See Test Pressure in Calc Valve Flow Effcy, Section 2.9.5.

# Valves/Cylinder

The number of intake or exhaust valves being flowed during the test. Most Figure 2.35 Calculated Flow Efficiency

cylinder heads have only 1 intake and 1 exhaust valve, so this value would be 1. Calc Runner Flow Effcy, %6

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 Calc Runner Flow Effcy. % 886 |
change this in the Head(s) menu before using this calculation menu. You can
not change this number in this menu. " Flow Data. Head Only

|T est Pressure,. "wWater

Valve Dia # Valves/Cylinder

r'i'alve 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 Valve Lift Tested. in
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.

|Flnw wo Bunner. CFM

" Flow Data with 1 Bunner

Runner Diameter. in

Valve Lift Tested, in Flow with 1 Runner, CFM

Is the valve lift at which the flow data CFM is measured. Use a valve lift (and “Notes: o

corresponding CFM flow) as close as practical to one fourth the valve head's Enter flow data for 1 1.780" diameter Intake

diameter. A range of lifts close to 1/4 the valve’s diameter is given in the Notes valve at avalve lift fiom 400 ta SO0,
lameter. gc ; g o Far Flows with Bunmer, enter flow obtained at the

at the bottom of this menu The program will warn you when Valve Lift is not zame [ift with the 1 runner attached to head.

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.

Usze Calc Yalue | Help |Eam::el | Print

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
them again.

Runner Diameter, in
81



(C) Performance Trends Inc 1998 Engine Analyzer Chapter 2 Definitions

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 it 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

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 should calculate a value for Calc Flow Efficiency of somewhere between 50 and 100%. The larger the drop in
flow between the head only and head plus manifold/header, the worse (smaller) the runner Flow Efficiency. However, like Valve
Flow Efficiency, a small runner which reduces flow considerable, may have an excellent Flow Efficiency. 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 simply calculates a
maximum flow Efficiency of 100%.

Notes:

When flow testing an intake manifold, be sure the other runners are blocked off. Also, do not install the carburetor. The Engine
Analyzer treats the carburetor restriction differently from the valve, port and runner restrictions. Occasionally a manifold 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 4.5. If you did not exactly have an "optimum" adapter for
obtaining Flow w/o Runner, then your Valve Flow Efficiency will be too low and your Runner Flow Efficiency will be too high.
Also see Examples 4.5 and 4.6.

Accurate determination of Runner Flow Efficiency has three advantages:
®  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 Figure 2.36 Calc CFM Flow Rating Options
flow Efficiencies have much potential for flow gains from I

redesign and porting. Flow restrictions from components

with high flow Efficiencies indicate the size of the Do you have flow bench data for estimating
: s : . CFM rating ?
component is more of a restriction than its design. 9
e Runner Flow Efficiency has a significant effect on tuning, Select 'No' to estimate a CFM rating based on
however this effect is not yet clearly understood. See throttle sizes.
Appendix 3.
‘ Yes I | No I | Cancel I

2.9.7 Calc CFM Flow Rating

Is the CFM Flow Rating calculated from the following specs. CFM Flow Rating is defined on page 35 under Intake System specs.
See page 91 for general notes on Calculation Menus and for an example of their use.

You will first be presented with the screen of Figure 2.36. If you answer Yes, you will be presented with the specs outlined in 2.9.7.2.
If you answer No, the following specs will be presented, Section 2.9.7.1.

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.
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2.9.7.1 Calc CFM Flow Rating
Total # Pri. Throttle Plates

The total # of primary barrels. For a single 4-V carburetor, this would be 2, for Flgure _2'37 Qalc CFM Flow Ratmg
three 2 barrel carbs this would be 2. from Dimensions

Calc CFM Flow Rating

|Ealc CFM Flow R ating 242

Primary Throttle Dia, in

" Throttle Specs
|Tuta| #t Pri. Throttle Plates 2

The diameter of the throttle opening or throttle butterfly plate for the Throttle
Plates, not venturi diameter.

|Plimal_l,l Throttle Dia, in 1.79

|Tuta| #f Sec. Throttle Plates 0

Total # Sec. Throttle Plates

|f‘>f:a:sms§<ﬁy {imabiis s,

The total # of secondary barrels. For a single 4-V carburetor, this would be 2,
for three 2 barrel carbs this would be 4.

" Restrictor Plate Specs

|FI estrictor Plate Inztalled? Yes

Secondary Throttle Dia, in # Restrictor Holes

|H ole 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, % Design Improved
this value is disabled (dimmed to gray) and ignored.

e L

" Motes:
See Fig 2.31 in Manual, p 83 for estimating "2

Note: Primary throttles and secondary throttles are not treated differently in Dizsimed Iraanes).

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 Use Cale 1II"E"“EI | Help I |Ea"“'| | Print I
examples above, you could have used 6 Pri Throttles, 0 Sec Throttles and
arrived at the same answer.

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.
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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.

Figure 2.38, Examples of Restrictor Plate Design, % Improved

Plate mounted
directly to
carb

Plate mounted
after spacer
larger than
throttle bore

spacer

0 % 25 % 75 % 95 %
Improved Improved Improved Improved
Restrictor\& / \
Plate
Spacer
Throttle Bore -

Plate mounted
after tapered

Plate mounted
between tapered
spacers

This could be called 100% improved. See Figure 2.46.

If Restrictor Plate Installed is set to No, this value is disabled (dimmed to gray) and ignored.

2.9.7.2 Calc CFM Flow Rating

Is the CFM Flow Rating calculated from flow bench data.

Note: Since this calculation is based on flow data for the actual carburetor
or throttle body, this is the most accurate method of determining CFM Flow
Rating. If the value you obtain here is significantly different than the
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 have made modifications to the carb.

Flow Bench Data

Flow Bench Flow, CFM

The CFM recorded when flowing the carb or throttle body on the flow
bench.

Figure 2.39 Calc CFM Flow Rating
from Flow Bench Data

Calc CFM Flow Rating

(Calc CFM Flow Rating 512

" Flow Bench Data
[Flow Bench Flow. CFM
Bench Test Pres, "H20
% Carb Tested

300

28
Haif E

50

" Motes:
Although the third spec zays 'CTarb’, the
calculation iz equally accurate for throttle bodies
af thrattle plates,

Uze Calc ¥Yalue

| Print

| Cancel

| Help
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Bench Test Pres, “ water

The test pressure when flowing the carb or throttle body on the flow bench. This is usually 10, 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. Since carbs are usually
flowed so differently than heads, this menu does not automatically set Test Pres to the Default Test Pressure mentioned in Section
2.9.5and 2.9.6.

% 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.

e 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.

2.9.8 Calc Exh Sys CFM Rating

Is the Exhaust/Muffler System CFM Rating calculated from the Figure 2.40 Calc CFM Flow Rating from
following specs. Exhaust/Muffler System CFM Ratings s defined on Flow Bench Data

page 40 under Exhaust System specs. See page 91 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 |Ealt: Exh Sys CFM Rating M
estimate. That is because both inputs are vague and open to

interpretation. For that reason, please read Exhaust/Muffler System CFM “Exh Sys Designed For

Rating starting on page 40 for alternate methods to estimate this value. Engine HP 400

Engine HP Type of Vehicle | [FECTTTRNN]*

The rated horsepower output of the engine for which the exhaust system ~Note: _
was originally designed. This defines the approximate amount of exhaust Thiz menu estimates an exhaust system LFM

flow the system was desiened to handle rating bazed on the HP level of the engine for
y g ’ which the syztem was designed.

Type of Vehicle

Uze Calc Value | Help |Ean-::e| | Print

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.
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2.9.9 Calc Max Lobe Lift

Is the maximum lobe or tappet lift for the cam. Max Lobe Lift is
defined on page 47 under Cam/Valve Train specs. See page 91 for
general notes on Calculation Menus and for an example of their use.

Advertised Valve Lift, in

The valve lift you see in the cam grinder’s ads, catalog or cam card in

Engine Analyzer

Chapter 2 Definitions

Figure 2.41 Calc Max Lobe Lift

Calc Max Lobe Lift, in

|Ea|t: Max Lobe Lift, in 293

" Cam Grinder's Specs

Advertized ¥alve Lift, in

.44

|ﬁssumed Rocker Arm Ratio

1.5

" Motes:
Advertized Valve Lift iz gross walve lift from
baze circle [azzuming no lash).

inches.

You must uze the Rocker Arm R atio azzsumed in
the cam grinder's catalog, which may HOT be the
Rocker A B atio in the engine. Check with cam

Assumed Rocker Arm Ratio

The Rocker Arm Ratio assumed by the cam grinder for the particular
engine. This should be stated somewhere in the catalog or on the card.
Note that this assumed rocker arm ratio may be different than what you
are actually using on the engine.

2.9.10 Calc Belt Ratio

arinder, but here are zome examples:
1.5  Small Block Chewy

Big Block Chewy

28943024351 Ford

351C, 3514000, 4294460 Ford

352/390/428 Ford

3834440 Mopar

273843404360 Mopar

Oldzmobile -8

Pontiac %-8 [sometimes 1.65]

Buick %-3

AMCW-8

(o y L EE]

i:ngi_ni:ni_nk_nﬂ'-qi:n'-q

Usze Calc Yalue

| Help I ‘Eancell | Print I

Is the Belt Ratio for either a Roots or Centrifugal supercharger calculated from the following specs. Belt Ratio is defined on page 58
and page 61 under Roots Supercharger and Centrifugal Supercharger specs. See page 91 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.

Figure 2.42 Calc Belt Ratio

Calc Belt Batio

|Ea|-:: Belt Ratio

" Pulley Sizes

|S/C Pulley Diameter. in

[Crank Pulley Diameter. in

1.50 |
2|
3|

" Tip:

Y'ou can alza enter the # of teeth an each pulley
inztead of diameters for cogoed belks,

| Help

Usze Calc ¥alue

| Cancel

| Print
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2.9.11 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 those pages for further details. Click on OK or press the <space bar> to return to the Running Conditions
menu with no change to either Barometric Pressure or Elevation.

2.9.12 Calc Dew Point, deg F

Is the Dew Point, Deg F calculated from the following specs. Dew Point, Deg F is defined on page 63 under Running Conditions
specs. See page 91 for general notes on Calculation Menus and for an example of their use.

Know Relative Humidity Figure 2.43 Calc Dew Point

Your choice here will determine which specs are enabled in this menu. Calc Dew Point, deg F

|Ealc Dew Point 7b

Outside Air Temp, deg F

“Weather Inputs

Is the outside air temperature when the relative humidity measurement |Knuw Relative Humidity ? Yes il
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 Dutside Air Temp. deg F 88 |
the Outside Air Temp. If you chose No for Know Relative Humidity, Dutside Rel Humidity, % 67 |
this spec is disabled and its value is ignored in the calculation.

|§}§§s Mol Tomp, dog F |

I‘&f‘ﬁi Hogh Yempn, deg F |

Outside Rel Humidity, %

Usze Calc Yalue | Help |Eam::e|

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.

87



(C) Performance Trends Inc 1998 Engine Analyzer Chapter 2 Definitions

88



(C) Performance Trends Inc 1998

Engine Analyzer

Chapter 2 Definitions

2.10 Examples

Many of the specs which the Engine Analyzer uses to predict performance are difficult for some users to get. For that reason, the
program comes with sets of Example specs which the user can load in automatically and easily.

Check Appendix 5 and 6 for many new features added in std and Plus version of v3.2 and v3.4.

At the top of most component sections of the Engine Analyzer’s menus, you will find a description of the “Type” of component used.
In Figure 2.44 the component section is the Manifold Specs in the Intake Specs menu. This combo box can contain several choices:

Figure 2.44 Using Component Examples

e Typical Manifold Types

e  Use Specs Below

e Pick An Example

e Ex: SB Ford Torquer II
(or some other name of a
specific example)

Figure 2.44 shows that the current
Manifold specs are those picked
from the Engine Analyzer’s
Example specs for a SB Ford
Torquer I manifold. This name
can be a handy reminder of the
type of Manifold you are
simulating, and also where you got
these specs.

If you are curretly using a set of Example specs, the name of the Example

will appear here. You can also click on this combo box to pick a new

example or switch the Type to ‘Use Specs Below’. Specs for the Example
are displayed in blue (or hidden completely if you are in Beginner mode).

Should you decide to change any of the Example’s specs (from
Manifold Type to Intake Heat shown here), the name of the Example
will be changed to simply ‘Use Specs Below’.

Intake System

" Mangold Specs [ 1 runner/cyl]

|T.'-'IJE' VEHZ B Ford - Torquer 11 |£I

[Manifold Type |Sing|e Plane-carb(z] |£I

1.55

[Runner Dianjeter. in

|FI unner Length, in

|FIr|.'|l||-|I Efficiengy, ¥

| [ Carburetor(s]
|T}'PE |L|se Specs Below |£I
[CFM Rating 600
r‘Jacuum Secondaries ez *

Help ) . .
Prezz <Enter: now or Click on thiz button to bring up

a zenes of screens showing example specs for certain
components [highly recommended for beginner
Lzers).

[Intake Heat Frod [full) Heat 1|
| 0K I | Help I |‘Sa\re Ezample I | Print I

Click on the Get Example button
(or on the Type combo box and
select Pick an Example) to bring
up a list of example specs.

\_ Click here to save the current specs

as an Example with a name of your

choosing. (Not available if the
current specs are already an
Example.)

Figure 2.45 Categories of Example
Components (This screen does not
appear for all component examples.)

Choose Example Component

Intake Mamfoldz

Carbs/Throttle Bodies

Usze Catagory I | Cancel

on the catagary ta pick in ohe step.

Tip: Click on a catagom to highlight it, then click
on the 'Use Catagom' button, or just Double Click

There are 2 general ways to pick an example component. You can either select the
Pick An Example from the Type combo box or click on the Get Example button at
the bottom of the menu. You may be first presented with a list of general
categories of component examples, like shown in Figure 2.45. (This screen would
not appear for picking Short Block, Heads or Cams because there are no other
component examples available at these menus.)
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Figure 2.46 List of Ford Manifold Examples

Desiqn

Dia

Effcy. Heat

Edelbrock Wictor Jr 4-EEL
Victor Jr - Elkd Cros Ovr

2B Ford - Edelbrock Performer RPM
SB Ford - Edelbrock Performer

2E Ford - Stock 87 Mustang EFT

SB Ford - 500 GT40 EFI

Tvp 5B Ford Ind Bnnry Injection

BE Ford - Typ Street Single Plane
BE Ford - Typ Street Iual Plane
BE Ford - Typical Tunnel ERam

BEE Ford - Typical Race Tunnel Ram
Typ BE Ford Ind Bmnr Injection

51Pln-crh
21Pln-crh
S1Pln-crh
D1Pln-crh
L1Pln-crh
1P1lnwm—-EFT
1Plnm—-EFI
1P1lnm—-EFI
21Pln-crhb
D1Pln-crh
S1P1ln-crhb
TnlRu-crh
1P1lnwm—-EFT

MMMMMMNRE -~ -

.67 5
5
5 d
£2 4L
53 4
5 14
ek 14
13
1 &
&
4 &
4 &
4 1z

FrodHeat

LessHeat

FrodHeat |
a2 ProdHeat
s FrodHeat
7a ProdHeat
T ProdHeat
100 LessHeat
2z FrodHeat
a2 FrodHeat
100 LessHeat
100 LessHeat
140 LessHeat

Tip: Click an Example to highlight it then
click on 'Pick' or 'Delete’ button. Double
click to pick Example in 1 step.

Pick I Eancell

| {3 adamier || Back |

Eventually you will obtain a list of examples, like shown in Figure 2.37. Here you can select your choice by either clicking on it, then
clicking on the Pick button, or double clicking on it. (By single clicking on an example you have saved (not one provided by
Performance Trends) you can click on Delete to delete it.)

Figure 2.47 Comparing Chosen Example with Current Specs

= Compare Current specs with: SB Ford - Torquer

Spec Hame

Manifold Type
Runner Diameter, in
Runner Length, in
Flow Efficiency, %
Intake Heat

Current Specs

Dual Plane-carb{s)}

1.51
6.8
75

Prod {full) Heat

Hew Example Specs

1.5%
N
88

5ingle Plane-carb{s)

Prod {full) Heat

| ‘Load In These Example Specs:

| Back

Cancel I

| Tip: Click on 'Preferences’ at the Main Screen, then 'Dan't Shaw Example Comparizan’ ta amit this screen.

Next you will be shown a comparison of the example you chose and the current specs, as shown in Figure 2.47. (By clicking on
Preferences in the menu bar at the top of the Main Screen, you can omit showing this comparison screen, which you may find

annoying. See page 14.) Click on Load In These Example Specs to use these specs. You will then be given a notice about how these
specs can not describe all details of the example just chosen, and you should still use your own judgment about the results. See

Figure 2.48.
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Figure 2.48 Typical Notice about Component Example
J_%I

Intake manifold specs are determined by measuring runner lengths and
diameters and from flow bench test results to calculate the Runner Flow
Efficiency. This data is not supplied from manufacturers. Therefore
this data is difficult to obtain and the number of examples is small.
Most of the examples are based on PTI tests or PTI estimates.

Runner dimensions and flow can vary from cylinder to cylinder and
manifold to manifold. Performance of manifolds depends on more than
just the few specs given here [A/F distribution, throttle response,

fuel mixing, air motion, etc.) Therefore, actual dyno performance can
be significantly different than what is predicted by these specs.

You have the option of changing the Example specs. For example, lets say you have blocked the crossover to your Torquer I and
eliminated all coolant flow which could heat the intake. You can click on Intake Heat and select No Heat from the choices. The
program will warn you that by changing this spec, the name of the example will no longer be for a Torquer II, but will be changed to
the general “Use Specs Below”.

Saving Examples

You also have the option of saving your own sets of specs to the list of Component Examples. If the current specs are not an
example, click on the Save Example button to be presented with the screen of Figure 2.49. (This button is not shown and saving is
not possible in Beginner User mode. See Preferences on page 13.)

This first screen lets you choose a category under which to save the example. For example, you may want a category called VW (as
shown in Figure 2.49) where you would save Volkswagen manifolds. Categories lets you easily organize large numbers of examples.
To choose a category, simply click on one of the categories on the right side of the screen, under Examples Added by User. (Note
that you can not add examples to examples provided by Performance Trends on the left side.) Then click on Use Category to save the

Figure 2.49 Choosing Category for Saving an Example

= Catagories of Intake Manifold Examples

T Pesfurmance §revaiy’ Eaamples . [ Examplez Added by User

rimntake

MHew Catagory Hame I:I

Use Catagory Cancel |Add New Catagory Mame to List I

Tip: Click on a catagory ta highlight it, then |  Rename Chosen Catagory |
click on the 'Use Catagory' button, or just —

Double Click on the catagony to pick in one | Delete Chosen Catagory I

step.

| Help |

example to that category. You will then advance to a screen like Figure 2.50.
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Figure 2.50 Saving an Example

= Current Specs to be Saved

Enter most any name
up to the number of
Manifold Type ne—-carb{s) letters this box allows
Runner Diameter, in (different number of

Runner Length, in letters for different
Flow Efficiency, % components)
Intake Heat '

spec Hame Current 3

od {(full) Heat

Saving option not

Example Hame |JDES 85 Mustan 7 | | Save I | Cancel I available in Beginner
User Mode

| Tip: Type in Example Mame that describes these specs. then click on Save.

If this is the first example you are saving, you will first have to add a new category. Simply type in a category name in the text input
box New Category Name, then click on the Add New Category Name to List button. You can also Rename or Delete a category by
first clicking on the category you want to change. Then click on the Rename or Delete button.

Notes:

e Not all specs have Examples available and some Example categories have very few examples from which to choose. These
features will expand with later updates.

e The specs in these Examples are approximate. Different pieces of hardware and later designs may have different specs,
producing very different results. You will be more accurate if you use your own figures from your own tests, or the latest
information from the manufacturer.

e No checks are made to see if your combination of Examples is physically possible. You can choose to put small block Ford
Torquer II intake on a 5 HP Briggs & Stratton short block with a big block Chevy cylinder head. This may be an interesting
"what if", but you must realize this hardware will NOT bolt together.
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Chapter 3 Output

The Engine Analyzer provides several ways to view and output the test results, including:
e Tabular, calculated Test Results displayed on the screen. Check Section 2.7 for definitions.
Analysis Report giving tips, warning of safety issues, etc.
High resolution graphs
Printer output of reports or graphs
Engine Library for recording sets of Engine specs for later use
History Log
Send Power Curve to another program

Check Appendix 5 and 6 for new features added in std and Plus versions 3.2 and 3.4.

Figure 3.1 Output Options from Test Results Screen
Menu Bar showing names of options Engine File Name
= Engine Analyzer v3.0 Performance Trends [ 302-4Y] x|
= GQraph Print View SendTo¥ehProgram File Analyze Welp[F1] 3
i Notes PkTq Avg  PEHP 4va .
@I @ Send ew 275 191 23 177 |— Click on
' l st 455 31 330 20 and slide
RPM 750 [1500 \[22%0 [3000 [3750  [4500 [5250] [6000  [6750  [7500 slide bar
Brake T 153 238 \26 274 275 260 210 | 153 911 43 |/ button t
Brake H 219 679 N1 157 19 223 209 | 175 117 70 utton to
Exh Pre 0.0 2 . 11 1.7 2.4 2.8 3.0 32 33 display all
Int ¥acuyim 00 2 5 b & & b i N 8 Test
Vol Eff % 551 703 |76 819 854 858 797 | 739 (672 (559 Result
Actual CEM__ (388 990 164 231 301 363 393 | 416 426 394 esults.
Fuel Flo 135 344 56 80.1 104 126 136 | 145 (148 137
A/FMixQal 761 994  100/0 100.0 100.0 |100.0 100.0| 100.0 100.0 |100.0
BSFC 615 506 500 |51 caa e pR3 | 827 1.264 19582 Click
BSAC 8123 6681 6619 675(RPM Data | s60z| 10916 16694 258671 ’— IcK on
Friction HP |3 ] 19 k) - - 96 137 184 235 and slide
Mach # 082 163 |24 326 | 408 489 571 | 652 734 815 slide bar
Piston Sp| 375 750 1124 1500 1875 2250 2625 | 3000 (3375 3750 button t
Piston Gs| 3 123 276| 4930 (766 1103 1501 | 1960 2481 3063 ution o
Overlap A¥E  |-1.0 -4 57 -1 -1 0.0 0.0 0 0 0 display all
Int AvgV. 44 88 132 176 2 265 309 | 353 397 4 Special
—————— Valv Flow & Cam Calcglations ---------------—---q --Int-- --Exh-- || QalCUIa-
Overlap| Area, sq in=xdeg .8 N N .239 .389 tions.
Total Ekh/Int % 8s|1|Special Calculationg [19.51  19.51
Lobe Separation, deq 1146 vro—mrroocyesg—r—156 .7 134.9
Lobe Centerlins, dpg 116.8  114.0
+
Performance Summary
L Notes Summary and Notes button giving performance tips
Command Option Buttons
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Figure 3.2 Additional Output Options

I

Click here or here to graph these results
Click here or here to print these results

Click here or here to send power curve to vehicle
program and run that program

Click here to create Analysis
Report (giving tips) as
described in Section 3.2

Click here for help

/_
= / / / F.ﬁlgingxﬂ/nalyzﬁr v3.0 Performance Trend;{ [302-4¥] / =
=| Bac gq(;;(h E'rirp/\-'iqw SendToVehProgram I_:i‘ile Analyze Help{F1) 5
] A |[Motes Pk Tg Auw Pk HF A
‘ E ) |Send ;I\ New 275 191 203 127
= 2 Last 455 351 330 210
RPM 760 [15o0 2250 [3000 [3750 [45pp  [5250 [eoon  [6750  [7500 [+
Brakg Tqg 153 ] 262 274 275 26| 210 153 1.1 -4.9 -
Brak¢ HP 21.9 6F.9 112 157 196 22 209 175 17 -7.0
Exh Rres 0.0 5 1.1 1.7 2.4 2.8 3.0 32 3.3
Int ¥3cuum 0.0 L5 b b B b F N .8
Yol ENf & 551 .3 6.8 81.9 85.4 85. fa.7 FER-] 672 569
Actual CFM 38.8 .0 62 23 3m 363 393 416 426 394
Fuel Hlow 135 4 6.3 801 104 126 136 145 148 137
AJE b ol Fo1 | nn n 400 0N 100N 100 100 N 4000 0 400 0 1I'II'II'II
= 0 - | -
Don't Show History lear [grase) History Print Help
Test Titk [[5ae? [Peak Tq lIncr. [&wa Tallner. [[Peak HP [Incr. [[&wag HP [Ince| +
302-4w: Thu Sep 3 58 4:39 pm 275 at 3750 180 191 160 223 &t 4500 07 127 83 |
302-dv: Tue Sep 1 98 437 pm 455 at 3500 1] 351 330 &t 4000 1] 210 1]
302-dv: Tue Sep 1 98 4:37 pm 455 at 3500 180 | 351 330 at 4000 107 210 a3
302-4w: Tue Sep1 98 853 am 275 at 3750 7 19 ok ARO0 2 17 7
302-efiw: BatAug 2398 513 pm 282 at 3500 19 178 H istory Log I 5
302-efiv: [ hudug 27 38 5:48 pm 301 at 3500 an 1El oo T 5 £
302-dv: Thu Aug 27 98 547 pm 271 at 3000 1] 187 216 at 4500 B 121 -4
302-dy: Thu dug 27 98 5:47 pm 271 at 3000 -30 150 224 at 4500 -5 125 -49
302-efiw: Thu dug 27 38 548 pm 307 at 3200 a 27 229 at 4400 0 174 37
302-gfiw: Thw Aug 27 58 5:46 pm 37 ak 3200 4 262 229 at 4400 3 137 2 [+
«[ ] +
Click on Tiest Title (1<t column) to cﬂange it 0\ to retrieve specs which produced thos*e rezultz. Click in other columns for definitions.

\_ Click here to write test results
to an ASCII disk file

Click here for options to display or not display the
Special Calculations section or the History Log
Click here to view and/or edit the Engine Comments
Click here to return to the Main Menu
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3.1 Analysis Reports

Fig 3.3 Analysis Options

When calculated performance results are displayed on the screen, you can [~ Short Form Report
obtain the Analysis Options menu by clicking on Analyze in the menu bar. See

Figure 3.3. Desired HP Peak RPM |

The Analysis report consists of 2-5 pages of suggestions for improvin .- -
y p . Pages o' sugg P & Application |5tleet!5tnp tl
performance, safety warnings, etc. concerning the performance results

calculated. See Figure 3.4 for a screen report.

| Make Report | Cancel

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 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 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.
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Application

Click this combo box for the following choices:

Mild Street An engine driven primarily on the street. It must idle well, run a low
RPM, and have a full exhaust system.

Street/Strip | An engine designed for occasional racing but must be durable and
driven on the street.

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 extremely specific.

When calculated test results are displayed on the screen, you can obtain an Analysis Report by clicking on Analyze in the menu bar.
The Analysis report consists of 1-3 pages of suggestions for improving performance, safety warnings, etc. concerning the
performance results calculated. See Figure 3.3 and 3.4 for examples.

Figure 3.4 Portion of Typical Analysis Report

= Analysis Report

+

Analyziz Report for Mild Street Engine with Desired HP Peak at 6000 RPM

Peak Tq =275 @ 3750 RPM 91 Ft Lbs per Culn
Peak HFP =223. @& 4500 RPMW .74 HP per Culn

Maximum Exhaust System Backpressure "Exh Pres' iz 3.3 PSL
Thisz iz typical for a mild street vehicle with a free flowing.
‘production type' exhaust spstem.

Typical ranges of Exhaust System Backpressure are listed on page
32 in the User's Manual. You can lower the Back pressure by
increasing Exh System CFM Rating in the Exhaust Specs menu.
Lowering the Exh System CFM R ating will simulate a quieter, more
restrictive exhaust spstem. Most dyno tests are done with open
headerz. which are simulated by szelecting the '‘Open Headers' from
the Exh System Type combo box.

Print Cancel
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3.2 ASCII Data Files

Check Appendix 5 and 6 for new features added in std and Plus versions 3.2 and 3.4.

Chapter 3 Output

You may want to use the results from the Engine Analyzer 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 RPM data test results for the results currently
displayed on the Test Results screen.
This consists of the RPM, Brk Tq, Brake HP, etc.

Comma Separated

Check this box if you want commas separating the data, leave unchecked and
the data is separated by spaces.

Include Text

Check this box if you want the titles of the data included in the file, leave
unchecked and no titles are included. Some software packages want only
numbers in the files they read. (Lifter Pump Up or Valve Toss is also
converted to numbers from 0=None to 3=Severe if you leave Include Text
unchecked.)

Convert to Columns

Check this box if you want the data which appears in rows in the Engine Analyzer to appear in columns, like columns of RPM, Brk

Figure 3.5 Ascii File Options

ASCII File Options

[% Comma Separated
[ Include Text
[T Convert to Columns

|Fi|E Hame |cama[d

| Lave File | Cancel

Tip
Enter a valid file name [no path] to zave
ASCI file to Engine &nalyzer directon.
Refer to page 98 and 102 in Uzer's

bl anual for definitions of Options

Tq, etc. Leave it unchecked and the data appears in rows much as in the program and on its printouts.

File Name

Enter the full path and file name to store the file. If you enter no path, the program will store the file in the Engine Analyzer directory

(folder).

Appendix 7 shows new option added in v3.4 B to export the data as a Microsoft Excel file
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3 3 G ra h S Check Appendix S, 6, and 7 for new features added in std
= and Plus versions 3.2, 3.4 A and 3.4 B.

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.

Figure 3.6 Basic Graph Screen Items

Command buttons perform action as pictured with 1 click of mouse.

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: change by clicking on Format, then Edit Titles/Legend.

‘Short cut’ commands appear to the right of this bar.
Name of current Engine File

Graph Legend, which
describes the data graphed.

Engine Analyzer v3.0 [ 302-4V]

Back File ! Fprmat View Help history LAST cam-TQ{HP This includes Name of test
Bl =] =] el g]rave]sestaed) results, Type of Data. You
Engine Analyzer v3.0 Tq & HP vs RPM current / can also click on Data Type
500 p=mmm T T T T T T T T : [orsen names and the corresponding
450 : : : : : : | : last results ’I data line will flash. This is
N useful to find a particular line

400

when several are graphed.
Names in the Legend can be
changed by clicking on
Format, then Edit Titles/
Legend.

350

300

2450

200

ooo 1500 QBQ\D 25#0 3000 S‘FDD 4000 4500 5000 5500 RPM

\_ Horizontal X axis. The scaling of this axis can be easily
chanaed 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.

Vertical Y axis, the scaling of which can be changed as described in this section.

There are 2 basic types of test data which can be graphed:
e  Brk Torque and Brake HP vs RPM.
e Valve Lift vs crank degrees.

There are 3 basic types of fests which can be graphed:
o  Current test results. These are the test results whose RPM data is displayed when at the Test Results screen, for the current
Engine specs.
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.

o Test results from the History Log. The History Log is a list of 25 tests, some of which you have specified you want saved
long term, some of which are simply some of the last tests you have run.
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Tq and HP Data vs Valve Lift Data

You can switch between Tq and HP Data and Valve Lift Data 2 basic ways as shown in Figure 3.7.

grmat

Figure 3.7 Switching between Tq and HP Data and Valve Lift Data

Click on these buttons to switch between Tq and
HP Data and Valve Lift Data as pictured.

Click on the “CAM-tg/hp” menu item. Whichever data
type “CAM” or “TQ/HP” is given in upper case letters is
the data type currently being used.
clicking on “CAM-tg/hp” will switch the graph from the
current Valve Lift data type to the TQ/HP data type.

Engine Analyzer v3.0 [ 302-4V ]
View Help |

In this case shown,

history LAST CAM-iqthp

]l elz] [l ale] el X 2] rurvien]se scaed

Eng Analyzer v3.0

current

Valve Lift vs Deg anaWE Lit

Graphing Current,
Last and History Log
Test Results

The Current and Last Test
Results were defined earlier. The
History Log is explained in some
detail in Section 3.7 starting on
page 143. This section will
explain how to graph test results
for tests in the History Log.

Other Graphing
Features

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
e Changing the scales
e Miscellaneous Format
Options to change the
appearance of the graph.

These are discussed in this next
section.

Figure 3.8 History Log (see Section 3.7 for more details)

Click on the History Button or the History
/ menu item todisplay the History Log.
| Engine A;{alyzer vl | JUZ-av |
Back File }Lmﬁr View Help ﬁlstury last cam-TQ{HP
do| | =
Englne Analyzer v3 0

BN =K B B D B ) e e
Tq & HP Vs RPM

current
. |Torque

240

200

140

= & 0 vIA

Graph These Tests

Graph Current Test Only  Graph Current & Last Test Qnly  Print elp

Test Title [Giaph?|Graph Title |5avet]Peak Tq [lva  [|Pdak HP [laHP]| [+
302-4v: FriSep 4 99 11:59 am 302-4 11:59 am 27543750 191 2f3atam00 27 |
302-4v: FriSep 4 99 11:59 am Yes | 302-4v 11:59 am 417 at4500 | 299 | 409406000 | 237
302-4v: FriSep 4 99 11:59 am Yes | 302-4v 11:59 am 489 at2250 | 335 | 402405250 | 246
302-4v: FriSep 4 99 11:59 am Yes | 302-4v 11:59 am 463 at1500 | 322 | 3§5a4500 | 219

302-4v: FriSep 4 58 11:44 am 302-4v11:44 am 275 at 3750 191 233 at 4500 127

302-4v: ThuSep 398 433 pm 302-4+[4:39 pm 275 at 3750 191 283 at 4500 127
302-4v: Tue Sep 198 437 pm 302-4+|4:37 pm 455 at 3500 351 3§0 at 4000 210
302-4v: Tue Sep 198 437 pm 3024l AT e ARF =4 3EAN FA 3P0 at 4000 210 =

Click on Tespt Tite [1gt column] to chan¢e it or tnqrerElié fChOOSG a Graph Optlon

rom the menu bar to close
the Histroy Log and graph
the tests identified by the J
menu option you pick.

ther columng for de initions.

=F

Click in this column to
show Yes or remove
Yes. Tests marked Yes
will be graphed.

Click and drag slide bar to display entire
History Log. Some tests marked Yes

may be at the bottom of the Log and not J
be visible now.

This column shows name

program will display in graph
Legend for this test. Click on J
name to change it.
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Printing

Figure 3.9 shows the options for printing graphs and how to access these options. It also shows the screen for changing the Windows
Printer Setup.

Figure 3.9 Printing Graphs

Clicking on the Printer button is the same as clicking on File and then Print.

Click on File to display the
two print menu options

Engine Analyzer w3
View Help | history la

Format

Click here to print the graph.

YWindows Print Optie
aoo - | Exit ']__\__ Itj_%_ I_-I_F_._\f Click here to change the printer
[ ' ' ; ; ; or printer driver, page
- ' orientation, etc. as shown below.

L Windows standard
Printer Setup menu

) Specific Printer: /

[HP Laseret Ill on LPT1: B
 Ornentation— | [ Paper

L @ Porlrait Size: |Leller 81/2x11in |£I

) Landscape 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 3.10 for
explaining the use of the cursor.

Figure 3.10 Cursor Features and Commands
Click here to turn Cursor On

Click here to turn Cursor Off

Cursor line,
usually pink or Click on these buttons to move the cursor left or
green, right. Hold down the <shift key> while clicking
depending on these buttons and the cursor moves farther.
bapkground You can also enable the cursor by clicking on
View, then Turn Cursor On.
= gine A £ ) |
Back File Format Vie Ip SYORY last cam-TOHP | The value of each
ElERRE i 2T Tel= T+ el Tt raven]saseat] 9raph |!ne at the
_ cursor is
Tq & HP vs RP e | azrgzl_ displayed here.

Horsepower 126

302-4v 11588 am —

302-4v 11:59 am —

Note for RPM
Data: If the RPM
where the cursor

: Torque 488 .
' is at was not run

for a particualr
test, no value is
given here. For
example: One
test ran 2000,
2500, 3000 RPM
and another ran
2000, 2400, 2800.
When cursor is at

1051]0 ED;JD 30;]0 40;]0 SD;JD ED;JD ?DE:JD . ED;JD 2500 RPM’ value
50 x _______ RN I I (S N ==t 450 | 1S given for first
£,

test but not given
The X value of the cursor is shown / for 2nd test.

here, in this case the RPM of 2250.

You can also enable the cursor by single clicking on a graph line at a
data point. This also provides a quick way to move the cursor from 1
area of the graph to another. (Do not drag the mouse while clicking or
you will zoom in on that area.) If you click on a graph line in between
data points, the cursor will not appear. A data point is where you see a
definite point or bend in a graph line.

102



(C) Performance Trends Inc 1998

Engine Analyzer

Chapter 3 Output

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 3.11 which will allow you to do this.

Standard name you want

row will be highlighted)
arrow keys to select the
item with the mouse.

Figure 3.11 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

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

it is easier to use the up and down
next item to edit than clicking the

This is the list of New

Ttm 3:

ESFC, lb/HP-hr x.._.
buick rudd-mdl

name.

J—

— ] . = and | egenc +[=]| names the program will

use if you click on Use

Lizst of Std Hames Lizt of Hew Hames New Titles. If a title in

Title: Brk Tq, Brake HP. .. / +| || the List of New Names
Grp 1: Current Eafeline | is blank, the program
Itw 1: Erk Ty, ft-lbs I will use the Standard

Ttm £: EBrake HP

Standard name from

" Tip
Click an the item in the lizt above you w
and any Mew name appears below,
Then uze the up and dawn arr

to maodify. |

ou can modify the New name.
ays o move to the e EET.

row selected.
tz Std Mame

New name for you to

5td Hame Being nglﬁ Mew N@eﬁe E ditted

edit. Other options
include clicking on

lbuickudd-mdl 7

| the Copy Std Name

to New or Blank Out

| Copy 5td Hame to Hew

| Blank Out Hew HName

New Name buttons.

|[:|:||:u.|I All 5td to Hew Hames

| Blank Dut All N;w’ﬂames

Click here to close this
menu and use the New

| Use Std Titles |

e
Use’ﬂ:w Titles

names you have
entered. Where New

| Cancel |

Help

names have been left
blank, the Standard

name will be used.
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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 Engine Analyzer has several ways to change the scales as shown in Figures 3.12 and 3.13.

Figure 3.12 Changing Scales for the X or Y Axis Click here to restore “auto-

Clicking on these buttons zooms in or zooms out scaling”. That is where the

on the graph, either vertically or horizon-tally computer picks the scale

Hold down the shift key to produce faster action to show all the graph in
good detail.

Clicking on these buttons shifts
the graph left, right, up or down.
Hold down the shift key while
clickina produces faster action.

fina 1
Back File Format VMI] HISTORY last m-TQ/HP

e Tetted (e 2] o] #] [pef o] X[ 3 [Fhivienserseaed
302 11:58 2 Click on View, then
500 T |Tore either Zoom or
450 -~ a0zavi1saam Specify Scales
a0 - (axes), or the Set
T Scales button to

350
shown in Figure
3.13 on the next
page.

M obtain the menu

300
250

200

140

100

a0

i

1000 2000 3000 4000 5000 G000 7000 2000
1 A S N R N Lcecccdccaooo4  RPM

You can use the mouse to outline an area to be zoomed in on. Simply click on the
mouse key in the upper left corner of the area, then hold the key down and drag
the mouse to the lower right corner 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.
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Figure 3.13 Menu to Specify Graph Axes Scales

This menu can be obtained 2 ways. You can click on View in the
menu bar then Specify Scales (axes), or click on the Set Scales
button, the right most button on the screen. See Figure 3.12.

Specify Graph Axes

L The current scale limits

" Graph Axes Specs

|Haximum Y ¥alue [vertical axziz on left) 5000 /
|Hinimum Y Value [vertical axis on left] 100

|Haximum X ¥Yalue [horizontal axiz on bottom]) 9500
|Hinimum X ¥Yalue [hornizontal axiz on bottom]) 4000

are loaded when this
menu opens. Change
any or all these to most
any value you want.

Click on OK to have the

P

T Tip:
Thiz menu iz uzeful far specifying araph scales [+ &Y axiz] 20 they
match the zcalez of anather . Thiz menu can alzo be uzed to
Zoarm In or Out or zhift therGraph up, down, left or right.

~
| A K I | Cancel I

graph redrawn to these
new scale limits .

Format Options

Click on the Format menu item to be presented with several options which will be briefly discussed here.

Line Style

Click on Line Style to change the thickness of the graph lines.

Grid Style

Click on Grid Style to change or omit the drawing of grid lines on the
graph.

Back Color

Figure 3.14 Format Options
== 1 i c
| Back File it View Help | HIST
& = I Line Style b |l =
= 4 Edit Titles/Legend A <P
Engl Grid Style y Tq &
500 p------ Back Color |
490 oo 7 White |

Click on Back Color to change the background color of the graph from white, black or gray.

Axes

Click on Axes to either add or remove labels like TDC and BDC to the X axis for Valve Lift Graphs.
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3.4 Engine Library

The Engine Analyzer allows you to save a set of Engine specifications to the Engine Library under a name of your choosing. You can
then open these Engines out of the Engine Library in the future for comparison or modification. The Open window is shown on the
next page with explanations.

Figure 3.15 Engine Library Options
Click on Open button (or ‘File (engine)’, then ‘Open’) to display Engine Library shown
here. (Save option also available after clicking on ‘File (engine)’.)
Click on Save button to save current Engines specs to Library

=| I\ Engine Analfzer v3.0 Perdormance Trends [302-4V] -]z .
Eil (fngine]  CalcHP[F2Z] | Preferences Help[F1l— TOt?| # Engines
I in Library

I
|'Engine Library I | Save to Engine LihlalMﬁalculale Performance I | Quit I | Help I

L Name of chosen

" Engin Open an Engine File Engine (currently
| 4| 93 EngireS’in Library [Chosen Engine File: 70350228 highlighted in
427s0h + - i i
: 423?;_&1’ Preview: Englne LISt)
460-hipo Bore: 4 Int Valve: 2.02 .
In ;ﬁg:g‘,?;";: Stoke: 348  ExhValve: 1.6 - Preview of
i CID: 349.8 CFM Rating: 750 :
E (3hpbrig gsx E\Nuﬁé’;—; Engine chosen
[alchi-sp_rnt | /
ashtn-le_wis N
Carf |bigbicke ™~ 25 T Py Click and drag
nmar-J. . .
5 Egl:;lf_%lan.zel b ft Ibs (2 4500 - 360 HP @ L] slide bar to view
Egz::gg% ou Specs reflect dyno iméation fram 70 all engines in list
Rundl |brz-355 ¥ & . .

T— Single click on
M‘;\f'?a-mou | Open II | Delet I | Cancegl I || Help I |\Advanced I Py engine to choose
descriptio { { . .
fcrﬁgwlfoar: 'tnemaf pecs reflect vdhicle installation gforbﬁ) revl!ex/i
mare detailed info on optiors. \ \ = . ou e click to

\ \ immediately
open it.
Click here to \_ Click here to bring up standard
openthe | Windows File Manager window to
chosen Enaine access any disk drive or directory
Click here to delete _‘ (folder). Not avaialbe in Beginner

chosen Engine. User Mode.

Click here to close the Engine
Library with No changes
(without opening an engine)

Click here to bring up on screen help.

See Appendix 7 to show the latest v3.4B sends files to the Recycle Bin when they are deleted.
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File Hame:

Directones:
d-‘\vbwin\eadlhengdat

100hp-bc_hvy
J00turbo.c
302-4v
302-4vf
302-eh
302-efif
302-ehx
330-ta-m.od

List Files of Type:

(= d:h

[= vbwin
[=+ ea30d
= engdat

Dnves:

|All Files (=.7)

|Ed:ap

Figure 3.16 Standard Windows File Manager Screen Available by Click on
Advanced Button for Either Opening or Saving Engine Files

= Open a File

] Bead Only

Open an Engine File

To open an Engine file saved in the Library, either:

e  Click on the Open button

e  Click on the “File (Engine)” menu item and then on the “Open Engine” options from the list.

