PROGRAM ONX
ONX USER GUIDE

ON-DESIGN CYCLE ANALYSISPROGRAM

The on-design cycle analysis program ONX is based on the equations developed in Aircraft
Engine Design and can analyze the following seven different engine cycles (relevant section of
textbook is shown within parentheses following cycle):

Turbojet without afterburner (Chapter 4 and Appendix E)

Turbojet with afterburner (Chapter 4 and Appendix E)

Turbofan with separate exhausts (convergent only exhaust nozzles) (Appendix G)
Turbofan with mixed exhaust and no afterburning (Chapter 4 and Appendix E)
Turbofan with mixed exhaust and afterburning (Chapter 4 and Appendix E)
Turboprop (convergent only exhaust nozzle) (Appendix H)

. Ramjet (Appendix J)

This program is designed to be user friendly and uses multiple menus for program control and data
input. When an error occurs in a menu selection or in the format of input data, the user is asked to enter
the selection or value again. Multiple calculations for different values of one design variable are
possible by selecting the iteration variable from a menu and then specifying its minimum, maximum,
and incremental values. On-design input data files may be saved on disk for later use. Also, saved on-
design input data files may be read from disk for current use. Program output may be directed to the
screen only, the printer only, or both the screen and the printer. The reference data file required for
input to the off-design cycle analysis program (OFFX) can only be made and saved on disk by
performing a single design point calculation and then saving the required output data to a user-named
reference datafile.

Noo,rwNE

A. MAIN MENU
When ONX isrun, the first thing to appear on the screen is

LR R R RS RS RS EE R R R R SRR R R R SRR EEEEEEEEEEEEEEEEEEEEEEEEESEEEESREEEEEEEES

ONX - ON-DESI GN Al RCRAFT ENG NE CYCLE ANALYSI S PROGRAM - VERSI ON 2.2
Copyright (Q by Dr. Jack D. Mattingly
May 1996. Al rights reserved.

Al AA has exclusive license to promote and sell this copyrighted soft-
ware. This programis provided "AS |S" without warranty of any kind.
Jack D. Mattingly and Al AA do not warrant or guarantee the use, or the
results of the use, of this software or acconpanying user guide in
terms of correctness, accuracy, reliability, currentness, or otherw se.
The entire risk and performance of the software is assumed by the user.

ENG NE DESI GN and i s based on the engi ne nodel s contained therein. It
is intended for educational use only and not as a replacenent for the
nmore conpl ex and highly accurate aircraft engine cycle decks used in the
industry. This program gives accurate performance trends within the
limtations of the nodels and user input data.

The purchaser is granted the right to use one copy of this software
programon a single termnal connected to a single conmputer (i.e., with
a single CPU. You may NOT network this software programor otherw se

use it on nore than one conputer or conputer ternminal at the sane tine.
LR R R RS RS EEE R R R EE SRR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEESES]
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* ONX was witten for use with the Al AA Education Series textbook Al RCRAFT
*
*
*
*
*
*
*
*
*
*
*

Press "Return" (Enter) key to continue

This logo identifies the name of the program and its version number. After the user inputs a
carriage return (<CR>, also called a RETURN key and an ENTER key), the program displays the
following screen for redirecting printed output to a disk file rather than the default printer PRN. If the



user answers the question WANT TO CHANGE THE DEFAULT (Y=1)? with anything other than
1, the program uses the default name for the printer name. The example below shows responses for an
output file named OUTPUT 1.PRN on Drive A:. Note that responses are shown in bold letters.

EEEEEEEE SRS EEEEEEEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEES

* The default printer nane is "PRN', the standard for *
* M5-DCS. At this point in the program this can be *
* changed to a disk file, e.g. "A OUTNAME. PRN'. *

EEEEEEEE SRS EEEEEEEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEES

WANT TO CHANGE THE DEFAULT (Y=1)°? 1

ENTER NAME OF PRI NTER FI LE (MAX OF 14 CHAR) A: QUTPUT1. PRN
PRINTER FILE | S "A: QUTPUTL. PRN ", CORRECT (Y=1/N-=0)? 1

The MAIN MENU screen is displayed after the printer redirection screen as follows:

EEEEEE SRR SRS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEE SRS

*

* ON-DESI GN ENG NE ANALYS! S PROGRAM *
* *
* MAI N MENU *
* *
EEEEEREEEEE SRS S EE S EEEEEEEEE SRR R RS R R R R EEEREEREEREEEEEEEEEEEESESE]

1 - ENG NE CYCLE SELECTI ON (5)

2 - CALC | TERATI ON VAR ABLE (4)

3 - | NPUT DATA

4 - OUTPUT DEVI CE (2)

5 - PERFORM CALCULATI ONS

6 - EXIT PROGRAM

ENTER YOUR SELECTI ON

Menu items 1 through 4 each have a corresponding sub-menu. Menu item 5 has no sub-menu and
menu item 6 allows for an orderly exit from this program. The normal procedure is for a user to select
menu items 1 through 4 before selecting item 5 - PERFORM CALCULATIONS, unless the user
wants to use the default values or data of sub-menus 1 through 4. After a user has changed the
selection of a sub-menu, this change is stored internally within the program and remains until changed
or the program is ended. The current selection for main menu items 1, 2, and 4 is displayed within
parentheses to the right of that menu item and initially will contain the default value set by the
program. As indicated by this main menu, the default selections for main menu items 1, 2, and 4 are
sub-menu selections 5, 4, and 2, respectively.