You will obtain the window shown on the previous page. Single click on one of the Engines in the list, or click and drag the slide
button on the right side of the list to display more Engines. Once you single click on an Engine, it is now the Chosen Engine File and
a preview of the Engine is given in the Preview section. If the file you chose was not a valid Engine Analyzer file, the program will

tell you so and you can not choose it.

Once an Engine has been chosen, you can delete it by clicking on the Delete button, or Open it by clicking on the Open button in this
window. You can also click on a different Engine to Preview it or close this window and return to the Main Screen without choosing

a new Engine file.

If you are sure of the Engine you want to open, you can simply double click on it from the Engine List. This opens the Engine

without a preview and closes this menu.
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Figure 3.17 Saving Engine File Options

Click on File (engine) menu item, then Save (engine) or click on the Save to
Engine Library button to bring up this Save menu.

Click here to save specs to New Engine name shown

New name to save vehicle specs to. Leave
unchanged and click OK to save to the
current vehicle name. Click on name in box
to and start typing to change it, then click
OK to save it to the new name.

Name of current
vehicle file you
are working with

'=-| / / Engine Analyzer v3.0 /Pt:rfurmanct: Trends [ 3I]2—'-‘1‘U']
File [engine]  [Calc HP(F2] Preferefices Help[F1] Click here to
[ [ [ .
E— — bring up
Engine Library Save to Engine Library Calculate Performance

| /| | " ) | ’A I [ standard
= Save an Engine File B Windows File

Manager

[Nefs Engine Name: |3l]2-4\"/ / | # streke, 30133 cid window to

E po access an
| /EIK I | Cancel I | Help I |Adval’{ced I i'CLa-II'l;lEZr \?;EJ?';JBS:t g;.lzecscs dlSk drive (y)r

rblz] manifald
Enter a Mew Engine Mame and click on OK. The current [35 ] dlrectory
engine name iz given should vou chooge to modify it (fOIder)- Not
zlightly for the new name. Use the Delete key to erase avaialbe in
the narme if pou want 3 completely new name. _3U8t System

Beginner User
Mode.

B manifolds

O0008

1 | ‘ Mo Turhn ar Sunercharaer

Save an Engine File

Before we discuss saving an engine file, it is important for you to understand how the program opens and uses Engine files. When
you open an Engine from the Engine Library, you are only using a copy of the Engine. The original Engine file is kept in the library.

As you make changes to the Engine, they are only made to this copy. The original file is not changed. If you want to delete your
changes, you can simply open a fresh, unchanged copy of the original Engine file from the Library. If you want to keep your
changes, you must save them. This can be done by clicking on the Save button. You are also asked if you want to save your changes
whenever you open a new Engine, and the program has detected you have made changes to the current file.

To save a Engine File, you will be presented with the Save Window as shown on the previous page. The program suggests a new
Engine name which is the same as the current Engine name shown at the top of the Main Screen. If you want to save your changes to
the same name, simply click on OK. This will update the current Engine file with your latest changes.

If you want to save the current set of Engine specs with your changes to a new name (and leave the current Engine file in the Library
unchanged), then click on the suggested file name and modify it as you want. For example, in the window shown on the previous
page, you may want to add -2 to the current name 302-4V to create 302-4V-2 to indicate this is the 2nd revision of 302-4V. This is
the safest way to make changes, because you can always return to an earlier version and see what you had done.

Certain engine names are not acceptable, including:

e Names with more than 50 characters.
e Names which include certain special characters

If you enter a name which is outside of these limits, the program will warn you and/or make the correction automatically.
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Engine files are saved in the ENGDAT subdirectory in the EA30 subdirectory under PERFTRNS.PTI directory. You can copy
Windows Engine Analyzer files from programs on other computers to this directory and they will be found by the program.

110



(C) Performance Trends Inc 1998 Engine Analyzer Chapter 3 Output

3.5 Printer Output

The Engine Analyzer can print the tabular test results for a permanent hardcopy by clicking on Print in the menu bar or the Printer
button. The menu of options shown in Figure 3.18 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.

Check Appendix 5 and 6 for new features added in std and Plus versions 3.2 and 3.4.

Include Engine Specs
Figure 3.18 Printer Command and Menu of Printer Output Options

Select this options if you
The Windows Printer Setup - - want all the current
option lets you choose the _ Engine specs,

printer or printer driver being ~Test Results Report Options | Transmission specs, etc

used by Windows and also printed with the results.

the page orientation. X Include Engine Specs This will add 1 page to the
¥ Include Engine Comments printed report.

[ Bequest Report Comment
[ Dot Matriz Printer Adjustment

Click on Print or
the Printer Button

for the Printout : - :
Options menu |F"nnt Report Uzing Theze Specsl InCIUde Eng|ne
shown to the right. Comments

.~ Other Printout Types

£ngine Analyzer v3.0 Performanc | Print Blank Worksheet | Select this option if you

2| Back G Sl SendToVehProgrs Anal want all the comments for
;n ‘R i I el UL G | Print D efinitions of Dutputs I the complete Engine

: o N printed with the results.

: Print Blank Worksheet 3 | Print History |

Print Definitions

IPM [100( | -

. : | —— Tip
irake Tq 11| Windows P.rlnter Setup Close See page 147 in
irake HP 36.4 Program Printer Setup | manual far mare info.
‘xh Pres 1 2 4 F 1.0 :

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, weather conditions, etc.

Dot Matrix Printer Adjustment

Select this option if you are using a dot matrix printer or a printer with fewer fonts and font sizes available. This option usually
shrinks the fonts and margins some to correct a problem of the printout going beyond the margin on the right side.

Other Printout Types
Print Blank Worksheet

Click on this button to produce a list of engine specs with blank lines next to them. These "worksheets" are handy for gathering
engine specs when creating new engines with the Engine Analyzer.

111



(C) Performance Trends Inc 1998 Engine Analyzer Chapter 3 Output

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 an item in the RPM Data section or Special Calculations section of the Test Results

Print History

Click on this button to print all 25 lines of the History Log. Note that the History Log prints better when the printer is in Landscape
mode. Click on the Windows Printer Setup menu item shown in Figure 3.18 for switching to landscape mode.
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3.6 History Log

The Engine Analyzer remembers the results and the Engine specs which produced those results for up to the last 25 runs you have
made. 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 3.19 shows the History Log and options.

Figure 3.19 History Log and Options
Click on View, then Show History for History Log .
Click on Test
/ / Title to
= Engine Aﬁalyzer vi.0 F'erform;ﬁce Trends [302-4V] EE chanage the
Back Graph Print View SendTu‘JehF‘mg/{m File Analyze Help[F1] = X g
I | l Send I Notesl Motes Surmman: A mifure poor, Spark Pk Tg Awg PkHF Awg Title or
=l Knock. Click on Motes/for details. Mew 271 244 223 151 i
Cmnt Last 271 244 222 151 retrleve the
RPM 1000|1500 [2000  [2500/ [000 [3500 4000 4500 5000 [ssom [+ SPecCs which
Brake Tq 191 236 254 26 270 27 268 260 233 192 produced
Brake HP 36.3 67.3 96.6 126 154 181 204 223 222 201 th |t
Exh Pres A 2 A /7 1.0 1.5 1.9 24 28 29 ese results.
Int Yacuum A 2 4 .6 B B .6 .6 5 7 .
Vol Eff % 61.7 70.4 748 782 81.4 83.8 85.4 86.2 827 78.5 HIStOI‘y Log
Actual CFM 58.0 99.2 14 184 229 276 321 364 393 406 i i
is displ
Fuel Flow 201 344 R:] 63.8 79.6 95.7 111 126 136 141 s (lj Spt?]yed
- elow the
= - 0 - e I
- - . mns of
Don't Show History Clgar [erase] History Print Help colu SO
Test Tite /  |[5ave?|[Peak Tg [Iner. [lawg Tgllner. [[PeaHP [Iner. [&wg HP [Ine: [+ test results.
302-4w: Tue Oct B 98 7:52 pm 271 at 3500 0 244 25 at 4500 1 151 u]
302-4w: Tue OctE 98 7:46 271 at 3500 0 244 22 at 4500 0 151 o] i
302-4w: Tue OctB 98 7:4%fm 2F1at3500 O 244 222 at4500 O 151 |0 Click and
302-4vw: Tue Oct 6 98 4,41 pm 271 at 3500 165 244 222 at 4500 144 1181 -155] H
350-root.s: Sat Oct 3 4:41 pm 430 at 3500 0 388 366 at 5000 0 306 u] move Sllde
350-root.s: Sat Oct 98 4:41 pm 430 at 3500 174 388 202 366 at 5000 221 306 20 bar tO
turbocw-B: Sat Oct 493 4:41 pm 256 at 2000 0 186 u] 145 at 3500 0 105 il dISpla a"
turbocw-B: Sat Oct 393 4:40 pm 256 at 2000 0 186 o] 145 at 3500 0 106 o] y N
turbocw-B: Sat Oct 393 439 pm 256 at 2000 0 186 u] 145 at 3500 0 106 u] 25 teStS N
turlbo.lv-B: Sat Oct 398 4:39 pm 256 at 2000 0 186 o] 145 at 3500 0 106 o] * the History
+ +
Click on Test Title [1st column] to change it or to retieve specs which produced those resultz. Click in other columng for definitions. Log

Test Title

Figure 3.20 Clicking On Test Title
Click on Test Title and you are asked if you want to retrieve the specs which

produced these results. Answer Yes and the specs are retrieved. Answer No

and you can then change the Test Title. This is useful for making notes about Retrieve the specs which produced these
this particular run, modifications you made, etc. results?

[Click on No to edit Test Title.]

Graph?

| Yes I | No I |Cance||

Click in this column to have a Yes inserted or removed. All test rows with a

Yes will be graphed if you click on Graph These Tests in the menu bar. This column is only visible in the History Log displayed in
the Graph screen. See Figure 3.20.

Graph Title

Is the title which will appear in the graph legend for this test. The program creates a simple title based on the Engine File Name and
the time the test was run, but you can click on this name and the program will ask you to enter a new name, perhaps something like
“34 in Headers”. This column is only visible in the History Log displayed in the Graph screen. See Figure 3.20. The first time you
type in a Test Title, the Graph Title will be changed to the first 16 letters of the Test Title.
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Figure 3.21 History Log from the Graph Screen

= - 1 - F
Graph These Tests Graph Options Clear [erase] History Print Help

Test Title | Graph?| Graph Title |Saved| Peak Tg l&vg  [|Peak HP (g HF]| [+

388-chewv.y: Wwed Oct 7 98 1:52 pm 388-chew.y 1:52 467 at 5000 408 R37 at 6500 408 -

385-chev.y: Wwed Oct 798 1215 pm |Yes 388-chev.y 1215 580 at 4500 469 B76 at G000 455

385-chew.y: wed Oct 798 851 am  |Yes 388-chew.y 8:51 580 at 4500 469 B76 at G000 455

A02-efi: Wed Oct 798 8:40 am Yes J02-efi B:40am  Yes || 326 at 3500 268 260 at 5000 172

A02-efi: Wed Oct 798 8:40 am J02-efi B:40am  Yes || 310 at 3500 208 241 at 5000 164

A02-efi: Wed Oct 798 8:39 am A02-efi 839 am  Yes | 306 at 3500 207 238 at 5000 162

A02-efi: Wed Oct 798 8:39 am 302-efi 8:39 am 300 at 3500 252 229 at 4500 156

N2 Ao \afed Ot 798 2039 a0y 02y 239 A 271 At 3EO0 244 2273 =+ ARNN 181 *
Click on Test Title [Tzt column) to change it or to retrieve specs which produced thoze results. Click, in other columng for definitions. ||

Save?

Click in this column to have a Yes inserted or removed. All tests move toward the bottom of the log as new tests are run, and
eventually fall off the list. However, tests with a Yes move to the bottom, but do not fall off the list and are saved on the list until you
remove the Yes in this column.

Tip: If you want to save a test, but do not necessarily want it on the History Log,, click on it to retrieve it and the engine specs which

produced it. At the Main Screen, make notes of what this test and engine are. Then save it to the Engine Library. Although the test
results are not available for graphing, you can open this engine file and recalculate the test results at any time in the future.

Peak Tq

Is the peak torque for this particular test, and the RPM at which it occurs.

Incr.

Is the increase in Peak Tq for this test compared to the test below it, usually the previous test run. If Peak Tq dropped, the Incr. will
be negative.

Avg Tq
Is the average torque for all RPMs run for this particular test. If the RPM range is different for 2 different tests, comparing averages

can be misleading. For example, run the same engine, first from 2000-6000 RPM, then from 3000-7000 RPM. You most likely will
get 2 different Avg Tgs, but probably get the same Peak Tq.

Incr.

Is the increase in Avg Tq for this test compared to the test below it, usually the previous test run. If Avg Tq dropped, the Incr. will be
negative.

Peak HP
Incr.

Avg HP
Incr.

These columns are the same as the torque columns, except these track the changes in Peak HP and Avg HP.
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The Engine Analyzer allows you to load engine performance curves into another Windows Performance Trends vehicle program, like
Drag Racing Analyzer v3.0. This is accomplished by clicking on the Send button to SendToVehProgram menu item when the Test
Results are displayed. You will first be presented with a menu of options as shown in Figure 3.22.

The process of loading Engine Analyzer results into another
program are nearly automatic and consists of:

1.

Select the vehicle program you want to send the
results to in the Send menu. See Figure 3.22. Then
click on OK/Send to leave the Engine Analyzer.

The vehicle program will be automatically loaded and
run. The Engine Analyzer will look where it expects
the program to be. If the program is not there, the
Engine Analyzer will ask you if it should look for it.
See the Troubleshooting section on the next page.
Follow instructions in the vehicle program like Drag
Racing Analyzer to load in the Engine Analyzer
power curve, weather conditions which gave this
power, etc. This can be done at any time you are in
the vehicle program, or not at all. Nete that you will
have to tell the program to load the power curve.
Loading does not happen automatically, to prevent
perhaps overwriting some engine information you
wanted to save or compare to the new power curve.
Usually you go to the Engine Specs menu in the other
program to load the power curve.

When you click on the Return to Engine Analyzer button in the vehicle program or quit the vehicle program, you will be

Figure 3.22 Send To Vehicle Program Menu

Send HP Curve to Yehicle Program

(8 Drag Racing Analyzer
() Drag Racing Analyzer Pro

() Circle Track Racing Analyzer

fook Fordl

() Dther "custom configuration™

|§35’€3§§i’&§¥3 EHE Hame |

[anation etk |

|§3¥€sg‘gmm oo Mame |

Help I | Cancel

Click on “dot”

to select
which

program to
send curve to.

See Trouble-

shooting

section for

using this

“Look for it”

button.

returned to the Engine Analyzer program. Now you can make another modification to the engine, send it again into the
vehicle program and see how it effects vehicle performance.

You can jump between the Engine Analyzer and the vehicle program as many times as you want.

If you are using a Performance Trends vehicle program not listed in the Send menu, and the program says it can receive power
curves from an Engine Analyzer program, click on the “Other Custom Configuration” button. Fill in the 3 text boxes as instructed
in the vehicle program.
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Troubleshooting

If in the process of sending the power curve to another program does not work as you expected:
e Be sure you understand how the process works. Read steps 1-4 on the previous page.
e You do not have the Windows vehicle program you specified.
e The Engine Analyzer could not find the vehicle program Click on the Look for It button next to the Vehicle program you

want to work with.

e The Engine Analyzer could not find the correct vehicle program if you have more than 1 copy of the program on your

) ———

Figure 3.23 Look For It Menu

Select Drive to Search for DRAE
Then click on the Search Button

v |

|=ld: [4P] 4

Aﬂ

2 Occurances Found of DRA_EXE

d:\wbwin‘dra30\master\dra.exe 7
d-‘vbwin\dra30\dra. exe

v

Search

" Options For File[z] Found

want to uze to chooze it

Double click on the ocourance of DRA EXE pou

Select the Disk Drive to look for the Vehicle
program. Then click on Search button to
start the search.

Copies of the appropriate program are
displayed here. If you click on Cancel/Halt
(or the program searches the entire drive),
and only 1 copy is found, this copy is
automatically assumed to be the one you
want to send the power curve to. This
menu is then closed.

If more than 1 copy of the program is
found (as shown here) you must double
click on the program you want to use. This
menu then closes.

computer.
Click on
the Look
for It
button
next to the
Vehicle
program
you want
to work
with.
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Chapter 4 Examples

Each of these examples become 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.

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.

Check Appendix 5, 6, and 7 for new features added in std and Plus versions 3.2, 3.4 A and 3.4 B.
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Example 4.1 "I Don’t Know My Engine’s
Specs’

Figure 4.1 Main Screen_ cji i -
Features Introduced (and g CIIIthPLe];ErenCﬁS tE see k|bee_<:(:;)|nner User mode has been
selecle as check mark bv |
SUggeSted background = Engine Analyzer v3.0 Performance Trends [ 302-4V]
reading): File [engine]  Calc HP[F2) BaioTE Help(F1]
e Read the = Beginner User
Preliminary Engine Librawy | | SaveEngii Experienced EI -m
"Example To Get - Engine Specs + Calc C-CS from Dia whenwhanges Note
Going" Calc Dia from CCs when Port Len. Changes h that
(Yszlétlo(sllrigS) | Short Block \\ I + Show Comparison when picking Examples Bzreinnzr
. ' . | Head(z) \i\ Don't Show Example Comparison . t?]
|
° MOVlng around in Set Default Test Pres. [currently 28.0"] S the
the menus and [ intake System | N fiestart Displaying Help Tips current
changing specs [ Exhaust sym | oo s 'L I” 90 ':CI" —— mode
; shaust System ' ow Valve Open{Close Events ;
(SeCthIl 2'0_2'7) - Smalve Open{Close Events all::d IE d
e Calculate |__camvave Train | It 202, dur TNCAL, Exh 202, dur 114 C/L @ 050 inches i checke
Perfqrmance | e —— I Mo Turbo or Supensgarger
(Section 2.8)
e Examples (Section | Running Conditions | \ )
210) " Help: " Comments: CIICk here
e  Graphing Options 9012 TS T ST iz i @ 1985 Production Ford 302 HO 4 barrel carb * to show
. description to be given in the Help Factory rated at 270 ft/lbs @& 3200 - 210 HP @& 4400 Short
(SCCthl’l 3 3) frame at the lower left comer. Specs reflect vehicle installation o
Click on ‘Help' in menu line for Bl k
more detailed info on options. = ocC
Example 4.1 will be fairly specs.
simple to get you started.

You will answer a fairly
common question “What do I do if I don’t know some particular specs about my engine.” You will go through a process of building
an engine knowing hardly more than the cubic inches and number of cylinders.

For this example, you will assume you have a 97 Ford Escort ZX2 4 valve, overhead cam (OHC) 2.0L inline 4 cylinder. Ford rates
the engine at 127 ft Ibs at 4250 RPM and 130 HP at 5750 RPM.

1) Start With an Engine Close to Yours from the Engine Library

First, start the Engine Analyzer program following the procedure in Section 1.4 by either:
e Clicking on the Engine Analyzer v3.0 icon in the Perf. Trends program group (Windows 3.1)
e  Clicking on Start, Programs, Perf. Trends, then Engine Analyzer v3.0 (Windows 95)
e C(Clicking on the EA.EXE (EA) program under the EA30 directory (folder) under the PERFTRNS.PTI directory (folder) using
File Manager (Windows Explorer). (Terms in parentheses are for Windows 95.)

You will be shown the Engine Analyzer’s Main Screen as shown in Figure 4.1. Because you are new to the program or new to
engines, be sure the program is in Beginner User mode. Click on Preferences at the top of the Main Screen to see if there is a check
mark by Beginner User. If there is not, click on Beginner User.

Open up this Engine file by clicking on the Open button as shown in Figure 4.2. Move through the list, clicking on engines which
look similar to your Ford 2.0L. You will be shown a preview or summary of the engine. Unfortunately, there are no similar 4
cylinder engines, so you will use whatever engine was loaded in the program when you started it. The name of this engine is shown
at the top of the Main Screen as shown in Figure 4.2.
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F|igure 4.2

Engine Library

Engine Analyzer v3.0 Performance Trends [302-4V]

-
|v|VI

File [engine) Calc HP[F2)

Preferences Help[F1)

| Engine Library I

| Save Engine to Library I

| Calculate Performance

I | Quit I

| Help I

Open an Engine File

]

460-mari.ne

|43 Engines in Library

|Chosen Engine File: 302-4v

Preview:

CID: 301.6

CR 85 wm: 2

Int Valve: 1.78

frame: at thE T T T
Click on 'Help' in menu line for
more detailed info on options.

Specs reflect \re\hlcle installation

S0cc-hon.da 1985 Production Ford 302 HINg barrel carb
Shp-brig.gs Factony rated at 270 ft/bs @ 3200210 HP
[ 70-350-z.28 @ 4400
98wnstn_cup Specs reflect vehiclednstallation
alchl-gp_mnt N
\I amc-401_mod + \
unn | blown.tad
~
"Help: — | | \\
Maove moul Open I | Delete I Nancel I | Help I +
descriptior N\

Preview of chosen
(highlighted) engine

Name of Engine the
program is currently
working with. The
current specs may
have been changed
and be different than
the Engine in Library
of the same name.

Click on the engine
you want to Open to
see a Preview.
Double click to
Open immediately.

Click here to show
Engine Library

2) Pick Typical Example Specs, Starting with Short Block

The Engine Analyzer has “Typical” example specs loaded in for you to pick from. These specs may not exactly match your engine,
but are close enough to let you use the program.

Start the engine buildup process by clicking on the Short Block specs button, as shown in Figure 4.1. You will see specs which are
for the current engine. Figure 4.3 shows there are usually 2 ways to pick Typical Example specs for your 2.0L:
1. Click on the Get Example button at the bottom of the Short Block menu
2. Click on the down arrow button on the Type spec at the top of the Short Block menu, then choose the Pick an Example

choice.

Figure 4.3 To Load an Example Short Block

Short Block Specs

" Short Block i Ca ed Specs
Cul CC: Lit

|T}'IJB Uze Specs Below ¥ r o * et

lse Specs Below Cylinder olurme 3770 B179 0618
Bore. inLLick an Example Engine Waolume 0158 48431 4943

- TI=- Current C.R. 8.50 2.50 2.50

|Stmke, in 3 Chamber Yolume  5.03 224 0.0s2
|lt of Cylinders g Bore/Stioke Rato 1,333

Losses

Help

|ﬁlcc&330li83 |Elutch fan and production water purnp

Click on down
arrow button
for Type
combo box and
click on Pick an
Example

ko et

Click. ar the dow arow button to select
itherize your own zpecs in this menu

Or, click on the
Get Example

[Crankcase |T_I,J|3icaIWindage

|Pistons/Bearings | Production design

ick an Example set of specs. [ pou
ave picked Example Specs, the Example
name will appear here unlezs you change
zome of the Example specs. p 15

[ ok

Help

| | Gef Example |

button
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L]
Either way, you will be presented with a list of Short Block Figure 4.4 Engine Analyzer Tip

Categories as shown in Figure 4.5. You may also be shown Engine Analyzer v3,0 Tip

one of the several Tips messages in the Engine Analyzer,
giving you info helpful if you are not familiar with the

program, as shown in Figure 4.4. Simply click on OK to
clear the message. Note that this message will be shown

Click here before
Click on an Example Naie in this list to highlight clicking on OK
it. Then Click on the Pick button (lower right and you won't

comer) to pick it. .
Jop see this message

again the next time you start the program. However, if you If there are mafe Examples than can be again. Otherwise
do not want to see this reminder again, click on the Don’t displayed,Click on the arrow buttons or click and || you will see this
Show This Again box, then on OK and you won’t see this tip DL LA LI DUE LS DO B message next

dispjdy all Examples. time you start the

Don't show this again program.

again, even if you restart the program.

Figure 4.5 Picking a Short Block Category
Bl Catagorics of Short Block Exampies for Picking || Pick (click on) the Typical

Catagories [groups] of Click on Typical Short Short Blocks to highlight it,

 Performance Trends Examples Blocks to highlightthe | . @ 1« on the Use
| Chevrolet category, then click Category button. You will
Chiysler on the Use Category . N
o . button below. geta list ° fTyp lca.l Short
:Jn:zz:lDDmestlc L Blocks, listed by size in
You can also pick in Liters or cubiq inches, qnd
one step by double number of cyl'lnders. F'1nd
clicking on Typical th.e 2 'OL.4 Cyh.ndq engine
Short Blocks. click on it to highlight it,
then click on the Pick button
Use Catagory I | Cancel I to choose it. You will be
Tip: Click on a catagory in either section ta returned to the Short Block

highlight it, then click on the 'Usze Catagony' :

button. or just Double Click on the catagory menu with these spees
ta pick in one step. [Catagories are groups loaded.

of examples, like a group of Chevy heads,
rat individual examples. ]

Figure 4.6 Picking the Correct Typical Short Block

Click on your

choice to
Typical Short Elacks EBore e fCyl Rodlen Acces Ccase P=n/Brg hlghllght |t
Typical 1.0L (6l cid) 4 eyl 247 4 4. Z Hone Typical Prod +
Typical 1.1L (67 cid) 4 eyl Z.5E 4 4.3 Hone Typical Prod .
Typical 1.2L (73 cid) 4 eyl z.6 4 4.5  Home Typical Prog Then click on
Typical 1.3L (79 cid) 4 eyl .08 Z.72 4 4.6 Hone Typical FProgd Pick to ple
Typical 1.4L (285 cid) 4 312 2.8 4 4.7 Hone Typical Prpd
Typical 1.5L (52 cid) 4 3.2 z.84 4 4.8  Home Typical Pifod that Short
Typical 1.6L (98 4 3.27 z.91 4 4.9 None Typical BPfod Block
Typical 1.7L 4 oyl 3.3 E_9E 4 £ Hone Typical Jrod
Typical 1.8L (110 4 oyl .41 3.01 4 £l Hone Typical [frod
| Tynical 1.9 4 3. 3. 4 5.2 Hone Click on Print
Typical & 4 oy 2.E2 3. 4 .3 W7 .
Typical Z.1L (128 cid) 4 cyl 3.6 3.15 4 IRl Hone Typical to prlnt_the
Typical 2.ZL {134 eid) 4 cyl 3.65 3.zl 4 5.4 Hone Typica entire list of
Typical Z.3L (140 ecid) 4 cvl 3.7 3.EZE6 4 E.E Hone Typica these
Typical Z_4L (146 cid) 4 oyl 3.78 3.3F 4 5B None Typical + eXampleS
Mote: |F pour short block iz not listed here, click onthe  Tip: Click on Example to highlight Em
Back button and select a Typical black fram the it, then click. on 'Pick' ar Delate!
Performance Trends' Examples. button. Double click to pick !

Example in 1 step. m
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Figure 4.7

= Motes on Example Data

repair manuals.

large effect on performance.

You will probably receive 2 more tips as shown in
Figures 4.7 and 4.8. Figure 4.7 explains that these specs
are approximate and that there are other things which
can effect performance and durability other than what is
described by these few specs. Figure 4.8 is letting you
know that many of the specs you have picked for this
Short Block will be hidden when you are returned to the
Short Block specs menu. This is our attempt to avoid
confusing or overwhelming the Beginner User with
numbers and names they are not familiar with. The
Short Block menu will now look like Figure 4.9.

Most of these specs are taken from sources like 'Motors' or 'Chiltons’

If vour particular engine has been overbored, be sure to add

this amount to the standard Bore given here.

Hod Lengths give here may be an estimate, but usually does not have a
IMPORTANT: Do not use Hod Lengths given here to determine required

piston Compression Height, as manufacturers many times used different
length rods in similar size engines.

Figure 4.8 Tip Explaining Specs Will be Hidden
Engine Analyzer +3.0 Tip

Most or all of the specs for the Example
component just chosen will be hidden.
This is in an effort to keep the screen
less confusing for beginners.

1 ] Don't show this again | 0K l | Help I

All specs have been hidden except Accessories, which are set to “No accessories, no fan, no water pump”. Click on the down arrow
for this combo box, and select the “1990s prod engine in vehicle, all accessories”, which should be typical of your 2.0L as it is
installed in your car. On an engine dynamometer, the accessories would be much less, like “No accessories, no fan, no water pump”

and performance would improve. That is one reason dynamometer tests usually show higher power than what the engine actually

does in the vehicle.  Fjqre 4.9 Short Block Menu with Typical 2.0L 4 Cyl. Example Specs Loaded
Click on the OK [ ShonBlockSpees |

Notice that most

button to close the " Short Block
Short Block menu TR Torical 2 0L (122 cid] 4 oyl
and return to the

specs have been

Culn CCs Liters d R
hidden, to avoid

Main Screen. [Bese, i

3066 5008 0501 i
12223 20033 2003 confusmg the

BE] 850 B850 Beginner User.
Chamber Yolums 4,07 EE.2 0.067 However

Accessories is
visible and can be

adjusted to match

" Losses Ellf"ilp g A | your application,
. ick. an the down arrawvy button to select
Accessolies [N accessories, no fan, no water pump El to either Lse pour awn specs in this menu for example full

or ba Pick an Exzample et of specs. |f pou vehicle
have picked Example Specs, the Examplz .
name will appear here unless you change accessories or
some of the Example specs. p15 minimum

dynamometer

0K | [ Help | [ GetExample | accessories.
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3) Continue Picking Typical Example Specs for Other Parts
Head(s)

Click on the Head(s) button to open the Head(s) menu. Click on the Get Example button or select the Pick an Example Type to open
the categories of Head Examples. You do know that your ZX2 2.0L is a 4 valve OHC engine, so select the category of Typ Large 4
Valve Heads. The Typical heads are listed for various sizes of cylinder bore, because the larger the bore, the larger the valves which
can be fit within the bore. You noticed in the Short Block menu shown in Figure 4.9 that the bore for the Typical 2.0L Short Block
was shown as 3.52 inches. Therefore, select the “Typ Stock 4vlv, 3.5” Bore” head.

Notice that this example is contained on 2 lines, because there are so many specs. The second row contains the specs for the exhaust
port. When you are returned to the Head(s) menu, you will notice that all specs are now hidden, except Compression Ratio.
Compression Ratio has been loaded with a 9, but you know from magazine articles that this engine has a 9.6 Compression Ratio.
Therefore, click on the

9 and change it to 9.6. Figure 4.10 Picking a Typical Head for the 2.0L 4 Valve ZX2
Click on the OK button
to ClOSe the Heads Port Port Port Flow CI|Ck on
menu and return to the TV L .
Main Screen e : - either row to
. Zvlv/lprt pICk thIS
Typ Stock dvlw, 3 6"Eore Pent Roof 3. Zulw/lprt  1.30 1.56 144 5 4z example for
Tvep Stock 4vwlw,3.6"Bolaxh) Zvly/lpre 1.1z 45 a 3.5" bore.
Typ Stock 4vwlw,3.7"Bore Pent Roof a. Zvlv/lprc 1.3 1.80 1EE 13 47 NOte that
Typ Stock 4vlw, 3. 7"Bol{exh) Zvlv/lpre 1.15 45 Only 1 row iS
Typ Stock 4vlv,3.58"Bore Pent Roof 9.  Zvlw/lprt 1.37 1.64 167 & 47 highlighted,
Typ Stock 4wvlw,3.8"Bo{exh) Zvlv/lprt 1.18 45 but the
Typ Stock 4vlv,3.9"Bore Pent Boof 9.  2Zvlv/lpre  1.40 1.69 180 & 4z specs in
Typ Stock dwlw,3 9"Eo{exh) Zvlu/lpre 1.21 45 both rows
+
— —— — will be used.
Abreviations: Tip: Click on Exzample to highlight R I I
Prdt = Ported  Aft = Aftermarket  Flat = Flathead it. then click on 'Pick' or 'Delete’ Pick Cancel
Heads are listed which fit a particular cylinder bore. button. Double click to pick
Example in 1 step.
Figure 4.11 Picking a Typical EFI Intake Manifold for the 2.0L
Intake System Click on the

Manifold Type

" Manifold Specs [ 1 runner/cyl) | [ Carburetot(s)
= combo box, then
L —1T¥pe  |se Specs Below * « )
[Type I%ISE-ST;ﬂ:El?W — . | & | P |_| select Typlcal
wpical Production Long Runner 1+ 5 ;
|ntake SyStem Manifol Trrical &ftermarket Long Funner EFL [ CFM Rating 600 Production Long
Typical Racs EFI [Vacuum Secondaries Yes * Runner EFI”.
. IH— Typical Individual Runner Carbs = .
Click on Intake System UNNEN T\ nical Individual Funner Fuel There is no need
Typical Short Indwdl B [rnotorcycle] — to pICk from a list

to open the menu

Help )
. . Click on down arraw button to let program estimate
shown in Figure 4.11.

typical specs, bo uze your own specs, of to Pick an

Runne
Fick an Example

of Examples, as

The Intake System is
divided into 2 parts, the
manifold specs on the
left side and the
carburetor or throttle

body specs on the right side.

70. L::

|FI|:|w Efficiency, %

Example et of Intake Manifold specs. If you have
picked Example Specs, the Example name will

|Intake Heat Frod [full] Heat ,I appear here unless you change some Example
= specs. p 29
| 0K l | Help l | Get Example l

the program
calculates runners
to match the
Head'’s ports.

Typical Intake Manifolds are not picked as an Example, but simply by picking the appropriate Type from the
Type combo box shown in Figure 4.11.

Select the Typical Prod. Long Runner EFI as the Manifold Type and all the Manifold specs are hidden.
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Then click on the Throttle Body Type on the right side and select “Fuel Figure 4 1 2 Picking a Component
Injection Throttle Bodies™ for the Category. Then select “Typical Prod 4 After Clicking on Get Example

Cyl ThrtBody” as the example component from the top of the list. When Choose Example Component

you are returned to the Intake System menu, all specs have now been
hidden except the Manifold Type and Throttle Body Type. Click on the OK Iniake Manfolds

button to close the Intake System menu and return to the Main Screen. Carbz/Throttle Bodies

You could have also clicked on the Get Example button to pick the Throttle
Body Category, but then you would have gotten the screen of Figure 4.12. Use Catagory Cancel
If you clicked on Carbs/Throttle Bodies the process would then be the same
as described above. Its just that if you click on the Type combq box to Pick Tip: Click on a catagory to highlight i, ther click
an Example, the program already knows what component (manifold or an the 'Use Catagony' button, of just Double Click
throttle body) you want to pick and you save a step. 1 onthe catagorny to pick in ane step.

Exhaust System

Click on Exhaust System to open the Exhaust System menu. Like the Intake System, the Exhaust System is divided into 2 parts, the
manifold/header on the left side and the exhaust system/mufflers on the right side.

Unlike the Intake Manifold, you must pick a Typical Example by clicking on the Type button, then pick the Example Category of
Typical Exh Manifolds. You have looked at your exhaust manifold and you see it is made up of several short tubes, similar to a
header, so you pick the Example of “Typical Prod ‘Shorty’ Headers”.

Then pick an Example Exhaust System by clicking on the Type button, then pick the Example Category of “Street Exhaust Systems”,
then pick the Example of “Typical Prod HiPerf 4 cyl Exh”. Like the Intake System, when you are returned to the Exhaust System
menu, all specs have now been hidden except the Manifold Type and Exhaust System Type. Click on the OK button to close the
Exhaust System menu and return to the Main Screen.

Cam/Valve Train

Click on Cam/Valve Train to open the Cam/Valve Train menu. Like the other menus, click on Type at the top or the Get Example
button to open up the Categories of Cam/Valve Train Examples. Pick the “Typical Cams” Category, and then pick the “Typical Stock
OHC” example because you do know that the engine is overhead cam (OHC). Like the other menus, when you are returned to the
Cam/Valve Train menu, most all specs have now been hidden. Click on the OK button to close the Cam/Valve Train menu and return
to the Main Screen.

Supercharger

The 2.0L is not supercharged, and the Engine Summary at the Main Screen shows that currently there is “No Turbo or Supercharger”
installed. If you wanted, you could click on Supercharger button and confirm that the Type is set to “No Turbo or Supercharger”.

Running Conditions

Click on the Running Conditions button and you will now be shown the conditions under which the test will be run. Since you are
trying to match Ford’s advertised results, choose “Std SAE Conditions” for the Weather Conditions. You are not sure of the Coolant
Temp, so leave it where its at for the current engine file, probably something between 165 to 195 degrees. Be sure no Nitrous Oxide
system is on, so choose No Nitrous Injection. Choose Gas for the Fuel and an Octane of 87, the minimum octane which the factories
design their cars for (or what ever octane gasoline you typically buy).

For RPMs to Run, use 2500 for the Starting RPM, 10 for the Number of RPMs and 500 for the RPM Increment. The RPM Preview
shows “2500, 3000, 3500 ... 7000” which includes the advertised Torque Peak and HP Peak RPMs of 4250 and 5750 with a good
RPM range both above and below these RPMs.
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You can forget the Starting Point ‘Suggestions’ specs at this time because they are for more advanced work, when you are trying to
obtain suggestions for sizing cams or runners for optimum performance. See Example 4.5.

Note: You may say that the Coolant Temp and Fuel Octane inputs suggested here would be complete guesses on your part. In cases
like that where you are not sure of specs, calculate performance with a guess at the specs, then calculate performance again with a
significantly different guess. If performance does not change much, that particular spec must not be that important for your particular
combination, so either guess is adequate. If it does show a big effect, then you will have to read the section of the manual which
discusses it to come up with a better estimate of the real value.

4) Save Your New Engine

You are probably anxious to run your engine and see its results, but first change the Engine Comments to reflect the changes you’ve
made. Click in the Comments box at the Main Screen. Change the comments the same as you would for most any Windows text
editing or word processing program. See Figure 4.13. Remember that these comments should help remind you of what this engine is,
even several years in the future.

Fi?ure 4.13 Change the Comments at the Main Screen Click anywhere

Running Conditions | / in this box and

Help: Comments: / use Delete or
Move mauss aver an item for & This is my first try to build my stock overhead cam, 4 valye + Backspace
desciiption to be given in the Help 2.0L 4 cylinder in my ZX2 Ford Excort. The factory rateé the P

frame at the lower left corner. engine at 127 ft Ibs at 4250 and 130 HP at 5750. = keys to delete

Click an Help' in menu line for

more detailed info on options. old comments.

Then type in
most any new
comments.

Figure 4.14 Options for Saving Your Engine
When you are satisfied with your comments, then save this — Save Changes to Same File Name?

new engine you’ve created to the Engine Library. Click on

“Save to Engine Library” at the top of the Main Screen. You Do you want to update the current engine:
are asked the question shown in Figure 4.14 if you want to
save these new specs to the same file name, currently at the top 302-4v

of the Main Screen. Since these specs are now completely

different than the engine you started with, click on No. LU IS G R [T AU L

. . Click on No to save the current engine specs to
The program will present the screen of Figure 4.15. Here you a new name. Click on Cancel to stop saving.

can type in a new name for your engine, then click on OK to
save the engine. Remember that a name can not have spaces
or certain characters. See Section 3.4. The program may

modify your name or warn you if you use a wrong character.

|IBSI ‘ No I |Cance||

After you have saved the name, you can click on Engine Library and go through the list of engines to find your new engine.

Figure 4.15 Menu for Entering New Engine Name
= Save an Engine File |~ Type in most
A
|New Engine Mame: ||.|Y.2)-{2.2_|]|_ | \?Vr;};]{]?fr:]eenyou
| I | I | I click on OK.
114 Cancel Help The program
: : may change
Enter a Mew Engine Mame and click on OF. The curment the name to
engine name iz given thould pou chooge to modify it
slightly far the new name. Use the Delete key to eraze be acceptable.
|| [the name if you want 5 completely new name. | See Section
3.4.
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5) How’d You Do?

Now you can

calculate Figure 4.16 First Test Results for the ZX2 2.0L
performance and see Click on Back (or press <Esc>) to return to the Main Screen Summary of
how you do at Engine Analyzer v3.0 Performance Trends [ MY-2X2-2.0L ] #| Peak and Avg
matching the factory =| Back Graph Print SendToVehProgram Analyze Help[F1] — = Tq and HP
1 Notesl Hotes Summary: Piston speed Yery Pk Tg Awg Lk HP Awg .
numbers of 127 ft @I |§I Send high. Spark Knock. Click on Notes for | New 128 . 112 113 are  Showing peaks
Ibs at 4250 RPM : J details. Last 127 110 116 958 of 128 ft Ibs
RPM 2500 [3000 [3500 [4000 [4500 [5000 [5500  [6000  [6500  [7000 |+
and 130 HP at 5750 Brake Tq 121 128 128 124 120 117 114 103 909 764 and 119 HP.
RPM. To calculate Brake HP 57.7 729 852 943 103 111 119 118 113 102
Exh Pres 3 4 B 7 9 1.0 1.3 1.4 1.5 1.5
performance, you Int Vacuam |1 A 2 3 3 4 5 5 6 5
can do the Vol Eff % 843 889 896 880 873  87.1 874 843 803 757
o Actual CFM 802 1M 119 134 150 166 183 193 199 202
following: Fuel Flow 279 352 415 465 519 575 635 669 690 701 \_ .
e Atthe A/ MizxQal _|100.0 1000 1000 1000 1000 1000 1000 100.0 100.0 1000 Click and
Main BSFC 483 484 487 493 504 519 534 | 566 613 688 drag ‘slide
BSAC 6375 6385 6425 6514 6654 6850 7048 7471 8099 9.085 bar’ butt
Screen you  |[FiictionHP___ |8 1 15 19 24 29 35 2 50 60 ar butions
can click Mach It 209 251 293 335|377 419 461 503 | 545 587 to view all
Piston Spd 1308 1570 1832 (2093 2355 2617 2878 3140 3402 3663 results in
on the Piston Gs 361 519 707 923 1169 1443 1746 2078 2439 2828
Calculate Dverlap %VE__|.0 .0 .0 .0 .0 .0 .0 .0 .0 .0 both the
Int Ava¥el 126 152 177 202 227 253 278 303 329 354 RPM Dat
Performanc aia
e button at  ||----——- valve Flow & Cam Calculations ---—-————-————————- --Int-- -—-Exh-- f section (tOp)
the to Overlap Area, sq inxdeg .2 Total Avg Flow Coef .261 .318 and SpeC|a|
P Total Exh/Int % 21.1 Lobe Area, inchxdeg 24.88 24.88 C I |ati
e Atthe Lobe Separation, deg 114.9 Ulu Area, deg=sq in 161.1 1468 alculations
Main Lobe Centerlins, deg 114.8 1148 Section
Screen - (bottom).
press the <F2> key
[ )

At the Main Screen click on Running Conditions, then click on Calculate Performance in this menu.

The program first checks your inputs to be sure there are no obvious problems, things like valve sizes being too big to fit into the bore
size, etc. If no problems are noticed, calculations will proceed and you will obtain the results screen shown in Figure 4.16. You may
initially be given some Engine Analyzer Tips as shown in Figure 4.4, page 153. Read them and then click on OK.

Click here for Main Screen

Figure 4.17 Portion of Test Results for ZX2 with Typical Stock HO OHC Cam

Click here or here to graph the results.

Engine Analyzgi vi.l Ferformance Trends [ MY-Z¢2-2.0L] ¥
= Gi P endToVehProgram Analyze Help[F1) ]
] Nolesl MNotes Summary: Piston speed Very PkTq Awy” PRHP dwg
Z@‘ Send high. Spark Knock. Click on Notes for Mew 129 115 124 100
- details. Lazt 128 112 119 976
RPM 2500 3000 (3500 [4000 [4500 [5000  [5500  [6000  [6500 __[Zo00—|e
Brake Tq 121 128 129 126 123 13 116 108 808 | |
Brake HP h7.8 733 86.1 95.8 105 13 122 124 119 108
Ezh Pres 3 4 .b K R 11 1.3 1.4 1.5 1.6
Int Yarimm 1 1 2 k] k] 4 R R R R

Summary shows
peaks of 129 ft Ib
and 124 HP

Peak HP now at
6000 RPM

The performance summary in the upper right corner of Figure 4.16 shows peaks of 128 ft Ibs and 119 HP. These are very close to the
factory ratings of 127 ft Ibs and 130 HP, especially considering you knew almost nothing about the engine. These results would
probably be close enough for you to now make modifications on to see what helps or hurts performance. If some modification
showed a 5 HP gain, you could be reasonable sure your engine should show about a 5 HP gain, even though the predicted HP may be

about 10 HP low.
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The Engine Analyzer’s torque is about right, the HP is low and the RPMs where both peak (3000 and 3500 for torque, and 5500 for
HP) are lower than the factory rating. You may not know this now, but most modifications which improve air flow or performance

will increase HP more than torque and will shift the peak RPMs to a higher RPM.

breathing” would help the program match the factory ratings.
You may have noticed when you picked several of the Typical example components, there was a higher performance example
available. For example, there was a Typical Stock HO OHC cam available instead of just the Typical Stock OHC cam. Try installing

the HO cam and see the effect.