B.CYCLE SELECTION MENU
The CYCLE SELECTION MENU is obtained when the user selectsitem 1 - ENGINE CYCLE
SELECTION from the MAIN MENU. The following menu is displayed on the screen:

EEE RS EEE SRS RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEEES

* ON- DESI GN ENG NE ANALYSI S PROGRAM *
* *
* CYCLE SELECTI ON MENU *

EEEE SRS E SRS EEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEESEREEEEEEEEEEEES

YOUR CURRENT SELECTION | S #5

- TURBQUET
- TURBQJET W TH AFTERBURNER

- TURBOFAN W TH TWD EXHAUSTS (CONV. NOZZLE)

- TURBOFAN W TH M XED EXHAUST

- TURBOFAN W TH M XED EXHAUST AND AFTERBURNER
- TURBCPROP (OONV. NCZZLE)

- RAMIET

- RETURN TO MAI N ON- DESI GN MENU

oO~NOoOO~WNE

ENTER YOUR SELECTI ON



As indicated on the MAIN MENU and this menu, the default cycle selection is item number 5 -
TURBOFAN WITH MIXED EXHAUST AND AFTERBURNER . The user must select another
item number to change the current cycle selection from this default value. After entry of a cycle
selection, the program automatically returns to the MAIN MENU and the number of the current cycle
is displayed within parentheses to the right of item 1 - ENGINE CYCLE SELECTION. The user can
only change the engine cycle to a new cycle by use of this CYCLE SELECTION MENU. To return
to the MAIN MENU, enter the number zero.

C.ITERATION VALUE MENU
The ITERATION VALUE MENU is obtained when the user selectsitem 2- CALC
ITERATION VARIABLE from the MAIN MENU. The following menu is displayed on the screen:

EEEEEE SRR EEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEEES

* | TERATI ON VALUE MENU *

EEEEEEEE RS EEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES

CURRENT | TERATI ON VARI ABLE | S #4

M N MM VALUE = 16. 00

MAXI MUM VALUE = 30. 00

| NCREME! = 1.00

- SINGLE PO NT CALCULATI ON

- FLI GHAT MACH NUMBER

- MAX TEMPERATURE LEAVI NG MAI N BURNER (TT4)
- COWPRESSCR PRESSURE RATI O

- FAN PRESSURE RATI O

- BYPASS RATI O

- RETURN TO MAI N OFF- DESI GN MENU

CQouUuhhwWNE

ENTER SELECTI ON

As indicated on the MAIN MENU and this menu, the default selection is item number 4 -
COMPRESSOR PRESSURE RATIO. Also as indicated on this menu, the default values of
minimum value, maximum value, and incremental value are 16, 30, and 1, respectively. The user must
select another item number to change the current calculation iteration selection from this default
selection. If the user wants to change the minimum value, maximum value, and/or incremental value
while either changing or retaining the current iteration variable, the desired iteration variable must be
selected and the user will then be asked to input the minimum value, maximum value, and increment
value. For example, if the user elects to change iteration variable 4 - COMPRESSOR PRESSURE
RATIO to a minimum value of 5, maximum value of 40, and incremental value of 1, then one must
enter selection 4 and the following interaction occurs.

EEEEEE SRR SRS EEEEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES

* | TERATI ON VALUE MENU *

EEEEEE SRR SRS EEEEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES

CURRENT | TERATI ON VARI ABLE | S #4

M N MM VALUE = 16. 00

MAXI MUM VALUE = 30. 00

| NCREME! = 1.00

- SINGLE PO NT CALCULATI ON

- FLI GAT MACH NUMBER

- MAX TEMPERATURE LEAVI NG MAI N BURNER (TT4)
- COWPRESSCR PRESSURE RATI O

- FAN PRESSURE RATI O

- BYPASS RATI O

- RETURN TO MAI N OFF- DESI GN MENU

CQoUuhhwWNE

ENTER SELECTION 4

MN MMVALUE = 5
MAXI MUM VALUE = 40
| TERATI ON | NCREMENT = 1



M N MM VALUE = 5.00
MAXI MUM VALUE = 40. 00
| NCREMENT = 1.00

IS THS CORRECT (Y=I/N=0) ? 1

After entry of an iteration variable and values, the program automatically returns to the MAIN
MENU and the number of the current iteration variable is displayed within parentheses to the right of
main menu item 2 - CALC ITERATION VARIABLE. The user can only change the calculation
iteration variable to a new variable by use of this menu. To return to the MAIN MENU, enter the
number zero. The minimum value of the iteration variable is stored in this variabl€e's data file and will
be displayed (and can be changed) when the user displays the current input data file by selecting item 3
- CHANGE/VIEW CURRENT DATA FILE on the INPUT DATA MENU. Maximum and
incremental values of the iteration variable are stored within the program and only displayed when the
ITERATION VALUE MENU is selected. Selection of menu item 1 - SINGLE POINT
CALCULATION will not be followed by request for input of minimum, maximum, and iteration
values. After this selection, the program will return automatically to the MAIN MENU and the current
datafileisused for calculation. (Note: Thisis the only way to generate a reference data file for input to
the off-design cycle analysis program, OFFX.)

D. INPUT DATA MENU
The INPUT DATA MENU is obtained when the user selects item 3 - INPUT DATA from the
MAIN MENU. The following menu is displayed on the screen:

EEEEEEEE SRS RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEEES

* ON- DESI GN | NPUT DATA MENU *

EEEE SRS E SRS EEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES

- READ ON-DESI GN DATA FI LE FRCM DI SK
- WRI TE ON-DESI GN DATA FILE TO DI SK
- CHANGE/ VI EW CURRENT DATA FI LE

- PAUSE PROGRAM and USE DCs

- RETURN TO MAI N ON- DESI GN MENU

O~ WNE

ENTER YOUR SELECTI ON

A default input data file is loaded into temporary memory when this program is run and can be viewed
and/or changed by initially selecting item 3 - CHANGE/VIEW CURRENT DATA FILE . After this
data file has been changed, the changed data is stored in temporary memory. An input data file can be
copied and stored on disk by selecting item 2 - WRITE ON-DESIGN DATA FILE TO DISK as
shown below.

EEEEEEEE SRS RS EEEEEEEEREEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEEES

* ON- DESI GN | NPUT DATA MENU *

EEEEEEEE SRS RS EEEEEEEEREEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEEES

- READ ON-DESI GN DATA FI LE FROM DI SK
- WRI TE ON-DESI GN DATA FILE TO DI SK
- CHANGE/ VI EW CURRENT DATA FI LE

- PAUSE PROGRAM and USE DCs

- RETURN TO MAI N ON- DESI GN MENU

O~ WNE

ENTER YOUR SELECTION 2

ENTER NAME OF DATA FILE + ".DAT" (MAX OF 14 CHARACTERS) ONAB. DAT
YOUR I NPUT IS " ONAB. DAT " IS TH S CORRECT (Y=I/N=0)? 1
IS THS A NEWFILE NAME (Y=I/N=0)? 1

An input data file that was saved to disk by this program can be loaded from disk to the program
temporary memory by selecting item 1 - READ ON-DESIGN DATA FILE FROM DISK as shown
below. You can use menu item 4 - PAUSE PROGRAM and USE DOS to enter DOS and check on



file names that are already used. After selecting item 4, enter the word COMMAND; enter the word
EXIT to leave DOS and return to the program.

EEEE SRS E RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEEES

* ON- DESI GN | NPUT DATA MENU *

EEEE SRS E RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEES

- READ ON-DESI GN DATA FI LE FROM DI SK
- WRI TE ON-DESI GN DATA FILE TO DI SK
- CHANGE/ VI EW CURRENT DATA FI LE

- PAUSE PROGRAM and USE DCs

- RETURN TO MAI N ON- DESI GN MENU

O~ WNE

ENTER YOUR SELECTION 1
LAST ON-DESI GN DATA FI LE ACCESSED WAS NAMED: ONAB. DAT

ENTER NAME OF DATA FILE + ".DAT" (MAX OF 14 CHAR) ONAB. DAT
YOUR I NPUT | S " ONAB. DAT ", I'S TH'S CORRECT (Y=I/N=0)7? 1

NOTE: When saving a data file to disk, the user will need to write down the name given to this data
file (filename) and some notes about the data file's content for later use when reading this data file
back into this program. However, menu item 4 - PAUSE PROGRAM and USE DOS can be used to
temporarily use DOS.

The data file currently in temporary memory will be displayed on the screen by selecting item 3 -
CHANGE/NVIEW CURRENT DATA FILE. The following pages show the three pages of the default
data file as they would appear on the screen for the default engine cycle (turbofan with mixed exhaust
and afterburning). Note that pages 2 and 3 do not show input data variables 25, 38, 39, or 43 since
these input data variables are not used for this engine cycle but are reserved for other engine cycles.
The default input data files for other engine cycles are shown in Section J of this user guide. Each
input data variable can be individually changed by the user.