It looks like some components with “improved

Click on Back in the
upper left corner of the
test results screen, then
click on Cam/Valve
Train to open that

menu. Just as you did Back _File

Figure 4.18 Graph of Test Results from Figure 4.17

Click on Format to change lackground color or to
switch to Valve Lift vs Crank Degrees graph.

Click on Last to

Engine Analyzer v3.0 [ MY Z<2-2.0L ]
ormat  View Help A

also show the
last perform-

before, click on Type at
the top, then “Pick an

leHé

[ Fullview]

ance run (the

Torgue

current

—————————————————————————————————————————

_____________

——————————————————

—————————

Typical Stock
OHC cam),
shown in
Figure 4.19

You can also

_________________________________________________________

___________________________________________________________

____________________________________________________________

Example”, then choose U=
the “Typical Cams T
Category”, then
“Typical Stock HO L e
OHC” example. 120
Calculate performance
again to obtain results 104.0
as shown in Figure 9.0
4.17. It shows closer '
agreement to the factory 88.0
ratings, now being only
6 HP low. w00
720
Click on the Graph Bl
button or the Graph 56.0 - -
menu command shown 2 e

4000 4500

4000

5400 G000

6400

7000 RPM

click here or
here to
produce a
graph of Valve
Lift vs Crank
Degrees,
shown in
Figure 4.20.

in Figure 4.17 to

display a graph of the test results, as shown in Figure 4.18. Figure 4.18 also shows how you can change the graph to appear like

Figure 4.19 or 4.20. (In “Experienced User”
mode, there are even more options. See
Preferences on page 13, 14.)

Figure 4.19 shows a comparison of the Typical
Stock HO OHC cam to the Typical Stock OHC
cam. You can see the HO cam continually shows
more torque and HP as RPM increases, and the
HP peaks at a higher RPM, just as you though it
would.

Back File

Flgure 4.19 Comparing Last Test (Typ. Stock OHC Cam)

Engine Analyzer v3.0 [ MY-2Z¢2-2.0L ]

Format View Help

LAST cam-TQ{HP

136.0

128.0

12000

120

104.0

6.0

8.0

80.0

a0

G4.0

a6.0

i) L]

[ES YR [ Fullview]
Engme Analyzer v3.0 Tq & HP vs RPM Tcurrenti
__________________________________________________________ . argue

lastresults

Horsepower

24500

3000

35800 4000

4500

4000 4500 [fulula]

6500 7000 RPM
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Engine Analyzer v3.0 [ MY-22¢2-2.0L ]
| LAST CaAM-tgthp

Valve Lift vs Deg Ictu{rrelntl__ﬂi
ntvakve LI
T P ST ST L |k vatve Lif

—————————————————————————————————
________________________________

———————————————————————————————

last results

(C) Performance Trends Inc 1998 Engine Analyzer
Figure 4.20 compares the valve lift for the | Figure 4.20 Valve Lift Graph for Typical & Typical HO Cam
2 cams. As you would think, the Typical L Ee—
HO cam sEows more lift, more f}uration = =] IlzhiiIJ E =] Trarven]
and more “area under the curve”. Eng Analyzer v3.0
420 p----C RETEE e mmmmmgm -
e e
Y N S /28 W Y
O RN SUURN 7 JSUR O
You could try some other higher ; Z ; :
performance Example components, say S O] — _____ 4 .
“Typical Ported Stock 4 Valve” heads, or a ; ; ; ;
“Typical Aftermarket EFI” intake 420 fooee- oo ff- i
manifold to get the power closer to 130 § § § §
HP. However being within 1 ft Ib and 6 080 === I/ A S St S
HP is about as good as you should expect ’
to get, without actual measurements. a0 120 eoc 240 300

TDC 420 480 EDC 600 BED CrankDeg

Click on Back at the Graph Screen, then Back at the Test Results screen to return to the Main Screen.

7) Save Your Changes

At the Main Screen, you might want to change the comments to mention
using the Typical Stock HO cam. Then Save the engine with the HO cam
by clicking on the Save to Engine Library button. Answer Yes to the
question of Figure 4.21 to update the current engine “MY-ZX2-2.0L” with
the HO cam.

Conclusions

Figure 4.21 Saving Changes

Do wou want to update the current engine:
MY-Z¢2-2.0L

9 With the changes you've made?

Click on No to save the current engine specs to
a new name. Click on Cancel to stop saving.

No I Cancel I

\_ Click on Yes to update current
Engine File with changes

e The Engine Analyzer provides even a beginner with enough example parts to build their engine

e The Engine Analyzer can match the performance of real engines quite well

e The Engine Analyzer provides ways to analyze and compare results with graphs.

e  You can save your engine to the Engine Library with descriptive comments, for recall in the future.
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Example 4.2 Installing Hydraulic
And Solid Lifter Camshafts

Features Introduced (and suggested background reading):
e  Using Calculation Menu for cam specs (Section 2.9.9)
e  Graphing Options (Section 3.3)
e Evaluating Valve Flow & Cam Calculations and General Engine Calculation in the Special Calculations results (Section
2.8.2)
e History Log (Section 3.6)

"

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 winner. Then it's no surprise that a great deal of the Engine Analyzer's calculations center around the
cam profile and timing. To investigate these calculations you will simulate installing aftermarket solid and hydraulic camshafts.

Check Appendix 6 for MANY new features to describe the Cam, added in std and Plus version 3.4.

Get Baseline Performance of Stock Cam

Because you will get into more detail in this example, be sure to have selected Experienced User in Preferences at the Main Screen.
However, to keep the Cam/Valve Train menu simple, leave “Show Valve Open/Close” unchecked. (See Figure 4.1 in Example 4.1)
Then, Open a fresh copy of the 302-4V from the Engine Library by clicking on the Engine Library button at the top of the Main

Screen as shown in Example 4.1, Figure 4.2.

, Figure 4.22 Response to Clicking on
Calculate Performance so the program’s History Log has a record of how the Test Title (all rows except top row

stock cam performs. At the Test Results screen, click on View (must be in
Experienced User mode), then click on Show History Now. You will see the

History Log appear at the bottom of the screen as shown in Figure 4.23. You will Retrieve the specs which produced these
notice in the left column, a Test Title which the program has given the test results?

consisting of the Engine name and the time and date of the test. If you click on

any Test Title other than the first one, the program will ask if you want to change [Click on No to edit Test Title.)

the Test Title, or retrieve the specs which produced those test results (Figure

4.22). If you click on the Test Title in the top row, it assumes you want to change ‘ Yes I | No. I ‘ Cancel I

or edit the Test Title. Click on the first Test Title and enter a name like “Stock = —

Cam”.

Click on “Don’t Show History” at the top of the History Log screen to close it. Then, in the lower section of results called the Special
Calculations take a look at some results. In particular, note Overlap Area, Total Exh/Int % and VIv Area in the Valve Flow and Cam
Calculations section; Dynamic Comp Ratio, Est Idle Vac and Theo. Crank Comprssn in the General Engine Calculations, and Rec
Inertial Len in the ‘Starting Point” Suggestions section. See Figure 4.24. These have been tabulated in Table 4.2 a couple pages
ahead, and will be discussed shortly.
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Figure 4.23 Test Results of Stock Cam Showing History Log
=| Engine Analyzerm [302-a¥ ] |=]%]
=-| Back Graph Print View—SendloYehProgram File Analyze Help[F1) |i|

] anesl Motes Summarny: Piston speed somewhat high. Pk Tg éAwg Pk HF fwg

:|ﬁ @ Send Spark Knock. Click on Notes for details. Mew 268 236 213 161

: Last 268 236 2139 161
RPM 1500 [2000 [2500 [3000 [35pp—t#000—a=o0—so00—seo0—so00—{*
Brake Tq 240 252 262 268 8 264 255 225 184 145
Brake HP 68.5 96.5 125 153 178 20 219 214 193 166
Exh Pres .2 -4 1.4 1.9 2.4 2.6 2.8 3.0
Int Yacuum .2 4 1) i 6 b b6 -

Vol EFfF 1.3 4.6 829 84.3 85.0 81.6 6.7 2.7
Actual CFM 100 140 272 N7 359 283 396 410
Fuel Flows 34.9 48.6 3 94;E/1 10 125 133 138 142 T
PV T = an 4 10eh  anc ioon  an inoo  aono  aono  aono  anon
*
—————— Ualve FMw & Cam Calculatjiefis ---—-——-—-----——--—---—-—— ——Int-——- --Exh—— |_|
Overlap Area,/sq inxdeg i Total Avg Flow Coef .231 -316
Total Exh/JAt % 1 Lobe Area, inch=deg 19.82 19.82
= e 0 -~
Dont Show History Clear [erase] History Print Help
Test Tite ||| Save? || Peak Tg |Incr. ||A\-'g qulncr. || Peak HP |Incr. ||Avg HP |Incr. +
302-4v; Sun Oct 1798 2:49 pm 268 at 3000 i} 236 2189 at 4500 i} 161 i}
302-4v: SunOct 11 98 2:48 pm 268 at 3000 i} 236 i} 218 at 4500 i} 161 i}
302-4v: SunOct 11 98 2:44 pm 268 at 3000 i} 236 i} 213 at 4500 i} 161 i}
302-4v: SunOct 11 38 2:43 pm 2685 at 3000 o) 236 -4 213 at 4500 -6 161 -4
302-4v: SunOct 11 38 2:35 pm 271 at 3500 2 240 -2 225 at 5000 -2 165 Gl
ANZ-Aw Sun Oct 11 98 234 om 2 at 3500 Bl 4, -4 At {OON -35 1RF K 2
+ -
Click on Test Title [1st column] to change it or to retiieve specs which produced those results. Click in other columns for definitions.

Click on View,
then Show
History Now for
History Log

Click here to
close the History
Log

Click on Test
Title and
program will ask
you to type in a
new name for
the test,
something that
describes what
this test was of,
something like
“Stock Cam”.

Figure 4.24 Special Calculations Results for Stock Cam Click on View
3
Engine Analyzer v3.0 Pzifannance Trends [ 302-4V] > then Show
=| Back Graph Print View SendToVehProgram File Analyze Help[F1] * Special
1 Nolesl Motes Summary: Piston speed somewhat high, Pk Tg Awg Pk HF &g p .
:@ Eh| |send Spark Knock. Click on Motes for details. Mew 268 238 213 161 Calculations
- | Last 268 236 213 161 (large) for this
RPM 1500 [2000 [2500 [3000 [3500 [4000 [4500 [5000 [5500  [6000 [+
Brake Tq 240 253 262 268 268 264 255 225 184 145 screen.
Brake HP 685 96.5 125 153 178 20m 219 214 193 166
Exh Pres 2 4 N 1.0 1.4 1.9 2.4 2.6 2.8 3.0 Clle and dra
Int ¥acuum .2 4 B B -6 -6 .6 .6 .6 7 — . g
Vol Eff % 713 (746 776 807 829 (843 850 Bl6 767 727 slide bar to
Actual CFM__ (100 140 182 227 272 317 (359 383 (396 (410 view all results
Fuel Flow 349 48.6 63.3 78.9 946 110 125 133 138 142
—————— Valve Flow & CGam Calculations -------————-------—- -—-Int-- --Exh--
Overlap Area, sq in=deg .7 Total Avwg Flow Coef .231 316
Total Exh/Int % 9a. Lobe Area, inch=deg 19.82
Lobe Separation, deg 115.8 lv Area, degxsq in 136.5
1148
—————— General Engine Calculations -—-——--———--"S>g -/~ . .
Displacement, cc non3 .1 38459 Certain Sp90|a|
Dynamic Comp. Ratio 647 8.50 Calculation
Theo. Grank Comprssn,P5I 158 82.4
21.6 results to note
for this
—————— Starting Point Suggestions: P @ 4888 RPH --- --Area-- -—-Dia—-
Intake Port+Runner Dimensions {for _#Frunner/cylinder): Example.
Rec Inertia Len, in 17.2 Rec Area, sq in/in 1.82 1.52 =
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Run New Hydraulic Cam

Now "install" 2 different camshafts and check performance. Listed in Table 4.1 are the catalog specs for the stock cam and 2 cams
you have been considering. You will notice that many cam grinders do not give similar specifications. Fortunately, the program

allows you to input specs in many different ways so the program can make comparisons of these cams very easy.

Table 4.1 Cam Specs from Catalog

Catalog Specs Stock Hydraulic Solid
Profile Type Hyd Roller Hyd Roller Solid Roller
Intake Specs:

Recommended Valve Lash na na .026
Lobe (tappet) Lift .28 .34

Duration @ .050" Lift 202 220

Advertised Duration 264
Lobe Centerline 116 108

Valve Lift (1.6 Rocker Ratio) 448 .592
Exhaust Specs:

Recommended Valve Lash na na .028
Lobe Lift .28 .34

Duration @ .050" Lift 202 226

Advertised Duration 264
Lobe Centerline 114 110

Valve Lift (1.6 Rocker Ratio) .592
Lobe Separation 115 106

Click on Back at the Test Results screen to return to the Main Screen. Click on Cam/Valve Train to open that menu as shown in

Figure 4.25. Now you’ll start changing specs to match the Hydraulic Roller cam in Table 4.1.

You can leave most of the General Cam Specs at the top of the Cam/Valve Train menu as they are. The Lift for Rating Events is

.050”, just as the
stock cam. The
Total Cam Advance
will be determined
from the other
duration and
centerline inputs.
Lifter (profile) Type
can be switched to
Agr Hyd Roller from
Mild Hyd Roller
because it is usually
safe to assume all
aftermarket cams are
using an Aggressive
profile. Since you
are not changing
valve springs, rocker
arms, etc., you
should leave Valve
Train as Pushrod w
RckrArm (prod.).
[Note that in reality

Figure 4.25 Cam/Valve Train Menu with Hydraulic Cam Specs_ Switch to Agr

Cam/¥alve Train

General Cam Specs

|T}'DE |Llse Specs in this Menu

N

|Tutal Cam Advance |10 /Avance 2

Lifter [profile] Type |2 aller

|Lifl for Rating Events |,05|:| inches

EI WValve TWHDDMAW [prady‘
I
/

1 [

|Har. Lobe Lift. in

[ Intake
/
Centerline, deg ATDC 108
| : 1]
|Durat|un @ 050" 220

.34 el

;Eﬂlgsk / |
_+€enterline. deg BTDC 110 l
\—l

|Duratmn @ 050 ™ |

|Ha:||: Lobe Lift. in

H

|§..m§z af Yabve, o

IE

|FI ocker Arm Ratio

|§ ady B

|HDcker Arm Ratio

" Calculated Cam Specs

|Lube Separation

109.0

|Inlake Grogs Yalve Lift, in 044

|E:||:haust Gross Yalve Lift, in  |.544

1.6

" Help
Ratio of valve lift to tappet liftt, uusually 1,3-1.8
for rocker arm spsterns. For direct acting
zpstems enter 1. p 49

[ ok | [ Help

| | Get Example

I | Save Example | | Print l

Hyd Roller

Enter Duration
and Centerline
for Intake and
Exhaust and
Cam Advance,
Open, Close
and Lobe
Separation are
updated to new
numbers

Enter new
Lobe (or
tappet) lift for
Intake and
Exhaust, then
Intake and
Exhaust valve
lifts are
updated to new
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you would probably be getting all new roller tappets, pushrods, rocker arms and springs, and you would probably change this setting
to Pushrod w Rckr Arm (improved). We’re leaving in the production parts to illustrate some points. |

Figure 4.26 Results for Hydraulic Cam Note comparison
Next, we’ll start = Engine Analyzer v3.0 Performance Trends [ 302-4¥ ] =12 of current results
typing in the intake (=| Back Graph Print View SendToVehProgram File Analyze Help[F1) = (Hydraulic cam)
Hotes | [Hotes Summary: Lifter Pump Up, Piston speed PkTq &wva” PkHP Awa

numbers from the I | I Send [Notes | somewhat high, SpaicKeack, Cick on Notes for MNew 257~ 221 22 18 1O last results
catalog (Table 4.1) | details. Lest 288 2 213 181 (Stock cam)
which you are RPH 1500 [2000 [2500 [3000  [3500 |4nun\|¢5‘|1m\| 5000 [5500 [6000 [+

. : Brake Tq 180 21 232 248 256 57 25 732 194 144 Note Lifter
grven. You will Brake HP 5.3 (80.2 110 142 170 195 215 221 203 164 P ith
notice that as you Exh Pres 1 3 6 9 1.4 18 23 2.7 249 3.0 ump-up wi
type in 220 for Int Vacuum |1 32 6 -6 & 6 6 6 7 7 Hydraulic Cam
Tntake D . Vol Eff % 576 |B57 719 |77.2 808 |831 g4Z? (827 779 723

ntake Duration @, Actual CFM #1123 169 18 266 3z 356 388 402 408 .
.050” or 108 for Fuel Flow 282 428 586 756 922 |1 H—— Name th!s test
Intake Centerline FIT=E ¥ s P | o0 4 400 0 400 0 1000 00 0 000 1000 i00 0 400 0 400 0 ; Hyd[aU“C
that several other  [[-———— Ualve Flow & Cam Calculations” ———--—-—--—-—--—--——— --Int-- -—-Exh-—- [ Cam . Also
numbers in the Ouverlap Area, sq inxdegq 6.4 Total Aug Flow Coef .245 -3m notice that the

k.3 .
menu change. = : 0 ~]| History Log
That’s because the Don't Show History ~ Cl m [eras"e] History | Prinﬁ H|e|p " | " | SHh(()jWS tlhe
Test Title Save? ||Peak Tg Incr. |[&wa Tq|lncr. ||Peak HP Incr.  ||&vg HP |Incr.{ + ydraulic cam
Cam Advance? and Hudrauic Cam 2574000 A1 221 15 | 221 ats5000 155 |G looses perfor-
Lobe Separation are Stack Cam ZEZa3000 0 2% 0 79ad500 0 1610
based on the 3024w Sun Oct 11 98 2:48 pm 26823000 0 2% |0 219a4500 0 161 O mance (- Incr)
. 3024w Sun Oct 11 95 2:44 pm ZEGat3000 |0 3% 0 A9ads00 0 1610 for all

Duration and 302-4v: Sun Oct 11 98 2:43 pm 2E@at3000 -3 23/ 4 21944500 6 161 4 conditions
Centerline. These 3024w SunOct 1198 2:35 pm G1a3800 -2 20 2 |2BaB000 -2 (165 | = axcent for Pk
are being updated to | [+ * P
match the new Click on Test Title [1st column) to change it ar to retrieve specs which produced those results. Click in other columns for definitions. HP.

inputs. For that reason, you do now have to know or enter all inputs.

Enter .34 for Max Lobe Lift and notice that Intake Gross Valve Lift changes in the lower left section called Calculated Cam Specs.
Leave the Rocker Arm Ratio at 1.6 because you are not changing the rocker arms.

Next enter the Exhaust numbers of 226 for Duration, 110 for Centerline and .34 for Lobe Lift. When finished, the menu should like
Figure 4.25. Click on OK to return to the Main Screen, then calculate performance

As done before, click
on View. then Show Flure 4.27 Looking for Lifter Pump-ug ) Click on

. i Engine Analyzer 2.5 Performance Trends [ 3I]2 4‘\.!"] ~l=
HlStOI’y LOg NOW, Back graph Prin Yiew SendToVYehProgram File Analyze Help[F1) % Graph f
then click on the first o Sl Notesl Mates Summany: Lifter Pump Up, Fiston speed Pk Tg Awg Pk HP Awg lEUtton :;8

. en zomewhat high, Spark Knock. Click on Motes far Mew 257 21 22 155 qure 4.
Test Title and enter a \—’ Cmnts | |gepsils. Last 268 23 219 1B 9
descriptive title, like RPM 1500 [2000 [2500 [3000  [3500  [4000 [4500 |5000  [5500  |6000 +
p b
e . N Int AvgW¥el 89 119 148 178 207 237 267 296 326 356 .
Hydraulic Cam”. In IncrtiaPis__|.0 .2 5 K] 1.3 15 1.6 1.3 9 7 Click and
1 In ResTunPrs |00 0.0 0.0 .o .0 .0 -0 .0 0.0 0.0 i
See Figure 4.26. drag slide
Ex Avg¥el a5 127 159 190 222 254 285 nqz 349 380 bar button
ExTun Prs 1.6 1.5 1.4 1.3 1.2 1.2 1.1 9 -9 9
The results fOr the Lifter Pump Up |Mone MHone None Mone None Mone MHone Mone Mone Mo leraty— down to see
. Spark Adv 20 = 24 = 25 26 27 27 28 29 30 32 -

Hydraulic cam show * all the RPM
Lifter Pump up in the |[-———— Valve Flow & Cam Calculations -——————————————— —Int-—-— ——7Zh—— = Data results.
?Otesssec%‘,’n at Te% “Moderate” Lifter Pump-up shown at 6000 RPM
op. See Figure 4.26.

What this is saying is
the program believes this new cam coupled with the production valve train may produce lifter pump up at some of the RPMs tested.

To see which RPMs, click on the slide bar to the right side of the RPM Data results, and slide the button down. The Lifter Pump Up
line is second from the bottom. See Figure 4.27 (on previous page).
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Figure 4.28 Graph of Hydraulic Cam with Stock Cam (last results)
= Engine Analyzer 3.0 [ 302-4V]
. Back File Format View Help history LASY_cam-TQ/HP Baseline

Click on the Graph P& 2 [ I I e
graph of Figure 4.28. L., ENgine Analyzerv3.0 Tq&HPvsRPM Totaoe. show last
The graph more clearly results (Stock
shows that this 260 = R Pt T T [T qlastresults —— Cam) with
aftermarket hydraulic L s e e At T B it e current results
cam looses a lot of low 220 |- PNt [ S (N S : N (Hydraulic
RPM torque, with a . A P P P L DR : : Cam)
very small increase in . . . . : . . . :
Peak HP. Click on 180 fo--oodoonoe3 NG SEabht SRRRE R AN - Small increase
Back to return to the TTT ERR A S N = gala SRR ISR SR TR N in Pk HP and
Test Results screen, S R LN S S Lo N Pk HP occurs
then Back again to i i i i i i i i E ata hlg.her
retun to the Main O e e e e RPM with

oo | S N o Hydraulic Cam.

) e oo bom o - - b m oo oo oD eee o e heeeo f Note large loss

o : : : : : : : : : in low RPM

1500 2000 2500 3000 3500 4000 4500 5000 5500  GOD0 RPM torque

Run New Solid Roller Cam

Return to the Cam/Valve Train menu and start entering specs for the Solid Roller cam in Table 4.1. There are 3 big difference in the
specs for this cam compared to the Stock Cam and the Hydraulic Cam:

e  There are no Duration at .050” numbers, just Advertised Duration

e  There are no Centerline numbers

e There are no Lobe Lift numbers, just Valve Lift

Since there are no .050” Durations, click on Rating Lift in the General Cam Specs at the top of the Cam/Valve Train menu and select
Seat Timing. You will notice that the Duration labels are now changed to Advertised Duration, the numbers you have for the Solid
Roller. For Lifter (profile) Type, select Agr Solid Roller, since this is an aftermarket (generally aggressive) solid roller camshaft.
Like before, leave Valve Train as Pushrod w Rckr Arm (prod) since you are using the production rocker arms and springs. (Note that
in reality you would probably be getting all new roller tappets, pushrods, rocker arms and springs, and you would probably change
this setting to Pushrod w RckrArm (improved). We’re leaving the production parts to illustrate some points.)
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Next we’ll start typing in the intake numbers from the catalog (Table 4.1) which
you are given. Because the Durations are now labeled Advertised Durations,
you can type in the 264s for both the Intake and Exhaust. For Centerlines, we’ll
have to make some assumptions. You may not know this, but if the cam is
installed “Straight Up”, the Lobe Separation is the same as the Lobe
Centerlines. Therefore make this assumptions, and type in 106 for the Intake
and Exhaust Lobe Centerlines. Notice that Total Cam Advance in the General
Cam Specs is set to 0 Straight Up, and Lobe Separation in the Calculated Cam
Specs is 106 after you type in both centerlines.

For Tappet Lift, you will have to use the Calculation menu since you only have
Valve Lift. Click on the Clc button next to the Intake Max Lobe Lift and you’ll
get the menu shown in Figure 4.29. Since this is a Small Block Ford, the cam
grinder is probably assuming a 1.6 rocker arm ratio, as shown in the list of
Figure 4.29, so type in 1.6 for Assumed Rocker Arm Ratio. (Note that even if
you were using ,say, 1.7 rocker arms on the engine, for this calculation you must
use the rocker arm ratio the cam grinder used to come up with the advertised
valve lift.) Then type in .592 and the Calculation Menu shows a Calc Max Lobe
Lift of .37 inches. Click on Use Calc Value to load .37 into Intake Max Lobe
Lift at the Cam/Valve Train menu. Since the Valve Lift and Assumed Rocker
Arm Ratio would be the same for the exhaust, you can just type in .37 for the
Exhaust Max Lobe Lift.

Notice that since this is a solid lifter cam, the Intake and Exhaust Lash at Valve
are now printed in black and have become enabled (not printed in gray or
disabled). Type in .026 and .028 for the lash numbers. Your menu should now
look like Figure 4.30.

Click on OK and then Calculate Performance. Then click on View and Show

Figure 4.29 Lobe Lift Calc Menu

Calc Max Lobe Lift, in

|Ea|c: Max Lobe Lift, in 370
" Cam Grinder's Specs
L&dvertised Yalve Lift, in Bq2
L&ssumed Hocker Arm Ratio m

" Motes:

Advertized Valve Lift iz grozs walve lift from
base circle [azzuming no lazh).

“Y'ou must use the Rocker Arm Ratio azsumed in
the cam grinder's catalog, which may HOT be the
Focker Arm R atio in the engine. Check with cam
grinder, but here are some examples:

1.5  Small Block Chewy

1.7 Big Block Chewy

16  289/302/351% Fard

1.73 351C, 351,400k, 423/460 Ford
1.76 352/390/428 Ford

1.5  383/440 Mopar

15  273/318/3404360 Mopar
1.6 Oldsmobile W-8

1.5 Pontiac V-8 [sometimes 1.65]
1.55 Buick /-2

16 AMCY-A

Use Calc Valuel | Help I |Eance|| | Print I

History Now to obtain the screen of Figure 4.31. The History Log shows Peak Torque has improved 15 ft Ibs over the Hydraulic Cam
and 4 ft Ibs over the Stock Cam. However, Peak HP for the Solid Roller Cam is down from either the Hydraulic Cam or Stock Cam.
Overall, the Stock Cam looks the best, with the highest Avg Tq and Avg HP numbers.

Figure 4.30 Cam/Valve Train Menu for Solid Roller Cam

General Cam Specs

|Tulal Cam Advance ||:| Straight Lp | E

|Type |L|$e Specs in this Mernu |£|

[Lifter (profile) Type |sggr Solid Roller | ]|

[Lift for Rating Events |Seat Timing

|£I Walve Train |F'u3hr|:|d v Bockidrm [pn:ndulél

" Intake " Exhaust

|Eenlerline, deg ATDC

106

|Eenter|ine, deg BTDC

106

L&dvertised Duration

Iﬁdvertised Duration

|Hax Lobe Lift. in

|Hax Lobe Lift. in

[Lash at Walve. in

|Lazh at Walve. in

|FI ocker Am Hatio

|Flnl::ker Arm Ratio

e

" Calculated Cam Specs - Help

|Luhe S eparation

106.0

_592

|Inlake Gross YWalve Lift. in

|E:|r.hausl Gross Yalve Lift. in (5932

R atio of walve lift ba tappet lift, uusuallp 1.3-1.8
for rocker arm systems. For direct acting
zpztems enter 1. p 48

OK I | Help I | Get Example I

| Sawve Example I |
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In the Notes section at the top of Figure 4.31, notice that the Solid Roller Cam also has Valve Toss at some RPMs, probably because

you did not improve the Valve Train with this new, more aggressive cam. (For hydraulic cams, valve train problems are shown as

Lifter Pump-Up and for solid lifters as Valve Toss.)

Figure 4.31 Test Results and History Log for Solid Roller Cam

Engine Analyzer v3.0 Performance Trends [ 302-4¥1

| b

Back Graph Print View SendTo¥ehProgram Elle/gnﬂlﬁe Help[F1]

i | I Nulesl Mates Surmany: Yalve Tos%ﬁiamﬁpeed PkTq &vg PRHFP Avg
:@ % Send somewhat high, Spark Knock. Click on Motes for - Mew 272 217 186
- details. Last 257 21 21 155
RPM 1500 [2000  [2500 [3000 3500 4000 [4500  [5000  [5500  fe000 [+
Brake Tq 243 259 267 272 272 268 254 224 10 -
Brake HP 69.3 98.7 127 155 13 204 217 213 115
Exh Pres 2 4 7 11 15 14 2.3 2.b 214
Int ¥acuum .2 4 .6 .6 .6 .6 .6 .6 N
Yol EFf % 722 76.3 79.0 81.9 841 a5 4 84.9 81.3 664
Actual CFM 102 143 185 23 276 Ry 359 382 374
Fuel Flow 353 49.8 64.4 80.1 96.0 111 125 133 130 Y
i
—————— Valve Flow & Cam Calculations ----——---—-—-----—  —/Int-- —-Exh-—- [
Overlap Area, sq in=deg 2.3 Total Avg Flow Coef 251 .38
Total Exh/Int % 92.2 Lobe Area, inch=deq /24.75 24 .52
Lobe Separation, deq 106.0 Ulv Area, deqg#*sq in/ 157 .1 1449
= v |«
Don't Show History Clear [erase] History Print Help
Test Title |||Save7 || Peak Tg |Incr. ||Avg qulncr. || F'qék HP |Incr. ||Avg HF |Incr. +
Solid Roller Cam 272 at 3000 15 233 |12 217 at 4500 -4 156 1 [
Hydraulic Cam 57 at 4000 -11 221 15 221 atBO00 2 155 £
Stock Cam 268 at ] 23 0 219 at 4500 a 161 a
302-4w: Sun Oct 1198 2:48 pm 268 at 3000 1] ] 213 st 4500 [ 161 ]
302-4w: Sun Oct 11 98 2:44 pm 268 at 3000 a 23 0 219 at 4500 a 161 [ s
«[ +

Click on Test Title (15t column) to change it or ta retieve specs which produced those resulks. Click in other columns for definitions.

Note Valve
Toss in Notes
Section.

Test Summary and
History Log both
show that the Solid
Roller Cam is better
for Pk Torque but
loses Pk HP.
History Log shows
Stock Cam appears
to be the best for
most situations
(looking at Avg Tq
and HP).

Click on Test
Title and Type in
Solid Roller Cam

Click on the Graph button to obtain a graph like Figure 4.32, showing the Solid Roller Cam with the Hydraulic Cam (the last test

results). Figure 4.32 also shows the optional vertical “cursor” bar, which you can move left or right. In the graph legend at the right,
the value of each graph line at the cursor bar is displayed. This lets you “pin point” exact values on the graph for more exact

comparisons of graph lines.

Figure 4.32 Solid Roller Cam vs Hydraulic Cam, shown with Cursor
= Engine Analyzer v3.0 [3I]? art Click here to
Back File Format View Help z display cursor
&) (8] (]l [
Engme Analyzer v3.0 Tt Click here or
275 Torque 272 here to move
cursor
250 lastresults )
REEEREY CIICk here to
935 \ turn off cursor
2L Value of graphs
at the cursor
174
appear here.
150 Cursor “bar”
1248 .
X axis value at
100 the cursor
(RPM in this
75 . : : : : : case) appears
| | | i : | here.
50 : : :
1400 2000 2500 000 3500 4000 4500 4000 5500 6000 RPM 3000
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Figure 4.33 Graph History Log

Click on History to

=| Engine Analyzer v3.0 [ 3827 display History Log
Back File Format View Help history LAST cam-TQHP Baseline
IR S Click on a blank
Engine Analyzer v3.0 current space in this
275 [----e e T T T Torque column to mark
I Yes for tests to
250 4 st graph. Click on a
i |Horsepower Yes to remove it.

e I i S A/ S i W R First test (current
el D IR NUNNN NN NON/7. Sl W b N S test) is always
= 3| 9raphed.

Graph These Tests Graph Optighs Clear [erase] History Print Help Name which will
TestTHe N\ | |Grap#?|Graph Title |Saved|Pesk Ta—[Avg  [[PeakHP  [[awg HP[[[ 4] . h
Solid Raller Cam SoldRaler Cam—— | Z72at3000 233 | Zi7atds0 | 156 (||_Jf| @PPearin grap
Hydraulic Cam Hydraulic Cam 25744000 | 221 | 221 at5000 | 155 legend. Click here
Stack Cam i 26243000 | 236 21924500 | 161 to change it.
302-4+: Sun Oct 11 98 248 pm 268at3000 | 236 | 2194500 | 161
302-4v: Sun Oct 11 98 2:44 pm 268413000 | 236 | 21944500 | 161
302-dv: Sun Oct 1193 2:43 pm 000 236 219ard4500 1R1 Click here to graph
302-4: Sun Oct 11 98 235 pm 271at3500 | 240 22545000 | 1RS
302-4v: Sun Oct 11 98 2:34 pm 273at3500 | 242 227 at5O00 | 16 other tests
351-gt40 Sun Oct 11 58 233 pm 3413500 | 289 | 2E2at4B00 172
351-gi0r Sun Dot 11 38 232 pm 351-gr4id 2:32 pm 343413500 | 289 | 2RZatdB00 172 Click here to
302-4: Sun Oct 11 98 2:22 pm 302-4v 2:22 pm 276at3500 | 239 | 216at4500 | 162 + raoh tests
Click on Test Title [1st column] to change it or to retieve specs which produced thosze results. Click in ather columnz for definitions. g p A

Graph Options

With the graphs of Figure 4.32 on the screen, click on History in the Menu Bar. You will get the History Log as shown in Figure

4.33. In the “Graph ?” column, click on Stock Cam and Hydraulic Cam. Then click on Graph These Tests to produce the graph of
Figure 4.34. This graph shows that the Solid Roller and the Stock Cam show about the same trends, and the Hydraulic cam looses a
lot of low RPM torque but does gain some higher RPM HP.

Figures 4.34 through 4.37 show some of the graphing options. Click on the Valve Lift Graph button, or Format and then Valve Lift
vs Crank Degrees, or the cam-TqHP menu command to produce the Valve Lift graph shown in Figure 4.35. Here you can compare
the actual cam profiles for the 3 cams. Notice that the aftermarket cams have much more lift than the Stock Cam, but not that much
more duration. This is why both probably ran into valve train problems at higher RPM. Whenever valve lift increases, but duration

remains about the

same, the cam has
much steeper ramps

(is more aggressive Back File Format

View Help

Figure 4.34 Graph of All 3 Cams Using the History Log

Engine Analyzer v3.0 [ 302-4Y¥ ]

HISTORY last cam-TO/HP Baseline

ElEME

or has higher

BN =

[<ll=] [«l=lalls] [pefef X[ ] Fuvien]ssd sl

acceleration rates)
and usually requires :
more valve spring. 250 :
That is one reason

. 225
cam grinders

Engine Analyzer v3.0
2SI e C T e L e o A

solid roller/am
Torgue

hydraulic cam —

1o - - [ 4

H Haorsepower
H v stockcam —
' v [Targue

always recommend 200
you upgrade the
175
rest of the valve
train when you go 150
to a new cam.
125
100
75
50 : : :
1500 2000 2500 3000

4500 s000 5500 s00O0 RPW

Note the
name of
the tests
appear
here in
the
History
Log as
you
labeled
the tests
in the
History
Log
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Figure 4.35 Valve Lift Graph for 3 Cams

Figure 4.35 also Engine Anatyzer v3.0 [ 302-4V]

shows that even Back File Format View He HISTORY last CAM-gihp Baseline
though the Solid . . . _g IZ‘ElE s [ells el ] [sel=] X1 ] ruvien]sescae
Roller Cam had 264 . . .
degrees of Advertised ||, En9Analyzervd0 ValveliftvsDeg sl —
Duration, it actually ' ' '
shows less duration ; ; ; ; ; ; ; ; ; { p fvdraulic cam
on the graph than the |00 {----- o e R == ---d-----4 |ExhValve Lif
Hydraulic Cam with ' ' | ' ' ' ' ' ' | stockcam
only 220 degrees of : : : : . : ; : ¢ |Intvalve Lit
Duration at .050” lift. ||*" [~ T R R
Advertised duration
numbers are always g — Lo /A S W YOS S S R JO
much higher than the ' ' ' ' [ ' : ' '
duration at .050”
numbers for the same {200 [----- R e — R
cam. | | | | | | | | | |

oo ol e

000 /K

G0 120 BDC 240 300 TDC 420 430  BDC EOO 660 Crank Deg

Click here or on Format
or on cam-TqHP to
produce Valve Lift
graph shown here

Note that both the
aftermarket cams have
much more lift than the
stock cam, but neither
produce that much
more performance,
and on average loose
performance. Greater
lift for approximately
the same duration also
explains why the
aftermarket cams show
valve train problems.

Click and drag mouse
to draw box
surrounding this area
to zoom in on overlap,
Figure 4.36

Figure 4.35 also shows that if you Click and Drag the mouse on the graph, you will draw a box. When you release the mouse button,
the area enclosed in the box will now fill the entire graph screen. This is a handy “zoom in”” method, as shown in Figure 4.36. Figure

4.36 shows the Overlap Area of the 3 cams. Overlap is very important for engine performance. Too much overlap at low RPM or
with stock engines produces performance problems. However, highly tuned engines (good intake manifolds, carbs and exhaust
headers) thrive on overlap at high RPM. These aftermarket cams (especially the Hydraulic Cam) probably have too much overlap

area for this fairly stock engine.

Figure 4.36 Zooming In on Overlap Area of Valve Lift Graph

= Engine Analyzer v3.0 [ 302-4¥]
Back File Format Yiew Help HISTORY last CAM-tgthp Baseline

[ | Bl | el ] [el2 o] v] [2e]e] ] & ][Fuvin] setseaes]
Eng Analyzer v3.0

solid raller cam ——

1 1 H H h 1 H 1 1 v Stock cam
a0 b oo E"'"*:'""‘:""":'""':” "'E'" '."'"%'"":’ _____ IntWahe Lift

____________________________________________________

T S R i H— [ Lo L R O Lo ! CrankDeg

Without color it
is difficult to

430 po---- e U AU . [Int¥ale Lift - g
E : : : : ] ; 5 ; : see which line
i i : i i i i : i i hydraulic carm is which.

A0 P U A A A b [Bxn vawe Li Hydraulic Cam

has highest
overlap area

______ b AN N Solid Roller

: : : : : A : : : . has somewhat
more overlap
area than the
Stock Cam

Stock Cam
has lowest
overlap area
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n Graph on Intake Closing Cursor showed

Figure 4.37 Zoomed |
= Engine Analyzer v3.0 [ 302-4v ] Solid Roller
Back File Format View Help HISTORY last CAM-tqfhp Baseline closes the Intake

baf 2 B EEEET e Eavedsas=] valve at 298
Eng Analyzer v3.0 Valve Lift vs Deg ydraulc cam —_ degrees, about
048 r----mnm-mmo- [l Rl el el el i o |inthalve LI 16 degrees
: W ' h v solid raller cam —— earlier than the
040 pom oo aEECh S R AT FSSSy A . ; other 2 cams.
H H 1 1 1 i 1 1 1 |Exh ¥alve Lift
: : | : : . : : e (That cursor
' ' ' ' ' ' ' ' SI0CK Ccam age .
e R [ [ A s iy A {fintvave Lt oot | position is not
' ' ' shown here.)

Stock Cam and
Hydraulic Roller
have very similar
Intake Closing
events, about 612
degrees shown by
cursor

Crank Degrees of
cursor position.

S [ ST SR . .t U = ==~ i CrankDeg 6120

Figure 4.37 shows a zoomed in graph on the Intake Closing ramp of the 3 cams Using the cursor function you can see the Hydraulic
Cam and Stock Cam close at about 612 degrees or 72 degrees after Bottom Dead Center (after BDC on the graph). The Solid Roller
Cam closes at 596 degrees, or 56 degrees after BDC.
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More Analysis

Table 4.2 shows a comparison of the 3 cams, looking at several different calculated results. The table highlights some things we’ve
already discussed. Overall, the Stock Cam performs very well overall (the best Avg Torque and Avg HP), shows no Valve Train
Problems, and produces the highest Est Idle Vacuum.

Other points from Table 4.2 include:

e Cam timing affects nearly every aspect of engine performance

e Typically torque drops and HP increases when duration increases (Stock Cam vs Hydraulic Cam)

o Intake Closing strongly affects lower RPM torque, Cranking Compression Pressure and Dynamic Compression Ratio.
(Compare Solid Roller to the other 2 cams.)

e  The higher the overlap area, the lower the Est Idle Vacuum.

e  Although these cams produce much more lift and are more aggressive, they show a very small amount of improvement, even
drops in performance is some areas. However, try these cams again with better heads, intake manifold, and exhaust headers,
the story would probably be quite different. This makes the point of how critical the combination of parts can be.

e Note that the Total Exh/Int % is affected by the cam. In the cases shown here, all are over 90% which is much higher than
the typically recommended 75%. In this case it is pointing out that the intake cam profile should probably be larger or the
intake valve and port (possibly the intake manifold runner) should flow better. The proper selection of cam profile can make
up for a poor flowing intake or exhaust port.

e Vlv Area (the flow area through the valves) increases with larger cam profiles, making the point that it is the combination of
the valve and port with the cam profile which determines how much air can flow through the engine.

Table 4.2 Comparison or Cam Results

Cam Name Stock Hydraulic Solid Roller
Int Duration 202 220 264 Advertised
Intake Closing Event 72 72 56

Peak Torque 268 257 272

Avg Torque 236 221 233

Peak HP 219 221 217

Avg HP 161 155 156

Valve Train Problems at 6000 RPM None Lifter Pump up | Valve Toss
Overlap Area 7 6.4 2.3

Total Exh/Int % 90.5 94.8 92.2

Int Vlv Area 150.7 168.7 157.1

Exh Viv Area 136.5 159.9 144.9
Dynamic Comp Ratio 6.47 6.5 7.25

Theo Crank Comprssn 150 151 176

Est Idle Vacuum 21.6 14.6 18.9

Rec Inertia Len for 4000 RPM 17.2 17.2 14.7

Conclusions

e The Engine Analyzer lets you input cam specs in several different ways, making it easy to compare cams from different cam

grinders.

e Cam timing affects nearly every aspect of engine performance.

e The Engine Analyzer’s detailed output lets you see several ways engine performance can change, and lets you investigate why

performance has changed.

e The History Log provides a convenient way to track your changes, without having to make notes on paper or printing out each

performance run.

e The History Log provides a convenient way to pick from (and label) up to 25 past tests to graph.
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Example 4.3 Supercharging,
Turbocharging And Nitrous Oxide

Features Introduced (and suggested background reading):
e Changing Supercharger Specs (Section 2.7)
e Changing Running Conditions (Section 2.8)

Popular street "bolt on" performance modifications include nitrous oxide injection systems, superchargers and turbochargers. The
Engine Analyzer lets you simulate all 3 types of systems.

Supercharging and turbocharging are both likely to produce detonation or spark knock. Therefore, the Octane you specify will have
an important impact on performance. The stock 302-4V is specified with 87 octane, available at any gas pump. For the first case of
Turbocharging, you will examine the effect of running 94 Octane fuel versus the 87. You will then leave Octane at 94 for the other
cases.