EEEEEEEE SRS EEEEEEEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEESESEEEEEEEES

* DATA SET 1, PAGE 1 *
EEEEE RS E SRS EEEEEEEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEESESEEEEEEEES
1- MCHNUBER - - - - - - - - - - - - = 1.6000
2 - ALTITUE - - - - - - - - - - - - - = 30000.0 FT
AMBI ENT:
3 TEMPERATURE - - - - - - - - - - - = 411.90 R
4 PRESSURE - - - - - - - - - - - - = 4.3730 PSIA
5 - DENSITY - - - - - - - - - - - - - =. 0008907 SLUG CUFT
6 - CPC - - - -« -« - = .2380 BTU LBMR
7- GWMWVAC- - - - - - - - - - - - - - = 1.400
8-CPT - - - =« =« « - = .2950 BTU LBM R
9- GAMAT - - - - - - - - - - - - - - = 1.300
10 - FUEL HEATING VALUE - - - - - - - - = 18000. 0 BTU LBM
11 - MAX TEMP (TT4) LVG COMBUSTOR - - - = 3200.0 R
12 - MAX TEMP (TT7) LVG AFTERBURNER - - = 3600.0 R
13- CPAB - - - - - - - - - - - - - - = .2950 BTU LBM R
14 - AWAAB - - - - - - - - - - - - = 1.300
15 - BLEED AIR FLOW (PERCENT) - - - - - = 1.0 %
16 - COOLING AIR FLOW#1 - - - - - - - - = 5.0 %
17 - COOLING AIR FLOW#2 - - - - - - - - = 5.0 %
18 - POMER TAKE-OFF LOW (CTQL) - - - - = . 010
19 - POMER TAKE-OFF HCH (CTOH) - - - - = . 000

# OF VARI ABLE YOU W SH TO CHANGE ( 0=NONE)

Since the program uses a standard atmosphere, the ambient temperature, pressure, and density
(items 3, 4, and 5) will be changed automatically when item 2 - ALTITUDE on page 1 is changed.
Thus if item 2 and item(s) 3, 4, and/or 5 are to be changed, data entry is reduced by changing item 2
first.

Power takeoff from the high pressure spool has been added to the programs. This adds two
additional inputs to the input data file: the dimensionless power takeoff coefficient for the high
pressure spool (CTOH - Item #19 on Page 1 of Input Data) and the mechanical efficiency of the power



takeoff shaft (Item #35 on Page 2 of Input Data). The dimensionless power takeoff coefficient is
defined for either the low pressure or high pressure spool by Eq. 4.19b in the text.

EEEEEEEE SRS EEEEEEEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEES

* DATA SET 1, PAGE 2 *

EEEEEEEEEE SRS S SRR EEE R R RS R R RS EE R R EREREEEEEEEEEEESEEEEEESE]

20 - Pl DIFFUSER (MA) - - = - = = = - = .970

21 - Pl BURNER - - - = = = = = = = = = = .970

22 - Pl AFTERBURNER - - - - = - = - - - = 960

23 - Pl MXER (MAX) - - = = = = = = = - = .970

24 - Pl NOZZLE - - - = = = = = = = - - = .980
PCLYTRCPI C EFFI O ENCI ES

26 - LP COMPRESSCR [FAN] (EC) - - - = .890

27 - HP COMPRESSCR (ECH) - - - - - - - = .900

28 - HPTURBINE (ETH - - - - - - - - = .890

29 - LPTURBINE (ETL) - - - - - - - - = .910
COMPONENT EFFI O ENCI ES

30- BURNER - - - - = = = = = = = - - = _980

31 - AFTERBURNER - - - - = = = = = - = .970

32 - MECHANI CAL (H GH PRESS SPOOL) - - = .980

33 - MECHANI CAL (LOWPRESS SPOCL) - - = .990

34 - MECHANI CAL (POMER TAKE-CFF LOW - = .980

35 - MECHANI CAL (POMNER TAKE-CFF HGH = .980

36 - PO/P9 - - - - - -« -« - - =1000

37 - MACH NUMBER AT STATION #5 - - - - = .400

# OF VAR ABLE YOU W SH TO CHANGE ( 0=NONE)

EEEEEEEEE S E S EEEEEEEEEE R RS R R R SRR R R EREREEEEEEEEEEEEEEEESEE]

* DATA SET 1, PAGE 3 *

EEEEEEEEEEE SRS S SRS EEEEE R R RS R R R SRR R R R EREREEREEEEEEEEESEEEEEESE]
DES| GN CONDI Tl ONS

40 - Pl C - - - - - - - -----=16.000

41 - Pl CPRIME - - - - - - - - - - - = 3.500

42 - APHA - - - - - - - - - - - - - = .30

# OF VARI ABLE YOU W SH TO CHANGE ( 0=NONE)

NOTE: The minimum value of the iteration variable is stored in the data set displayed above. For
example, if the iteration variable is the compressor pressure ratio, item 40 displays the minimum value
and this value can be changed. However, the maximum and increment of the iteration variable can
only be changed from the ITERATION VALUE MENU. See Page 22 for computer solution of
optimum design values for engine cycles 3 and 6.

Bypass Ratio for Matching Total Pressures - Engine Cycles4 and 5

For ONX engine cycles 4 and 5, the computer program can cal culate the engine bypass ratio that
matches the total pressures at stations 5 and 5' by entering a minus one (-1) for Item #42 - ALPHA of
the INPUT DATA FILE (see below). NOTE: ALPHA can not be the iteration variable.

EEEEEEEE SRS EEEEEEEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEES

* DATA SET 1, PAGE 3 *

R R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEESE]
DESI GN CONDI TI ONS

40 - PR C--------------=16.000

41 - PICPRME - - - --------= 3500

42 - APHA - - - - - - - - - - - - - = .300

# OF VAR ABLE YOU W SH TO CHANGE ( 0=NONE) 42
ENTER NEW VALUE CF VAR ABLE #42 -1

EEEE SRS E SRS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEES

* DATA SET 1, PAGE 3 *

EEEEEEEEEEE S E S EEEEEEEEEEE RS R R RS R R R R REREEREEEEEEEEESEEEEEESE]
DESI GN CONDI TI ONS

40 - Pl C - - - - - -« - - - - - =16000

41 - Pl CPRME - - - - - - - - - - - = 3500

42 - ALPHA - - - - - - - - - - - - - =-1.000

# OF VAR ABLE YOU W SH TO CHANGE ( 0=NONE) 0



The output results for the DEFAULT Data File with avalue of -1 for Item #42 - ALPHA are given on
the page 10.

Fan Pressure Ratio for Matching Total Pressures- Engine Cycles4 and 5

For ONX engine cycles 4 and 5, the computer program can calculate the fan pressure ratio that
matches the total pressures at stations 5 and 5' by entering a minus one (-1) for Item #41 - Pl C PRIME
of the INPUT DATA FILE (see below). NOTE: PI C PRIME can not be the iteration variable.

EEEEEEEE SRS EEEEEEEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEES

* DATA SET 1, PAGE 3 *

R R EEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEREEEEEEREEEEEREEREEEEEERSE]
DESI GN CONDI TI ONS

40 - Pl C - - - - - - - - - - - - - - = 16. 000

41 - Pl CPRME - - - - - - - - - - - = 3.500

42 - ALPHA - - - - - - - - - - - - = .300

# OF VAR ABLE YOU W SH TO CHANGE ( 0=NONE) 41
ENTER NEW VALUE CF VAR ABLE #42 -1

EEEEEEEE SRS EEEEEEEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEESESEEEEEEEES

* DATA SET 1, PAGE 3 *

EEEEEEEEE S S S SRR EEEEE RS R E RS E R R EEEEEREEEEEEEEESEEEEESEE]
DES| GN CONDI TI ONS

40 - Pl C - - - - - - s e e e e = 16. 000

41 Pl CPRIME - - - - - - - - - - - =-1.000

42 ALPHA - - - - - - oo oo o = .300

# OF VARI ABLE YOU W SH TO CHANGE ( 0=NONE) 0

The output results for the DEFAULT Data File with avalue of -1 for Item #41 - PI C PRIME are given
on page 11.

E. DATA OUTPUT DEVICE(S)
The menu entitted DATA OUTPUT DEVICE(S) is obtained when the user selects item 4 -
OUTPUT DEVICE from the MAIN MENU. The following menu is displayed on the screen.

EEEE SRS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEEES

* ON- DESI GN ENG NE ANALYSI S PROGRAM *
* *
* DATA QUTPUT DEVI CE(S) *

EEEEEE SRR EEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES

CURRENT SELECTION IS | TEM #2

1 - QUTPUT TO PRI NTER ONLY

2 - QUTPUT TO TERM NAL SCREEN ONLY

3 - QUTPUT TO BOTH PRI NTER AND TERM NAL SCREEN
0 - RETURN TO VAI N MENU

ENTER YOUR SELECTI ON

As indicated on the MAIN MENU and this menu, the default output device is item number 2 -
OUTPUT TO TERMINAL SCREEN ONLY . The user must select another item number to change
the current cycle selection from this default value. After entry of an output device selection, the
program automatically returns to the MAIN MENU and the number of the current output device is
displayed within parentheses to the right of item 4 - OUTPUT DEVICE. The user can only change
the output device(s) to another selection by use of this menu. To return to the MAIN MENU, enter the
number zero.

F. CALCULATIONS

The user-specified on-design cycle calculations are performed after the user selects item 5 -
PERFORM CALCULATIONS from the MAIN MENU. The program will ensure that the input data
correspond to the engine cycle selected before performing the calculations (e.g. make the bypass ratio
zero for aturbojet engine). Below is displayed the screen output obtained when all the default values



are used for menu selections and input data (i.e. selection of item 5 - PERFORM CALCULATIONS
without changing anything). Since multiple iterations are to be performed, the user is given the
opportunity to save results in files that can be imported into other software for graphical presentation
(see page 52 for file formats).