Again you start with the 302-4V by opening it from the Engine Library by clicking on the Engine Library button. If you don’t have a
baseline in the History Log of the performance of the stock 302-4V (like the Stock Cam test from Example 4.2), calculate
performance to obtain stock performance.

Turbocharger:

Check the Supercharger menu as shown in Figure 4.38. You first want to check the performance potential of the 302-4V with a
turbocharger. First you must switch the Supercharger Type in the upper left corner from None to Turbocharger to indicate a
turbocharger is now installed on the engine. Notice the turbocharger specs now become enabled (not dimmed gray) so you can
change them. These specs require inputs to specify a turbocharger.

Assume at this time you are not Figure 4.38 Supercharger Menu Simulating a Typical Small Turbo
considering an intercooler, so leave Supercharger Specs
In.tercooler Eff % at 0, No Inter.cooler. ~Design e
Like many performance enthusiasts, T
you do not know details about Type  [Tubocharger [+] Fywn |Use Specs Below l#]
different turbochargers, so you will let _ -
. g Y Turbocharger [resign |5treet Fioots w Average Seals |i|

the program pick turbocharger specs.
This is done by clicking on the Type [Type |Estimate aSmall Turbo |£I [ohmeRevolulion ou b
item at the top of the Turbocharger Pouk Effciancy 707

. - . paR missenoy | 702 Average & & T =
section. Since your 302 is street E——— | : E Bkt flatio B

. |§.,§-?9€ af Faak Eimenos I—I

driven, you should try a small - s " Cienirdugel buporehaiges
turbocharger. Small turbochargers Pres. Ratio ot Pl Effey | |
"come on" quicker, at a lower RPM, [ uehing Monse |,&\.'g - Street/Stip |ﬂ Type ||-|SE Specs Below |i|
which is better suited for the street. | Cym—r -
Select Estimate a Small Turbo from Wastegate Limit, PSI 10 L RO, | il A= rangu

; CERE af Peak Bifiene
the list of Types. intercooler EFf, % [TAIT e [263 ot Posk Effiniency

|§3ff:sr Frasti ab P Bifoy
[t n . Putiey BPH at Peok B

Also. the turbo supplier recommends a Click an arraw to pick intercooler effectiveness at

’ .. cooling turbocharged air back to ambient air [ian Sobe Pullep REM
waste gate to limit boost to 10 PSI of temperature, p 55
boost, so enter 10 for Wastegate Bek ot
Limit, PSI. The Turbocharger specs e i % 0% No nmeod B
should now look like those in Figure = e O
4.38. | 0K I | Help I | Get Example I | Save Example I | Print I
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Calculate performance
and review the Test
Results:

e This
turbocharger
provides a
huge increase
in torque,
especially at
low RPM.

e Sparkis
retarded from
optimum spark
timing (what
the engine
wants to run)
to as low as 5
degrees at
some RPMs to
avoid
detonation.

a0
1

This is

400

Flgure 4.39 Graph of Stock 302-4V vs Small Turbocharger
Back File Format View Help history LAST cam-TQ/HP Baseline
ElEIN = pifes J elle] [l ]ale] o] f] g ] ruvien]se scaed
Englne Analyzer v3.0 Tq & HP vs RPM Tcuurarﬁgt
last results
Horsepawer
Note large gain
in low RPM
torque, and
that perfor-
mance with the
small turbo
increased at all
RPMs.
a00 2000 2500 3000 3500 4000 4500 a000 4500 G000 RPMW

indicated by the "*" for various Spark Adv numbers, and by the Spark Knock warning in the Notes section..
e Boost, PSI jumps up to 10.0 at 2000 RPM and stays there. This is due to the wastegate limiting boost to the Wastegate Limit

of 10 PSI you specified. (For non-supercharged engines, this row of data called Boost is called Int Vacuum.)

e  Exh Pres is much higher than stock, increasing from 3.0 to 29.2 PSI. This increased Exh Pres is where the turbo gets its
power to compress the fresh air charge.

e Actual CFM air flow has increased from 410 to 525 CFM at 6000 RPM. The stock 600 CFM carb should still be adequate
for flow. It will likely have to be rejetted, especially if this is a "blow through" system.

e  Fuel Flow has increased from 142 lbs/hr to 182 at 6000 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. Click on Analysis to
obtain an Analysis Report which discusses fuel injector sizing and other important issues.

You may have heard that
turbocharging thrives on
low back pressure, so try
completely removing the
exhaust system to see the
effect on performance.
Although this is not
possible for a street driven
vehicle, it will give an idea
of the "best possible" gain
from installing a lower
restriction exhaust system.
Calculate performance
again with a turbocharger
and with Exhaust System
Type set to Open Exhaust
(no mufflers). Then
recalculate performance to
see this effect.

Flgure 4.40, Small and Medium Turbo Performance Without Exhaust System

Engine Analyzer v3.0 Performance Trends [302-4Y]

|+

=

=| Back Graph Print View SendTo¥ehProgram File Analyze Help[F1) =
] Nutesl Motes Summary: Piston speed somewhat high, Fk Tg Awvg Pk HF Awvg
Z@ Send Spark Knock. Click on Motes for details. Mew 408 349 a8 25
L [ ] \_ Lat 373 316 262 210
RPM 1500 [2000  [2500 [3000 [3500  [4000 [4500 [S000  [5500  [6O00 [+
Brake Tq 247 279 400 408 407 398 390 365 324 275
Brake HP 70.6 106 190 233 271 303 334 348 339 314 |
Exh Pres .8 1.8 6.3 7.2 8.1 9.1 10.4 1.7
Boost A 2.3 10.0 10,0 10.0 10.0 10,0 3
Yol Eff % 747 855 1285 1308 1311 1259 1294 1105
Actual CFM 105 161 303 369 41 488 547 623
Fuel Flow 36.6 55.8 105 128 150 169 190 216 ¥
-
Don't Show History Clear [erase] History
Test Title ||| Save? || Peak Tg |Incr %g Tg | Incr || Peak HP |Inc/ ||Avg HP |Incr +
Medium wo Exh 408 at 3000 349 348 at 5000 251 41
Sma” WO EHh 220 St OO0 1E s o 20 D2 ot AEOC 10 210 13
Small Turbo 364 at 2500 96 296 E0 253 at 4500 M 197 36
Stock 302-4V 268 at 3000 a 236 1} 215 at 4500 a 161 a
302-4w: Mon Oct 1298 232 pm 268 at 3000 11 236 15 219 at 4500 -2 161 3
Hydraulic Cam 257 at 4000 a 221 1} 221 at 5000 a 155 a
302-4v: Mon Oct 1298 1:35 pm 257 at 4000 11 21 -15 221 at 5000 2 155 £
302-4w: Mon Oct 12 98 1:32 pm 268 at 3000 -4 236 3 215 at 4500 2 161 I
Solid Roller Cam 272 at 3000 15 233 12 217 at 4500 -4 156 1
Hydraulic Cam 257 at 4000 11 221 15 221 at 5000 2 155 £ (&
«| T *

Click on Test Title (12t column] to change it or to retneve specs which produced those resulte. Click in other columng for definitions.

Note 29 ft Ib
and 85 HP
increase with
the Medium
Turbocharger.

Tests are
being renamed
with
meaningful
titles as they
are being
performed and
added to the
History Loa.
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L]
The History Log shows that removing the exhaust system helped, but only 10 HP, improving Pk HP from 253 to 263. Since a real
exhaust system would only show less of a gain than no exhaust system, it may not be a good investment at this time. Also notice that
Exh Pres did not drop to 0 "Hg, but stayed up around 24 PSI. That is because Exh Pres is the pressure before the turbo. The pressure
after the turbo (which is not reported) would drop to 0 since there was no restriction from an exhaust system.

Since boost is “coming on” so quickly with the Wastegate controlling boost at 2000 RPM, perhaps a "small" turbo is too small.
Repeat the calculation with the Turbocharger Type set to Estimate a Medium Turbo. Calculate performance and look at the History
Log, as shown in Figure 4.40. The History Log shows performance improved significantly. CFM has increased to 623 and Fuel

Figure 4.41 Graph of Small vs Medium Turbo Performance

= Engine Analyzer +3.0 [ 302-4¥]
Back File Format VYiew Help history LAST cam-TQ/HP Baseline

) | et ell=] [els] o] o] [l ] 8] Fuvien]set scaes
Engine Analyzer v3.0 Tq & HP vs RPM current
450 """" T T T T P VT T T T Tt T TS T T T T P oo T T T P | TUquE
last results
. v [Horsepower Note that
: Medium turbo
kil does not “beat”
the small turbo
300 until 2500
RPM, but
250 above 2500
RPM the
200 Medium turbo
is the clear
180 winner.

100

50 H H H H H H H H )
1800 2000 2400 3000 24500 4000 4500 000 8400 BO00 RPM

Flow to 216 at 6000. Perhaps now a larger carb would help performance, or you may need a larger fuel pump.

For steady running performance, the medium size turbo appears to be a much better choice than the small turbo. However, the Engine
Analyzer does not simulate "turbo lag". Smaller turbos are faster responding, which may be better for street performance and throttle
response. Figure 4.41 show s a graph of the Medium Turbo vs the Small Turbo.

For all turbo cases,

Figure 4.42 Medium Turbo, 87 vs 94 Octane

Engine Analyzer v3.0 [ 302-4V ]

Spark Adv has been Back File Format Yiew Help HISTORY last cam-TQ/HP Baseline
severely retarded to e |7 e elll=] Lel2lalle] [l ] Fuvien]set caled
avoid detonation. See 94 octane

what a higher Octane kIl
fuel would do. At the
Running Conditions

: Targue

medium wo exh

Horsepower

400

menu, change Octane 250

from 87 to 94, then

recalculate 300

performance. You will

still see Spark Adv 20 Octane increase shows
retarded, but not as o0l fairly small

much. Rename this test improvement

in the History Log “94 150 throughout the RPM
Octane”. Overplot the range.

94 Octane results with 100

the previous 87 Octane o ; ; ; | ; ; ; . .
I'eSultS as ShOWn in 1400 2000 2500 3000 3400 4000 4500 5000 5400 G000 RFM

Figure 4.42.
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Now that you know that a “Medium” turbo could perform well, you may want to get actual specs from various turbo suppliers and do

more precise simulations. You could also load in Example turbos provided in the program by Performance Trends. To see what

Example turbos are available, click on Turbocharger Type and select the Pick an Example option, or click on the Get Example button
at the bottom of the menu.

Safety Note: Remember, the turbo manufacturer or supplier has experience with factors not considered by
the Engine Analyzer. These factors include high exhaust temperatures, over revving the turbo, turbo lag, etc.
The Engine Analyzer 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 Supercharger menu and switch from a turbocharger to a belt driven, Centrifugal supercharger. Choose the Centrifugal
Supercharger for the Supercharger Type in the upper left corner of the Supercharger Menu.

You have a friend who has an older used Paxton (tm) supercharger who will sell it cheap. There is a Paxton Example already
provided by Performance Trends in the Centrifugal Supercharger Examples. Click on Get Examples, then pick the Centrifugal

= Examples
Peak Pr=Ratio TullyDPM Mo Gafe

Superchargers as the Category under Performance Trends Examples. You will then obtain the list shown in Figure 4.43.

Choose the Original Paxton from the list, click on it to highlight it, then click on Pick. The program will show some screens

=
H 1
Paxton NOUVI Z.
Paxton SN Z000 E0% oy 1.
Wortech W1 A Trim {(estimate) S8 Cood b5
Wortech W1 B Trim (estimate) EE%Good 1.
Wortech W3 2 Trim EE%Good 1.
Wortech W3 J Trim 70%WGood 1.
Wortech W3 R Trim 70%WGood 1.
Wortech W4 T Trim EE%Good 1.
Tip: Click E le to highlight 1
[[=8 ICE On Example [o h I 1
it, l?hen click on 'F'ic:pk' ar 'Deglletg | Pick I | Cancel I
button.  Double click to pick | Trotoie I | Print I
Example in 1 step. =

Figure 4.43 List of Performance Trends Centrifugal Supercharger Examples

Click on your
choice to
highlight, then
click on Pick to
pick it. (Or
double click on
choice to pick in
1 step.)

comparing the current Centrifugal Supercharger specs with those you picked for the Original Paxton. Then there will probably be a
“disclaimer” message, then a note explaining that the specs for the Example Original Paxton will be printed in blue. See Figure 4.44.

Figure 4.44 Note on Example Specs

Seweral or all of these example specs will be
displayed in blue. If you change any of these blue
spec values, the name of the Example Component
will be changed to something generic, like '"Use
Specs Below'.

Specs displayed in black can be changed without
loosing the Example Name.

[ Don't show this again
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For the other 2 “non-blue” Centrifugal Supercharger specs, you should set them to match your setup. These are not based on the
Original Paxton example. For Intercooler Eff % choose 0 No Intercooler. The supercharger Belt Ratio can be calculated by clicking
on the Clc button and then entering a crank pulley diameter of 3.5 inches and supercharger pulley diameter of 2.0, pulleys that come
with the used Paxton. This works out to a belt ratio of 1.75. See Figure 4.45 For a fair comparison to the turbo engine, leave off the
exhaust system Exhaust System Type of Open Exhaust (no mufflers) and the Octane at 94. Calculate Performance with the Original
Paxton supercharger with a 1.75 Belt Ratio.

Figure 4.45 Calc Belt Ratio Menu
I;I

|Calc Belt Ratio 1.75

" Pulley Sizes

|5![: Pulley Diameter. in 2
|Erank Pulley Diameter, in 35

rTip:
'ou can alzo enter the # of teeth on each pulley
inztead of diameters for cogged belts.

Usze Calc Yalue | Help I |Eancel| | Print I

Figure 4.46 shows the test results for the Original Paxton with the History Log. Notice in the Notes section that “S/C RPM High”,
meaning that the Max Safe Pulley RPM entered in the Supercharger menu for the Original Paxton has been exceeded at some RPMs.
The performance graph in Figure 4.47 shows a sharp drop in Torque and HP after 5000 RPM, which is due to this Max Safe Pulley
RPM being exceeded. (Note that the real supercharger’s performance may not drop at these higher RPMs. The program is forcing
performance to drop to make sure you notice that something may be going wrong with the supercharger at these higher RPMs.)

Figure 4.46, Performance Comparison of Turbo and Centrifu?al Supercharger

= Engine Analyzer v3.0 Performance Trends [302-4Y] - Not ti
=| Back Graph Print View SendToVehProgram File Analyze FEIpFTT 13 t:’ es seg/lgn
] Notesl Motes Summarny:_Ei ed somewhat high, PkTg &wg PkHP Awvg s OWI,ng X
:@ % Send 5/C RPM high. Gpark Knock. Click on Motes for Mew 363 287 322 199 RPM is high at
& mnts H
| |deta||s. | | | | Last| 416 |35F" 35|8 256 some RPMs
RPM 1500 [2000 [2500 [3000 [3500 [4000 [4500 [5000 [5500 [6000 |+
Brake Tq 246 268 293 323 347 163 361 338 187 142 || (exceeded the
Brake HP 704 102 140 184 231 276 309 322 195 163 Max Safe RPM
Exh Pres 0 .0 .0 .0 .0 .0 .0 .0 .0 .0 spec in the
BN > (5 o (o s e fhes nai (59 Jwe [ Conniugal
1] - . . - - - . . - .
Actual CFM__ |102 149 207 277 356 437 501 536 381 387 specs menu.)
Fuel Flow 355 518 717 (962 123 152 174 186 132 135 -
={ History Log
—————— valve Flow & Cam Calculations ------------—----—-- --Int-- f}-Exn-- |_| ShOWS Paxton
: performance is
= 1=l Good, but not
Don't Show History Clear [erase] History Print Help g ’ d th
Test Title [|5ave?|[Peak Tq [Iner. [awa Tallne. [[Peak HP et/ [ HP [Ince |+ as gOO as the
Oiig Partan 334000 53 287 70 3ezattoo0 /fag 193 a7 ||| Medium Turbo.
94 Oetane a6a3/0 8 (F/F 8 weasmo0 A %6 However,
Medium wo Exh 40543000 29 (349 (33 | 348a5000 F5 (2% A Paxton perfor-
Sl wo Exh 942000 15 A6 (20 | 253a4m00 S0 (2100 13 is still
Small Turbo 42600 96 296 B0 | 25344500 /3 197 36 mance Is st
Stock J02-4v 2EGa3000 0 26 0 A9a4500 0 161 [0 more than 100
302-4v: Mon Oct 12 98 2:32 pm 26843000 11 (238 15 | Z19ad500 -2 (161 |6 . Pk HP better
Hudraylie: 2RF Ak 4000 1 | 1 2 A HOON il 155 0
of & 2 > than stock.
Click on Test Title [1st column) to change it or to retieve specs which produced thoge results. Click in other columns for definitions.
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Engine Analyzer v3.0 [ 302-4V¥]

Back File Format View Help HISTORY last cam-TQ/HP Ba:u;mn:
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Figure 4.47 Graph Comparison of Medium Turbo and Original Paxton

Performance
for Medium
Turbo is better
than Orig
Paxton at all
RPMs.

Orig Paxton
performance
drops at 5500
RPM and
higher to point
out the Max
Safe Pulley
RPM has been
exceeded.

The results from both Figure 4.46 and 4.47 show performance for the Original Paxton being down significantly compared to the
Medium Turbo. However, compared to stock, Peak HP has increased over 100 HP. Another interesting thing in the results is that

Friction HP has increased significantly. For example at 5000 RPM it went from 86 HP for the turbo to 110 HP with the supercharger.
This extra Friction HP is primarily for the power required to run the supercharger.

RPM limits.

Safety Note: Unlike real superchargers, you can over-rev the supercharger in the Engine Analyzer with no
problems. Always follow the manufacturer's recommendations for maximum belt ratios and Max Safe Pulley

Since the centrifugal supercharger provides pretty good higher RPM power, you are considering installing nitrous oxide injection as

well. You have heard that nitrous delivers tremendous low speed torque, which would fill in torque at low RPM where the
supercharger builds little boost. At the Running Conditions menu, install a "small" 75 HP, single stage nitrous system, activated at

2000 RPM by setting the Nitrous Oxide System specs as shown
in Figure 4.48.

~ Mitrous Oxide Specs

Figure 4.48 Nitrous Oxide Specs in Running
Conditions Menu for 75 HP Nitrous Kit

System Type | Sirgle Stage

|1 st Stage HP Rating

|1 st S5tage Starting BAPM

|}?‘.m§ Shage Added HEP

|}:"fm§ Shage Dhasimg P

1,

| Back | Help

| Calculate Performance
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Figure 4.49 Original Paxton with and without Nitrous Oxide Injection

Calculate
= Engine Analyzer v3.0 [ 302-4V] Performance and
Back File Format Yiew Help HISTORY last cam-TQHFP Baseline
[ [ letle= <ll=] [ell» ]+l e] [se]e] ] & ] Fuvien]set scaied then graph the
Engine Analyzer v3.0 Tq &HP Note the results for this

HAATUTT T
500 [-----+, eSS pesEea SESEE G o e Rt pesESe | el large condition of the

450 b ooooe ] I Dt S N SRR L _____. _ongpaxon torque Original Paxton
i i 5 i i § : § o er increase at | witha 75 HP

400 |-y L e ERSGI=EE L EEEE ASSEEEL low RPM Nitrous Oxide kit.

250 (Sl T T e = a | U with the See Figure 4.49.
nitrous

200 oxide
injection

e kit.

200

150

100

an
1500 2000 2500 2000 3500 4000 4500 4000 G500 6000 RPM

Figure 4.49 shows the large torque increase at low RPM that you expected. Now graph the Paxton + Nitrous Oxide test with the
Medium Turbo test, as shown in Figure 4.50.

Figure 4.50 Paxton + Nitrous Oxide vs Medium Turbo

Back File Format View Help HISTORY last cam-TQ/HP Baseline
o) B ||l Eles ellls | [elis [ialis] [s<]<] 2] & ] Furvin]set seae )
& | 13 N I Y O
Engine Analyzer v3.0 Tq & HP vs RPM Tnaxtnn +nitrous — P Nitrous
SDD """" T T T T T Tt T TS T T T T T Tt T T TS T T T T T Tt T T TS D T quue . .
: : : : : Oxide kit
450 ;94 octane outperfo_rms
i |Horsepower the Medium
400 : Turbo at all
RPMs until the
350 Max Safe
Pulley RPM
00 limit is
- exceeded at
5500 RPM.
200
1460
100
50 ; ; ; ; ; ; ; ; i
1800 2000 2500 3000 3500 4000 4500 5000 5500 G000 RPM

Figure 4.50 shows that even a relatively small nitrous system does provide tremendous torque at low speeds, a 175 ft Ib increase at
2000 RPM. Click on Back at the Graph screen of Figure 4.50.
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At the Test Results screen, click on Analyze in the menu bar to produce an Analysis Report. Fill in the Analysis Options menu as
shown in Figure 4.51, then click on Make Report. The Analysis Report will point out that you are making tremendous amounts of

torque, and high cylinder pressures must be dealt with. See Figure 4.52.

As pointed out with the turbo set-up, Actual CFM air flow and Fuel
Flow have increased significantly. The fuel system components may
need to be enlarged and the carburetor rejetted.

Conclusions:

e Turbocharging, supercharging and injecting nitrous oxide can
provide a significant performance increase.

e  Turbocharging and supercharging make an engine prone to
spark knock. Care must be taken to prevent detonation by
retarding spark, running high octane fuel, not increasing (or
even reducing) Compression Ratio etc.

e The Engine Analyzer provides a method to estimate
performance increases and point out potential problems before
the modification is made on the actual engine (excessive spark

Figure 4.51 Analysis Report Options

[ Short Form Beport

Desired HP Peak RPM |
Application |

Make Report I | Cancel I

Tip
Enter the specz abowve for thiz engine's
intended uze, then click on Make
Feport. The prograrm will create a brief
report dezcribing adjuztments o make
to better achive vour goals, safety
izzues, and a general explanation of
theze performance results.

knock, insufficient fuel pump capacity, excessive Supercharger RPM etc.)
e As with any modifications, the Engine Analyzer can not consider all details. Therefore, you must follow the manufacturer's

recommendations for safe, reliable operation of a particular system.

4.51) and produce Analysis Report shown

Figure 4.52 Portion of Analysis Report for Paxton + Nitrous Oxide Condition
Click on Analyze to bring up Analysis Options (Figure

here.
= Engine Analyzer v3.0 Performance Trends \ [ 302-4V ] -

=| Back Graph Print ¥iew SendTo¥ehProgram File Analyze Help[F1]

1|4

Nolesl

Send
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7|

Azt zil.

Motes Summany: Fiston speed somewhat high, Pk Tg Awvg Pk HP &g
S/C RPM high, Spark Knock. Click on Motes for - Mew 462 385 295 2E5
|

b e 20 227 1

Analysis Report

Maximum Exhaust Sypstem Backpressure

This is low fFor a street/strip vehicle with a full exhaust
—————— spztem. This iz simulabing either an extremely free flowing exhaust
Displac system or open headers. This may be illegally loud for the street.

RPM +
Brake Tq + -
Brake HF Analyzis Report for Street/Strip Engine with Desired HP Peak at 5000 RPMW
Exh Pres =
Boost Peak Tq =462 @ 2000 BPH 1.53 FtLlbs per Culn
Yol Eff = Peak HP =39%_ @ 5000 RPM 1.31 HPF per Culn
Actual CF| | g 5yimum Tq/Culn is 1.532 Ft Lbs/Culn.
Fuel Flow|| | This is Yery high. indicating good performance. but will =
FTSNTH produce high cylinder pressures and temperatures.

*
______ High cylinder pressures require precautions to protect against -

detonation. blown head gaskets. damaged engine components like

Querlap it i haust rock beari t
Total H pistonsg. rings. exhaust rocker aims, bearings. etc.
Lobe S

"Exh Pres" is 0 P51

*
Dynamic
Theo. 0 Print I Cancel I
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Intake Port+Runner Dimensions (for 1 runnerfcylinder):
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Example 4.4 Using Flow Bench Data

Features Introduced (and suggested background reading):
e Calculating Valve Flow Effcy in the Head(s) menu (Section 2.9.5)
e Calculating Runner Flow Effcy in the Intake System menu (Section 2.9.6)
e Appendix 3 Intake and Exhaust Tuning

Check Appendix 5 and 6 for MANY new features added in std and Plus versions 3.2 and 3.4 for describing the head’s flow
potential, including using a full flow curve.

The Engine Analyzer 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; and flow restriction and tuning capabilities of the manifold runner or
header.

To use the Engine Analyzer's full capabilities, it is necessary to flow the head first with an optimum entrance or exit adapter, and then
with the manifold or header. For this example you will use the intake side of the 302-4V's head modified with a 1.94" intake valve
diameter. You will also use an aftermarket manifold with rectangular runners 2" high by 1.2" wide. 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. The Engine Analyzer
needs data at an L/D (valve lift to diameter ratio) of 1/4, which is .485" valve lift for the 1.94" valve. To obtain the optimum air flow
for the bare head, it is necessary to install a radiused inlet adapter on the bare head's intake port.

Set up the test condition of 28" test pressure and .485" lift with the adapter. The flow reads 201 CFM. Leave all settings "as is" and
remove the adapter. You will note the flow falls to 191 CFM 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, EGR openings, etc. Adjust 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 bare head without the adapter. Figure 4.53 Calc Menu for Valve Flow Effc

Calc Walve Flow Effcy, %6

Now, start up the Engine Analyzer program. Open a new copy of

the 302-4V file by clicking on the Engine Library button. Calculate Calc ¥alve Flow Effcy. % 44.4
performance to obtain baseline performance with the production
head and intake manifold. - Flow Test Data

|Test Preszure, "Walter >0

Now we’ll calculate the new head Port Diameter and Valve Flow
Effcy, and intake manifold Runner Diameter and Runner Flow

Efficiency. Click on Head(s) to bring up the Head(s) menu. Enter Walve Diameter_ in
the new Valve Diameter of 1.94. If this head has had some port Walve Lift Tested. in 485
work done when the larger valves were installed, you should CC the

[# Yalves/Cylinder

il

. . Fl Obtained. CFM
ports, which showed an increase from the stock 145 ccs to the new RIGH aine il
152 ccs. Type in 152 for Intake Port Volume, and you will notice - Notes-
Avg Port Diameter increases from 1.5 to 1.54. As you would Enter Flows data for 1 1.940" diameter [ntake
expect, the port length does not change from doing port work. walve at a walve lift from . 400 ta 5507 .
Now click on the Clc button next to Intake Valve Flow Effcy to fUse Calc \.r‘alue’ | Help I |[:ancel I | Print I

produce the menu shown in Figure 4.53. Enter the flow data for the
head alone as shown in Figure 4.53. Click on Use Calc Value to
load in the 44.4% Flow Efficiency calculated here. (Note in Figure 4.53 that you could have used any valve lift between .400 and
.550 inches, and that you did not have to use exactly .485 inches.)
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The changes to the Head(s) specs should now be 1.54” Avg Port Diameter, 152 Port ccs and 44.4% Valve Flow Effcy, all for the
Intake Port. Click on OK to close the Head(s) menu.

Figure 4.54 Calc Runner Diameter Menu

Calc Avg Diameter - Intake

Click on Intake System to open the Intake System menu. Since
this is a different manifold than stock, you may have to change
several specs. Click on the Clc button next to the Runner
Diameter box to produce the Calc Runner Flow Effcy menu
shown in Figure 4.54. Make the entries as shown, using

|Ea|c: Avwg Diameter

“Rounded Rectangular” as the basic shape of the manifold - Specs

runner. The program calculates an effective circular diameter |Knuw Runner CCs ?
of 1.69" for a rectangular runner 2" high by 1.2" wide. Click on

Use Calc Value to load 1.69" into Runner Diameter in the Brunne: Length, in

Intake System menu. Framnes Yohass, oo

|H unner Width, in

|H unner Height. in

Runner Shape |Huunded Hectanglﬂ

EUse Calc "-l’aluel | Help |Eanc:el | Frint

Last, click on the Clc button for Runner Flow Effcy to obtain the Calc Runner Flow Effcy menu shown in Figure 4.55 (previous).
Figure 4.55 shows the test data from Table 4.3 filled in and a calculated Runner Flow Effcy of 86%. Click on Use Calc Value to
return to the Intake System menu with 86% entered for Runner Flow Effcy.

Table 4.3 Flow Test Results

Condition Test Pressure Valve Lift L/D CFM
Bare head, no adapter 28" 485" 1/4 191
Bare head, optimum adapter | 28" 485" 1/4 201
Head and intake 28" 485" 1/4 194

Figure 4.55 Calc Runner Flow Effcy Menu
Calc Runner Flow Effcy, 26

This new manifold is a dual plane design, like the stock manifold so ICalc Runner Flow Effcy. % 6.0

the Design will stay at Dual Plane-Carbs. The average length of the
intake runners measure 6 inches like the stock intake, so Runner " Flow Data, Head Only
Length will stay at 6. The same carburetor will be used, so Carb
specs will stay the same as stock.

|T est Pressure. "Walter

|ﬂ Walves/Cylinder

I'I.I"alve Diameter. in
I"I.I"alve Lift Tested, in
|Fluw wo Bunner, CFM

" Flow Data with 1 Bunner

|FI unner Diameter, in

[Flow with 1 Runner. CFM

T Motes:
Enter flowe data for 1 1.940" diameter Intake
walve at a walve lift from 400 to 5RO

Far Flow with Bunner, enter flow obtained at the
zame lift with the 1 runner attached to head.

EUse Calc ‘H"aluei | Help I |Eancel| | Print I
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The Intake System menu should now look like Figure 4.56. These specifications reflect a head with a larger intake valve, manifold
with larger runners, and flow coefficients which were determined from actual flow bench testing.

Calculate performance for the 302-4V with the new head and intake manifold. Remember the exhaust side of the head is unchanged.

Figure 4.57 isa
graph for these
results compared to
the Stock 302-4V. It
shows that below
3000 RPM the stock
head and intake
manifold perform
better, but over 3000
RPM the new Flow
Tested intake port
and valve, and intake
manifold are far
superior. Peak HP
has increased from
219 at 4500 to 257 at
5500.

" Mamifold Specs [ 1 runner/cyl]

T_'.'IJE se 5 pecs

Manifold Design |Dual Plane-carhz] |£I

|H unner Diameter. in

1.69
6. |
Flow Efficiency, % 86.0
Prod ffull Heat [%]

\Runner Length, in

|Intake Heat

' [ Carburetor[s]

Figure 4.56, Intake System Menu for Flow Tested Head and Manifold

Intake System

|T}'PE |L|se Specs Below

(CFM Rating 600

r'luf'a-::uum Secondarnies e

"~ Help .
Click on down arrow button bo let program estimate

twpical zpecs, to use pour own specs, of to Pick an
Example zet of Intake Manifold specs. |f you have
picked Example Specs, the Example name wil
appear here unlezs you change zome Example
zpecs. p 29

Click on Back at the 0K | |
Graph screen to
further inspect the
test results. They show:

e  Peak torque has increased from 268 at 3000 to 282 at 4000 RPM.

e Peak HP has increased from 219 at 4500 to 258 at 5500.

e  Peak In InertiaPrs (intake pressure due to inertia tuning) has increased from 1.3 at 4500 to 2.5 PSI at 5000.

e The Mach # at all RPMs has decreased approximately 27%, which means this engine can rev higher before "running out of
breath". This is also evident by the Intake V1v Area in the Special Calculations section increasing about 35 %, from 150.7
sg-in*deg to 204.4 sq-in*deg.

e The Total Exh/Int % dropped from 90.5% to 66.8%, which is now much less than the "target" 75% with the new intake
system. This suggests performance could now be significantly improved with better flowing exhaust ports and runners, or
more exhaust cam lift and duration.

Help I | Get Example I | Save Example I | Print

It is important to remember that performance for the engine improved because the head and manifold flowed more CFM on a flow
bench than the stock parts. Performance did not improve just because the parts were flow tested. The flow testing results simply let
the program more accurately predict how much better the engine would perform. Flow testing by itself does not improve
performance.

Alternate (but less accurate) Method:

If it is difficult to design optimum exhaust and intake adapters, or this data is not available, it is best to flow the head with the
appropriate manifold or header. For the example above, this would give 194 CFM. Some 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. If you multiply the CFM flow for both the port and

manifold together by 1.04 you will obtain a reasonable flow value to use for the bare head. In this case 194 CFM x 1.04 =202 CFM.
Using 202 CFM you would calculate a Valve Flow Effcy of 44.7%, and 194 would calculate a Runner Flow Effcy of 83.8%.
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Conclusions:

e The Engine Analyzer's calculation menus allow you to easily calculate both Valve Flow Effcy and Runner Flow Effcy from
flow bench data to more accurately predict performance improvements.

e  An alternative method is suggested if you only have data for flowing the head and manifold as a unit.

Figure 4.57 Graph of Stock 302-4V vs Flow Tested Head and Manifold

Back File Format View Help HISTORY last cam-TQHP Baseline
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manifold.
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Example 4.5 Optimizing Tuning

Features Introduced (and suggested background reading):
e Example 4.4
e Appendix | Accuracy and Assumptions
e Appendix 3 Intake and Exhaust Tuning
e  Analysis Report (Section 3.1)

The Engine Analyzer 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, individual runner intake systems, and high overlap cams, you will
use the HYDRPLN-V6 engine for this example. The goal of this example is to design an intake and exhaust system for optimum
tuning at 8000 RPM. Optimum tuning at 8000 should also optimize performance at 8000 RPM.

Intake Tuning

Open a copy of HYDRPLN-V6 from the library. Open the Running Conditions menu and set the Starting RPM to 5000, Number of
RPMs to 10 and RPM Increment to 500. The RPM Preview should show “5000, 5500, 6000 ... 9500”. You want to be sure that 8000
RPM is fully contained in the RPM range you are going to run.

Check the ‘Starting Point’ Suggestions specs in the Running Conditions menu. Since you want to optimize tuning and performance at
8000 RPM, set the spec For Peak HP at This RPM to 8000. Also, because the current intake port in the head is 5” and the intake
runner in the injection stacks is 137, enter 18” for the spec For This Intake Runner Len.

Calculate performance "as is" to get a baseline of the current engine. The Engine Analyzer will give suggestions for intake and
exhaust runner dimensions and cam specs for good performance at 8000 RPM. The results are shown in Figure 4.59.

Once performance is calculated as shown in Figure 4.59, the Engine Analyzer |Figure 4.58 Analysis Report Options

can create an Analysis Report. Click on Analyze to bring up the Analysis f— Analysis Options

Options menu as shown in Figure 4.58. Since this is a race engine that you

want to produce good HP at 8000 RPM, set Desired HP Peak RPM to 8000 [ Short Form Report
and Application to Full Race. The program will use these guidelines and :
analyze the calculated performance, for ways to meet your objectives, point Desired HP Peak RPM | [8000
out potential safety concerns, etc. —
P v Application | Full Race E

Make Report I | Cancel I

" Tip
Enter the zpecs abowe for thiz engine's
intended usze, then click on Make
Report. The program will create a brief
report dezcribing adjustments to make
to better achive your goals, zafety
izzues, and a general explanation of
theze performance resulks.
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Figure 4.59 Baseline Test Results with ‘Suggestions’ for 8000 RPM

Click on View, the Show Special Calcs (Iarge) for bottom screen
Engine Analyzer v3.0 Performance Trends [HYDRPLN-V6G]

=| Back Graph Print View SendTo¥ehProgram File Analyze Help[F1]
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In ‘Experienced User' made, click on View, then 'Show Special Cales' or 'Show History' for other displays.
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Brake HP 221 247 253 267 282 279 256 202 168
Exh Pres .0 .0 .0 .0 .0 .0 .0 .0 .0
Int ¥acuum .6 9 9 1.0 11 1.2 11 - 1.0 1.0
Yol Eff % 106.2 111.0 1039 1015 1008 (97.0 89.7 829 ¥7a 71.5
Actual CFM 257 300 298 316 n 350 342 329 322
Fuel Flow 235 274 272 288 an 39 n 300 294 ¥
—————— Starting Point Suggestions: PkHP @ 8088 RPH /——— --Area-- --Dpia-- |X
Intake Port+Runner Dimensions {for 1 runner/cylinder):

Rec Inertia Len, in 9.9 Rec Area, sq in/in 2.21 1.68

Spec Inertia Len, in 18.8 Rec Area, sq in/in 4._88 2.26

Rec Len, 2nd Pulse 16.8 Rec Area, sq in/in 3.73 2.18

Rec Len, 3rd Pulse 12.1 Rec Area, sq in/in 2.69 1.85
Exhaust Port+Runner Dimensions {for 1 runner/fcylinder):

Rec Len, 1st Pulse 32.3 Rec Area,388 ft/sec 1.86 1.54

Rec Len, 25t Pulse 15.5 Primary Tube 0.D. 1.758
Approx Cam for HP Peak (based on current engine specs): ]

Int Duration @.858 268 Intake Tappet Lift 413

Exh Duration @.6858 233 Exhaust Tappet Lift .333
Starting Point suggestions above may NHOT give best performance and HUST
be refined through ‘cut and try' running the program. Runner Dimensions
are for Port PLUS Intake Manifold Runner or Exhaust Header Primary Pipe.

+

Piston Spd and
Piston Gs (indicators
of internal stresses
on the pistons, rods
etc.) increase rapidly
with increasing RPM.

Overlap %VE
indicates effectivness
of resonance tuning

Three intake tuning
factors show strength
of intake inertia and
resonance tuning.

Two exhaust tuning
factors show strength
of exhaust tuning.

Bottom half of Special
Calculations section
shows ‘Starting Point’
Suggestions for an
RPM you enter at the
Running Conditions
menu.

Click and drag slide
bar to view lower
section of results.

Pay close attention to
this note describing
limitations of these
suggestions.
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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.

As you read through the Analysis Report of Figure 4.60, some important points made by the report include:

The engine is producing high torque for this engine displacement, indicating good performance but the necessity for good
head gaskets, etc.

Int Vacuum is somewhat high. Performance will likely improve with a higher Throttle Body CFM Rating (larger throttle or
better flowing throttle plates). This is a common problem with Individual Runner carburetor or injection intake systems.
Piston Spd (average piston speed) is in the normal range for a race engines, but this level of Piston Spd requires extremely
strong and light reciprocating components, like connecting rods, pistons, etc.

The engine would likely improve performance at 8000 RPM (while losing some torque at lower RPM) with shorter and
larger diameter intake runners.

Since the spec For Peak HP at This RPM is 8000 (the same as the Analysis Option's Desired HP Peak RPM), you should
check the Starting Point ‘Suggestions’ at the end of the calculated performance report. These runner and cam
recommendations may give better performance at 8000 RPM than the current specs.

If certain results . - -
look normal for this | Figure 4.60 Portion of Analysis Report Click and
type of application ’_ drag slide
(in this case Full = Analysis Report bar to view
Race), they may not i

): . 4 .y h M aximum Intake Manifold Yacuum ‘Int Yacuum® iz 1.2 "Hg. L entire .
be mentioned in the This iz somewhat high for an engine with an Individual Runner type AnaIyS|s
Analysis Report. It intake and is limiting air flow and HP. Report
1S always gOOd to, do An IR type of intake can produce better tuning for improved Tq &
your own analysis of HP. but it can be restrictive to air low. An IR intake requires
the calculated 2-3 imes more Carb or Throttle Body CFM Rating than intake types .

f where several cylinders share the same carb or throttle body. Click here
pertormance. Reduce Int ¥acuum by zpecifying a different Manifold Type #f a to print
Important points larger Carb or Throttle Body CFM Rating in the Intake zpegs menu. Analvsi
shown on the Mote: An IR spstem iz like a set of 4 Webers with no plgfium on a nalysis

. V-8 or 4 carbz on a 4 cyl motorcycle, HOT a tunnel raf manifold. Report

performance printout
in Figure 4.58 and . .

. din th Maximum Fuel Flow ‘Fuel Flow' iz 319 Ibs/hr ALCHOL.
not mentioned in the This is equal to 48.5 gallons per hour of fuel flow.
Analysis Report For an injected engine with one injector per gflinder. you will require
include: at least 53 Ibs/hr injectors.

e Mach # at +

8000 RPM : -

isa Print I Cancel

relatively

low .466 indicating the intake valve should not be a major restriction at this RPM. (Note that you always want more flow
area to produce a lower Mach #. Its just that .466 indicates the intake valve and port and cam profile are not overly

restrictive.)

e The Total Exh/Int % of 72.5 is close to the recommended 75%. The exhaust may benefit slightly from more cam or valve

flow, but it should not be overly restrictive.
e In the RPM Data section, the peak In InertiaPrs of 4.9 PSI occurs at 5000 RPM. This says the current intake runner

dimensions give optimum inertia tuning at 5000 RPM rather than the desired 8000 RPM.
e  The contribution to volumetric efficiency during overlap is high, shown by the high values of Overlap %VE of over 7% at

5500 RPM.

e In ResTunPrs pulses are high, showing a maximum of 1.4 PSI at 5500 RPM and a minimum of -.9 PSI at 6000 RPM.
e The Est Idle Vac of 3” indicates this cam has a huge amount of overlap, which is required for a high RPM race engine.
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Due to the high RPM, relatively long intake runners, and high overlap camshaft, intake resonance tuning (In ResTunPrs) may be
important for this engine. One can see that when In ResTunPrs is high and positive, Overlap %VE is high, Vol Eff % is high and
torque and HP are high. Where In ResTunPrs is a high negative number (vacuum pulse during overlap), Overlap %VE, Vol Eff %,
torque and HP are low.

At the bottom of Figure 4.58, in the Special Calculations section, there are some Starting Point Suggestions for intake and exhaust
runner dimensions. Repeat the performance calculations 3 times with the intake runner combinations from Table 4.4.

Table 4.4 Starting Point Suggestions for Runner Dimensions at 8000 RPM

Case Int Port & Runner Length * Int Port & Runner Dia *
Inertia Tuning 9.9 1.68
2nd Pulse 16.8 2.18
3rd Pulse 12.1 1.85

*  Important: The Starting Point Suggestions are for the entire intake runner, from the valve to the end of the runner. However the
runner is broken into 2 parts in the program, the port in the head and the runner in the intake manifold. For these modifications,
you will leave the Port Length in the Head(s) Specs menu at 57, and just change the Runner Length in the Intake System menu to

make up the suggested total length. For Port & Runner Dia, you will set the Port Diameter in the Head(s) menu and Runner

Diameter in the Intake System menu both to the suggested diameter.

Table 4.5 shows a summary of the test results trying the 3 different intake runner recommendations.

Table 4.5 Comparison of 3 Intake Starting Point Suggestions

Condition Stock Inertia 2nd Pulse 3rd Pulse
HP @ 8000 256 310 297 209
Avg HP from History Log 241 262 245 255
Overlap %VE @ 8000 4.3 4.6 5.0 5.0
In InertiaPrs @ 8000 1.3 3.2 2.4 3.0
In ResTunPrs @ 8000 0.1 0.5 1.0 1.0

For the combination of the existing head with the “2nd Pulse” intake runner suggestion, you get the warning message shown in Figure
4.61. Because you are just trying things, and you actually do want to try this unusual combo, click on Yes to proceed.

Figure 4.61 Note About Unusual Combo

The 1 1.64" Intake valve looks very small for 1
2.18" Intake port.

9 Check the Intake Specs in the Head Specs menu.

Continue with Calculations anyway ?

=

1=
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Back File

Figure 4.62 Comparison of Baseline with Optimum Inertia Tuning Runners

Format

View Help HISTORY last cam-TQfHP Baseline
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Figures 4.62-4.64
graphically compare
some of these results to
the Baseline Condition
and to each other.

Figure 4.62 shows a comparison between the stock intake and one designed for optimum inertia tuning (9.9" x 1.68" runners). Both
Table 4.5 and Figure 4.62 show a significant increase in higher RPM performance. Table 4.5 shows that inertia tuning is strong at
8000 (In InertiaPrs is 3.2 PSI), but resonance tuning is relatively low (In ResTunPrs is .5 PSI) compared to the other recommended
lengths. Figure 4.62 also shows a slight resonance tuning peak occurring at 7500 to 8000 RPM, and another more evident one at

9500 RPM.

Figure 4.63 shows
a comparison of
the Baseline with
the runners giving
optimum tuning
from the “3rd
reflected pulse”
otherwise known
as resonance
tuning. You can
see that these
runner dimensions
also produce a
significant power
improvement at
8000 RPM.