EEEEEE SRR SRS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEREEEEEEEEEEEES

*
* You can save nultiple iteration results *
* as disk file(s) for later plotting in *
* one of two file formats: *
* *
* *

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEREEEEEESEEEEREEEEEEESESESS

1 - SINGLE DI SK FILE (LOTUS or TWN)
2 - MLTIPLE D SK FI LES ( GRAPHER)

ENTER YOUR SELECTI ON (<CR>=DO NOT SAVE) <CR>

FI LE. DEFAULT ON- DESI GN CALCULATI ONS PACE 1

TURBOFAN ENG NE W TH M XED EXHAUST

EEEREEEEEEEEEEEEEEEEEEES IhPUT DATA EEEEEEEREEEEEEEEEEEEEEES
MACH NO = 1.600 ALPHA = .300
ALT (FT) = 30000. Pl C = 3.500
TO (R = 411.90 Pl D(MY) = .97
PO (PSIA) = 4.3730 Pl B = .97
DENSI TY  =. 00089066 Pl N = .98
(SLUG CUFT) EFFI Ol ENCY
CP C = .238 BTULBMR BURNER = .98
P T = .295 BTULBMR MECHH PR= .98
GAMA C = 1. 400 MECH LOPR = .99
GAMA T = 1. 300 LP COMPR (FAN) = .89 (EC)
TT4 MAX = 3200. (R) HP COVPR = .90 (ECH
H - FUEL (BTULBM = 18000. HP TURBI NE = .89 (ETH
CTO LOW = . 0100 LP TURBI NE = .91 (ETL)
CTO H GH = . 0000 PWR MECH EFF L = .98
COOLING AIR#1 = 5.00 % PWR MECH EFF H = .98
COOLING AIR#2 = 5.00 % BLEED Al R = 1.00 %
PO/P9 = 1.00
** AFTERBURNER **
TT7 MAX = 3600. (R Pl AB = .96
CP A/B = .295 BTULBMR ETTAAB = .97
GAMA A/B = 1.30
#x% M XER *** Pl MXER MAX = .97
EEEEEEEEEEEEEEEEEEEEEEEEE RESLLTS EEEEREEEEEEEEEEEEEEEEEEEEES]
TAUR = 1.512 A0 = 994.8 FT/ SEC
Pl R = 4.250 VO = 1591. 7 FT/ SEC
Pl D = .933 TAUL = 9.629
Pl CF/MXOT S M6 MSP TAUTL M PT9/P9 VO/VO T EFF P EFF
16.00 109.21 1.8252 .400 .382 .8724 .411 12.627 3.06 44.87 50.06
17.00 109.37 1.8230 .400 .367 .8712 .408 12.712 3.06 44.96 50.02
18.00 109.48 1.8215 .400 .355 .8701 .406 12.775 3.07 45.02 49.99
19.00 109.57 1.8205 .400 .346 .8690 .404 12.821 3.07 45.07 49.97
20.00 109.62 1.8200 .400 .341 .8680 .402 12.850 3.07 45.09 49.96
21.00 109.65 1.8199 .400 .338 .8669 .401 12.865 3.07 45.10 49.95
22.00 109.65 1.8202 .400 .337 .8659 .401 12.867 3.07 45.09 49.95
23.00 109.64 1.8208 .400 .339 .8649 .401 12.858 3.07 45.07 49.96
24.00 109.61 1.8217 .400 .343 .8639 .402 12.839 3.07 45.04 49.97
25.00 109.56 1.8228 .400 .349 .8629 .403 12.811 3.07 45.00 49.98
26.00 109.49 1.8242 .400 .357 .8619 .404 12.773 3.07 44.95 49.99
27.00 109.41 1.8258 .400 .365 .8609 .406 12.729 3.07 44.90 50.01
28.00 109.32 1.8277 .400 .375 .8600 .408 12.677 3.06 44.83 50.04
29.00 109.22 1.8297 .400 .386 .8590 .410 12.618 3.06 44.76 50.06
1 3

. . . 8320 .400 .397 .8581 .412 12.554 .06 44: 68 50: 09
DATA SET 1 CALCULATED. ENTER ANY S| NGLE CHARACTER TO CONTI NUE. <CR>



When item 1 - SINGLE POINT CALCULATION s selected on the ITERATION VALUE
MENU and then item 5 - PERFORM CALCULATIONS is selected on the MAIN MENU, the
screen output will be similar to that shown below. After the user enters a carriage return (<CR>)
following the output, the user then enters the area of the program that allows engine sizing and writing
the resulting reference output datafile to disk for use by the OFFX program.

FI LE. DEFAULT ON- DESI GN CALCULATI ONS PACE 1

TURBOFAN ENG NE WTH M XED EXHAUST

EREEREEEEEEEEEEEEEEEEEEES I’\PLJT DATA EEEEEEEREEEEEEEEEEEEEEES

MACH NO = 1.600 ALPHA = .300

ALT (FT) = 30000. Pl C = 3.500

TO (R = 411. 90 Pl D(MY) = .97

PO (PSIA) = 4.3730 Pl B = .97

DENSI TY  =. 00089066 Pl N = .98

(SLUG CUFT) EFFI Ol ENCY

CP C = .238 BTULBMR BURNER = .98

CP T = .295 BTULBMR MECHH PR= .98

GAMA C = 1. 400 MECH LOPR = .99

GAMA T = 1.300 LP COMPR (FAN) = .89 (EC)

TT4 MAX = 3200. (R) HP COVPR = .90 (ECH

H - FUEL (BTULBM = 18000. HP TURBI NE = .89 (ETH

CTO LOW = . 0100 LP TURBI NE = .91 (ETL)