Figure 4.63 Comparison of Baseline with “3rd Pulse” Tuning Runners

= Engine Analyzer v3.0 [HYDRPLN-VG ]
Back File Format View Help HISTORY last cam-TQ/HP Baseline

EREINAE IEII =] [l el+] el 2] o] ruvie]sescaey]

Englne Analyzer v3.0 Tq & HP vs RPM 3rd pulse
51 Torque
stock
: Horsepower

Large HP
improvement
over Baseline
at 8000 RPM

120

] T T T T e [ |, [T TS SIS A, S

80 : : : : : g : : -

4000 5400 6000 G500 Foon 7a0n gooo 8500 4000 9500 RPM
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Figure 4.64 shows that both the Optimum Inertia Tuning runner and Third Pulse runner give good performance through the 7000-

Engine Analyzer

9000 RPM range, but overall the Optimum Inertia Tuning runner is best.

Chapter 4 Examples

Although this example shows resonance tuning to have a significant effect, most engines with shorter runners, less overlap and lower
RPM ranges should be designed for optimum inertia tuning.

Back

File

Engine Analyzer v3.0 [ HYDRPLN-VEG |

Format Y¥Yiew Help

HISTORY last

cam-TQ/HP Baseline

325

300

275

240

225

200

175

140

125

ElEImE

o[

L<ll=] Lelzl el el el X] ] ruvien] setseaes

Engine Analyzer v3.0

Tq & HP vs RPM

3rd pulse
Torgue

inertia tune

1 |Horsepower
i

4000

5500

G000 G500 Foon

Fa00

8000 ga00 000

4500 RPM

Figure 4.64 Comparison of Optimum Inertia vs “3rd Pulse” Tuning Runners

The intake runner
dimensions which
give optimum
resonance tuning
for the 3rd
reflected pulse
produces more
HP only at 8500
RPM. At all other
RPMs, runners
which produce
optimum Inertia
tuning perform
better.

Safety Note: In Figure 4.58, note the rapid increase in Piston Gs (internal stress) as RPM increases. All 3 tuned
systems make more power at higher RPM, therefore it is likely the engine will "see" higher RPM running. If your
rotating components are not designed for these high G levels, you may want to tune for a lower RPM. Also, an

overspeed set to a safe RPM limit is always a good idea.

This is also pointed out in the Analysis Report when it discusses high Piston Spd (average piston speed). Piston Spd and Piston Gs

are related. High levels of either require strong, light reciprocating components.
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Flgure 4.65 Baseline vs Optimum Suggested Exhaust Header
Engine Analyzer v3.0 [ HYDRPLN-.VG ]
Back File Format View Help HISTORY last cam-TQfJE Bageline Suggested
. . Lml |ﬁ| [251@ exhaust header
Engine Analyzer v3.0 Tq&HP PM sunnested exh dlme_n3|ons.
11 [ S R e . [Torque provide a slight
! ! ! ! i | : : | : improvement at
278 haseling high RPM
Horsepower
250
225 |
200
Exhaust -
Tuning
150
Now look at the 125
exhaust side of the
engine. Go to the 100
Main Screen and open
a fresh copy of the 75 : : : ' : ' : : :
HYDRPLN-V6 to 5000 5500 6000 6500 OO0 7500 8000 8500 9000 9500 RPM
examine exhaust

tuning effects. The
Engine Analyzer assumes the best exhaust inertia supercharging occurs at an Ex AvgVel of 300 ft/sec. Figure 4.58 shows that Ex
AvgVel does not reach 300 until 9500 RPM. This would indicate the runner (header primary) is too large.

The ExTun Prs pressure (exhaust tuning pressure) is best at 5500 RPM showing -2.4 PSI of suction. The negative sign indicates
suction which helps performance on the exhaust side.

Now, try installing the 1st Pulse runner length recommended by the Engine Analyzer in Figure 4.58 of 32.3" and diameter of 1.54".
Note that the program assumes 3” of exhaust runner exist in the exhaust port in the head. Therefore, you should use 29.3” (32.3”-3”)
for the Header Primary Length and 1.54 for the Header Primary Diameter (inside diameter) in the Exhaust System menu.

Note that peak ExTun Prs of -2.4 now occurs at 6000 and 6500, which is less than 8000 you were expecting, but still is peaking at a
higher RPM than it originally did. The recommended length gives slightly better performance throughout a range of RPMs, with
8000 RPM in the middle of this range. Notice that below 6500 RPM Ex TunPrs drops off quickly, but above 6500 RPM it drops
quite slowly. If you designed for best exhaust tuning at 8000 RPM, at RPMs below 8000 RPM, exhaust tuning would be quite poor.

Figure 4.65 shows performance of the stock exhaust and the recommended exhaust. Note that the optimum exhaust shows only slight
gain through the RPM range.
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This example makes some important points:

Exhaust tuning is not as effective at making performance improvements as intake tuning, especially when intake tuning is
already good. Exhaust tuning can only scavenge the clearance volume. However, intake tuning cam both scavenge the
clearance volume and provide supercharging at intake closing due to inertia tuning.

Once the clearance volume has been scavenged clean, additional scavenging only goes to "short circuiting”. Short circuiting
is when fresh charge goes right through the chamber out the exhaust during overlap. This is probably the case here at 8000
RPM. Overlap %VE was already high at 8000 with the stock engine. Providing additional scavenging vacuum from the
exhaust was of little help.

This example also illustrates that it may be beneficial to tune the intake to the RPM for desired peak HP, Then tune the
exhaust to a different RPM, one where intake resonance tuning is reducing power. That would be an RPM where In
ResTunPrs was negative. The overall effect would be a broader torque curve.

Conclusions:
e The Engine Analyzer's Analysis Report gives tips for improving performance.
e The Engine Analyzer allows you to simulate simple intake and exhaust tuning principles.
o Intake tuning generally has more impact on performance than exhaust tuning.
e The ‘Starting Point’ Suggestions at the bottom of the Special Calculations section of the results give some ideas of intake and

exhaust runner dimensions which may give good performance. Note that you must try them in the program to determine
which are best, or if they work well with the rest of your engine combination.
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Appendix 1: Accuracy and Assumptions

Background:

The Engine Analyzer 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, 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 will provide you an engineering estimate of what should occur when general modifications are made based on
internal combustion engine theory and several "rules of thumb". 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 Model T or
a Formula 1 engine.
A good analogy to the Engine Analyzer 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 results as a guide, as a second opinion of how your engine
should perform under near optimum conditions.

Iterations:

Before you talk about accuracy, it is important for you to understand the types of calculations going on inside the Engine Analyzer
and other sophisticated simulation programs. A simple program could involve calculating torque from volumetric efficiency:

Torque = K x volumetric efficiency
Where: K is a constant which includes engine displacement

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 complex than this.)

However, lets look at a simplified version of the equation which calculates the temperature rise of intake air as it passes through the
intake port.

End Temp = Intake Temp + K * (End Temp + Intake Temp)

In this case the "End 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".
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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
Assume End Temp is 145 degrees
Calculate End Temp: 80 +.3*(145+ 80 )=147.5

Are assumed End Temp and Calculated
End Temp Close Enough (within 1 degree)

No, so do again using new End Temp answer
Calculate End Temp: 80 +.3 *(147.5+ 80 ) = 148.25

Are assumed End Temp and Calculated
End Temp Close Enough (within 1 degree)

Yes, so an approximate answer is:

End 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 iterations which give good accuracy with reasonable calculation times.

Because many of the equations within the Engine Analyzer must be solved by iterations, there is no one exact answer. All
calculations are an approximation. Therefore, do not be alarmed if a Total Avg Flow Coef in the Special Calculations section is
calculated as .357 for "straight up" cam timing and as .358 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 Total Avg Flow Coef.

Correlation with Dynamometer Data:

The Engine Analyzer has been validated using dynamometer data from engines which were generally "streetable", getting between
0.5 to 2.0 HP per cubic inch. With the improved tuning simulations, the Engine Analyzer Version 3, Brk Tq and Brake HP results
compared within £7% of the actual dynamometer data at most RPMs. For example, if the Engine Analyzer predicted 400 ft Ibs of
peak torque, the actual engine would produce from 372 to 428 ft Ibs from dynamometer tests.

One must also remember that dynamometer testing is not an "exact science". How many times have you seen Cam Grinder A's dyno
data show their cam better than Cam Grinder B, but Cam Grinder B's dyno data says their cam is better. 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 results may be in error more than the program. See Appendix 4.

The weakest area for the Engine Analyzer is the intake and exhaust tuning, and somewhat in the area of cam timing. This is true of
most any reasonable sophisticated engine simulation program, including the “million dollar” programs used by Ford and GM.
(Simplistic programs don’t even attempt to estimate tuning effects.) Both these areas have an important impact on performance of
high output race engines. You are continuing to improve this as you learn more. More accurate calculations are possible with the
Engine Analyzer "Pro".
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Major Assumptions:

To make the Engine Analyzer 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.

e  All cylinders in the engine are identical.

e There is a very simplified simulation of the influences from one cylinder on another with regard to intake or exhaust tuning
effects. Carb or throttle body restriction level and Exh System CFM Rating are simulated correctly to handle total flow from
all cylinders, considering the Intake Manifold Design and an assumed Exhaust System design.

e  The fuel remains liquid in the intake manifold and the cylinder until the intake valve closes. Therefore, vaporization of the
fuel does not displace any air or reduce volumetric efficiency or performance.

e  The program attempts to predict the A/F distribution and A/F mixture quality based on very simple assumptions. The
program assumes there are not major A/F distribution problems.

e  The Octane number of Gas reduces the vapor pressure of the Gas. This means that the higher the Octane # for the Gas, the
more likely A/F Mixture Quality problems.

e Cam timing and profiles are assumed to be typical of "off the shelf" cams. Profiles are assumed symmetric, that means the
opening ramp is the same as the closing ramp. Generally this simulates asymmetric cams quite well also.

e For Gas simulations, the energy released during combustion is based on a fuel called octane, with a heating value of
approximately 19,000 BTU/Ib. For Alcohol, the heating value is 8,600 BTU/LB.

e  The frictional drag from the three (3) Losses specs in the Short Block menu increase with increased engine displacement.
For example, if you specify a stroke which is 20% longer to the Engine Analyzer, displacement increases 20% and so does
the friction from these 3 sources.

e No dynamics of the valve train are simulated until major problems like Valve Toss or Lifter Pump Up are estimated to occur.
The Engine Analyzer assumes a near perfect valve train, except that some Rocker Arm Ratio bending is assumed. The
higher the Rocker Arm Ratio, the more bending assumed. Rocker Arm Ratio is assumed constant, and Valve Lash does not
change with temperature.

o 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 for more complete tuning assumptions.

e All combustion chambers are burning the air/fuel mixture well. Although the Chamber Design spec in the Head(s) menu will
show some difference for different chamber designs, the program assumes there are no major problems.

e There are no ignition system problems.
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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

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 of as the "explosion" which occurs when the spark plug fires.

Let's examine the chemical energy in the fuel which is released in the engine. If you look at the engine as just a "black box" (Figure
A.1); you do not know what goes on inside, except that fuel goes in and horsepower comes out. You can calculate the amount of
horsepower the fuel contains if you know the flow rate of the fuel and the chemical energy of the fuel.

Figure A.1 “Black Box” Engine

Fuel In

HP Out

-

164



(C) Performance Trends Inc 1998 Engine Analyzer Appendixes
. _________________________________________________________________________________________________________________________________________|

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 you knew the efficiency of this "black box" engine at converting chemical energy into mechanical energy (HP), you could calculate
its HP output. For this example, let's say the "black box" engine is 25% efficient.

(2) Efficiency = HP out x 100%
HP in

Filling in the information you 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 you 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 you 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 lbs 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, you 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. You will replace the "Fuel Flow Rate" with "Air
Flow Rate / Air/Fuel Ratio".
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HP from "Black Box" Engine:

(4) AFF.R x C.E.F. x Eff = HP out
AJF 2544

Where: A.F.R. = Air Flow Rate, Ib/hr
A/F = Air Fuel Ratio

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:

The amount of air the engine can take into the cylinder(s) on one Intake Stroke.

The # of intake strokes in the given amount of time.

The density of the air that enters the cylinder.

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. 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 RPM x 60 x VE % x.0764
1728 2 100%

Where: CID is the cubic inch displacement of the engine
RPM s 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 (related to BSFC in the Engine Analyzer’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 (related to Friction HP in the Engine Analyzer’s results): Up to this point you 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.2.

Brake HP = Indicated HP - Friction HP

Figure A.2 Indicated HP, Friction HP and Brake HP

HP Indicated HP HP
Brake HP
—
g
7

L
>~ Friction
HP

RPM RPM

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 Brake HP at the crankshaft. This fuel is being completely wasted, just to
overcome the engine's own friction and keep it running.
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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) you 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 %
AlF 2544

Combining all the constants together, (assuming 14.6 A/F and dividing twice by 100 so Thermal Efficiency and Mechanical
Efficiency can be in percents) you get:

Detailed Equation for HP of a 4 Cycle, I.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 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

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 Running Conditions
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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
A3.

Figure A.3, Typical Intake Runner Pressure Pulsations
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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.4. 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.
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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.

Figure A.4, Effect of Inertia and Resonance Tuning On Volumetric
Efficiency and Torque.
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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 detailed tuning simulations will show these gains or losses in
volumetric efficiency and performance for resonance tuning.

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 info 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.
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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 1st 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, 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.

Low restriction runners (high Runner Flow Effcies) provide better tuning effects. However, the exact relationship between Runner
Flow Effcy 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 Effcy to be 85%, also try the calculations at 80% and 90%. If performance
changes significantly, you know tuning is critical. However, you are not guaranteed that the estimated performance at Runner Flow
Effcy = 85% is the best estimate of the engine's actual performance.
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Figure A.5, Exhaust Pressure Diagrams Showing Various Types of Tuning
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Appendix 4: "Fine Tuning" Torque & HP Curves

The Engine Analyzer 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 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
Engine Analyzer 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 a desired torque or HP
at a desired RPM.

Also check Example 4.5 and Appendix 3 for how to adjust tuning effects, which can dramatically alter the torque and HP curve.

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 Effcy, Exh 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's results with your engine's actual dynamometer results (or desired torque and HP objectives).

First, compare the Engine Analyzer's secondary information (not Brk Tq and Brake HP) to that which has been measured on the
dynamometer, i.e. air flow (Actual CFM), fuel flow (Fuel Flow), friction HP (Friction HP), intake vacuum (Int Vacuum), exhaust
back pressure (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 its CFM
readings to those of the Engine Analyzer. 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.
To increase Actual CFM at low RPM (with little effect at higher RPM):

e Change Intake Heat to Less or None to allow less heat to be transferred to the intake charge
e Reduce Coolant Temp to allow less heat to be transferred to the intake charge

e  Specify a smaller turbo or higher belt ratio (if boost limited and supercharged)

e  Adjust Runner Flow Effcies to alter strength of tuning

To increase Actual CFM at high RPM (with little effect at lower RPM):

e Reduce any intake or exhaust flow restrictions, or increase flow ratings, for example Carb CFM Rating, Runner Flow Effcy,
Exh System CFM Rating, etc.

e  Adjust Runner Flow Effcies to alter strength of tuning

e Decrease Exhaust Header Diameter bring Ex AvgVel up to 300 ft/sec to exhaust increase exhaust inertia tuning

e Increase Roots Supercharger Volume/Revolution, Belt Ratio, Turbo or Centrifugal CFM at Pk Effcy, and other
Supercharger specs if the engine is supercharged.

To increase Actual CFM at low RPM and reduce Actual CFM at high RPM:

Increase Total Cam Advance or Lash @ Valve

Decrease most any of the cam specs, especially Intake Duration
Decrease intake or exhaust Valve Flow Effcy for Valve Diameter
Specify longer length and smaller diameter intake and exhaust runners
Adjust Runner Flow Effcies to alter strength of tuning
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To increase Actual CFM in the mid range:
e Specify Secondary Throttles as No

e Increase intake Runner Flow Effcy to produce more flow where In InertiaPrs is already high
e  Adjust Runner Flow Effcies to alter strength of tuning

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 lbs/hr and
an actual A/F measurement based on exhaust gas analysis, calculate dynamometer air flow as follows:

Dyno Actual CFM = Dyno Fuel Flow (Ib/hr) x Dyno A/F x .218
Now you can use the Actual CFM rules to make dynamometer and Engine Analyzer 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 Engine Analyzer
assumes. Use the same rules as listed under Actual CFM to get the Engine Analyzer fuel flow to match the dynamometer fuel flow.

For example, if the Engine Analyzer's results need more fuel in the midrange to match the dynamometer results, try specifying
Secondary Throttles as No as listed under "To increase Actual CFM in the mid range".

Friction 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, multiply the Engine Analyzer's Friction HP by 1.3 to account for
some pumping work HP. Then compare it to the dynamometer motoring HP.
For example, if the dynamometer results show 45 HP of motoring friction at 4000 RPM, and the Engine Analyzer shows 22 Friction
HP:
Example of Engine Analyzer Friction HP vs. Friction Measured on Dynamometer
Estimate of Engine Analyzer motoring friction:

22 F HP x 1.3 =29 HP estimated motoring friction

Actual dynamometer motoring friction: 45 HP

Difference = 45 HP - 28 HP = 17 HP

The Engine Analyzer needs 17 HP more friction to match the dynamometer data.

To increase Friction HP, increase any of the Losses specs in the Short Block Specs menu, like
Accessories, etc.

Int Vacuum:

To the Engine Analyzer, Int Vacuum 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 a lower
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vacuum than the Engine Analyzer's results, especially for individual runner intakes or engines with less than 3 cylinders. However, if
the dynamometer data shows more vacuum than the Engine Analyzer, you may want to increase the Engine Analyzer's vacuum by
reducing Carburetor or Throttle Body CFM Rating in the Intake System menu.

Exh Pres:

Exh Pres is calculated by the Engine Analyzer so as to correlate well with dynamometer exhaust pressure measurements. If the
dynamometer data shows more pressure than the Engine Analyzer, you may want to increase the Engine Analyzer's back pressure by
reducing Exh 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 .4 and the HP peak at a Mach # of about .55. For example:

Example of Adjusting Torque Peak Using Mach #
The dynamometer data show (or you require) a torque peak at 5500 RPM
The Engine Analyzer calculates a Mach # of .48 at 5500 RPM

You should try to lower the Mach # to .4 at 5500 by providing:

More intake cam duration or lift

Larger intake valve area (increase Valve Diameter or # Valves/Cylinder)
Improved intake air flow (increase Intake Valve or Intake Runner Flow Effcy)
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, it is
not an ideal world 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.

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 needs more torque at low RPM, apply the rules under "To increase Actual CFM at low RPM (with little effect at
higher RPM):", for example "Set Intake Heat to Less or None".

Another factor which has a large impact on Brk Tq and Brake HP is Friction HP. If the Engine Analyzer results show significantly
more HP at higher RPM, try increasing Friction HP as discussed previously.

Look through all 22 rows of the RPM data. Three factors which effect performance, but not necessarily air flow include:

e A/F Mix Qal being less than 100%, especially at low RPM, reduces the engine’s thermal efficiency (ability to burn the fuel
efficiently). Reduce runner sizes, valve sizes, Octane (which program assumes affects vapor pressure), carburetor size, or
specify Secondary Throttles, etc.

e  Valve Toss or Lifter Pump-up indicated as Moderate or Extreme will significantly reduce power at high RPM. Avoid this by
specifying less aggressive cam ramps (less Lobe Lift for the same duration), less Rocker Arm Ratio, or a better Valve Train
rating.

e Spark Adv can be retarded to avoid spark knock or detonation. Look for asterisk (¥) at different Spark Adv readings to see if
spark has been retarded from what the engine wants to run. If so, you may need to increase Octane, lower Compression
Ratio, lower Coolant Temp, etc.
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An excellent tool to understand the Engine Analyzer’s output and find potential
problems with a combination is the Analysis Report. See Section 3.1 and Example
4.5.

Differences in Dynamometer Testing Methods:

Variations in dynamometer testing procedures can produce significant differences in measured torque and HP. Some dynamometer
tests try to simulate actual vehicle installations, but most go for "maximum possible HP". The table below shows differences between
typical vehicle installation and dynamometer installation for various Engine Analyzer specifications.

The Running Conditions for engine files reflecting vehicle installations use 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 60s by the automobile manufacturers, which tended to
"overrate" an engine's power.

Then we have Chassis Dynamometers, where the power is measured at the tires. These dynos will measure 10-30 % less than a pure
engine dyno because of losses through the drivetrain and the tires as they slip on the rollers. Even though the tires are not “smoking”,
they are slipping, from 3-10%. This slippage and any torque converter slippage (at least at higher RPM where the converter has
“coupled”) are direct losses in power. A 10% converter slippage is a 10% power loss. Then there are all the additional losses of full
vehicle accessories, trans and rear axle friction losses, etc.

However, some chassis dynos do math corrections trying to compensate for these losses. Depending on how they correct, you may

actually see more power measured on a chassis dyno than the engine actually puts out. The important thing with chassis dynos is to
know what that particular dyno is reporting for power, and any corrections being made.

Table Showing the Difference Between Typical Vehicle and Dynamometer Installations

Engine Analyzer Specs | Vehicle | Dynamometer

Engine Specifications

Accessories All vehicle accessories Minimum accessories,
installed including no water pump and
no fan
Intake Heat Production Probably blocked exhaust

crossover, and coolant temp is
lowered for better torque

Exh Header/Manifold

Actual Manifold

Aftermarket Exhaust Headers

Exh System CFM Rating

Actual Exhaust system or a
restriction to simulate the
exhaust system restriction

No exhaust system, Open
headers

Weather Conditions

SAE Conditions

Std Dyno Conditions

Intake Air Temp 77 60

Dew Point 49 (approx 36% relative 0 (completely dry air)
humidity)

Baro Pres 29.6 29.92

Elevation, ft 0 0

178



(C) Performance Trends Inc 1998 Engine Analyzer Appendixes

Appendix 5: New Features in Version 3.2

Here is a brief listing of some of the features new in Version 3.2:

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 vehicles, suspensions and
engines. It is also more compatible with newer printers.

The program is now designed for 600 x 800 or higher resolution screens. Screen colors are also more compatible with
Windows XP.

The graph screen is now larger, and generally fills the entire screen.

There is now a separate “Examples” folder for example engine files provided by Performance Trends. New engines which
you save will be saved to a separate folder.

File commands to save a vehicle file to a floppy disk, or open a vehicle file from a floppy disk. This allows easy transfer of
files from one computer to another.

You can now choose to list engine 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.

New Example Engines have been added, like Crate Engines.

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.

Several features have been added to make the process of picking example components, calculating performance, making
comparison graphs faster. Once an example has been selected on an input specification has been changed, the <F5> key lets
you progress toward calculating performance and making a graph. Then the <Esc> key backs you up to the same point as
where you started. This is explained in more detail below.

The program now remembers the point where you picked an example component, so if you choose to pick another, it will
default to the last component chosen.

The ‘Flow Efficiency’ of the ports can now be calculated from up to 3 flow/lift points.
The calculation accuracy has been “tweaked”. Most evident changes are:
e Low RPM torque is higher for some engine combos.

e  Spark knock simulation is improved for more realistic trade-offs between knock, octane and power loss from spark
retard.

e  The required spark advance for a particular engine has been improved.

e Revised the BSAC calculation to be more consistent with fuel flow (not change so significantly 'with weather conditions
as done in earlier v3.0).

e Very Rich gas as fuel option to help to reduce detonation.

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.

Several features have been added to the graphs, including:

e 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 Valve Lift graphs. If you are using a cursor, the cursor value is also
given as, say ‘24 deg ABDC”.

e  You can now print graphs in color or B&W with various styles of dashed lines.
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e 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.

e The powerful ‘Optimize’ feature at the main screen lets you try thousands of combinations of critical engine specs to find the
best combo automatically.

e 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.

e New Printing options for reports, including different Font Sizes and omitting the “Starting Point Suggestions” for cam and
runner dimensions (in Preferences). “Starting Point Suggestions” are now done much better through the “Optimize” feature.

e New Printing options for graphs, including “Dot Matrix Printer Adjustment”, Width adjustments and more (in Preferences).
e Comments can be saved with each component, describing it in some detail.

e Version 3.0 let you send a power curve to a vehicle program to be loaded and run in that vehicle. Version 3.2 lets you do
that also. However, that process requires several key strokes and time. Version 3.2 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.
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separately from vehicles you create.

Powerful
Figure A2 New Optjans at Main Sereen Optimize
Example Engines are now stored Feature

Me

Open One of My Saved Engines
Save [Engine File)
Save Az [Engine File]

E Engine Analyzer Plus ¥3.2 Peiformance Trends [ 2003 Ford DOHC 4.6L Cobra
File [enginz] LCalc HP  Preferencez  Help Feqg To: Kevin Gertgen

Open Example Enaine from Performance Trends

tulate Performance | Quit |

1 Help |

Ctrhe]
Chk  (nNary

Chile2 bl 3.552" bore » 3.543" stioke, 250,57 cid

Open from Floppy Disk
Save to Floppy [n\sk

TAE"int, 2 1.26" exh walves
-85 Total Chamber Wolume: 767 cos

ngle Plenurn-EFl manifold
D0 Chd TL Ehl= D (m]

Import All Files from E.A.

=

Import Individual I-ix\gine Fileg

Windows Printer Setup

— Windows Printer Setup now available from Main
Frint Main Screen L

Print Blank Workshest | Demo program can now be easily unlocked from Main Screen.

Commands to Open From and Save To floppy drive makes it easy to transfer
vehicle files from one computer to another. -

Help:
tove mousze over an item for a
deszcription bo be given in the Help
frame at the lower left comer.
Click on 'Help' in menw line for
more detailed info on options.

2003 Stock DOHC 5.4L Ford for Cobra Mustang ;I
With Eaton roots type Supercharger
Factory Rated at 390 HP

181



(C) Performance Trends Inc 1998

Engine Analyzer

Appendixes

Figure A3 Optimize Screen to Have Program Try Hundreds of Combinations Automatically to Find the Best One

E Engine Analyzer Pluz ¥
File [engine] Calc HF

Freference: Help Feq To: Kevin Gertgen

Click on “Optimize” to

Save Engine to Library

Engine Library

. Optimizing Specs

— To Obtain This

—Adjust This
Oniginal Optimized
[+ Intake Port Diameter |1_? I 1.1632
[+ Intake Bunner Diameter |1_?5 I 1.38308
[+ Intake Runner Length |3 I 25

| | Exhaust Header, Diameter
[~ Ezhaust Header kength
[~ Cam Advapce

Choose which engine
specs you want to Adjust
to find the best combo.
The more you choose,
the better the final
combo but the longer it
takes.

am Duration Only

[~ Intake Cam Duration + Lift

¥ Max Avg HP |311

[~ Intake Cam Centerline
[ Exhaust Cam Duration Only
[~ Exhaust Cam Duration + Lift

[~ Ezxhaust Cam Centerline

Calculate F‘erfurmancel B uit || Optimize I Help |

open this screen.

X

Oniginal O ptimizel
" MaxPeakTq [82@ - faoo@ | Choose whatyou
I5l]l]l] 4500 want optimized.
Averages are
= Max Peak HP 401 @ 406 @ | calculated for
/IE']““ 6000 entire RPM range

set in Calculations

" Max Avg Tq I34E IEEE

Conditions on

|313 Main Screen.

Idle ¥acuum |1 7.7

While Maintaining Idle ¥acuum

|1 79

— | Setwhat Idle

IHaintain at least 15" Mercury

j Vacuum is
required, the

Ezt Time Remaining = .04 minutes

Keep Hew
Help I/‘igettings

Cancel

more vacuum,
the more
“streetable”
the final

Click here to start the process.

If the process is taking too long,
click Cancel and “de-select” some of
the engine specs to adjust.

Notes:

specs.

When finished you can click
here to keep the Adjusted

Cancel to close out.

Otherwise, click on

e All other specs during the Optimize process are at the current settings in the individual Component menus.

e Average Torque and HP are calculated for the entire RPM range you have set in the Calculate Performance
Conditions menu. If you want to optimize the Average Torque or HP from just 5000 to 7000 RPM, set this range
in the Calculate Performance Conditions menu before Optimizing.
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Figure A4 <F5> and <Esc> Keys for Quicker Calculations and Graphs

Follow steps 1-8

1) Pick an example part,
then press the <F5> key to
return to component menu.

Aoy

BEd

200 Crane Cat 1962UF T

FHbEE
¥

rane Y4781 120 0 Ayt Pl mo

B

iy tia i i G S—
e ELCHIE (5] By Pefl e

£ TE 200 Chare ol VERUP Foed 8 20 e ETERT THL
] S,
[orors 364551 AL m62 lm AHyFY Prfltig 5 @ 34w 16 203CiwCal 13620 3 0 A0 A [EATEPT 19601
| < 5 5 1
e wmames 1w Ay B i * i 3 e ot 13RI . .30 ATTERT 19
i »
Mtz [Mfln Nace CC-Comp Camn Lunelirali T Cick on Einple i
Mrshlctoriperts Conp Coma Gy e chk on Pick: s m | Pk | B Pied I:—d
Euverlan] sien

- 7) Press <Esc>

8) You will see your previously picked
Example highlighted, so you can pick
the next one in series; if you wish.

3) Press <F5> from
here to make a graph.

P Cngine Analvzcr Plus w3.2 Pesformance Trends [ 2003 Ford DONC 4.6L Cabia Stock |

Py Back Graph Pl Vew JendioVehFlogam Fie Ansbee Hep

] = Mol | Hotes Sureua. Ll Py Up. Pion s | Pla f PRHP A DRAED g
= IR F\< REMEL'Y I igh, Spark Knock. Pick How e} Hew 1144 .18
- = _Cmes | Lait E Tl o 1.3

Hiotes fou detsis

Lan e 0 AU A0 LUD0 (5500 BOUU  [EL0U o 1
3 kL] 36 360 "z E ES 5 m
2n 243 o 36 w3 EL L A0 kL 2
20 26 34 41 4.8 b4 o9 6.2 B.Y
B& i B1 By 9 Al LA 8 iy
136 1385 1387 1404 1398 W0 1323 1237 WAy
361 426 490 Gl 612 Buy B3/ 3 LTE]
12 148 10 152 a3 Fze] Fird 244 M
T00.0 1000 000 TU00 000 000 000 000 oo
B2y g L L LY Y3 B B iz
FU06  FBY2 VI8 FAVD 2398 FAS7 FEAE BABZ 1150
ui i3 g e 124 143 162 183 216
2 247 iy Bl 353 ] AL ALY A4
LErs 2067 242 26 2993 348 3943 ELEL A1
by w1 THE 133 1634 AE1rS 239 2 Eruirs

BY w9 w2 49 4.0 33 29 1.4 &

126 147 168 159 210 m 242 pal 29

A B 1.2 LS 21 23 24 3 21
In Heslunbiz |00 e LA no 3 2 oo ou wo wu
Ex AvgWel |5t mnzs 137 196 176 196 Fak] &3 Eot] e
Exlun Prs 1.4 19 1.3 1.3 1.1 3 J £l "4 ]
Lilter Fump Up Mone  Home  Home  None  Home Hone  Mone e Moudoal Severe
Spark Adv L0 mw- n- Lk " 1w - 23" Fel 3

6) Press <Esc> to return
to the Component
screen

2) Press <F5> from component menu
to immediately calculate performance

. Can/Malve Iramn

=l

[ Gefieral Cam Specs
Noges [2003 Crane Cat. 1952-UP Ford -8 221-3]

Type

|Total Cam Advance |5 0 Advance j

[Lifter (profile) Type: [agq Hyd Foler 7|

|Lift for Rating Events I 050 inches \é

alve Train  [Pyspnd w Bockbm lnne: =]

[ Intake
[Centerline, deg ATDC 104
|Duration @ 050" 190.
e |

' Note Comment for
this Component

Dpening @ 0G0 33

|Dpening @ 050"
19

|Closing @ 050"

Max Lobe Lift_ in

[Closing @ 050" -15
Max Lobe Lift. in

[Cash at Valve, in 004

[Lash at ¥alve, in

.007

|Rocker Arm Ratio [1s |

[Rocker Aim Ratio 18 |

[ Calculated Cam Specs

|Lube Separation

109.0

Intake Exhaust

Gross Valve Lift. in
Duration @ 200 *

[ Help

Click on the down amow button to select o
either use vour own specs in this menw or ko
Pick an Example set of specs. If you have
picked Example Specs. the Example name will
appear here unless you change some of the:
Erample specs. p 44

xml Piston-Yalve Clearance

to return to the
Examples screen

results.

4) At the graph screen you
can compare the current
results with some previous

. Sagine Andipiec vi.2 72 Ta KAWon RPN

e

=
E

5) Press <Esc> to return to
the Test Results screen

Note: You can just start at step 2, change a component spec setting, press <F5> twice to get a graph, then press <Esc>
twice to return to the component menu to make another change. You may want to adjust Preference and Graph settings

to make this process more streamlined.
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I . Engine Analyzer ¥3.2 [ 2003 Ford DOHC 4.6L Cobra Stock | 5]
Back | Fie Format Wiew Help | istoy L&ST camTQ/HP Baselne
ol Finececteicsen (o] o] P elE R ravesase]
Prirt in Black & YWhite [dashed lines)
‘Windows Print Options
o 7.' v3.2 Tq&HPvsRPM curent
. i P . Targue 327
; i| Printing graphs in
1 H .
E E BIaCk & Whlte last results
30 : i1 (dashed lines) is now
avai|ab|e_ Horsepower 379

3zo

280

240

200

160

Even though no results were
calculated for 6200 for the
“last results”, the program
interpolates and displays the
value

120

2500 3000

3500

4000 4500

5000

500D B500 7000 pem 6200

\ A Preference lets you choose to Not
have a new graph always Autoscaled.
(must be in Experienced user mode).

resolution.

Graph now fills your computer
screen for most any screen

D4 ’ -------- / ------ [F——— L — [N \ -------- [E—— [E——— b S - :
oo ‘ ‘ ‘ ) i i ‘ ‘

B0 120 BDC

240 300 TDC

420

430

BDC 600

For Valve Lift graphs, the cursor location now
includes location before or after TDC or BDC.

/

Deg 340 (20 BTDC)
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Figure A6 List Vehicle Files by Date Last Changed in Open File Screen

Open an Engine File

Note longer, more descriptive
file names.

|6 Ex. Engines in Library

/ [Chosen File: ¥ 1629 cc Turbo Drag

4772003 Stock Ford European 2.00
4/7/2003 Porsche 944 250
/772003 Fiat Spyder 2.0L
W' 2087 co Turbo
169 e Turbo Drag kMator
1986 Suzuki G5X-F 1100

i~ List Alphabetically

Preview:
Bore: 3.543 Int Walve: 1.575

Stroke: 2.519 Exh ¥alve: 1.397
CID: 99.3 CFM Rating: 296
C.H 8 Int Dur: 264

1629 co Air Cooled VW' 4 cylinder DRAG -
RACE ENGINE

CAk 15 A NOVAK GE 304 deg* 400 LIFT
HEADS ARE PAUTER /40 % 35.5mm
WAL WES

CARB40'WEBER SIDE DRAFT CRIS 8.0 :I

{* Lizt by Date Lazt Changed [most recent first]

en J Delete Cancel

Help | Advanced |

Shnw_l]nlj! Files which Show &1 Files -
contain this phrazse

New Option to List Files by Date Last \
Changed, which lists the files you most
recently worked with first.

You can display files which only
have certain words in the name,
like “Chev” or “Import”

Figure A7 New Help Options

E Engine Analyzer Plus v3.2 Performance Trends [ 2003 Ford DOHC 4.6L Cobra
File [engine] CalcHP  Preferences | Help Feg To: Kevin Gertgen

Help on Main Screen Options
Intraduction o Basic Windows Commands
About Engine Analyzer

Digplay User Manual (with V3.W .

Dizplay 3.2 Supplemant
Dizplay Aeadme.doc File

Engine Library | Save Engine

" Engine Specs |
Short Block

Headl(s]

=T

E.7

Performance Trends on the Web

Intake System Other Performance Trends Products

Engine Analyzer 'Plus' Features 3
[ Tamr Srarified: AN CFM Fehanst Susten

Exhaust System

v

New Help
Options
available by
clicking on Help
at top of Main
Screen.
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Figure A8 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.

. Preferences x|
( Printing 7 Graphing ]
General Dperation rg/ ] oK
|Aul|:|—Link to ¥ehicle Program
IAuto-Link to Drag Race Analyzer v3.2 j Find |
|Send Power Curve to ¥ehicle Program Cancel
IAIIDW a Choice Each Time j
Restart |
P& Engine Analyzer v3.2
B3+ Back Graph Print “iew SendToVehProgram File  Analyze Help

Motes |

Click here to have system
locate the Vehicle Program
you have chosen

Motes Summary: Lifter Pump Up. Piston

DR&a  ET

PkTg Awg PkHP Awvg Imnpr
- - Send speed Yery high, Spark Knock. Click on  |New 384 358 333 323 Mew 11.43 18
C“‘"ls Noles for details. Last 365 342 384 310 ast 1161

The results of the New
[RPM 3000 [3400 [3800 [4200 [4600 [5000  [540 = (current) Engine ,Power
Brake Tq 359 369 378 384 383 382 370 Summary of Results from Vehicle Program: Curve Coupled with the
Brake HP 205 239 273 307 335 364 381 1 gy, Vehicle File in the Vehicle
Exh Pres 23 28 35 41 47 53 57 MPH 1143 Program produces these
Boost 80 a8 96 102 107 110 109 ggrf:-sig-gﬁtu i 15 lts. The “Last’ It
Vol Eff % 1476 1488 1498 1504 1498 1481 144 D:nsity Alitude: 271 results. e ‘T"S resu ) S
Actual CFM 37 445 501 555 605 649 683 Distance: 1320 are for the previous Englne
N N NEY Power Curve coupled with

ix Qal A . N . 5 5 . Automatic Tranzsmizsion i

BSFC 662 648 636 628 .626 620 .623 Fie MewDRALinkTry the same vehicle.
BSAC 8377 8197 8048 7940 7922 7837 7.g7 Do Monerparsd
Friction HP |65 77 a1 105 120 136 151 Click on these results to get
Mach # 211 23 267 296 324 352 380 a summary of the New
Pizton Snd 1772 2nng 2244 248N rraly 2983 Ay e i ARG T AR T

You do not need to start the vehicle program; the Engine Analyze 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 to ensure reliable communications 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.

vehicle results as shown
here.
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Appendix 6: New Features in Version 3.4

Here is a brief listing of some of the features new in Version 3.4:

General Operation:
e  The program now requires you to 'Allow' it to run in Vista and Windows 7 (same as right click on desktop icon, then select
'Run As Administrator'). This should make the program more Vista and Windows 7 compatible.
e  You can now save a graphics picture file with engine data, which could be a picture of your car or engine. This picture
appears on the main screen, and can be printed out with graphs and reports, or just separately from the main screen. Fig A 9,

A 23.
e We’ve added a global switch to turn Off or On the Intro Help Tips in Preferences. Fig A 24.
Short Block:

e  We’ve added hundreds of combinations of bore, stroke and rod length examples.
e We’ve increased the size of the Comments box for all components, to allow you to better describe your changes. This is
common to all Component Screens. Fig A 24.

e  We’ve added the ability to import flow files from Port Flow Analyzer. Plus version only.
e You can now import head files from some Desktop Dyno (tm) and Dyno Sim (tm) programs and those available from Stan
Weiss, .flw and .dfw files. Fig A 14, A 19.

Intake/Exhaust:
e A picture explaining the definition of primary pipe length and collector length is available in the Exhaust System Specs
screen.

e  The program now shows pictures of intake manifold and exhaust manifold/header types, to more clearly explain the choices.
Cam/Valve Train:
e We’ve added a new screen to let you do Variable Cam Timing (VVT). Plus Version Only. Fig A 13.
e Dwell over Nose (Cheater profile) can now be more exactly defined, to the nearest 2 degree increment. Also, now this
setting can be different on the intake vs the exhaust. Plus version only. Fig A 14.
e The program now allows for using a Ramp Rating for the cam profile for more exact cam profiles. There is also a ‘Clc’
screen to calculate the ramp rating to match certain duration specs at either .200 lift or seat timing. Plus version only. Fig
A 14, A15.
e  We’ve added hundreds of new Example Cam Categories (especially Imports and Motorcycles) and cams themselves. Many
are stock engine cam files from John Holm. Many thanks John.
e  The screen for opening std Engine Analyzer Example components now let you select to only show components which match
up to 3 criteria you have selected at the bottom of the screen. Fig A 16.
e  We’ve added option to import Other Format Files for Cam files, like .cam and .scm files from Desktop Dyno (tm) and
DynoSim (tm). Fig A 18.
e  The screen for opening Example Cams now show the Gross Valve Lift and Lobe Separation for the cam you selected if you
right click on the selected cam. Fig A 16.
o  We’ve added an “Optimize Using These Cams” button in the Example Cams screen. The program will run each cam you’ve
selected in the Example Cams screen and display the 4 cams which best meet your “Optimize” criteria. Fig A 16, A 17.
e  When you change Lobe Separation in the Cam Specs screen, now the program adjusts the centerlines correctly.
e We’ve added a “Clc” button for Lobe Lift being calculated from Gross Valve Lift and Rocker Arm Ratio. We’ve also added
a “Clc” button for Lobe Separation. Fig A 15.
e Cam Advance can now go from 30 Retard to 30 Advance
e 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.
e We’ve added .053" lift for rating events (like Harley Davidson cams). Fig A 14.
Turbo/Supercharger:
e The Roots Supercharger type now allows for an Intercooler. Fig A 19.
Calculation Conditions:
e  Program now has Fuel Option of E§5. Plus Version Only. Fig A 20.
e  Program now displays the Typical Octane for various fuel types. Fig A 20.
Calculations:
e We’ve increased the Piston Speed limit above which program says is Impossibly High because materials and technology
have made huge strides over recent years.
e Idle vacuum now more precisely estimated for super/turbocharger type and size.
e The program now better checks for blank inputs before doing calculations.
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ASCII Data Files:

e We’ve added a Browse button to screen for writing ASCII files of test results. Fig A 21.

e We’ve added an option to include the Special Calculations section for writing ASCII files of test results. Plus Version Only.
Fig A 21.

Graphs:

e  Program now has an “Edit Printed Graph” command under Format. It opens a screen where you have several options on
how to print your graph, include various comments, etc. You can now select to include the torque and HP data in a table
when you print out RPM data graphs as long as there are torque and/or HP data on the graph. Plus Version Only. Fig A
22, A 23.

e  Program now has larger Legend Text sizes available (under Format) on graph screen. Fig A 23.

e  Program now prints cursor and cursor values when you print a graph. Fig A 23.

e We’ve added additional graph scale multiplier for Special Graph types of x 1000.

Printouts:

e  We’ve refined the printouts to look better and be more compatible with more types of printers. Fig A 23.

e  The program now better remembers Printer Changes and Printer Type.

e You can now print a Company Logo graphics files on reports and graphs. This info is loaded in the Preferences screen. You
can specify 2 lines of text which can appear at the top of printouts of reports and graphs in the Preferences screen, under
Printing/Graphing. Plus version only. Fig A 23, A 24.

e  The program is now better at finding more versions of Acrobat and Reader for a printer choice.

Figure A9 Main Screen Showing Engine Picture

= Engine Analyzer ¥3.4 Performance Trends [ 1987 Ford Mustang 5.0L 302 EFI Stock |

File: (engine)

CalcHP  Preferences Help  RegTo: Kevin Jones

Engine Library ‘ Save Engine to Library | Calculate Pelfulmance| Quit ‘ Optimize ‘ Help |

Engine Specs Engine Summary

Short Block User Specified: 8 cyl, 4" bore » 3" shoke, 301.59 CID

Picture

Open Mew Picture File
5 Turn Pickure OFF
Prink Picture

Head(s] | User Specified: 1 1.78"int, 1 1.45" esh valves

Comnession Batin 85 Total Chamber Yolume: 87 4 o

Help:

make Sys - Click on File for options to
rnastsy]  PICK @ graphics file, and other

Cam/Valve

Supercharger Mo Turba or Supercharger
Running Conditi C & -
1587 Production Ford 302 HO EFI for /T Mustang

R T e e Specs ieflect vehicle installation
dezcription to be given in the Help
frame at the lower left cormer

Click an 'Help' in menu line far
more detaied info on options.

options.

Factary rated at 300 ft/bs (@ 3000 - 225 HP @ 4400
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Figure A 10 New Feature for Picking Example Component Files

= Head(s) ]
General Specs Intake
plotes Layout |1 walve & 1 port LI

Walve Diameter_ in
Avg Port Diameter, in El Clc!
Port Yolume. ccs
Chamber [Typicalwedge =1 | | Port Length. in [
Compression Ratio Flow Efficiency. % [ Table

Type |Use Specs in this Menu ﬂ
=

Cul Wol, cu |n Chamber CCS
Help L— | Click on Get Example button
s o s Shoma ool e, [ Exhast to bring up the screen for
components [highly recommended for beginner Layout |1 valve & 1 port Ll . k. C t f
users) Valve Diameter_j picking a Lategory 0
Flow Efficioncy. [~ Table component example files.

oK Help i Get Example | Save Example | Print |

Pick a Category from either group (side)
and click on the Use Category to open
the screen for picking a component.
See Figure A 16.

w| Catagories of Cylinder Head Examples for Picking

Catagories [groups] of Catagories [groups] of
Performance Trends" Examples Examples Added by User
Typ Small 2 Yalve Heads kevin

Typ Small 4 Yalve Heads
Typ Small Flatheads

Typ Laige 2 Valve Heads
Typ Laige 4 Valve Heads
Typ Large Flatheads
Small Block Chevrolet
Big Block Chevrolet
Mopar [Chiysler)

Small Block Ford

Other Ford

Other Domestic

Imports

Motorcycles

Karts

Mew Catagory Mame I:l

Add Mew Catagory Mame to List |

Usze Catagory Cancel |

Tip: Click on a catagory in either section to Rename Chosen Catagory |

highlight it, then click on the 'Use Catagony' |

Delete Chozen Eataqnly___________jl

button, or just Double Chck on the catagory - -
to pick in one step. [Catagories are groups See page 118 in manual far details. Click on this button for the screens
of examples, ke a group of Chewvy heads, / i .
niot individual examples.) Use Catagory Cancel J/ shown in Fiaure A 11.
Load Files from Other Company’s Programs | / ChIICk on this thtton to ,E_)rmg UX
the screens shown in Figure
Load Files from Port Flow Analyzer /I’ 12 9
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Figure A 11 Importing Head Files from Other Company’s Programs.

Open a Head Flow File EJE|

Laok jn: e dular head - = =f EE- .
ook in: | 9 Wieiss modular heads [ e |~ | Use this standard Browse

=1 3 4.6L 2% P.I. CRC M2 Race Systems Alum_1220_Stan_Weiss_World_wWide_Enterprises screen to flnd the Head F”es
s ﬁ : ’ with “.dfw” or “.flw” extensions.
Drocuments 3 )

@ EN
El

Deskiop 3
- . i
'!-.!" — -
by © ] 3 4y Cobra Mz Race Systems F'.Il.lm 1240 Stan _weiss_wworld_wide_ Enkterprises_ | Kewn g2 . .
e 3 4 FRS00 CRC M2 Race Systerns Alum_1236_Stan_Weiss_World_wWide_Enterprises_ Kev Click on Open to pICk
__? % 5.4L 2V '99-04 LFP Stage II Alumn_1224_Stan_Weiss_‘World_\Wide_Enterprises_ Kevin Gel the file you've
.,.__ Z| Motorsport 2v SWO Mild Porting_1225_Stan_Weiss_Wworld_wWide_Enterprises_ Kewvin Gerf . .
- highlighted.
kA M etwork < >

Std Head e ramE: |4\.-" Cobra CHC M2 Race Systems Alum_1247_ j Qper/1 I
File e::_'.mi\ﬁ-(ead Files [*. dfve: flw] | Cancel
extensions [ Open as read-anly
to look for. This screen shows a comparison summary
between new file selected and the existing
head on your current engine (shown in left
column).

w. Import a Head File

Head: 44 Cobra CHC M2 Race Systems Alurm_1241_5Stan weizz Wworld ide_Enterprizes Kewin Ger
-] Current Setting  Mew Setting
Intake Surmrary 2w 1457 dia valves, 325.0 CFM A FO0 Lift
O @ 28.0"
Exhaust Surmmary 2% 1.181 dia walves, 236.0 CFk A 700 lift
~ = 28.0"
Intake Part Yolume, cos [156 [[z219.0 |
] Intake Port Diameter, inches |'I BB ||'I .84 |
Intake Port Length, inches [5 |5 |L|$e Current value ﬂ
| Use m_l,l New er‘utr_l,.l .
Comments  [El Matorspart 27 50 Mild # | |File: 44 Cobra CNC M2 Face Spstems
| Poarting_1225_5tan_weizs wiarld hwiid Alurn_1247_Stan w'esizs_wiarld Mwide
e_Enterprizes_ FKevin Gertgen. dfv Enterprizes__ F.evin Gertgen. dive
E Maote: Bore Size=3.50-Exhaust=MHn Mate: Bore Size=3.575-4% Caobra CHC
| Pipe-b atarspart A 5W0 Mild wr | [M2Z Race Spstems Alum-Stan Weiss
Thiz file does MOT hawve all the Engine Analyzer zpecifications. If you choosze to import these limited
;'E zpecifications, be sure to adjust thoze mizzing specs in wour current file to better match these heads.
i Impork | Cancel | Look Again for a Head File | Help |

Click here to import
these specs.
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Figure A 12 Importing Head Files from Performance Trends’ Port Flow Analyzer
(Plus Version Only)

You get this screen by clicking on the
“Load Files from Port Flow Analyzer”
button shown in Fig A 10. This screen

= Open Port Flow Analy=er Test File

11 Tests in Lib Chose - Harley David . L .
— = is very similar to the File Open screen
Elack Box Il on SFEO0 i o : .
BRODI 10 fievagy Trsss (DA @ el 287 in your Port Flow Analyzer. Use it to
CHEY-18.0EG :
R Intake: Exhaust choose the file you want to load.
Example SB Chewy on SF 500 3 Wivs: 1 Bl
Erample S8 Chevs Stock. pontvelocty || LFM39.@.7 LRzt @ 7
= ',e w PortVelocity 10:18 pm 05132004
SF'F_‘TSM-"-'\N- | . Twpical Harley D avidson test on SF 1020 with Port
Typical SF10Z20 elocity
(@ List All Files by File Hame
) List by File Mame [include Head #] fioldets T Sl 6 &
() List by Head # [include File Mame) Mo mats difl?érent Falder
o name to dizplay all
the tests saved
o under that Folder
Lﬂ‘,\ Mame
Cancel | _ Help_| Find the file, then click on

the Open button for the
screen below.

w| Port Flow Analyzer, File Options

Comments

Clinciude Test Comments; / Check the options you want, choose which Port
™ Include Head Comments (or Average all ports Together), and click on the
[ Include Head # / “Copy PFA Specs to This Head File” button.

[ Include Customer Name

[~ Erase Existing Comments

Which Port Average together all parts for Head ﬂ

Other Head Specs
[ Blank Out Select thiz option and the specs not included with
the Port Flow fnalvzer file will be blanked out.

These Head Specs not available: Compreszion A atio and Chamber
Design.

Copy PFA Specs to This Head File Cancel

IMPORTANTI! If you click on the 'Copy ___* button, specs
from the Engine Analyzer's File
C:\VB98\projectsB\EAINENGDATA1987 Ford Mustang
5.0L 302 EFI Stock will be overwritten by these new specs
and flow data.
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Figure A 13 Variable Valve Timing (V V T) Specs (Plus Version Only)

= Cam/MValve Train

General Cam Specs

Hotes

Type |Llse Specs it this Menu

Lift for R ating Events

Intake

Centerline. deg ATDLC 116

Final Intake Cam Profile

=]

050 inches ~

Total Cam Advance :@ can Clle on the “See

Lifter [profile] Type |r4id Hyd Roller - ”
e Specs” button to see screen
VT, o Mo See Specs below.

Exhaust

Choose Yes, and then you

Centerline __d

& Variable Yalve Timing (V¥ 1) Specs for: C:X¥698kprojects61EA

Enter the values you want to use at and above the “RPM to
Change to Final Values” input in lower left corner.

Final Staing Change | | Fnel Exhoust Cam Profile These are the settings from the original
Yalue Value Value

Centerline, deg ATDC |115_u | |11s Cam Specs screen, shown for

Duration @ .050 " [240.0 | [0 | 2 | | | Duration @ .050 " 248.0 comparison.

Open @ 050 ", BTDC  [4.0 | [15 NiE Open @ 050 ", BBDC  [58 E: i 1

Close @ .050 ", ABDC  [56.0 | [7 | 13 | | [Close @ 050", ATDC  [10.0 [ TI’?IS column shows the Change

(difference) between the Starting
Max Lobe Lift. in [-32 | 28 | [040 || | Max Lobe Lift, in E Value and the Final Value.
Gross Yalve Lift. in (512 | [448 | [o84 || | |Gross Valve Lift. in [528 | [448 080

General ¥Y¥T Specs

Your choice here determines which specs are
enables on this screen.

Type  |se Al Specs Above
RPM to Change to Final Yalues m

Total Cam Advance. deg

Lobe Separation. cam deg

0K Help | Piint

.0Retard | Change no change

| Conulnttn Exh |

v| || before TDC. p 45

Location of center of exhaust lobe of cam as curently installed, degrees

Enter the RPM at which the program should switch from the specs
on the original Cam Specs screen to these VVT settings.

ConuExhtolnt |

Conu Stating ko Final |

= Enpime Analyzer Plus v3.4 [ 1987 Ford Mustang, 5,01 302 EFI Stock |
Back Fio Foonal View Ogliim Heb | holoy LAST camdoho B

Click here for more details on how this screen works.

Eurilen
el w] [ w )] ] o] e ] ravedsascas]

=] (B8] [ea])

Engine Analyzer v3.4

m;g.;;g/:

At 5000 RPM and

higher, bigger VVT cam

makes more power

T = = = = .
| 2000 500 300D 3500 4000 4500 5000 5500

£000

6500

Biaaer VVT Cam
= Engine Analyzer Plus v3,4 [ 1987 Ford /4ustace 5,00 302 EFI $ock |
Bak Fle Fomal View Oplimbe Hep | hory  LASIN CAM-ahe  Baclne
IEIEIRE 5 74 s |
¢ turreet - Eng Analyzer y3.4  Valve LN: Deg ¢ L
[Brake HF Py . . eennens » . I
- |ast suts H L
PP LT —
400
n
40
180
i
1] -
RPN 1] 12 Crank Dag
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Figure A 14 New Features in Cam/Valve Train Screen

Larger Notes box
to allow for more

“Cheater” profiles are gone, replaced by Int
and Exh “Dwell Over Nose shown below.

comments (same
in other screens).

General Cam Specs

New “Spec” (specified)
profile option displays
Ramp Rating input below
for you to “fine tune” the
ramp. Plus Version only. |

calculate from 2
duration specifications
(Figure A 15).

Ramp Rating, %

Dwell Dver Hose  |gDeg-Cheatsr — =

Calculated Cam Specs

Lobe Separation

Grozs Yalve Lift, in

Duration @ 200 *

1] 4 | He|p| EetExample|

= . S New VVT specs
Wild lft aleo ZE0" ' | - Lifter [profile] Type |5Spec Solid Flst | as shown in
Type |L|se Specs in thiz Menu ﬂ Walve Train |F'ushru:u:| w Rockem [race] - Figure A 13.
Lift for Rating Events | 050 inches ﬂ YV¥T. ™ No * Yes S5ee Specs
Ramp Rating is Exhaust
giSpla},’ed if you Chc_)ose Centerline, deg BTDC
Spec (e specited) ousone o0 fim ] [ New Gl
right corner. Click on SEET e Egt;gnu?{ >
the “Clc” button to Close @ .050 ™, ATDC

]
th

Max Lobe Lift, in .26 Clc
Lazh at Yalve. in
Rocker A=
| Std Version lets
k .
= you pick std (no :I
Dwell Ovel gwell) or Typical le =
Cheater (lots of
Help dwell). Plus
Click on the e 0 either
use wour owi|  Version lets you k. an
EﬂamplehSEtE fine tune this in 2 EHc‘I'mple
pecs, the E unless
O ChET degree steps. b 44
Print | Pizton-¥alve Clearance

* | New “Clc” option for Lobe
Separation. See Figure A
15.
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Figure A 15 More Cam/Valve Train Specs Screen Features

You can calculate an exact Ramp Rating for a “General
Description” or to match 2 specific duration inputs by
your choice of “Follower Type”. Four (4) calculated
outputs describing the resulting profile are shown at the

top of this screen.

You can now choose the Harley
Davidson lift spec for rating events of
.053” tappet lift.

General Cam Specs

Motes ||sky CORVAIR PN: 115126

HYDRAULIC 2000-5500 FPM Seat
Dur: Int=262. Exh=262. [Grind/Type:
1

Type ||se Specs in this Menu

Lift for Rating Events |_|:|5|:|'

Intake ul

Duration @ 050 "

_ 040 inches [1 mm]
Centerline, deg ATDC | 5et Timing

053 inches [Harley)

Open @& 050", BTDC
Cloze @ 050 ", ABDC

Enter, Lobe Separation

Enter new Lobe Separation, fram 80 ta 130 degrees.

Max Lobe Lift, in 297

Calc Ramp Rating, %, Intake

Cam Specs

Calc Ramp Rating, %
NDwell Dver Hose, deg

Duration (@ Seat Timing

Minimum T appet Dia. in 962

Based On

|Duratiun @ 050 & 200"

L]

Follower Type  |5qid Flat

<]

Allow Dwell Over Mose | |Jger Specifie -

Dwell Dver Nose. deg
Max Tappet Lift. in
Designed Yalve Lash, in
Rocker Ratio
Duration @ 050"
Duration @& 200"

Help | Cancel | Prnt |

Cancel

)
o]
==

Simple “Clc¢” screen to let you change
lobe separation. Program will change
both centerlines the same amount to
keep the Total Cam Advance or Retard
the same.
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Figure A 16 New Features for Picking Example Components, Many Especially for Cams

Several Examples are NOT shown because they do not meet the criteria
you set in the “Show Only Examples Fitting These Limits” section
described below.

Plus Version shows Ramp
Ratings for Cams, if available. \

w. Examples

Other Gen [l LS V-8 Chevy Cams Fated Lift Lifter Profile alve Train Center  (Dur Lobe Lift [Walve Focker Hamb\ Source/Comnents
Line Lash atio  |Rating
CompCam »*FR273HR CHEVROLET GEN IIILS1 | SpHydRol P+R4& imp 220 353 na 15 329 PN: 54-416-11 160
[exh]
Chev TR 220112 LS SpHydRal PR imp - L
(e#h) N I S N PP . i or Fighlghted G
Chev TR 220-114 L5 050 SpHydRol P+R4& imp 10 220 0327 fntake: 327% 1.7 = 5559
[=+h) s 220. 0.327|  Exhaust: 327 x 1.7 = 5559
Chey MTI STEALTH 1 L5« 080 SpHydRol P+RA imp 17, 220. 0342 Lobe Separation: 112.0 it Technoh
[exh 13 220 0.342 na 7 . .
Chev CCXRZ7IHA-12 544161 Lo 050 SphydRol  PsRAimp Mm@ 0N3 na 17 8 .| Click on this button
(e#h] M4 24 0A5  ra 17 B8 (only available for
Chev LPE GTSLSx 050 SpHydRol F+Rd imp 114, 220 0.332 na 1.7 I35 ingenfeld example Cams) and
[exh 114 226. 0335 na 17 &0 .
< the program will
Abreviations: BIR=Blue Racer CC=Comp Cams Lun_=Lunati :hlg: c%cljikoﬁ%ﬁ;:‘z?%:;g%m:' Pick | | Print | Cancel V Optlmlze trylng eaCh
R i Dy Cis Biliels Double dlick to pick Example in 1 ste example cam shown.
DEH=DuelEnergy #RA<E=Extreme-Energy Neé=Nitrous-HP b - G e > DOptimize Using These Cams .
Right click to show % alve Lift. See FlgU re A 1 7
Show Only Examples Fitting These Limits .
" Ho &+ And o or &+ Mo “ And O Or
Show... |Lifter Prafile =l D =] ] =]
Only these
|E0nta\ns ﬂ |Hyd |Is between ﬂ W |2:30 | J |

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
Intake Lobe Duration from 220 to 230 degrees. Now this screen will only
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Figure A 17 Optimizing Example Cams, as Described in Figure A 16

& Optimizing Specs @
Check Example Cams To Obtain This

If you click on the “Optimize Using These Cams”
button as shown in Figure A 16, instructions for
using this screen are displayed here. Basically you
" Max Peak HP ’7 pick what you want to optimize (Max Peak Tq, etc),
(™ The 4 cams which best meet pour critenia will be dizplaved in this pICk an |dle Vacuum |eVe|, and then click on the
section. Choose the one you want ta keep by clicking on the option ¢ Max Avg Tq l— Start OptImIZIng button .

‘circle’ ta the left of that cam's results. Then click on the 'Keep New
Settings' button ta load in that cam's specs. " Max Avg HP

{~ Setthe specs in the 'To Obtain This' section to the left.  Then click Origingy
on the 'Start Optimizing' button to test all the Example Cams pou
chose.

]

Idle ¥acuum
~

‘While Maintaining Idle ¥ acuum

|No [any vacuum iz OK] j
- | |

Start
Optimizing Cancel Help ‘

The program will
show the 4 best cams
which meet your

& Optimizing Specs

Check Example Cams To Obtain This criteria. Pick one of
¢ 188.38 Max dwvg HP  [example cam 1 Idie Vac = 20.9 Original  Optimized these 4 using the
Hi-Tech [tm] Catalog for Stock OEM replacement cams-PH 106101 © MaxPeakTq [245 @ 251 @ round option button,
Stock CHEVROLET 68-69 B 164 cid Carvair-Exc. hi/perf. ‘El]l]l] ‘50["] then click on the
" Max Peak HP 277 (@ 275 @ Keep New Se_ttlng_s
6500 6000 button to load in this
(~ 185.05 Mar AvgHP  [example cam B 2 1dlie Vac = 21.4 Example Cam.
FM: 1151-M HYDRAUJLIC 1000-3200 RPM Seat Dur; Int=248. ~ MaxAvg T
Exh=248. (rind/Type: Mile-8-Mar assumed 4 deg adv) 2009 e 229
ey, izkCamz, com f+ Max Avg HP |1 84 |1 1T
Isky CORMWAIR
Idle Vacuum |1 7.2 |2I]_9
(18369 Mar AvgHP  [erample cam 4 ldieVac=17.2
FM: 115126 HYDRAULIC 2000-5500 RPM Seat Dur Int=262. While Maintaining Idle Yacuum
Exh=2B2. [Grind/Type; 262-SUPERCAM azzumed 4 deg adv] 2009 -
) izkucams. cam |ND [any vacuum is OK) j
Isky CORVAIR
Done
182 45 Maw Avg HP [example cam #5 IdleYac =11.2
FM: 115128 HYDRAULIC 2500-6500 RPM Seat Dur: Int=280. | |
Exh=280. [Grind/Type; 280 azsumed 4 deg adv] 2009
) izkucams. cam Keep New
Isky CORVAIR Cancel | Help | “g ttings
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Figure A 18 Loading Cam Files from Other Company’s Programs

Tip: Click on a catagory in either section ta
highlight it. then click on the 'Use Catagony'
button, or just Double Click on the catagory,
to pick in one step. [Catagories are group
of examplesz. like a group of Cheww heads,
not individual examplesz. |

See page 118 in marnual for details.

Usze Catagory Cancel |

Load Files from Other Company's Programs

If you are picking a Category of
Example Cam File (screen shown in
Figure A 10), you have this Option
button. If you click on it, you get the
screen shown below.

m| Catagories of Cam Examples for Picking

Catagorie; Loading Desktop Dyno Cams of

Performan o ‘CamFiles (.CAM)' Folder B

Typical C

American | ‘C:\

American | ‘=34 DYNOSIM5

Buick ¥-£ 3 CAM FILES V8

Buick V-€ | 5 CAMFILES [.CAM] I

Buick - O

Cadillac

Small Blo

Big Block o

Chevy 4 1

Chevy Inl

Chevy ¥-| Engine Family for Files

Other Cha "

Chevy Ca Buick j

Chevy Ge

Comp Can Create Examples in Standard Engine

Crane All Analyzer Format

Use C 1] Find the ‘CamFiles [.CAM]" folder Mame to List
se Lat containing the Cam Info you want to import.
Tio: Click an 2] Choosze the Engine Family for the Cams.
hiphli bt it th 3] Click on the 'Create..." button. The
hfuuﬁ ar iu&t program _will impoit the data and create a new
i piclc; in one ijtd Engine Analyzer Example® containing this | for details.
of examples, | "™
nat individual Cancel
Cancel [don't import cams) |
L0Aaq ries rom Uer LOmpany £ rrograms |

. Catagories of Cam Examples for Picking

Catagones [groups] of Catagones [groupsz] of

Performance Trends' Examples Examples Added by User

Typical Cams A

American Motors 6 Cyl

American Motors ¥-8 )

Buick ¥-6 ‘DynoSim Buick

Buick ¥-8

Buick - Other Engines

Madillar

Use this section to Browse to the folder
containing the Cam Files you want to import.

Choose the Engine Family for the Cam Files you
want to import. Note, many times this may be
the same exact name as for the folder.

However, if you chose the folder Chevy, you
may want to only import for the Engine Family
“Small Block Chevy”

Click on this button to start importing All these
cams. This process may take several minutes.

When finished, you will have a new
Category in the “Examples Added by
User” section. Now you can open up
this Category to see all the Cams and
use all the features as described in
Figure A 16.
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Figure A 19 New Features for Supercharger Specs

Larger section

u| Supercharger, Specs for Notes.
Design Hoots Supercharger
R. Hotes /
Type |L|se Specs: Below j
Type |F|oots Supercharger ﬂ Design |Street Roots w Average Seals j Now you can
Yolume/Aevolution. cu in pICk an
] Intercooler for a
| 1| pon oo Roots
H Intercooler Eff. % [50% Ok Accel Airta:d ¥/ Supercharger.
30% ~
[llr | 35%
4%
e ] [D5e Srecs Beldb
J |_ 55%
B0z

% Hunning Conditions

Test Conditions Fuel Specs
Weather [SAF Conds (77 deg, 2957 | Type  |Gasoline |
l:l Fuel Od Fropane (hi-pres. liquid LPGY)
Matural gas [methane or CHG)
l:l Approw: 4 Truck Diesel [prod. lean w low smoke]

Auto Diegel [prod, rich w low smoke)

l:l D RPMs Y Diesel [race rich w high smoke)

Diesel [rich hi-smoke race-pump)

[0 o] | Startindeos (g5 ethanc 53 gasdline)
Wery Rich E5 (355 ethanol/ 155 gas] %

Plus Version has E85
Fuel Options.

Number
Coolant Temp, deg F RPM Increment
[COk Dva im0 2EAO 2000 CRAM 1

= Running Conditions

Std and Plus versions both
display the approximate A/F
Weather [SAF Conds (77 deg, 2067 | Type and Effective Octane the

E program will use. For some

A : : fuels, the program picks the
Approw: AF =82  Effective Octane: 102
RPMs to Run Octane, like for E85, Alcohol
o led (methanol), etc.

l—l m Starting RPM 2000

Test Conditions Fuel Specs

% ethanal/15%
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Figure A 21 New Features for Writing ASCII Data Files

ASCII File Dptions

[ Comma Separated

% /
[ Convert to Columns

[X Include Special Calculations

B mwse/

[C:WB3E projectsE\EATTWKEVIN. TXT |

File Name

Save File Cancel ‘

= Save as ASCII File X /

Plus Version has “Include
Special Calculations” option.

New Browse button lets you more
conveniently pick a file name and folder
for your ASCII file. The program will
also remember this information for the
next time vou write a file.

At the top of the Calculated
Results, click on File for the
screen shown in the lower left.

Tip
Enter a valid file name [and path if
save ASCI file, If just a file name

Larger box for file name.

iz zaved to the Engine Analyzer directory. Refer to
page 98 and 102 in User's Manual for definitions of
Optionz

CIZIE AaLyLe s v performanc? Trends

[Ch

B5% Back Graph Print View SendToVehProgram WGIOM Analyze  Hel

1 MNotes | Motes Summan: A¢F mixture Ven
] Eh| send Notes for detais.
J Cmnts

[RPM [2000 [2500  [3000

3500

4000

Brake Tq 180 198 210
[FOearTT= ca g a1 2 10

B KEVIN.TXT - Notepad Sl Here’s the file created with
Gie Edt Format ew Help the options shown in the
RPH 2888 25080 2008 3508 4opa ~ screen in the lower left
Brake Tq 180 198 218 219 21 i
Brake HP 68.6 24.3 128 146 184 co_rner ogened up In _
Exh Pres 8 8 B 8 8 Windows’ Notepad. This file
Int Vacuum 6.8 8.0 A A A could be easily printed or
Uol_Eff_% 80.4 81.8 82.4 82.7 85.6 emailed to a friend to show
Fuel Flow 88.2 182 123 144 171
A/F Mix Qal 58.1 7.8 6l.6 70.8 76.4
BSFC 1.169 1.881 1.028 209 2931
BSAC 9.668 8.948 B.499 8.185 7.6%6
Friction_HP 15 22 29 38 49
MHach_# 118 147 176 206 .235
Piston_Spd 10888 1258 1508 1758 20800
Piston Gs 221 345 497 676 883
Overlap_%WE -.2 -1 -.2 -.3 1.5
Int_puglel a a a a a
In_InertiaPrs .8 .8 .8 .8 .8
In_ResTunPrs 8.8 a.g a.8 a.8 a.a
Ex_fuglel 98 122 147 171 196
ExTun_Prs 1 a.g .5 1.1 .4
Lifter Pump_UpHone Mone Hone Honje Hone
Spark_Adv 29 H 32 33 34
| Note thatthis file includes

Special Calculations:

Ualve Flow & Cam Calculations
Overlap Area, sq inxdeg 1.5

Total Exh/Int % 771.2

Lobe Separation, degq 168.8

General Engine Calculations
Displacement, cc 4943 1
Dynamic Comp. Ratio 7.o7
Theo. Crank Comprssn,PSI 178

Total Avg FLi
Lobe Area, il
Ulv Area, de
Lobe Centerl:

Displacement
Compression

Clearance Yol
Est Idle Vac

Ln 22, Cal 42

the Special Calculations.

W
*

219
14

241
104

2
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Figure A 22 New Features for Graphs Screen

Engine Analyzer Plus ¥3.4 [ 1985 Ford Mustang 5.0L 302 Stock ]
| history LAST cam-TQUHP  Baseline
v Torque and HP vs RPM el [el=lal=] el ]m]ruvien]set scaed

W Wiew Optimize Help

‘alve Lift vs Crank Degrees
snecial Graph Types zervd4  Tq&HPY¥Y Yoy can now pick - Bigger Cam
L e site > p—— v . | toshowthelegend || [Torque 229
Edit Titles/Legend 0 H . 0
Edit Printed Comments " i i (|abe|S on I'Ight i
g | side) in 3 different [ Baseline —
v i i i | sizes of Fonts. i
Classic Size (smallest) """ Horsepowe 205
Larger Size F

v Largest Size

TTE( ) PSS W SRR SO S -

0 Nl NG

120 feoecenen L\ A — N P S | Legend shown
’ ! ’ ’ ’ | in Largest Size

50 |- N font.

: + | Click on Edit Printed
50 L oeen [— i..| Comments for the screen
’ i | of ootions shown below.

an
1500 2000 2500 anoo 3500 4000 4500 s000 5500 G000 RFM a000

| Printed Graph Comments

2 Graph Data Sets  [comments available for each Data Set)

Choose option to display
®1 02 the different options
Graph Title [Bigger Cam available for each test

Engine Comment

Test Comment Bigger Cam on this 302
220 deg @ 050" Intake
228 deg @ 050" Exhaust

being graphed.

| +—| Options and the Comment in
this lower section apply to the
whole graph. Figure A 23
shows a printout for the
options picked here.

Include on Graph ; Graph Comment [1 comment on graph]
Titles to Use _

Test Comments . 302 ¥-8 Cam Comparison

Engine Comments :; i::l I!::es

Graph Comment - 1les

Tq/HPData _SeeTitles |

Engine Picture

oK ‘ Help |
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Figure A 23 Printed Graph with New Features

R Engine Analyzer v3.4

Calculated Test Results

Company Logo
graphics file (Plus
version only)

Eng: 1885 Ford Mustang £.0L 302 Siock Calculations
F

Kewin's Engine Analyzer for

erformance Tren

(C) 2008 Page: 1

This Graph Printed:
4:15 pm 04-08-10

2 lines of user
entered text (Plus
version only)

270 S SR e Sy A S I S Bigger Cam ——
: : ! " : 1 [Torque 2249
-4 Graphics file from Main [/ i . | _____ ' ;
Screen of Program \ _Baseline _
210 [ |- booom N =ils
: i | L —Frsep:w 205
160 -------é-------é-------.- -----
i
i
160 [-—————b—-m koo
1
1
a0 | ey 740 If you have a cursor line
- : on the graph, the cursor
. ' line is now printed also.
| Values at the cursor are
| also printed in the legend.
1 R e S B e EEE T
a0 i i i : i i i i )
1500 2000 2500 3000 2500 4000 4500 S000 Sso0  eooo REM 3000

302 V-8 Cam Comparison

Test and Engine Comments for:  Bigger Cam
220 deg i@ 050" Intake

Additional text and data printed at
bottom of page, under graph, as
selected in screen shown in Figure A 22.

223 deg @ .050" Exhaust

Bigger Cam on this 302

RPM S00 2000 2500 2000 3500
Tq 198 218 232 248 250
HP 5a.7 83.1 111 1400 167

4000 4500 5000
252 246 220
182 211 218

5500 a0
104 15
203 18

Engine Analyzer v3.4
Eng: 1885 Ford Mustang 5.0L 302 Siock
Calculated Test Results

I

Kewin's Engine Analyzer for
Calculations
Ferformance Trends (C) 2008

This Grapgh Printed:
4:15 pon 04-08-10
Fapge: 2

Test and Engine Commenis for: Baseline
302 wiath WV T

302 Baseline

RPM 1500 2000 2500 000 3500
Tgq 230 248 280 264 283
HP 65.7 238 124 151 176

4000 4500 5000
259 240 218
107 214 205

Comments and

5500 800 .
s g data may continue

onto a 2" page as
shown here.
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Figure A 24 New Preferences

He
I
de:
frai
Cli

o

& Preferences

General Dperation Gen. Operation, cont
Printing / Graphing:

Program Title Comments

First |Kevin's Engine Analyzer for |

Second |Eal-::ulations |

Tip: Enter text [company name, phone #, etc] which will
appear at top of printouts.

Uge Logo File Mo - Browse

C: by Documentshhdy PicturesiPh T Color 2 bmp

Graph Labels Font default fant j
Dot Matrix Graph Printer Mo -
Printer Fonts I,.-_\.Jia| Fant j
Printed Graph Width. % of Page 100% -
Always Autozcale a Mew Graph Yes -

Printing Special Calculations

Font Preference | Caurier j

FontSize  |[Standard Size =l

Set Graph Colors |

=

Cancel

Resztart
Showing

Help Tips

This section “Program Title
Comments” is available only in the
Plus version, and lets you specify
2 lines of text and some graphics
file (typically a company logo) to
appear at the top of your printouts
(reports and graphs).

[

inct

Turn OFF
Showing
Help Tips

=

New buttons to turn Off or
turn On all intro help tips.

Help
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Appendix 7: New Features in Version 3.4B

Here is a brief listing of some of the features new in Version 3.4B:

Accuracy:

Several refinements to the performance calculations have been made. We have also added a Preference “Use v3.4B Performance
Calculations” where you can choose to use these new calculations, or revert back to the calculations very similar to used in v3.4A.

The program has added Direct Injection option for Combustion Chamber design
The program now more realistically simulates cam profiles for OHC valve trains.
The program has about 100 more example Complete Engine files.

The program has hundreds more example components, like Heads and Camshafts. GM LS Cams and Heads are now a separate
category.

The program now shows "Peak Int. Sec. Tune RPM" in the Special Calculations section so you can see if the program is simulating
Secondary Intake Tuning Effects.

New Roots type superchargers have been added similar to those in Engine Analyzer Pro: Modern Screw Type and Modern 2000+
Screw Type.

When reading Engine Analyzer Pro files, the program now better determines the individual port flow efficiencies when the file has a
full flow curve.

The program has updated the Piston Speed recommendations in the Analyze Performance reports. AnalysisReport.txt is now done in

Notepad for easier reading, printing, editing, copying, etc for the user. The Analysis Report also has an improved header for
printouts.

Operation:

The program will now more reliably open your default internet browser to accessing the internet.

Fixed bug where canceling from printing to a PDF printer could cause program to stop.

The Preview when opening a Saved File now includes more info about the engine.

The method for displaying a PDF file (like the User Manual) has been updated to be more compatible with more operating systems.
The method for opening a file or page on the internet has been updated to be more compatible with more operating systems.

The program has eliminated repeating error messages, or repetitive questions about printing in landscape vs portrait orientation.

The program now keeps the Case (upper and lower) of the Graph Titles from History Log. This way what you enter will be displayed
correctly on graphs.

The Graph menu items of Background Color, Grid Style, and labels for valve lift graphs to include TDC, BDC, are now properly
marked with check marks for the current setting.

There is a new Preference “Use Larger Fonts on Output Grid” that lets you increase font size for calculations output data table. The
Special Calculations section font has been changed to Courier New to allow for changing font size.
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Many Help screens are now shown in Notepad so you can save or print them. Prior to this, they would be displayed on 1 or more
separate screens without any options like printing.

Files and folders you delete are now actually sent to the Recycle Bin so they can be recovered later if you want.

Features have been added so input screens can be resized and the size and location is remembered for next time the screen is open.
You can now stop displaying the Opening Warning screen when you start the program with a check box for “Don’t show this again”.
Several screens have been increased in size to allow for longer file names, and to accommodate higher screen resolutions.

The program can now open newer versions of Engine Analyzer Pro files.

The program will now display all columns in History Log. Prior to this the columns of “Graph?”” and “Graph Title” were sometimes
hidden.

The program now allows Graph File Names up to 30 characters long.

A bug was fixed where the software would check for reasonable lash settings even if the cam was Hydraulic prior to calculations.
Now the list of Example components is not updated if the criteria box for searching is blank. For example, if you have requested to
look for Duration less than some amount, but the text box for the amount is blank, the example list is not updated. This can make the
process of searching for examples more efficient and quicker.

The program now explains why you can not open very old files from Engine Analyzer Pro, rather than just not opening them.

The Program now checks the configuration file after it is written and makes a backup copy. If a problem is sensed in the configuration
file the next time the program starts, the backup configuration file is used.

The program has a bug fixed which avoids problems opening History Log on VERY high resolution screens.

Changed Preference "Main Screen Enlarged to Fill Screen" to "Main Screen Fonts Increase w Screen Size". Now you can also resize
and reposition the main screen and it is remembered the next time you start the program. If you set this Preference to No, then the
fonts will stay the original size, but the picture area will be large. If you set this Preference to Yes, then the fonts will grow in size, but
the picture area will stay relatively small.

The program has a new Preference "Allow Input Screens to be Resized" to let you resize and reposition the component screens, like
Short Block, Heads, etc. The size and position is remembered each time you open a screen, and the next time you start the program.

Set this to No (the default) and the screens stay relatively small, stay in their default positions, and can be faster loading.

The default Font Size on the main screen is now larger to show up better on higher resolution screens, even without changing any
Preferences.

The program has removed 2 Preferences: “Beginner User” setting and the option to not "Show Open/Close Events in Cam Specs".
Most users wanted Experienced User features and the program to show the Cam Events.

There is now a "Make Microsoft Excel File" option for creating ASCII files from the calculated results.

Optimize Feature, Plus Version Only:

Several changes to the Optimize feature have been made, so that more accurate answers can be found for more possible combinations.
For example, the program now assumes the optimum cam durations are larger if the RPM range for the calculations is high.
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An Optimize option of "Only Check Cam Specs close to the original Specs" has been added. If the program's standard "Optimize"

feature can not find optimum Cam Specs, turn on this option and the program may better find them.

When Optimizing, a display of “Valve Toss” or “Lifter Pump Up” for the combinations found has been added. This can help explain
why an Optimum combination could not be found.

When Optimizing both Cam Duration and Lift, the lifts have been reduced some to be more realistic for typical cams.

If Optimize can not find better performance than the engine's original settings, the info message gives suggestions for changes to be
made for it to work better at optimizing.

Figure B.01 Four (4) New Preferences in v3.4B

w Preferences

[ Printing / Graphin ]

] T Gen. Operation, cont

When Changing the Port Length in Head Specs

Calculate new CCx fram exizting Port Diameter ﬂ
Show Comparison when picking Examples Ye: w
Desired Piston-Valve Clearance. Intake 050 -

Desired Piston-Valve Clearance. Exhaust 09 -

Default External Drive A -

Default Test Pres. for Flow Data 28

0K

Cancel

Restart
Showing

Help Tips

Turn OFf
Showing
Ip Tips

Main Screen Fonts Increase w Screen Size  |yo;

E stimate "Starting Point Suggestions’ Yes w

Uze v3.4B Performance Calculations
Use Larger Fonts in Output Grid

Allow Input Screens to be Resized

Help
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B Cogine Amatyzer Plus 3.4 0 - Perdormance Trends [ 2011 Ford 3,41 Shelby |

Figure B.02 Main Screen Fonts Increase w Screen Size

D lengra) ekt Psbwences Mol Reg Toc G Gant

Set to No

Exhnust System

CamyVolve Train

g..p.m\.-q.r

| Enginn Libeary | Smve Engine 1o Librasy | Caleulate Portormnscs | Ou | Optimize | Halp
Engine Spacs Engine Summary
[ Shan Hock Usor Spacilied 8 ol 3552° bore x 4 165" svoke. 33017 CID
H
Labd o 8.4 Wokume: 514 eca
Intakn Systnm ghe Pronurr£1F] manold
- : 17

CFM Thieme Bady(s)

ot

0 CFM Exhoust System

Fiolar camshah

der 114 CAL @ Seat Timng I
Unar Spacstad Focts Supsrhans:

ou may have to restart the program For this change to take effect.

B Cogine Amatyzer Plus 3.4 0 - Perdormance Trends [ 2011 Ford 3,41 Shelby |
Dleengre)  GaktP  Frefwences Help e Toc e Gert

see the true effect.

When you change this Preference, you will
get this message. Restart the program to

Set to Yes.

Engine Library

Engine Specs

Short Block

Save Engine to Library

Engine Summary

Help:

Intake System

Running Conditions

Mowve mouse over an item for a
description to be given in the Help
frame at the lower left corner. Click
on 'Help" in menu line for more
detailed info on options.

Head(s)

User Specified: Single Plenum-EFI manifold
User Specified: 1170 CFM Throttle Body(s)

User Specified: headers

Comments:

rev limiter is about 6500 RPKM

Calculate Performance Quit

User Specified: § cyl, 3.552" bore x 4.165" stroke, 330.17 CID

User Specified: 2 1.46"int, 2 1.22" exh valves
Compression Ratio: 8.4 Total Chamber Volume: 91.4 ccs

Optimize

Help

Picture
File

Picture screen
remains small

ExhaustSystom User Specified: 450 CFM Exhaust System
. User Specified: Spec Hyd Roller camshaft
camiveive Tem Int 262 dur 114 C/L. Exh 242 dur 114 C/L @ Seat Timing lift
Supercharger User Specified: Roots Supercharger

Shelby 5.4L Factory Rated: 510 ftlbs at 4250 RPM 550 HP at 6200 RPM Factory

Increased octane to 100 to simulate effect of a good Knock Sensor strategy

Fonts for most all items are much larger.
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5L Shetlry |

BBk Grach B Vew SerdicieiFrogem Pl Ao e

]

— Cants | L S

| Waben | Motes Summeny. Piston spesd Very high. Als by AW A
Sand | ==L o T ek Tk on Hotes for dededls. o S0 S8 %G 400
—| an

Figure B.03 Use Larger Fonts on Output Grid

oms can asaLrk o
Wabucke Progaems, Cick
P I e

1L TR S L | L

Fo0 000 (4w [se0 w00 E000 a0
s s s0 SI7 A a8
W M A W WS W4 5%
12 18 26 A4 43 &2 &0 &3 AP W3
0 Es  B®  r2  7m B3 un
TSI ISE4 ISEE 1545 15321 1506 1469
Wa I A7 W0 B4 M W 5 W9 9
™ oD om0 e W wmw
Twon w00 ime 1m0 1000 100 1068 100 100 1o
G5 W8 s S0 S0 51 S0 D W2 6
T TASE 7066 GM2 6860 GHI GOT) 7086 7064 1760

= I s @ wm n3a E T
1M E N @m om0 % m Az
W s 0 MW H@R MM M P
W0 0 9 9 @I e e w3
94 78 B4 83 a4 37 32 27 22
w o nz M m
1 3 U T R TR E S| w22
%0 B0 00 W0 2 [ 3 oo
mo o o  ws an
1 2 1 [T At
Wone Mo  Mone  Mone  Home None  Hone
= BT

degrag in
Lobe Centerline, dey 114,

-  General Engine Caleulstisns

nner Dimensions (Lo 7 runnersfcylindec):

Starting Point suggestions shove may WOT give performance and MUY
e eefined thesugh ‘cul and Lry' running the p ¢ Wanner Bimensions
are far Port PLUS Intake Manifold Sunner se Exhaust Header Primary Pige.