CTO H GH = . 0000 PWR MECH EFF L = .98

COOLING AIR#1 = 5.00 % PWR MECH EFF H = .98

COOLING AIR#2 = 5.00 % BLEED Al R = 1.00 %

PO/P9 = 1.00

** AFTERBURNER **

TT7 MAX = 3600. (R Pl AB = .96

CP A/B = .295 BTULBMR ETTAAB = .97

GAMA A/B = 1.30

#x% M XER *** Pl MXER MAX = .97
EEEEEEEEEEEEEEEEEEEEEEEEE ESLLTS EEEEEEEEEEEEEEEEEEEEEEEEES]

TAUR = 1.512 A0 = 994.8 FT/ SEC

Pl R = 4.250 VO = 1591. 7 FT/ SEC

Pl D = .933 MASS FLOW = 200. 00 LBM SEC

TAUL = 9.629 AREA ZERO = 4.385 SQFT

PTO LO= 206.87 KW AREA ZERO' = 3.507 SQFT

PTO H = 00 KW

PT5' /PO = 13. 887 TT5° /70 = 2.261

PT5 /PO = 13.914 TT5 /T0 = 5.380

Pl C = 16.00 TAUM = .9681

Pl C = 3.500 TAUM = .9739

TAU C = 1.495 TAUM = .8889

ETA C = .8693 Pl M = .9647

Pl CH = 4.571 Y3 = . 4000

TAU CH = 1.620 NG = .3823

ETA CH = . 8769 B = . 4113

Pl TH = .4329 A5 /A5 = 1914

TAU TH = . 8420 GAMVA M= 1.3180

ETA TH = . 8992 cPM = .2821

Pl TL = .5219 ETA TL = .9160

TAU TL = .8724

W THOUT AB WTH AB
PT9/ PO = 12. 8903 PT9/ PO = 12. 6272
F = .0350 F = 0350
FAB = .0316
FO = 0554

F/M = 64.030 LBF/LBMS F/M = 109.211 LBF/LBM S

s = 1.3486 1/H s = 1.8252 1/H

T9/TO = 2.5808 T9/TO = 4.8681

VO/VO = 2.26 VO/VO =  3.06

M/M = 1.45 M/M = 1.44

A/A0 = 1.1629 A/AD = 1.6678

A/ AS = 2.4364 AOIAS = 2.4440

THRUST = 12806. LBF THRUST = 21842. LBF

DATA SET 2 CALCULATED. ENTER ANY S| NGLE CHARACTER TO CONTI NUE. <CR>
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EEEEEE SRR SRS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEE SRS

* ON- DESI GN ENG NE ANALYSI S PROGRAM *
* *
* ENG NE SI ZE *

EEEEEE SRR SRS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEEES

SPECI FI C THRUST

SPECI FI C FUEL CONSUMPTI ON
MASS FLOW RATE CF AIR
MASS FLOW RATE OF FUEL
ENG NE THRUST AT DESI GN

109. 2110 LBF/ LBM SEC
1.8252 1/ HR

200. 0000 LBM SEC

39866. 48 LBM HR

21842.19 LBF

WANT TO CHANGE ENA NE THRUST (Y=1/N=0)? 0

WANT TO CHANGE MASS FLOW OF AIR (Y=1/ N=0)? 0

DO YOQU WANT TO SAVE THESE RESULTS AS A REFERENCE DATA FI LE

THAT BECOMES THE | NPUT TO THE OFF- DESI GN PROGRAM (Y=l / N=0) ? 1

ENTER NAME OF DATA FILE + ".DAT" (MAX OF 14 CHAR OFFAB. DAT
YOUR | NPUT | S " OFFAB. DAT ", I'S TH'S CORRECT (Y=I/N=0)? 1

Calculations - Bypass Ratio for Matching Total Pressures - Engine Cycles4 and 5 (see page 6)
FILE DEFAULT ON- DESI GN CALCULATI ONS PAGE 1

TURBOFAN ENG NE WTH M XED EXHAUST

EEEREEEEEEEEEEEEEERERESES INPUT DATA EEEREEEEEEEEEEEEEEEEEEES
MACH NO = 1.600 ALPHA = -1.000
ALT (FT) = 30000. Pl C = 3.500
TO (R = 411. 90 Pl D(MY) = .97
PO (PSIA) = 4.3730 Pl B = .97
DENSI TY = 00089066 Pl N = .98
(SLUG CUFT) EFFI O ENCY
CP C = .238 BTULBMR BURNER = .98
CP T = .295 BTULBMR MECHH PR= .98
GAMA C = 1. 400 MECH LOPR = .99
GAMA T = 1.300 LP COMPR (FAN) = .89 (EC)
TT4 MAX = 3200. (R) HP COMPR = .90 (ECH
H- FUEL (BTULBM = 18000. HP TURBI NE = .89 (ETH
CTO LOW = . 0100 LP TURBI NE = .91 (ETL)
CTO H GH = . 0000 PWR MECH EFF L = .98
COOLING AIR#1 = 5.00 % PWR MECH EFF H= .98
COOLING AIR#2 = 5.00 % BLEED Al R = 1.00 %
PO/P9 = 1.00