Pisplacement, oo 3411.3 Displacement, cu in
fryneamic Comp. Ratio 6,90 Compression Ratio
Thea, Crank CompresnPSE 163 Clearance Velums, oo
Eat Tdie Vac, ‘Mg
...... Starting Point Soggestions: PP @ 4000 WP -  --Area-— --Dia—

1.8 Rec Area, =g infin .99 1az
0.8 Beo hrea, wg infin .63 Ln%
Wer Len, 2 Pulse 3.8 Mee Arca, wg infin 2,33 1.8
Rec Len, Jrd Pulse .8 Rec Area, sq infin .60 143
Mxhaust Portsfhmnner itor 2 Jex :
Wee Len, 1t Pulse 3.2 Bee Area, 308 Etfecc 78 93
Wec Len, Tst Pulse T Primary Tube 0.0. 1.3
Wpprox Cam for WP Frak (hased an current engine specs):
Int Puration 4,050 134 intake Tagpet Lift 130
Exh Duration 9.030 1 Exhaust Tappet Lift 166

BBk Grach B Vew SerdicieiFrogem Pl Ao e

oms can asaLrk o
Wabucke Progaems, Cick
P I e

Set to Largest

LE:J Sand| Hoten | j:‘::\' ;:‘.;‘&'i‘?.."h‘:.‘ﬂ.l"‘;? Ve Z!‘q 25'5‘ &w o
" cans | e M1 HE S am
RPM 2000 2500 G000 3500 4000 4500 5000
Brake Tq la68 487 612 b28 641 64l 533
Brake HP 176 282 208 862 412 464 606
Exh Fres 12 19 26 34 43 52 6.0
Baost 70 74 72 70 6.8 69 72
Vol Eff % 1486 1519 1540 1551 1564 1556 1545
lAclual GFM 308 394 477  B60 644 720 795
Fuol Flow 107 187 186 194 224 260 276
IAIF Mix Qal 1000 1000 1000 1000 1000 1000 100.0
BSFC 616 689 667 652 643 539 543
BSAC 7778 7456 7.166 6982 6868 6819 6873
Friction HP 29 1 54 70 0 ns
Mach & 130 163 196 3?8 P60 298 376
Piston Spd 1388 1736 2083 2430 2777 3124 94N
Piston Gs 320 600 718 979 1278 1618 1998
lOverlap %VE 9.4 78 6.4 53 44 37 32

5500 6000 650D
B12 486 449

1530 150.6 1469
866 929 982
30 a23 30
1000 1000 1000
660 58z 14
7086 7364 7760
176 214 266
368 3m 423
2818 4166 4612
2418 2877 3317
29 27 22

veclap Area, s5q in*deg al

—————— Valve Flow & Cam Calculations ---=----=---=-----e
Total Avg Flow Coef

==Int-- =--Exh--
.339 <365

Total Exh/Int % €9.9 Lobe Area, inch*deg 16.26 15.10
Lobe Separation, deg 114.0 Vlv Area, deg*sq in 284.0 198.6
Lobe Centarlins, dag 114.0 114.0
- -~ General Engine Calculations
Displacemant, cc 5411.5 Displacement, cu in 330.17
Dynamic Comp. Ratic 6,90 cempression Ratio 8.40
fheo. Crank Comprssn, PSI 165 Clearance Voluma, ccs 81.4
Est Idle Vac, *''Hg 22.5
====== gtarting Foint Suggestions: FPKHF @ 4000 RFM =-- <=-Area-- ==Dia-=
Intake Port+Runner {for 2 cylinder) :
Rec Inertia Len; in 15.8 Rec Area, sq infin 99 1.12
spec Inertia Len, in 16.0 Rec Area, =q infin .62 -89
Rec Len, 2nd Pulse 35.6 sq infin 2.22 1.68
Rac Len, 3rd Pulse 25.6 Rec Area, =q in/in  1.60 1.43
POrt+R {for 2 jeylinder) :
Rec Len, 1st Fulse 50.2 Bec Area, 300 ft/sec .76 .99
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Figure B.04 Allow Input Screens to be Resized

Set to No

3 owioe Ayt Pl x4 1 Purturmapen Trems [ 2011 Fors 30 Sty |

Gommral Spocy [
e A T ot (5o eri ot =l ‘ Calculate Performance ‘ Quit ‘ Optimize ‘ Help ‘
] e bl whn o, ok Wabre Dismeter, |
Arg Port Diemster, = iad p‘:‘u
Pt Vohsme, cxa OB e
Bt Lo bummary IF":E
e | ied: 8 cyl, 3.552" bore x 4.165" stroke, 330.17 CID
e oy EE Piom Uiciency, T & Uin Tabls  Sem Tabie
Cvdon [T ] Owbmeofie ]| | o o fied: 2 1.46"int 2 1.22" exh valves
o L [Fammuie = pnRatio: 8.4  Total Chamber Volume: 91.4 ccs
e T P ot || Wobes st | -
z":':._;_“::“::.lr’.";.’f‘:“,_“:':.;‘;'.“ iow Cicincs, & 1 e Tobe [153 (6 ied: Single Plenum-EFI manifold
uz ied: 1170 CFM Throttle Body(s)
ok Help fict Fusmple | Save Eamngie | P | ied: headers
i J User Specified: 450 CFM Exhaust System
CampValve Train ‘ User Specified: Spec Hyd Roller camshaft

Int 262 dur 114 C/L. Exh 242 dur 114 C/L (@ Seat Timing lift

Supercharger ‘ User Specified: Roots Supercharger
Running Conditions o o
g Shelby 5.4L Factory Rated: 510 ftlbs at 4250 RPM 550 HP &t 6200 RPM Factory
Help: rev limiter is about 6500 RPM
Click here to see Head Specs like Increased octane to 100 to simulate effect of a good Knock Sensor strategy

Compression Ratio, Valve Sizes
and Flow Efficiency. Port Sizes,
etc.

S B A

Set to Yes.

54 e Anabyzer Pl w14 1 Parturapes Trenis [ 3011 Frd 34, Shelby

Engine Library

G | Specs Intake 1

nai Notes [intake flow is actually measured from production heads. Layuut T
E gl he sp ecs Exh is estimated from similar Modular exhaust perts, and |2 yakssjoln o1 pait

-
Shurt Blnl:k should flow about 195 CFM at 287 Valve Dinmeter, in D
Mg Port Diameter. in Fﬁ IEI
= e Cr—

ey
Intake System
[Type : : Avg Part Cross Seclional Area 225 59 in
Exhaust System Chnmbiee Dosian (Dot Roof E
- sion ek i # Use Table See Table
Cam/Valve Train S 8.4 [ce] oo
Vol, cuin 127 Chamber ces 4
- 2 fiz ] ZEN |
upercharger
P 9 Help ] 2 valves join 1o 1 port -
Click on the down amow button to select to either use your own specs in . =
this menu or to Pick an Example sel of specs. If you have picked |Fmivm Kinatac. ju

Running Conditions Example Specs. the Example name will appear here unless you change

some of the Example specs. p 19 Flow Efficiency. % r Use Table

Help:
Click here to edit Engine
Comments. These comments g | | A
: oK Hi Gel Example Save I Print
saved with the Engine File and e ? Eample |
be printed with reports. They are
handy reminders of what this

AL e e

L —
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Figure B.05 New “Modern” Supercharger Designs

| Supercharger Specs

Deszign Roots Supercharger

B. Hotes WS 230
Type |L|se Specs Below ﬂ
Design |Mn:u:|ern 2000+ Screw Type w Average Sealﬂ
WolumesR Screw Type w Average Seals ”

Type |Fh:u:uts Supercharger j Screw Tope w Tight Sealz

taodern Screw Type w Leaky Seals

Belt Ratio |Maodem Screw Type w Average Seals

taodern Screw Tope w Tight Seals
Intercoole toderm 2000+ Screw Type w Leaky Seals

| J M odern A000+ S

todern 2000+ Screw Tvpe w Tight Seals ™

lcan |

Figure B.06 New Chevy LS Categories for Example Components

| Catagories of Cam Examples for Picking

Categories [groups] of Categories [groups] of
Performance Trends" Examples Examples Added by User
Typical Cams ~ dennis

Amencan Motors & Cyl Kevin

Amencan Motors ¥-8 DynoSim ROVER

Buick ¥-b6 DynoSim Buick

Buick V-8 ramp

Buick - Other Enginesz kevin2

Cadillac kevin2Plus

Small Block Chevy ztd Fix

Comp Camz Small Block Chevy [2003 catalog]
Crane Small Block Chevy [2003 catalog]

Big Block Chevy

Comp Camsz Big Block Chevy [2003 catalog]
Crane Big Block Chevy [2003 catalog]

Chevy 4 Cyl

Chevy Inline & Cyl

Chevy ¥-b

Other Chevy ¥-8z

Chewy Corvair
Ehev Small Block ¥-8 LS New Category Name

Comp Camsz All Mopar [2003 catalog] b

Add Hew Category Hame to List

| Uze Cateqory | Cancel |

Tip: Click on a catagary in either zection to highlight it, then

click on the Jze Catagaory' button, or just Double Click an the - -
catagomn to pick in one step. [Catagories are groups of See page 118 in manual for details.
examples, like a group of Chevy heads, not individual examples. ]

Uze Category Cancel |
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Figure B.07 Chevy LS Example Heads

New label showina how manv examples fit the search criteria

= Examples: 75of 75 parts meet your requirements.

Small Block Chewy LS Heads Chamber CR Layout alve Dia Fort Dia Port CCs Port Len
4FR 210cc LST Enforcer Cylinder Head
(e ne || | |
[AFF 245cc LS1 Cylinder Head Pent Raoof Teeled1prt 2165 195 2447 5
[exh) Toeled prt 16
[AFF 260ce LS3 Cylinder Head Pent Roof Tole prt 2165 20 2B0.0 5
[exh) Toledprt 16
4FR CHEWY L53 260 CC Typ Wedge 11.42 Twlv/1prt 2165 1.89 2607 5.6585
[exh) Toeled prt 16
[AFF CHEY'Y' LS 3 Rectangle Port Mongoose 260 CC, B3 CC combustion chamber Typ Wedge 11.42 Toeled prt 2165 1.89 260.1 5.6585
[exh) Twlvdprt 16
AFR CHEWY LSX 1680 245CC LARGE BEORE CHMC PORTED Tup Wedge Twlv/1prt 2165 1.83 2439 5.6585
[exh) Teeled1prt 16
[AFF CHEY L5S% Cathedral Port Mongoose 210 CC Typ Wedge 11.42 Teeled1prt 2165 1.70 2105 5.6585
[exh] Toele prt 16
[AFF CHEY' LSx Cathedral Port Mongoose 215 CC Typ Wedge 11.42 Tole prt 2165 1.72 2155 5.6585
[exh) Toledprt 16
[AFR CHEY LS5x Cathedral Port Mongoose 230 CC Large Bore 62 cc combustion Typ Wedge 11.42 Toledprt 2165 1.78 230.7 5.6585
[exh) Toeled prt 16
0| |
Nate: IF your head is ot listed here, click on the Back button Tips: Click on Example to highlight it then click on 'Pick” or | ‘ Print | Cancel ‘
and select a 'Typical head from the Performance Trends’ Delete’ button. Doubls click to pick Example in 1 step.
Examples. Right click ta show Valve Likt
Shaow Only Examples Fitting These Limits
S, ‘ J |(_' r fe J |r“ fe i J
Refiesh List = | = [ =
To refine the list. chooge "OnkNGhese' for 'Show..." and malke vour settings ta find Examples pou want, Then click ‘Refresh List"
CR {compression rati may be blank or inaccurate because it also depend on piston parameters.

Show All Examples

Examples: 3 of 75 parts meet your requirement

Small Block Chewy LS Heads Chamber ‘EH Lapout WValve Dia Port Dia Port CCs Port Len
Chevrolet 317 B.0L Truck Castings Typ'wedae Twlvdpit 2 1.7 1935 5.3
[exh] Twlbedpit 1.55
Chevrolet 706 5.30 Truck Castings TypwWedage Twlvdprt 1.89 1.60 1977 E.
[exh] Twledpit 1.55
GM 706 5.3L Truck Castings Typ Wwedge Twhed T pik 1.89 1.60 197.7 E.
[e=h] Twhed T pik 1.59
<3 )
Mate: |f your head is not listed here, click on the Back button :“DS- ;'iik on Example to highlight it, then click on 'Fick or ‘ ‘ Print ‘ Cancel ‘
and select a Typical' head from the Performance Trends' Delete’ buttan. Double click to pick Example in 1 step.
Examples. Right click ta show Yalve Lift
Show Only Examples Fitting These Limits
Show + No  And C or + Ho  And  or
| Small Block Chevy LS Heads [1st colimn)  ~ | [ =l [ =
|Eonta|ns j |Truck | J | | J |
Ta tefine the list, choose 'Oy These' far 'Show..." and & your settings to find Examples you want. Then click 'Refresh List!
CR {compression rafo) may be blAnk or inaccurate because it also depend on piston parameters.

/

Show only Examples which contain the word Truck in the first column
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Figure B.08 More Example Complete Engines and Deleting Files

Now 213 Example Endaines provided with proaram (was 112)

Open an Eagine File

213 Ex. Engines in Library 2006 Chevy Gen IV L52 6.0L - 400hp
2002+ Chevy LU3 Vortec 4.3L V6 - 200hp A Previ inches):
2003 Dodge Viper SRT V10 8.3L review (inches):

2003 Ford DOHC 4.6L Cobra Stock

Bore: 4 Int Yalve: 2
LT e i T L Stroke: 3.622 Exh Valve: 1.55
2004 Gen Il 6.0L LQ9 Vortec GM HO Truck V8 5'23 133"!;1 L" 'f iF“ “1"393 1811
2004 Gen Il GM Truck LR4 4.8L Yortec Ik Dur- 200 Eah-D 3'?‘32'32‘3
2004-2009 L67 GM 3800 Series 3 Supercharged - 260hp I:l L:I;-B Lift: 294 E:h L:I;é Lift: 294

2005 Aston Martin Yanquish 6.0L ¥12 - 520hp
2005 BMw 5.0L Grand Am Prototype

2005 Ecotec Cobalt 55 2. 0L Superchgrged 4 cyl File courtesy: Malt Boyd, Danbu LT

2 P DDH S R0 5.0k EratciEngne a2 (ihp 2006-07 L2 B.0L /-8 from Corvelte/GTO/CTSY and
2["]5 JEE 4 0L Inline 6 GMPP Crate L52

EALL BB ISATA T, AR AL Rated at 400bhp @ E000: 400 bft @ 4400

=il Gen | NASEAR. Chevy Nextel fup Has 2004203 deg @ 500/.500" it cam from LT1
2006 Gen IV L57 7.0L 505hp [Vette Z06])

2007 BMw 5.0L ¥10 from M5

2007 GM Ecotec Inline 4 2.0L Turbo - 260hp

2007-2014 Chevy Gen I¥ LS L92 6.2L Truck

2008 Chevy Gen I¥ L53 6.2L - 436hp [Camaro)

2008 Ford Aussie 4 0L 6 cyl Turbo 416hp ot

@& List Alphabetically Show Only Files which [cpqy, A Files ]
~ List by Date Last Changed [most recent first] contain this phrase

Open Cancel Hel

———- Screen is wider to allow for much longer file names
’,_ 1
J (112 Engines in Library Chevy 3556 Circle Track Hace
7 |2005 Jeep 4 0L Inline 6 ~ Previ inches:
2011 Ford Mustang 5.0L GT VWT review (inches):
Bore. 4.03 mivare:| |f you choose to Open one

Alfa Romeo 2.5L ¥& Mech Inj Marine Race
I AMC 401 Street

Blown Top Alcohol Dragster Race g:{;k;:ESai‘B E:?hvalr\: of your Saved Engine Files,
B & AP aee o Class CR10 Nat &spe - highlight it by clicking on it,
Buick 264 V6 Drag Race Int Lobe Lift. 349 ExhLobe| then select to Delete it, the

Chev LOY9 6.0L

Chev L53 Stock

Chev LT-1 Corvette Stock

Chev LT-4 Corvette Stock

Chevrolet 2.2L Ecotec

Chevrolet Z74 Crate Motor

Chevy 2002 ZL1 454 Crate Engine Stock

_ : if you make a mistake. The
500 2 377 (23 37E0/372 @ 6250 gives lo
Chevy 350 w R 5CS . .
Chewg 355 Crate Motor Stock Delete button is not shown if
Cheyy 356 Circle Track Race
Chevy 355 Circle Track Restricted R4ce you ChOOS.e to Op_en an .
Example file provided with

Chevy 355 Comp Cam Dyno Street
Ch 3565

evy 359 Slreet the program. You can not
Show Only Files which ’75h0w Al Files delete these files.

contain thiz phraze

file now goes to your

355 Small Block Chev for shart Circle Track H g i
Funs either 750 4BBL or 500 2BEL [which flo COmPUter s ReCyC|e bln T,
750 4v-405 @ 5000425 @ 6250 600RPY This way you can restore it

n

+ List Alphabetically
" List by Date Last Cha

ed [most recent first]

Cancel fUAECENR]T |£| .l'l
@ Delete File
Chewy 355 Circle Track Race

CﬂmNﬂIVE -l If wou are not sure, choose Mo, 3 r Hl}llll:

Mote: File is actually sent to the Recycle Bin, so it can be restared later if needed.

Superchary | =

Open |
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Figure B.09 Exporting Microsoft Excel File of Calculated Results

Ford Focus Stock ]

Click File to bring up screen

B @

Send

l Motes | Motes Summary: Piston speed \I"ély high. [
C L K L Cholk Rk, f, Aok il bl

P Tg A'vg Pk HF Avg “ou can Buto-Link' to
12F — 1 = =

Check this box to make a Microsoft Excel file

" ASCII File Options
A [~ Comma Separated rfmoﬂ Excel File |5000 |5500 |6000 |650
Brake Td = [ Include Text 127 123 118 110
[ Convert to Columns
Brake H [ Include Special Calculati 121 129 135 136
Exh Prec Fie Name Browse 19 23 26 29
Int Yacu |F0rd Focus results | b b B q
Vol Eff 2 | Save File | e | 949 94 6 94 1 91 ¢
Actual C Ti 179 197 214 225
FU FI0] | B e i Ereie Analest domon Ftera page 56 21021 Users Ml Program tells you the changes it will
AJF Mix | defintiens of fptions make to create a valid Excel file.
BSFC
BSAC Tao be a valid Excel file, the file format should be 'Comma Separated’ and have a i 4
Friction HP
Mach # 1
N B Fet Ford Focus ggsults.csv - Microsoft Excel o=
—J/J Hame Insert Page Layout Farmulas Data View View '@J.-' -
== X% |lcalibri =11 = | =i General - 4| Canditional Formafe — = —
B e || T ||| = == |[$ - % »| B5rormatastanie- File will open directly in Excel
Ry o[ A ||| 2R ||| | %8 5% =5} Cell Styles - ElFormat = [ 2~ Filter~ Select~
Clipboard ™= Font IFi Alignment ] Number T Styles Cells Editing
| AL - fe | 2000 ¥
A B & D E F G H i J K L :
1 EDDD.I 2500 3000 3500 4000 4500 5000 5500 5000 6500
2 102 119 130 135 134 132 127 123 118 110
3| 38.8 50.5 74.2 90.2 102 113 121 125 135 136
4 0.2 04 0.7 1 1.3 1.6 19 2.3 2.6 2.9
| 0 0.1 0.2 0.2 0.3 0.4 05 0.5 0.6 0.7
&6 76.3 86 92.8 96 95.7 95.5 94.9 94.56 94.1 91.6
Zil| 577 81.3 105 127 145 162 179 137 214 225
8 20 28.2 36.5 4.1 50.2 56.4 62.3 68.3 741 78.2 =
g | 100 100 100 100 100 100 100 100 100 100
10 0.516 0.5 0.493 0.489 0.491 0.499 0.514 0.33 0.348 0.574
11 | 6.532 6.326 6.231 6.184 6.213 6.313 6.505 6.7 6.927 7.26
i %4 7 10 14 18 23 29 35 42 50 58
13 | 0.139 0.174 0.208 0.243 0.278 0.213 0.347 0.3282 0.417 0.451
14 1155 1444 1733 2021 2310 2599 2888 3176 34R5 3754
15 | 257 401 578 786 1027 1300 1604 1941 2310 2711
16 0 0 0 0 0 0 0 0 0 0
17 | 105 131 157 183 208 235 261 287 314 340
18 0.2 15 2.5 29 2.8 2.7 2.6 2.5 24 2
19 | 0 0 0 0 0 0 0 0 0 0 |
W« » W | Ford Focus results .~ %) AN S e S — ST P
Ready 53
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Figure B.10 New Help Options

Click Help to bring up Help Options.

-
:

= Engine Analyzer Plus ¥3.4 B - Perfornzance Trends [ 2003 Ford Focus Stock |

File {(enging) CalcHP  Preferences Req To: Kewvin Gerk
Help 3“ LEETEEE 09“3“5 - Click here to see the Readme.doc
Intraduction ta Basic \WindowsLaommands .
abot Envgine Analyaer L . file on the web. Then you can see
Click About. .. to see ke —NgIN | what updates have been published.
T Check For Updates on the weh

the complete —
version number for
your software, like
v3.4 B.012.

Display User Manual {with +3.2v3.4 Supplement)
Display +3.4 Supplemel

Display v3.2 Supplement |
Display Plus Features

1%

Cisplay Readme.doc Fils

Performance Trends on the Web

COther Performance Trends Products

Displaying these PDF files should
work better on most all computers.

Request Remaote Assistance 3

EBuilding *Your First Engine File

Engine Analyzer Plus’ Features 3
L -

[C] Copyright 2017 Performance Trends, Inc.
PO Box 530164 Livonia. Ml 48153

— Phone: 248-473-39230 Fax 248-442-7750 Click on About to see the
Internet Website: www_performancetrends.com complete version number for
E Email: feedback@pefarmancetrends. com your program.

Engine Analyzer 'Plus' ¥v3.4 B.009
Reqistered to Kevin Gert Code # B 2434003

Performance Trends offers the Engine Analyzer 'Plug’ package: 1] Graphing more types of
data; 2] Alkernate fuels like Dieszel, propane, CHG, etc; 3] The 'Optimize’ feature on Graph

1 ) O

oot

Check the Readme.doc file on the
web to see the latest version which
is available, and a list of updates

Eile Edit Wew Insert Format Help since your program’s version. For

D|ﬁ“r|ﬂ| §|&| ﬂ | | | @ example, if the Readme.doc file on
. — the web showed updates up to v3.4

|Courier New [Western) ~ o -] B |1| u |.@| g = |§| = B.019, it should show you updates

for the 10 minor version updates

}Clic}c on Help, then About at the top of the Main Wenu for the el .
you have missed.

——————————————————— Febh 5, 2024 Version 3.4 B.009 —-———-————————="=v
Here are the new features in v3i.4 B (a=s of +v3.4 BE.009)

hecuracy:

Several refinements to the performance calculations have been made.
We hawe also added a Preference “Use vw3.4F Performance Calculations™
where wou can choose to use these new caleulations, or revert back
to the calculations very similar to used in w3.44.

The program has added direct injection option for Combustion Chamwber
design

The program now more realistically simulates cam profiles for OHC
valwve trains.
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Figure B.11 New Optimize Features, Plus Version Only

Click the Optimize button to bring up this screen.

disabled (grayed out) if th
their screens is settoa G

Some Intake or Exhaust specs may be

like “Typical Street Dual Plane”.

e “Type”in
eneric Type,

= Optimizing Specs
Adjust This

Original Optimized

ntake Port Diameter

Exhaust Header Diameter
Exhaust Header Length

Cam Advance

B R R R Cm

Intake Cam Duration Only

Intake Cam Duration + Lift

<l

[242.
306

[210.
[284

Intake Cam Centerline

Ll |

Exhaust Cam Duration Only

[~ Exhaust Cam Duration + Lift

Done

To Obtain This

+ Max Peak Tq ‘51? @

Original Optimized
531 @
4500 4000

Picture

5500

" Max Peak HP ‘5!]1 @ 478 (@

00

" MaxAvg Tq 452 454

" Max Avg HP 7 356
Idle Yacu [15.7 [19.5
Valve Toss |Some Severe

trial combinationsz.

Severe Yalve Toss encnunleled/l some

While Maintaining Idle Yacuum

Valve Toss or
Lifter Pump Up
is shown here. If
either is
encountered,
power may be
significantly
limited at some
of the RPMs
tested.

|Nn [any vacuum is OK] / ﬂ

[~ Exzhaust Cam Centerline

T

Oplanizing Cancel

HelpA

Keep New
Settings

| | Dnlysleck Cam Specs close to the oniginal Specs

\

should realize that powe

range tested.

This message can give info on how to
interpret the results. For example, if
Severe Valve Toss is encountered,
you should maybe improve the valve
train design and try again. Or you

limited by Valve Toss in the RPM

r may be

_

If you think the current cam specs are near optimum,
check this box. Then the program will concentrate

only on cam specs fairly similar to what your current
cam specs are. Otherwise the program could try
durations from, say, 160 to 340 degrees, and could
miss a combination close to what you have now.
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Engine Analyzer 'Plus’ Features
Supplement

w. Engine Analyzer v3.0 [ CL-PROBL.M ] E

Back File Fomat “iew Optmieze Help histary  LAST  cam-tashp  Baseline

. Ifﬁ @ EI. (-|I| |-}I | (-I| = || 4». ?él (—}I "‘I ft|| FuII\-'Hew"SelScalesI

Englne Analyzer v3 0 Tq& HP vs RPM - haseline
QAN o mmmmm e mm e mpmmmmmmm—— oo Fmmm e e oo mmm oo ——— - —m oo . [Torgue
: : : i i : : : :
400 : ! - current cormbo —
250 | | Horsepower
300 A ' Basaline
’ : Pk Tq 407 (@ 3600
2480 : Fl HF 3 (@ 4800
: Aug Tq 217
00 y : Aug HP 206
: : Idle Wac 23.0
1 1
150 X X Current Combo
: : Fh Tq <00 @ 4200
100 : : Pk HP 220 @ 4200
: : Aug Tq 214
a0 ] 1 Avg HF 205
: : : : : : : : L ldlevas  22@
El L L L ! ! L L L 1

go0 1200 1800 2400 3000 3600 4200 4300 5400 OO0 RFM

Component |Head[s] j| Spec |Int Part Yolume, ccs j| Value ﬁlﬂ 185 £|

Save Thiz Combo I Stop "Optimize" I Hestore Onginal Specs I Review Changes I Help |

PERFORMANCE TRENDS, INC.

Check DISCLAIMER OF WARRANTIES and LIMITATION OF LIABILITY at the beginning of the manual.
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Engine Analyzer ‘Plus’ Features

The Engine Analyzer Plus is a package of features the owners of the standard Engine Analyzer can add to their program. This
package can be added either at the time of the original purchase or after they have purchased a standard program. See Figure 1 for
obtaining information, activating your ‘Plus’ version, or running a demo of the ‘Plus’ features.

Figure 1 Click on Help, the Engine Analyzer ‘Plus’

|E Engine Analyzer ¥3.0 Performance Trends [ CL-PROBL.M ]
File [2ngine] CalcHP  Preferences | Help(F1)

— Help F1
S oz [y | Save Ens Introduction to Basic Windows Commands
About Engine Analyzer
[ Engine Specs — | Display Readme.doc File
Describe Eng. An. Plus' Features —ngine Analyzer 'Flus' Features
Shov Demo of Eng, A, Flus' Featuies Dther Performance Trends Products
fctivate Brg, A Flust Features er Specified: 1 202" int, 1 1.5" exh valves

‘ T ‘ Tompression Ratioc 967 Total Chamber Yolume: 90.¢
oo |

Proararm will actirnata snacs bae Tonieal Skhaat Fosl Pla

Major Features:
e Calculate up to 20 RPMs.

Calculate performance for alternate fuels like Diesel, propane or CNG (compressed natural gas).

Estimate Piston-to-Valve Clearance.

More graphing features.

The ‘Optimize’ feature which lets you pick and modify most any engine specs and watch the effect on the torque and power

curve right on the screen. This is great for quickly finding which specs have the most effect on your engine’s performance.

e  Use Full Flow Curve for cylinder head ports (New to Version 3.2)

e Use Millimeters (instead of inches) to enter engine dimensions (New to Version 3.2)

e Hide certain calculated output that you think is not important (New to Version 3.2)

e Choose different colors for graph lines, which can also effect the print quality when printing color graphs. (New to Version
3.2)

e Duration at .200” lift is displayed in the Cam Specs for the particular lobe you have specified. (New to Version 3.2)

Check 11 new features added in
Calculate More RPMs v3.4, starting on page 214.

Alternate Fuels

These 2 features are available in the Running Conditions screen. There, you can increase "Number of RPMs' to calculate up to 20 for
more detailed power curves. See Figure 2.

There are also many additional 'Fuel Types':

1. Propane (lo-pres. gas) is a typical vapor propane system. If you specify a Carburetor in the Intake System specs, the program
assumes you will use a venturi type of 'mixer', which usually has to be fairly small (restrictive with low CFM rating) to work
correctly. If you specify an EFI system, the program assumes you are injecting propane vapor, which does not require the
restrictive 'mixer’.

2. Propane (hi-pres. liquid 'LPG') is a special high pressure, liquid injection EFI system.

3. Natural gas (methane or CNG) is a typical vapor methane system. If you specify a Carburetor in the Intake System specs, the
program assumes you will use a venturi type of 'mixer', which usually has to be fairly small (restrictive with low CFM rating) to
work correctly. If you specify an EFI system, the program assumes you are injecting methane vapor, which does not require the
restrictive 'mixer’.

4. Truck Diesel (prod w low smoke) is a typical production Diesel Truck, running from about 23:1 to 30:1 A/F (very lean) at full
load to avoid smoke. A/F is assumed to lean out at higher RPMs.
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|

5. Auto Diesel (prod w low smoke) is a typical production car Diesel, running about 20:1 A/F (very lean) at full load to avoid
smoke.

6. Diesel (race rich w high smoke) is a rich Diesel run in tractor pulls, and other types of racing. The engine exhausts thick, black
smoke running this rich but increases its power.

7. Diesel (rich hi-smoke race-pump) is a rich Diesel run in tractor pulls, and other types of racing. The engine exhausts thick, black
smoke running this rich but increases its power. It also uses a special, "quick delivery" pump which shortens the injection time,
speeding up combustion time. This pump allows the Diesel to run a higher than normal RPMs.

Figure 2 Plus Features in the Running Conditions Screen
You can now enter a number of up to 20 RPMs

w. Running Conditions =] E3
" Test Conditions " Fuel Specs \
Weather | |[fMyGay: =] | | Teee  [Gasoine | NI
|Bam FPrez, "Hg 299 |Fue| Octane [R+M)/2 H¥ E
|Intake A Temp, deg F 20 ~ RPMs to Run \\ \\
|Dew Point, deg F 32 Starting RPM EI]¥ \
[Elevation. feet 0 Number of RPMs 10"

|RPM Increment 600

|Coolant Temp. deg F 190
|F|F'M Presigwe GO0, 1200, 1800, . BOOO |
= Blibemsen Munda Connn
- LI >
" Fuel Specs
Type Gazoline N
Fuel Oef e rich alcohol [for blowers) | T—T1——_ Click on Fuel Type for a list of

Propane [lo-pres. gasz]
N Propane [hi-pres. iquid 'LPG"Y
RPMs by o) gas [methane or CHG)

Ii— Truck Diesel [prod. lean w low smoke;
Slatl] Auto Diezel [prod. rich w low zmoke]

Mumber | Diezel [race rich w high zmoke] L
umber Diezel [rich hi-smoke race-pump) =

|H PM Increment |El]l] |

| several additional fuel types.

Estimate Piston-to-Valve Clearance

This screen will estimate how close the valves get to the piston. Although this is NO substitute to checking piston clearance with
clay, it will let you try different cam profiles, rod lengths, strokes, head designs, etc to see how piston-to-valve clearance is likely to
change.

Assumptions:
e  The program assumes a FLAT TOP piston. Clearances for domed pistons will be much tighter than shown here.

e  The program assumes NO rod stretch and NO valve tossing or valve train bending. Therefore, clearances at high RPM are likely
to be CLOSER than indicated here.

The clearances calculated are the closest the piston is to the valve, checked every 4 degrees of rotation. If the clearance is less than
.100, the clearance is printed in red.

Negative (-) clearances mean the valve is extending into the piston that amount. For example, if clearance is -.048 and you want .100
clearance, you must notch the piston .148 inches.
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Definitions of input dimensions:

Engine Analyzer
. _________________________________________________________________________________________________________________________________________|

Gasket Thickness: Thickness of head gasket torqued to spec.

Deck Ht Clearance: Distance from
piston top at TDC to block deck. If piston
travels above the deck at TDC, enter an
negative (-) number.

Valve angles: Largest angle between
valve stem and line perpendicular (90 deg) to
the deck surface. For 23 degree Chevy
heads, this would be 23.

Deck/Valve Clearance: Closest

Appendixes

Figure 3 lllustration of Deck/Valve Clearance (Inches from

Valve to Head Surface)

Closest
distance from
edge of valve

distance between edge of valve and the head to cylinder

surface. If the valve(s) extend beyond the head deck

head surface (ex. valve touches table top

when head sits on table), enter a negative (-) T A

number for the amount of distance the valve

edge extends beyond the head surface. See Figure 3.

Click on Save Specs and these dimensions are saved with the engine file.

Examples of dimensions for some typical heads are shown in Table 1.

Table 1 Examples of Typical Head Specs

Head Int Valve Exh Valve Int Valve Int Exh Valve Exh

Description | Dia Dia Angle Deck/Valve | Angle Deck/Valve
Clearance Clearance

Stock SB 2.02 1.60 23 .01 23 .08

Chevy 186,

492, etc

Brodix -8 2.08 1.625 23 .10 23 14

SB Chevy

Merlin Cast | 2.19 1.88 27 .01 7 .55

Iron BB

Chevy

Stock SB 1.84 1.54 20 .08 20 .10

Ford 351 W

Stock 219 1.71 11 13 11 27

Cleveland

Ford 351 C

Stock 2.1 1.77 14 13 14 .20

Pontiac

400, 455,

etc

IMPORTANT: These example specs may NOT exactly match your heads. Use with caution!
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Graphing Features

The 'Plus' features add 2 powerful features to the Graph Screen, shown in Figure 4:

1. Click on 'Format', then 'Special Graph Types' for a menu to graph most any calculated output vs RPM, like BSFC, Spark
Advance, etc.

2. Click on 'Optimize' to display several options at the bottom of the graph screen to modify most any engine specs and see the
effect immediately on the torque and HP graph.

These options are not visible unless you have the 'Plus' version or a displaying the 'Plus' version demo. Click on Help at the Main
Screen, then 'Engine Analyzer 'Plus' Features' to turn on the demo. See Figure 1.

Figure 4 Graphing Features

Click on Format, then Special Graph

w Engine Analyzer v3.0 [ CL-PRDSL M ] Types for screen of Figure 5.
Back File | Format View—0ptmize Help | hiztary  LAST  cam-TG/

=] 8 ~ E\n ol S
3

Walve Lift ws Crank e

Ei Special Graph Types TCI & HP vs RPI
Line Style ’ : : Click on Optimize of the Optimize
Edit Titles/Legend ' ' Feature shown in Figure 7.
420 F---1 Grid Style U | ——
Back Color 3 /—/’E——E\
360 boo-. A N (N N

Figure 5 Special Graphs Menu
Graph Options |

" Type of Graph
|T5"F"E FPM Data. uze specs

" Special Graphs
|Humher of Data Types 3 Types j|
|Fir3t Data Type Brake Tq j
|5c:ale Factor 1 [ho change] j
|5£:c:nm:| D ata Erake HP j
|5c:ale Factor 1 [ho change] j
|Thin:| Data Type |Spak Adv j
Scale Factor 10 [erlarge some] j
|Fuurth Data Type | Bzl HP j
|5c:ale Factor 1 [ho change] j

Make Graph | Helpl Eanc:ell Print
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Special Graphs

This menu lets you graph up to 4 different types of data on the same graph, for example Torque, HP and Spark Advance vs RPM.
First, select 'RPM Data, Use Specs Below' as the Graph Type.

Then select the # of Data Types to include in the graph, from 1 to 4. The appropriate # of graph specs will now be enabled.

Now you can select from the Data Types available, Torque, HP, BSFC, etc.

Then select the 'Multiplier' for each data type. For example, BSFC only ranges from say .4 to .5 but torque and HP may range from

100 to 500. BSFC would only show as a straight line a 500 HP scale. However, if you multiply BSFC x 1000, BSFC would now
range from 400 to 500 and show up clearly. Therefore, select large multipliers for small data values.

Optimize

The Optimize feature Figure 6 Special Graph Created from Specs of Figure 5
lets you modify most Legend shows Spark Advance is multiplied by 10 so it
any engine specs and will show up on this scale also graphing torque and HP.
immediately see the w. Engine Analyzer v3.0 [ CL-PROBL.M |

effect on performance.

Back File Format “iew Optmize Help | higtory LAST  camtgfhp  Baseline

See Figure 7. — _
EiERE s ] €li=] [el2 el ] (o] 2] ] Farkie]se scaed

First, select the Engine Analyzer v3.0 curren

'Component' you wantto || 480 (------ e NEooooe JEEaaee Ao e RS Ao N S . |Brake T

modify. Then, select the ' ! ! ' ' ' ' ' :

'Spec' for that I I I : : | | | |

Component. el | R P R s
. : : ! : i |Erake HFP

Depending on the type 360 p------ e Dy T R e R !

of Spec you selected,
you will have a list of
settings, or a text box
where you can type in a
new setting. Each time g I e e e L L SEEE LD Lol o
you make a change to
the setting, a new 180
Torque and HP curve
will be drawn so you
can see the effect of this 120 ¢
change.

300 fommmm e e A b

The Optimize feature
lets you modify just 1

spec or many specs for 0 '
. g00 1200 1800 2400 3000 3600 4300 4800 5400 BOOD RPM
various components.

For example, say you Q pﬁg( d%dva']%ﬁ 8urves aq%ed to gra

Tl . h .
start by modifying Intake Cam Centerline from the origina 2 10 egrees. lhen you sel%ct to modify Intake Port Volume
on the Head from the original 186 to 220 ccs.

BO f----\a7\--- SEEEEE SEEELE

F~—~—=A-—=—~=—-"F~~=—=°9--—=-=--F~==S-°3-°33--
I L | e | e e | RSP
F—-—=—=—A—-=-=-=—--"F~—==—=9-----F~----3%

F———=°-—-=—=-—=—=-F~==—=°73--—"-
P [ e | Sy g
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Click on 'Save This Combo' to save any changes you have made to the Engine File you are working with. Note that you are not asked
if you want to save to a New Name, meaning these changes overwrite the current specs for the current Engine File. Therefore, you
may want to save your Engine to a New Name BEFORE you use the Optimize feature.

Figure 7 Graphing Optimize Screen Summary of Original (baseline)
Pick Component, then Spec to Optimize and New (current) combination
w. Engine Analyzer ¥3.0 [ CL-PROBL.M ]

Back File Fomat “iew UOpfimize Help | higtorp LAST  cém-tgfhp  Bageline

o] [B] [l e Lel=] [l Tal+] Feelx]a]ruvien]seseded

Engine Analyzer v3.0 Tq & HP vs RPM - haseline
B F o m o e mm e e e m e e mmm e mmpmmm e e e e oo e mpmmm— o - . |Torgue
L I e e et i =i e b - current cambo —
LTI R YRR TR U TOUUPR SR APUPU T (NP i SUPR SRR Horsepower
g p----- b L- Baszeline
! Pk T 407 @ 2600
] | B T BT R Pk HP 241 @
: : Aug Tq
T T LT TS [ TSTSTS S Sy RSPSTSS ISP Y. S/ upap N | Arg HF

ldle Wae

160 fo--m-qm-mm-p-o- oo ooo

Current Comba
Fk Tq 400 @A200
Fk HF 339 @ <4200
Farg Tq 214

——————————————————— F------ Hfoarg HP 205

L ldlevas 228

I

1 S e

B0 |- peBm s oo

n
GO0 1200 1EDD/ 2400 3000 3600 4200 \4EEIEI 5400 G000 RFM

Component |HE~3C|[S] ' j| Spec |Int Port Volume, cos | j| Value ﬂﬂlE

\ 3ave This Combo I Stop "Optimize* I Restore Original Specsz I Review Changes

\
\_ These buttons let you save, Type in a new setting, or click on one of the _‘

quit, review or restore buttons to adjust up or down a little or a lot.
settinas.

Click on 'Stop Optimize' to return to the normal graph screen and abandon any changes you have made.

Click on 'Restore Original Specs' to return all modified specs back to their original settings.
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Figure 8 Screen to Review Changes

Click on 'Review Changes' and you will see a history of all changes you have made. Printing these changes is a convenient way to
remember these changes. Then you can return to the Main Screen and make these changes and see the effects on other calculated
output, like Spark Advance, or Exhaust Pressure, etc. See Figure 8.

. Summary of Changes El

Head(=) Specs
Avg Port Diameter. in

Pas: 1.6
How: 1.76
Port Yolume, ccs
Va=z: 165
How: 200

Intake System Specs
Runner Diameter. in
Pa=z: 1.54
How: 1.69

Exhau=st Systea Specs
Wa=: Ex: 1 58" Dia x 44°

How: U=se Spec= Below
Primary Length, in

Difference Betwveen Baseline and Hew Combo:

Exhau=t Header-Hanifold Type:

Len Primary

5

Print

Cancel
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New Plus Features in Version 3.2

Use Full Flow Curve or Flow Table

In the Head Specs menu, there is a check box to let you use the Avg Flow Efficiency for the port, or a Flow Table if you check the

check box.

Figure 9 Flow Table Feature in Head Specs

. Head(s])
" General Specs I Intake —
s | | [Layout I‘l walve & 1 port / j

A

|T.'|-'I1'E= IUse Specs in this Menu

[ ]
[Chamber ITypic:aI Wedge J

|[anplessiun Ratio

Cylal, cuinlg2 50

Chamber ccs ‘l 38

o Jled

Example name will appear here unless you change
zome of the Example zpecs. p19

"~ Help .

Click on the down arrow buttan to select to either use
your own specs in this menu or o Pick an Example
zet of specz, |f pou have picked Example Specs, the

['U'alve Diameter. mm

/ 50.93

Click here to
produce the “See
Table” button.

|Avg Port Diameter. mm / 47 24 -
|Pult Yolume. ccs

|Pult Length, mm 113.03

|Flnw Efficiency, % FIZ T able:

See Table

Click on “See Table” to
display the table shown
below.

I Exhaust

[Layout I‘l walve & 1 port j

41.28
Flow Efficiency. Z [ Table

[Valve Diameter. mm

The Avg Flow Efficiency is
calculated from the 3 highest lift
points you've entered, and is
displayed for your information,
so you have a sense of how
good a port this is. You must
enter at least 4 points before this
is displayed. The program uses
all points entered

oK Help Get Example | Save Example | Print |
Calc Port Flow Table
[Awg Flow Efficiency, % 47.4 3
[ Flow Data |
|Test Pressure. ™ water 10 I
|Life 1 E 45
[Life 2 4 80
|Life = 6 105
|Lift 4 E] 120
Lift & 10 125
|Lift & 12 127
Life 7
[Lifv @
[18
[ Hote: 0. Lift 12
Enrter at least 4 walve lifts and Aows For this part.
‘#eea Flow Effoy’ is based on only 3 highest lifts.
and is shower just For info. Program uses full Sort Table I Clear All Clear CFM= I
Curve

Keep Table I Help I Cancel | Print I
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Figure 10 Preferences for Plus Features

. Preferences x| . Preferences x|
Printing / Graphing | f Printing / Graphing ]
General Dperation Gen. Dperation, cont ]_I 0K General Operation ] 0K
User Experience I }Aulu-Link to ¥ehicle Program
I'When Changing the Port Lef ChOOSG What Calculated data \ INDne, Don't Auto-Link to Any Program j il
— you do NOT want displayed i
IEIaIc:uIate new CCs from existing H i t d end Power Curve to ¥ehicle Program Cancel
or printed.
[Show Comparison when pickmg—T Tres =T |A||0Wach Time |
|Show Open/Close Events in Cam Specs I\(eg j R Choose Data [RFM ﬂ Restart
Showing NOT To Brake Tq Showing
|Desired Fiston-Valve Clearance, Intake ‘ I 100 j Help Tips Display Brake HP Help Tips
Exh Pres e
|Desued Piston-Valve Clearance, Exhaust \ DBD j Int Yacuum
Restore All | Vol EHf % LI
D efault Fl Drri - 5 5 5
| efault Floppy Drive \ IA J Help ‘Engme Dimensions Millmeters Help
|Delaull Test Pres. for Flow Data l 28
[Main Screen Enlarged to Fill Screen ‘ IND =]
[Estimate 'Starting Point Suggestions' IND j
Set desired Cl Choose if you want to use B
: e P'etSIret Velarance Millimeters for entering
orl IIS ?n- o-valve Engine Dimensions.
calculation.
Set this to ‘Yes’ to have
Py & this screen define the
- : graph colors.
[ General Operation Gen. Dperation, cont
0K . User Specified Graph Colors x|
[ General Color Choices
Use User Specified Colors Im hd E II' |Z| E E E El l:l
Bockground Color 1 Groy =] E @ O s
[ Color Codes for Individual Graph Lines
Cancel Line 1 I ﬂ |Line 13 I ] j |Line 25 I 6 j |Line 37 I 5 j
[Line 2 [0 =] |Line 14 [a =] |Line 26 [e =] |Line 38 [e =]
[Dot Matiix Graph Printer INU j ;Line 3 I =] :Li"e 15 I = :Line 2 I = :Lina 39 I 8 -]
Line 4 - Line 16 - Line 28 - Lined4D [g9 ~
Piinter Fonts  [al Font =l Sﬁh?\z?r'llg Line 5 —= [line 17 —5 [Line 29 £ Line 41 £
_ _ e [ [z = ]
|Printed Graph Width, % of Page Imgz j Line 6 I B Line 18 I B [Line 30 I R Line 42 I B
[Always Autoscale a New Graph ne =l Lne7 [ -] [bne7s [ [lne3l [q3 -] [Lined3 [72 -]
Printing Special Cal i Hol LLine 8 I 2 j |Line 20 | 1 j |Line 32 | j |Line 44 I j
Font Preforence  [Couier = &P Lnes [3 =] [ine2l [ <] [Gne33 [T =] [bneds [ =
Font Size ISlandardSize j [Line 10 [+ =] |Line 22 [3 =] |Line 34 [2 =] [Line 46 [T =]
[Line 11 I 5 - |Line 23 I 4 ~| [Lline35 I 3 - [Line 47 I 2 -]
Line12 [ - Line24 |5 Line36 |4 =~ Line48 [3 ~
Set Graph Colors | - I J I J I J I J
0K | Cancel | Help | Load Default Colors |

Click here to get screen to right to
pick which colors you want used
for making graph lines.
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Use Millimeters
Figure 10 shows where you can select to use Millimeters to enter engine dimensions like Bore, Cam Lift, etc. Note that these

dimensions are changed if a file was saved in inches and the Preference is now set to MM. If you switch back and forth between
inches and MM, the actual measurements may change slightly due to this conversion and rounding errors.

Desired Piston-to-Valve Clearance

Figure 10 shows where you can select a Desired Piston-to-Valve Clearance from the drop-down list. Most engine builders use .100”
clearance for the intake and exhaust, but you can select anything you want here. Because you can now select a clearance, the
calculation menu for Piston-to-Valve Clearance is now different than in the earlier v3.0.

Hide Output

Some users have requested that certain output be eliminated, that it can add to confusion to customers reading the output. Figure 10
shows where you can now select which outputs are not displayed or printed.

Choose Different Graph Colors

Figure 10 also shows how you can select each color for each graph line. For example, if Yellow does not show up well on your
printer, you can change each occurrence of yellow to, say pink. This screen also lets you change the background color.
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New Plus Features in Version 3.4

The Plus version now has over 20 added features compared to the Standard Engine Analyzer. Here’s what we’ve added in v3.4 to the
10 Plus features in v3.2.

We’ve added the ability to import flow files from Port Flow Analyzer. Fig 11 and Fig 12.

We’ve added a new screen to let you do Variable Cam Timing (VVT). Fig 13.

Dwell over Nose (Cheater profile) can now be more exactly defined, to the nearest 2 degree increment. Fig 14.

Also, now this setting (Dwell over Nose) can be different on the intake vs the exhaust. Fig 14.

The program now allows for using a Ramp Rating for the cam profile for more exact cam profiles. Fig 14 and 15.

There is also a ‘Clc’ screen to calculate the ramp rating to match certain duration specs at either .200 lift or seat timing.

Fig 14 and 15.

Program now has Fuel Option of E85. Fig 16.

We’ve added an option to include the Special Calculations section for writing ASCII files of test results. Fig 17.

9. Program now has an “Edit Printed Graph” command under Format. It opens a screen where you have several options on
how to print your graph, include various comments, etc. You can now select to include the torque and HP data in a table
when you print out RPM data graphs as long as there are torque and/or HP data on the graph. Fig 18 and 19.

10. You can now print a Company Logo graphics files on reports and graphs. This info is loaded in the Preferences screen.
Fig 19 and 20.

11. You can specify 2 lines of text which can appear at the top of printouts of reports and graphs in the Preferences screen,

under Printing/Graphing. Fig 19 and 20.

S

™ N

Figure 11 New Feature for Picking Example Component Files

General Specs

Notes

Intake
Layout 1 valve & 1 port 4|

Walve Diameter. in

WAwg Port Diameter, in

Click on Get Example
button in the Head
Specs screen to bring

Type  [Use Specs in this Menu Ell | | oo, o up the screen below for
Chamber [Typicalwedge =l | | [Port Length. in importing a Head Flow
Compression Ratio Flow Efficiency. 2 | Table Flle from Out Port FIOW

Cyl%ol. cuin[37.70 Chamber ccs

Analyzer.

Help ~

Press <Enter> now or Click on this button to bring up Exhaust
a series of screens showing example specs for certain
components [highly recommended for beginner

users).

Layout |1 aly

Flow Efx

iency, & | Table

Print |

oK Help ( Ee’l'E'xamprle' Save Example |

=, Catagories of Cylinder Head Examples for Picking

Catagories [groups] of Catagories [groups] of
Performance Trends' Examples E les Added by User
Typ Small 2 Yalve Heads kevin

Typ Small 4 Yalve Heads
Typ Small Flatheads

Typ Large 2 ¥alve Heads
Typ Large 4 Yalve Heads
Typ Large Flatheads
Small Block Chevrolet
Big Block Chevrolet
Mopar [Chrysler]

Small Block Ford

Other Ford

Other Domestic

Imports

Motorcycles

Karts

Mew Catagory Hame I:I

Add Hew Catagory Mame to List |

Usze Catagory Cancel |

Tip: Click on a catagory in either zection ta Rename Chosen Catagory |

highlight it, then click on the 'Use Catagorny' : %
Tty s Bulsfios Gtk @ s Gelearmy |DeleteChosenCalaqow|

to pick in one step. [Catagories are groups See page 118 in manual for details. . .
of examples, like a group of Chevy heads, CI|Ck on th|S button tO
not individual examples.] Use Catagory Cancel | .
bring up the screens
Load Files from Other Company's Programs ShOWn in Figure 12
Load Files from Port Flow Analyzer /|
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Figure 12 Importing Head Files from Performance Trends’ Port Flow Analyzer

w. Open Port Flow Analy=er Test File E|

11 Tesztz in Libram Chaozen File: Harley Dravidzon YOU get thIS screen by CliCking on
Black Box Il on SFE00 i po .
BRODIX 10<_ pievag Jrsss (DA eeefes e 28] the “Load Files from Port Flow
N i . .
Example -SEI Chevy on SF 300 Ij;?t\ike: ] E!-:?Iaust-i Analyzer bUttOl"I ShOWI’] 1g} Flg 1 1 .
g g : : F
E::mg:z gg EEZ:ﬁ E?DSCE e EIF\'IMDi235:329 w7 \E,:-'|F\,.MD2232:51 15%5 i This screen is very similar to the
Example SB Forld SF 110 w Paort Welocity 1D:‘I.8pm. ° 051 /o004 File Open Scree.n In your Port FIOW
| : Analyzer. Use it to choose the file
SF'F!TSM!—'«N II
Trpical SF1020 Irg?oliﬁLHarley D avidzon test on SF 1020 with Port yOU Want tO |Oad.
(= List All Files by File Mame
() List by File Mame [include Head #) Folders Tip: Click on a
(" List by Head # (include File Mame) My-T ests different Fplder
name to dizplay all
the tests saved
under that Folder
l]pen Mame
Cancel | Help |

Find the file, then click on
the Open button for the
screen below.

w| Port Flow Analyzer, File Options

Comments
[ iInclude Test Comments:

I': ::z:::: :::: ﬁ""'"'enls Check the options you want,

B e (s [ / choose which Port (or Average
all ports Together), and click
on the “Copy PFA Specs to

[ Erase Existing Comments This Head File” button.

Which Port Average together all parts for Head ﬂ

Other Head Specs
[ Blank Out Select thiz option and the specs not included with
the Port Flow fnalvzer file will be blanked out.

These Head Specs not available: Compreszion A atio and Chamber
Design.

Copy PFA Specs to This Head File Cancel

IMPORTANTI! If you click on the 'Copy ___* button, specs
from the Engine Analyzer's File
C:\VB98\projectsB\EAINENGDATA1987 Ford Mustang
5.0L 302 EFI Stock will be overwritten by these new specs
and flow data.
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Figure 13 Variable Valve Timing (V V T) Specs

= Cam/MValve Train

General Cam Specs

Motes Total Cam Advance |10 Retard -

‘ Lifter [profile] Type ,WI
Type [Use Specs in this Menu ~] Malve Train  [Pushiad w Rackitum (praduc_= Choose Yes, and then you
Lift for Aating Events [ 050inches =] Y-V.T.  No & ¥as —See Specs | can click on the “See Specs”
Intake E xhaust
L — — e deg BTDC — button to see screen below.

= Variable Valve Timing (VVT) Specs for: C:\VBS8\projects6 EAZOMENGDATA 987 Ford Mustang 5.0L 302 EF) st Enter the values you want to

Final Intake Cam Profile Final Starting  Change Final Exhaust Cam Profile Final Startini use at and a_bove the FEPM tO .
Value Value Value vame | Change to Final Values” input in

Centerline. deg ATDC |11B_l] | |1‘IE \LIL | Centerline, deg BTDC 114 the lower left corner.
Duration @ .050 * |24|J.u | |202. | |38. | T 050" 248.0 | o2 | [45. 11
Open @ .050 °, BTDC (4.0 | [15 | 1= | | | Open @ _050 " BBDC |58 These are the settings
Close @ .050 ", ABDC  [56.0 | PB7 | 1= Close @ 050 ". ATDC  [10.0 from the original Cam
Max Lobe Lift, in [z od [# | [040 Specs screen, shown

for comparison.
Gross Walve Lift, in (512 | |.448 | |.DB4 Gross Walve Lift. in Th|S Column ShOWS the

“Change” (difference)

between the Starting Value
General ¥¥T Specs Help .

Location of center of exhaust lobe of cam as o and the Flnal Value-

Type Usge Al Specs Above j before TOC. p 45

RPM to Change to Final ¥alues

Your choice here determines
which specs are enables on this
screen.

T COpy TNy O T |

Total Cam Advance, deg 1.0 Retard

Lobe 5eparation. cam deg

1].4 | Help Copy Int to Exh |

Copy Exl

Enter the RPM at which the program

Click here for more details on how this screen should switch from the specs on the
works. original Cam Specs screen to these

VVT settings.

= Engine Analyzar Plus v3.4 [ 1987 Ford Mustang 5,00 302 EF1 $tock ] = Enging Analyzer Plus v3,4 [ 1987 Ford Mustang 500 302 EF1 Stock |
Bk Fo Pt Vew Optiicn bl | holmy LT comtahe S tp | by L5 CAHAabo Emens
[[] [E] [l [ETe=Telr ] Tel=ToT>1 el ET a raegse seaed . DOEIEEE DO |
Engine Analyzer v3.4 " Blgger VT Eng Analyzer v3.4, Valve DQ: Deg ol —
18 peessinagenssennp s " - . . . [k 50 - : i : e Lin
: [ /— It msuEs Cam |
250 i i £ : : NTrTTET—
25 t : a0
s - - 3
0
00
175 Mo
150
180
126
)
TS VY S -
o H L 1 } 1 o0
2000 F0 3000 00 4009 4500 SOG0 5500 6300 BSOD  Réw a0 Crank Dag
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Figure 14 New Features in Cam/Valve Train Screen

w. Cam/Yalve Train

General Cam Specs

“Cheater” profiles are
gone, replaced by Int and
Exh “Dwell Over Nose
shown below.

New “Spec” (specified) profile option
displays Ramp Rating input below for
you to “fine tune” the ramp.

Motes |Ease production cam
ey mild 270 duration at 050"
Mild lift alzo 260"

>

Total Cam Advance |1 O FRetard

Lifter [profile) Type |Spec Solid Flat

<

Type |Llse Specs in this Menu

L] Lt X

j Walve Train |F'ushru:u:| w Rockrdrm [race)

Lift for Rating Events |_|:|5|:| e j YVT. ¢ Mo ¢ Yes See Specs
Ramp Rating is E xhaust
displayed if you choose | deg ATDC Centerline. deg BTDC 114\ -
“Spec” (user specified) | _psR ™ 70 | Duration @ _050 170 ew specs
profile type in upper 50~ BXDC =T Open @ 050 *. BEDC % as shown in
right corner. Click on - Figure 13.
the “Clc” button to U G Lewe @ JED 7 20000 -29
calculate from 2 duration |Lift_ in Clc Max Lobe Lift. in Clc
specifications (Figure A lve, in Lazh at Valve. in
19) in Ratio Rocker Arm Ratio

Ramp Rating. % Ramp Rating. % Clc

Dwell Over Hose |5 Dieg - Cheater Dwell Over Hosze ||:| Deg-5td Profile ﬂ

Calculated Cam Specs

Lobe Separation

Grozs YWalve Lift, in

Duration @ _200 "

(1] 4 | He|p| EetExampIe|

P

Click. on the d&
LSS YOUN OWHR SPEC
Example set of zpe

You pick std (no dwell) or
Typical Cheater (lots of dwell),

Exhaust Specs. the Examply Or the Plus Version lets you
you change some 4 fine tune this in 2 degree steps.
730

Save Example Print | Pizston-¥Yalve Clearance |
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Figure 15 Calc Ramp Rating Screen

Calc Ramp Rating, %, Intake

Calc Ramp Rating, %
Dwell Over Hoze, deg
Duration @& Seat Timing
Minimum T appet Dia. in 962

Cam Specs

You can calculate an exact Ramp
Rating for a “General Description” or
to match 2 specific duration inputs by
your choice of “Follower Type”. Four
(4) calculated outputs describing the
resulting profile are shown at the top
of this screen.

Based On  |Duration @ 050" % 200" = |
Follswer Type |5 oiid Flat |
llow Dwell Over Hose || Specifie
Dwell Over HNose, deg
Max Tappet Lift, in
Dezigned Yalve Lazh, in
Hocker Ratio
Duration & 050"
Duration @ 200"

Help | Cancel ‘ Print |
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= Running Conditions

Test Conditions

Coolant Temp. deg F

Weather [SAF Conds (77 deg, 296" |

5 Jlad

Fuel Specs

Figure 16 New Features in Calculate Performance Running Conditions

X

Type | Gazoling

[

Fuel Oc Fropane [hi-pres. liquid LPG')

Matural gas [methane or CHGE)
Appros: 4 Truck Diesel [prad. lean w low smake
Auta Diesel [prad. rich w low smoke)
RPMs Y Diesel [race rich w high smoke)

——| Dieszel [rich hi-zmoke race-pump)
Starting £ o' (85% ethanol15% gasoling]

Very Rich EB5 [85% ethanol/15% gas] %
o T O

Plus Version has E85
Fuel Options.

Number

RPHM Increment

[EDki Dems e 2000 AEAQ 3OO0 CENN
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Figure 17 New Features for Writing ASCI| Data Files

<] Engine Analyzer Plus ¥3.4 Performance Trends [ CAl

B Back Graph Print View SendToWehProgram NalorAralyze  Hel
Notes | [Notes § A/ mikture Vi
s, ] Crmnts

[RPM [2000 [2500 [3000 [3500 4000 |4
Brake Ta 180 198 20 218 a1 2
Rrala HP o f a4 n AE 24

B\ KEVIN.TXT - Notepad

File Edit Format Miew Help

RPH 2608
Brake_Tq 180
Brake_HP 68.6
Exh_Pres .8

Int_Vacuum a.a
Vol Eff % 80.4
Actual_CFH 151
Fuel_Flow 88.2
A/F_Mix_Qal 58.1

B3FC 1.169
BSAC 9.668
Friction HP 15
Mach_# 118
Piston_Spd 1600
Piston_Gs 221
Duerlap %VE -.2

Int_nuglel ]
In_InertiaPrs .8
In_ResTunPrs 0.8

Ex Auglel 98
ExTun_Prs 1
Lifter_Pump_UpHone
Spark_Adv 29

Special Calculations:

Overlap Area, s5q in=deg

At the top of the Calculated
Results, click on File for
the screen shown in the
lower left.

4oga A
218 219 211
128 146 184
.8 .8 .8

. . -1
82.4 82.7 85.6
232 272 322
123 144 171
64.6 70.8 76.4
1.628 .998 931
8.185 7.696
29 38 49
176 .206 .23%
1588 1758 20088

Liir ETE Q00

Note that this file includes the
Special Calculations.

—————— Valve Flow & Cam Calculations --—--—--—-—

1.5

LTS 196 % Save as ASCII File
.5 1.1 - it
Mone Nunh None ASCII File Options
32 33 34

[¥ Include Special Calculations
Total Avg FLi

Plus Version has
“Include Special
Calcu-lations” option.

Total Exh/Int % 77.2
Lobe Separation, deg 1088.0

—————— General Engine Calculations
Displacement, cc 4943 .1
Dynamic Comp. Ratio 7.87
Theo. Crank CGomprssn,PSI 178

Lobe Area, il
Ulv Area, dei
Lobe Centerl:

Displacement
Compression

Clearance Vo
Est Idle Vac

¥

Ln z2, Col 42

File Name

Browse

(B 98 projectsBAEAIINKEVIN.TXT |

Save File ‘ Cancel ‘

Tip

Enter a valid file name [and path if you want] ta
save ASCI file. I just a file name is given, the file
iz zaved to the Engine Analyzer directary. Refer to
page 98 and 102 in User's Manual for definitions of
Options
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Figure 18 New Features for Graphs Screen

. =, Engine Analyzer Plus 3.4 [ 1985 Ford Mustang 5.0 302 Stock ]
Back File NEEiuEM Yiew Optimize Help | history  LAST  cam-TQUHP  Baseline

e 2 3 23 23 3 3 N ) 4

VYalve Lift vs Crank Degrees

Special Graph Types erv34 Tq&HPvsRPM - Bigger Cam
270 i i Rt e e [ s :

Line Style v . : : : | : : Torque 229
Edit Titles/Legend H H H H | | H
Edi Printed Comments

- Baseline

Legend gt 3ph line labels) Classic Size (smallest)
Larger Size
v Largest Size

Horsepowe 205

-----------------------------------------------------------------------------------------------

3015I]I] 2000 2500 3000 \ESDD 4000 4500 a000 5500 G000 RPM 5000
Choose option to \ Click on Edit Printed
display the different Comments for the screen
options available for of options shown below.
each test being
graphed.

. Printed Graph Comments

7 Graph Data Sets [comments available for each Data Set)

w1 2

By U= |Bigger Cam Engine Comment

Test Comment Bigger Cam on this 302

220 deg @ 050" Intake
228 deg @ 050" Exhausy

— | Options and the Comment
in this lower section apply to
the whole graph. Figure A
23 shows a printout for the
options picked here.

Include on Graph Titles to Use Graph Comment [1 comment on graph]
v] Test C k g i
E:;in:g;n:::nts O Std Titles 302 ¥-8 Cam Comparizon

Graph Comment © Al. Titles

Tq / HP Data _See Titles |

Engine Picture

oK ‘ Help |
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Figure 19 Printed Graph with New Features

,‘:. Engine Analyzer u3.4

Calculated Test Results

Company Logo
graphics file (Plus
version only)

Eng: 1885 Ford Musiang 5.0L 302 Siock Calculations

Kewin's Engine Analyzer for  This Graph Printed:
4:15 pm 04-08-10

Performance Trends (C) 2008 Page: 1

2 lines of user
entered text (Plus
version only)

Engine Analyzer v3.4

B e e T e bt PR = | [ [ [ = =] )  —
i ' : : } : ' i [Torque 2249
! i et i i
240 foem [ . A NS F o Y S
- Baseline
210 S
Horsepov 205

180

150

120

Tq & HP vs RPM

o ;
1
i
1
60 Fo--m--
0 e o Additional text and data
1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 . a .
printed at bottom of page,
under graph, as selected
302 V-8 Cam Comparison in screen shown in Figure
Test and Engine Comments for: Bigger Cam A 22,
220 deg i@ 050" Intake 228 deg @ .050" Exhaust
Bigger Cam on this 302
RPM 1500 2000 2500 000 E00 4000 4500 5000 5500 8000
Tq 198 218 233 248 50 252 246 228 104 158
HP 58.7 £83.1 111 140 67 192 211 218 203 82
Comments and
data may
Engine Analyzer w3.4 Kevin's Engine Analyzer for  This Graph Printed: continue onto a
ﬁ Emng- 1885 Ford Mustang 5.0 302 Siock Calculations 4:15 pm 04-08-10 nd
- Calculated Test Results Performance Trends (C) 2008 Page: 2 2 page as
Test and Engine Comments for: Baseline shown here.
INZwh VW T
302 Baseline
RPM 1500 2000 2500 2000 3500 4000 4500 5000 5500 8000
Tq 230 246 260 264 263 250 240 218 178 138
HP B5.7 o9z.8 124 151 176 107 214 205 184 150
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Figure 20 New Preferences

He
I
de:
frai
Cli
oy

& Preferences

( General Operation Gen. Operation, cont
Printing / Graphing:

Program Title Comments

First |Kevin's Engine Analyzer for |

Second |Eal-::ulations |

Tip: Enter text [compary name, phone #, etc] which wall
appear at top of printouts.

Uze Logo File

Mo - Browse

C: My Documentshhdy PicturesiPi T Color 2.bmp

Graph Labels Font default font j

Dot Matnix Graph Printer Ma -

I.-'-‘-.rial Fant j

Printed Graph Width, X of Page

Printer Fonts

Always Autoscale a New Graph Yoz -

Printing Special Calculations

| Coaurier -

|Standard Size ﬂ

Font Preference

Font Size

Set Graph Colors |

oK

Cancel

Resztart
Showing
elp Tips

Turn OFf
Showing
Help Tips

Help

4 ce

{ inct

New buttons to turn Off or turn On all intro
help tips.

This section “Program
Title Comments” is
available only in the
Plus version, and lets
you specify 2 lines of
text and some graphics
file (typically a
company logo) to
appear at the top of
your printouts (reports
and graphs).
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New Plus Features in Version 3.4 B

Version 3.4B has added new features in the Optimize screen. Check the text on pages 204 and 205, and Fig B.11 on page 214.
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1st Stage HP Rating, 56
1st Stage Starting RPM, 56

2nd Stage Added HP, 56
2nd Stage Starting RPM, 56

A/F, 32, 55,56,57,61, 62, 65,162,165, 166, 168, 176, 177,
218,219

A/F Mix Qal, 57, 62, 177

A/F Mixture Quality, 32, 62, 162

Accessories, 8, 20, 122, 176, 178

Accuracy, 5,7, 8,9, 23, 32, 36, 58, 65, 71, 72, 73, 76, 82, 84,
85,92, 151, 152, 153, 160, 161, 162, 177, 179, 203, 204

Actual CFM, 61, 142, 148, 175, 176, 177

Adobe Acrobat, 179, 188, 203

Alcohol, 47, 56, 57, 61, 62, 162, 166, 169

Analysis Report, 4, 93, 95, 96, 142, 148, 153, 155, 158, 160,
178,203

Approx Camxe "Cam" Specs, 71

Area, 66, 70

ASCIL, 4,97, 188, 199, 204, 228, 234

Assumed Rocker Arm Ratio, 86, 134

Assumptions, 9, 23, 28, 29, 39, 40, 41, 46, 48, 55, 56, 57, 62,
67, 68,69, 70,71, 119, 129, 131, 134, 159, 161, 162, 163,
176, 177,204, 218, 219

Auto-Link, 180, 186

Avg HP, 13, 114, 134, 139, 156

Avg Port Diameter, 23, 73, 76, 149, 150

Avg Tq, 13, 114, 134

Axis, 104, 105

Back Color, 105, 227

Barometric Pressure, 54, 55, 60, 69, 87

Baseline, 13, 129, 154, 157, 159

BDC, 20, 63, 74, 105, 138, 179, 203

Beginner, 17, 19, 20, 21, 27, 31, 33, 35, 38, 43, 45, 48, 50, 91,
119, 122,204

Belt Ratio, 49, 51, 86, 145, 175

Bench Test Pres, 85

Boost, 22, 44, 46, 47, 48, 49, 51, 60, 64, 141, 142, 143, 146,
175

Bore, 19, 20, 69, 74, 75, 123, 168, 177, 227

Brake HP, 13, 60, 97, 99, 162, 167, 175, 177

Brk Tq, 13, 60, 97, 162, 175, 177

Browse, 10, 188

BSAC, 62, 179

BSFC, 62, 167, 221, 222

Calculation Button, 14, 19, 20, 22, 23, 24, 25, 29, 30, 32, 35,
40, 49, 51, 54, 55, 73, 78, 80, 134, 145, 149, 150

Calculation Menus, 4, 14, 40, 73, 74, 75, 76, 78, 80, 82, 85,
86, 87,129, 134, 149

Cam, 4,7, 14, 18, 22, 37, 38, 39, 40, 41, 58, 63, 64, 65, 66,
67, 68, 69, 70, 71, 72, 80, 81, 86, 119, 124, 126, 127, 128,
129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 141,

151, 153, 155, 156, 160, 162, 166, 167, 168, 175, 177, 180,
187, 193, 194, 197, 203, 204, 205, 218, 219, 222, 227, 228,
231

Cam Advance, 39, 132, 187

Cam File, 197

Camzxe "Cam"/Valve Train, 4, 18, 37, 38, 72, 86, 124, 127,
129, 131, 133, 134, 187, 193, 194, 231

Carb/T-B CFM Rating, 85, 150, 162, 175

Carburetor(s), 31

CD, 10

Centerline, 18, 40, 41, 131, 132, 133, 222

Centrifugal Supercharger, 43, 48, 49, 50, 51, 86, 144, 145,
146

CFM, 24, 28, 32, 35, 36, 45, 50, 61, 79, 80, 81, 82, 83, 84, 85,
142, 143, 149, 150, 151, 155, 162, 175, 176, 177, 178, 218

CFMzxe "CFM" at Peak Efficiency, 45, 50

CFM Rating, 28, 32, 35, 36, 85, 155, 162, 175, 177, 178

Chamber, 22, 23, 75, 163

Chamber ccs, 23

Chamber CCs in Head, 75

Chamber Design, 22, 163

Cheater Cam Profile, 187, 228

Clc button, 14, 19, 20, 22, 23, 24, 25, 29, 30, 32, 35, 40, 49,
51, 54, 55,73, 78, 80, 134, 145, 149, 150, 187, 228

Clearance Volume, 22, 68, 69, 75

Closing @, 40

Collector Length, 34

Combustion Chamber, 169, 203

Comma Separated, 97

Comments, 11, 13, 30, 111, 125, 128, 180, 187, 188, 228

Company Logo, 188, 228

Component Examples, 89, 91

Component Files, 189, 228

Compression Ratio, 19, 22, 23, 68, 69, 73, 75, 123, 139, 148,
169, 177

compressor map, 44, 45, 50

Compressor Map, 44, 45, 50

Convert to Columns, 97

Coolant Temp, 55, 124, 125, 169, 175, 177

Copy, 8, 109, 110, 116, 129, 149, 153, 159, 179, 204

Crank Pulley Diameter, 49, 51, 86

crankcase, 20

Crankcase, 20

Cursor, 100, 102, 135, 138, 179, 188

Cycle Data, 59

Cyl Vol, 22, 68

Deck Height, 75, 76

Deck Height Clearance, 75, 76

Design, 33, 34, 43, 44, 48, 49, 84, 150, 162, 169

Desired Cubic Inches, 74

Desktop Dyno, 187

Dew Point, 14, 55, 87, 178

Diameter, 17, 23, 26, 33, 34, 48, 58, 71, 73, 76, 82, 149, 150,
156, 175

Direct Injection, 203
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Directory, 7, 8,97, 110, 119

Displacement, 68

Display User’s Manual, 179

Dot Matrix Printer Adjustment, 111, 180

Dry Bulb Temp, 87

Dual Plane, 28, 150

Dual Plug, 22

Duration, 18, 39, 40, 41, 131, 132, 133, 137, 139, 204, 205,
218

Duration @ .050, 131

Dwell over Nose, 187, 228

Dynamic Comp. Ratio, 68, 69

Dynamometer, 9, 13, 54, 55, 60, 61, 62, 69, 122, 160, 162,
175,176, 177,178, 187

Dyno Sim, 187

ES85, 187, 228

Edit Printed Graph, 188, 228

Elevation, 54, 55, 60, 87, 178

Email, 10

Engine Analyzer Pro, 203, 204

Engine File, 108, 109, 113, 223

Engine HP, 26, 85

Engine Library, 4, 12, 14, 93, 107, 109, 114, 119, 120, 125,
128, 129, 141, 149

Engine RPM, 60

Esc Key, 179, 183

Est Idle Vac, 69, 129, 139, 155

Ex AvgVel, 64, 159, 175

Example Components, 4, 5, 17, 24, 25, 45, 50, 82, 84, 89, 90,
91,92, 117, 119, 120, 122, 123, 124, 144, 179, 220

Exh Pres, 36, 60, 142, 143, 175, 177

Exh System, 4, 33, 35, 76, 80, 82, 85, 124, 142, 145, 159,
162, 168, 175,177, 178, 187

Exhaust Back Pressures, 36

Exhaust System, 4, 33, 35, 76, 80, 82, 85, 124, 142, 145, 159,
162, 168, 187

Experienced, 17, 127, 129, 204

ExTun Prs, 64, 159

F5 Key, 179, 183

File, Engine, 7, 8, 10, 11, 12, 15,97, 108, 109, 114, 119, 124,
125, 149, 175, 179, 186, 203, 204, 220, 227

Flat Head, 22

Flow Bench, 5, 18, 24, 25, 26, 30, 34, 78, 79, 80, 81, 82, 84,
85, 149, 151, 152, 160, 177

Flow Bench Flow, 84, 85

Flow Effcy, 8, 22, 24, 25, 26, 29, 30, 34, 64, 66, 78, 80, 81,
82, 149, 150, 151, 152, 173, 175, 176, 177, 179, 225

Flow Efficiency, 8, 22, 24, 25, 26, 29, 30, 34, 64, 66, 78, 80,
81, 82, 149, 179, 225

Flow Obtained, 80

Flow w/o Runner, 81, 82

Flow with, 82

For Peak HPxe "HP" at This RPM, 58, 69, 153, 155

For This Intake Runnerxe "Runner" Len, 58, 153

Friction HP, 62, 146, 167, 175, 176, 177

Fuel Flow, 61, 142, 143, 148, 165, 175, 176

Fuel Injected, 32

Fuel Injection, 124

Fuel Octane (R+M)/2, 57
Fuel Type, 56, 218

Gasket Bore Dia, 75

Gasket Bore Diameter, 75

Gasket Thickness, 73, 75, 220

GMC, 48

Graphxe "Graphs" Title, 113, 203, 204

Graphxe "Graphs"?, 113, 204

Graphics File, 187, 188, 228

Graphs, 4, 7, 12, 13,97, 99, 100, 101, 102, 103, 104, 105,
113,114, 127,128, 133, 135, 136, 137, 138, 139, 142, 143,
145, 146, 147, 151, 152, 179, 180, 183, 184, 188, 200, 201,
203,204, 218, 221, 222, 223, 227, 228, 235, 236

Grid Style, 105, 203

Gross Exhaust Valve Lift, 41

Gross Intake Valve Lift, 41

Gross Valve Lift, 132, 187

Harley Davidson, 187

Head(s), 4, 15, 19, 21, 25, 27, 29, 33, 58, 66, 70, 71, 73, 75,
76,78, 79, 81, 123, 149, 150, 156, 163, 168

Headers, 34, 35, 36, 113, 124, 178

Height, 70, 75, 77

Help, 7, 8,9, 11, 12, 14, 18, 69, 73, 125, 127, 143, 160, 175,
179, 185, 187, 204, 205, 218, 221

Hemi, 22, 25

History Log, 4, 93, 99, 100, 112, 113, 114, 129, 130, 132,
134, 135, 136, 139, 141, 143, 145, 156, 203, 204

Hole Dia, 83

HP, 5, 13, 20, 25, 36, 39, 53, 55, 56, 58, 59, 60, 61, 62, 65,
69, 71,72, 85,92,95,100, 119, 124, 126, 127, 128, 136,
139, 143, 145, 146, 147, 153, 155, 156, 160, 162, 164, 165,
166, 167, 168, 175, 176, 177, 178, 182, 188, 221, 222, 228

HPxe "HP" Pk Int Dur, 72

HPxe "HP" Pk, Exh Dur, 72

Hydraulic, 5, 7, 39, 40, 64, 69, 129, 131, 132, 133, 134, 135,
136, 137, 138, 139, 204

Idle Vacuum, 66, 69, 129, 139, 155

In InertiaPrs, 64, 151, 155, 156, 157, 176

In ResTunPrs, 64, 70, 71, 155, 156, 157, 160

Include Engine Comments, 111

Include Engine Specs, 111

Include Text, 97

Incr., 114

individual runner, 28, 29, 34, 76, 153, 177

Inertia, 70, 71, 139, 156, 157, 158, 171, 172

Install, 10

Installation, 4, 10, 14, 34, 80, 82, 131, 146, 149, 178

Installing, 5, 129, 144

Int AvgVel, 63

Int Vac, 60, 142, 155, 175, 176

Intake Air Temp, 54, 55, 60, 178

Intake Duration, 39, 63, 65, 66, 67, 68, 69, 71, 72, 128, 131,
132, 136, 137, 139, 151, 175, 177, 187, 228

Intake Heat, 31, 91, 175, 177, 178

Intake Manifold, 23, 58, 64, 69, 73, 123, 124, 162

Intake System, 4, 27, 31, 34, 35, 70, 76, 80, 82, 123, 124, 149,
150, 151, 156, 168, 177,218
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Intercooler Eff, 46, 47, 51, 141, 145
Island CFM, 44, 45

Jet, 55, 85

Knock Index, 57
Know, 5, 73, 76, 87, 119

Lash, 38, 40, 41, 64, 131, 134, 163, 175

Layout, 23, 26, 27, 29, 33, 70, 71, 79

Legend, 100, 103, 113, 135, 188

Length, 17, 23, 70, 73

Library, 12, 45, 49, 107, 108, 109, 129, 141, 153, 179

Liftxe "Valve Lift" for Rating Events, 39, 40, 131

Lifter, 5, 31, 39, 40, 41, 64, 65, 67, 72, 86, 97, 129, 131, 132,
133, 134, 135, 139, 163, 177, 205

Lifter (profile) Type, 39, 40, 131, 133

Lifterxe "Lifter" Pump Up, 39, 64, 65, 97, 132, 163, 205

Line Style, 105

Lobe Centerlns, 68

Lobe Area, 67

Lobe Separation, 41, 67, 131, 132, 134, 187

log, 7, 114

Log, 33,99, 100, 112, 129, 143

Log Manifold, 33

Look For It, 116

Mach #, 8, 62, 63, 71, 151, 155, 175, 177
Manifold Type, 28, 31, 32, 64, 89, 123, 124
Max Lobe Lift, 39, 40, 41, 86, 132, 134
Max Safe Pulley RPM, 51, 145, 146

Mech Eff, 167, 168

Motoring HP, 62

Mufflers, 36, 85, 124, 142, 145

Nitrous, 5, 55, 61, 62, 124, 141, 146, 147, 148, 168, 169
Notepad, 8, 203, 204
Number of RPM Steps, 57

Octane, 56, 57, 61, 62, 124, 125, 141, 143, 145, 148, 162,
177,179

Open File, 7, 8, 11, 18, 25, 32, 35, 36, 40, 107, 108, 119, 129,
142, 145, 149, 153, 178, 185, 204

Opening @, 40

Optimize, 180, 182, 187, 204, 205, 218, 221, 222,223,238

Optimize Using These Cams, 187

Outside Air Temp, 87

Outside Rel Humidity, 87

Overlap, 63, 65, 66, 67, 129, 137, 139, 155, 156, 160

Overlap Area, 63, 65, 66, 67, 129, 137, 139

PDF, 179, 203

Peak Efficiency, 45, 50

Peak HP, 114, 133, 134, 139, 146, 151

Peak Tq, 114

Pent Roof, 22

Piston, 20, 22, 23, 63, 68, 69, 74, 75, 76, 155, 158, 164, 167,
168, 171, 172, 219, 220

Piston Dome, 73, 75

Piston Dome CCs, 73, 75

Piston Gs @ TDC, 63

Piston Spd, 63, 155, 158

Pistons/Bearings, 20

Plus version, 21, 26, 37, 53, 89, 93,97, 111, 117, 129, 149,
187, 188, 228

Plus Version, 187, 188, 191, 192, 204

Port Flow Analyzer, 187, 191, 228, 229

Port Length, 17, 23, 58, 70, 71, 73, 76, 156

Port Volume, 17, 23, 58, 71, 73, 76, 149, 222

Port/Runner Volume, 77

Preferences, 4, 11, 17, 40, 79, 90, 91, 119, 127, 129, 180, 183,
187, 188, 202, 203, 204, 226, 227, 228, 237

Pres Ratio at Pk Effcy, 45, 50

Primary Diameter, 34, 159

Primary Length, 34, 159

Primary Throttle Dia, 83

Primary Tube O.D., 71

Print, 4, 7, 8, 13, 73, 76,93, 101, 111, 112, 179, 188, 204,
218,228

Print Blank Worksheet, 111

Print Help Definitions, 112

Print History, 112

Printers, 179, 188

Pulley RPMxe "RPM" at Pk Effy, 50

Pump Up, 65, 132

Pushrod, 131, 133

Ramp Rating (cam), 187, 228, 232

Readme.doc, 8

Rec Area, 70, 71

Rec Len, 70, 71

Registered Code, 10

Registered Name, 10

Request Report Comment, 111

Resonance, 171, 172

Restrictor Plate, 83, 84

Rocker Arm Ratio, 38, 39, 41, 86, 132, 134, 163, 177, 187

Rod Length, 20

Roots Supercharger, 43, 48, 49, 86, 175, 187

RPM, 13, 20, 22, 28, 32, 36, 44, 46, 48, 49, 50, 51, 56, 57, 58,
59, 60, 62, 63, 64, 65, 66, 69, 70, 71, 72, 95, 96, 97, 99,
112, 114,119, 124, 126, 127, 132, 133, 136, 137, 139, 141,
142, 143, 145, 146, 147, 148, 151, 153, 154, 155, 156, 157,
158, 159, 160, 166, 168, 171, 172, 175, 176, 177, 178, 179,
182, 188,203, 204, 219, 221, 222, 228

RPM Data, 59, 60, 97, 99, 112, 132, 155, 171, 177, 188, 222,
228

RPM Step Size, 57

Runner, 23, 27, 28, 29, 30, 33, 34, 58, 63, 64, 65, 66, 69, 70,
71,73,76,77, 80, 81, 82, 123, 139, 149, 150, 151, 152,
153, 155, 156, 157, 158, 159, 160, 171, 172, 173, 175, 176,
177, 180

Runner Diameter, 27, 29, 30, 73, 76, 81, 82, 149, 150, 156

Runner Flow Coef, 173

Runner Length, 23, 29, 70, 73, 150, 156

runnerxe "Runner"/cyl, 27, 33

Running Conditions, 4, 12, 13, 14, 46, 51, 53, 69, 70, 87, 124,
126, 141, 143, 146, 153, 168, 178, 198, 218, 219, 233

S/C Pulley Diameter, 49, 51, 86
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Safety, 3,9, 13,20, 46, 49, 51, 64, 65, 93, 95, 96, 131, 144,
146, 148, 153, 158, 168

Save, 7, 11,91, 97, 109, 114, 125, 128, 220, 223

Save to Engine Library, 125, 128

Savexe "Save"?, 114

Saving Examples, 91

Scales, 36, 45, 50, 100, 104, 105, 180, 188, 222

Screen, Larger Fonts, 203

Screen, Resize, 204

Seat Timing, 7, 187, 228

Secondary Throttle Dia, 32, 83, 176, 177

Secondary Throttlexe "Secondary Throttle Dia"s, 32, 176, 177

Seek, 116

Send to Vehicle Program, 4, 115

Setup, 10

Shape, 77

Short Block, 4, 19, 22, 28, 74, 75, 89, 120, 121, 122, 123,
162, 169, 176, 187, 204

Single Plane, 28

Spark, 22, 49, 55, 56, 65, 141, 142, 143, 148, 164, 167, 169,
176, 177, 179, 221, 222, 224

Sparkxe "Spark" Adv, 65, 142, 143, 169, 177, 221, 222, 224

Spark Knock, 49, 65, 141, 142, 148, 177

Special Calculations, 58, 59, 65, 112, 129, 130, 151, 156, 160,
162, 188, 203, 228

Special Graph, 188, 221, 222

Stan Weiss, 187

Starting Point Suggestions, 58, 69, 125, 129, 153, 155, 156,
160, 180

Starting RPM, 57, 124, 153

Streamlined Manifold, 33

Stroke, 19, 20, 62, 63, 69, 74, 75, 166, 168, 177

Supercharger, Screw Type, 203

Supercharging, 4, 5, 14, 22, 43, 48, 49, 50, 51, 60, 61, 62, 63,
64, 67,72, 86, 124, 141, 142, 144, 145, 146, 148, 153, 159,
160, 168, 169, 171, 175, 187, 198

System Type, 55, 124

TDC, 20, 63, 65, 68, 74, 76, 105, 179, 203, 220

Tech Help, 2, 9, 10

Test Conditions, 54

Test Pressure, 18, 79, 80, 81, 82, 85, 149, 150

Test Title, 113, 129, 132

Theo. Crank Comprssn, 69, 129

Thermal Eff, 167, 168

Throttle Body(s), 31

Torque, 5, 20, 28, 39, 58, 59, 60, 62, 64, 65, 69, 99, 100, 114,
124, 127, 133, 134, 136, 139, 142, 145, 146, 147, 148, 151,
155, 156, 160, 161, 162, 167, 171, 172, 173, 175, 177, 178,
179, 182, 188, 218, 221, 222, 228

Total # Pri. Throttle Plates, 83

Total # Sec. Throttle Plates, 83

Total Avg Flow Coef, 66, 162

Total Cam Advance, 38, 39, 131, 134, 175

Total CFM Rating, 28, 32, 35

Total Exh/Int %, 66, 129, 139, 151, 155

Total Length, 33

Tuning, 5, 9, 23, 27, 28, 29, 30, 33, 34, 55, 58, 63, 64, 65, 69,
70,71, 82,127,137, 149, 151, 153, 155, 156, 157, 158,
159, 160, 162, 163, 171, 172, 173, 174, 175, 176, 177, 203

Turbine Nozzle, 44, 46

Turbocharging, 5, 43, 44, 45, 46, 49, 51, 60, 66, 141, 142,
143, 144, 148, 187

Type, 19, 21, 22,27, 31, 33, 35, 38, 43, 44, 45, 48, 49, 50, 85,
89, 120, 123, 124, 127, 131, 134, 141, 142, 143, 144, 145,
149, 188, 203, 222

Type of Vehicle, 85

Typical, 16, 20, 22, 27, 38, 44, 45, 50, 73, 89, 91, 96, 120,
121, 122, 123, 124, 126, 127, 128, 141, 171, 178, 187, 220

Typical Examples, 16, 20, 22, 27, 38, 44, 45, 50, 73, 89, 91,
96, 120, 121, 122, 123, 124, 126, 127, 128, 141, 171, 178,
187,220

Typical Octane, 187

Valve Dia, 23, 26, 79, 81, 149, 175, 177, 220

Valve Diameter, 23, 26, 79, 81, 149, 175, 177

Valve Lift, 24, 39, 40, 41, 59, 66, 67, 71, 72, 79, 80, 81, 82,
86,99, 100, 105, 128, 131, 132, 133, 134, 136, 137, 139,
149, 150, 151, 177, 179, 187, 203, 205, 218, 227, 228

Valve Lift Tested, 79, 81

Valve Toss, 39, 64, 65, 97, 135, 139, 163, 177, 205

Valve Train, 38, 39, 41, 65, 124, 131, 133, 135, 139, 168, 177

vapor pressure, 57, 62, 162, 177

Variable Cam Timing (VVT), 187, 228

Vista, 8, 187

Vlv Area, 66, 67, 68, 129, 139, 151

Vol Eff, 60, 61, 156, 166, 168

Volume, 17, 22, 23,48, 58,71, 73, 75, 175

Volumexe "Volume"/Revolution, 48, 175

Volumetric Efficiency, 60, 61, 62, 63, 64, 67, 155, 161, 162,
166, 171, 172

Wastegate Limit, 46, 141, 142

Weather, 46, 51, 53, 54, 124, 168, 178

Wedge, 22

Weiss, Stan, 187

Wet Bulb Temp, 87

Width, 70, 77, 180

windage, 20

Windows, 1, 7, 8,101, 108, 110, 112, 115, 116, 119, 125,
179, 187

Windows 7, 187

Working Code, 10

WOT, 32, 176

Zoom, 7, 137
Zoomies, 33
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