** AFTERBURNER **

TT7 MAX = 3600. (R Pl AB = .96
CP A/B = .295 BTULBMR ETTAAB = .97
GAMA A/B = 1.30
#xx M OXER *** Pl MXER MAX = .97

EEEEE R EEEEEEEEEEEEEEEEEESET RESLLTS EEEEEEE SRS EEEEEEEEEEEEEEES]
TAUR = 1.512 A0 = 994.8 FT/ SEC
Pl R = 4.250 VO = 1591. 7 FT/ SEC
Pl D = .933 TAUL = 9.629

Pl C F/ NMDOT S M MbP TAUTL ALPHA PT9/P9 V9/VO T EFF P EFF

16.00 109.18 1.8258 .400 .386 .8720 .304 12.606 3.06 44.85 50.07
17.00 109.19 1.8262 .400 .386 .8695 .318 12.605 3.06 44.84 50.07
18.00 109.20 1.8265 .400 .386 .8673 .328 12.605 3.06 44.83 50.07
19.00 109.21 1.8269 .400 .386 .8654 .336 12.605 3.06 44.82 50.07
20.00 109.22 1.8272 .400 .386 .8639 .340 12.605 3.06 44.81 50.07
21.00 109.22 1.8275 .400 .386 .8626 .342 12.606 3.06 44.81 50.07
22.00 109.22 1.8278 .400 .386 .8615 .342 12.607 3.06 44.80 50.07
23.00 109.22 1.8281 .400 .386 .8607 .340 12.608 3.06 44.79 50.07
24.00 109.23 1.8283 .400 .386 .8600 .337 12.609 3.06 44.79 50.07
25.00 109.23 1.8286 .400 .386 .8595 .332 12.611 3.06 44.78 50.07
26.00 109.22 1.8289 .400 .386 .8592 .325 12.612 3.06 44.77 50.07
27.00 109.22 1.8292 .400 .386 .8590 .318 12.614 3.06 44.77 50.07
28.00 109.22 1.8295 .400 .386 .8589 .310 12.615 3.06 44.76 50.07
29.00 109.21 1.8298 .400 .386 .8590 .300 12.617 3.06 44.76 50.06
30.00 109.21 1.8301 .400 .386 .8592 .290 12.619 3.06 44.75 50.06
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NOTE: For matched total pressures at stations 5 and 5', the Mach numbers at stations 5 and 5' are
nearly equal and the performance of this afterburning turbofan engine does not appreciably vary with
engine pressure ratio.

Calculations - Fan Pressure Ratio for Matching Total Pressures - Engine Cycles 4 and 5 (see page
7)

FI LE. DEFAULT ON- DESI GN CALCULATI ONS PACE 1

TURBOFAN ENG NE WTH M XED EXHAUST

EEEEEEEEEEEEEEEEEEEEEES INPLJT mTA EREEREEEEEEEEEEEEEEEEEEES
MACH NO = 1.600 ALPHA = 300
ALT (FT) = 30000. Pl C = -1.000
TO (R = 411. 90 Pl D(MY) = .97
PO (PSIA) = 4.3730 Pl B = .97
DENSI TY = 00089066 Pl N = .98
(SLUG CUFT) EFFI O ENCY
CP C = .238 BTULBMR BURNER = .98
CP T = .295 BTULBMR MECHH PR= .98
GAMA C = 1. 400 MECH LOPR = .99
GAMA T = 1.300 LP COMPR (FAN) = .89 (EC)
TT4 MAX = 3200. (R) HP COMVPR = .90 (ECH
H- FUEL (BTULBM = 18000. HP TURBI NE = .89 (ETH
CTO LOW = . 0100 LP TURBI NE = .91 (ETL)
CTO H GH = . 0000 PWR MECH EFF L = .98
COOLING AIR#1 = 5.00 % PWR MECH EFF H= .98
COOLING AIR#2 = 5.00 % BLEED Al R = 1.00 %
PO/P9 = 1.00

** AFTERBURNER **

TT7 MAX = 3600. (R Pl AB = .96
CP A/B = .295 BTULBMR ETTAAB = .97
GAMA A/B = 1.30
#xx M XER *** Pl MXER MAX = .97

EEEEE R EEEEEEEEEEEEEEEEEEET ESLLTS EEEEEEE RS EEEEEEEEEEEEEEEES]
TAUR = 1.512 A0 = 994.8 FT/ SEC
Pl R = 4.250 VO = 1591. 7 FT/ SEC
Pl D = .933 TAUL = 9.629

Pl
16.00 109.21 1.8252 .400 .386 .8722 3.506 12.628 3.06 44.88 50.06
17.00 109.37 1.8229 .400 .386 .8703 3.530 12.716 3.06 44.97 50.02
18.00 109.50 1.8213 .400 .386 .8686 3.548 12.783 3.07 45.03 49.99
19.00 109.58 1.8202 .400 .386 .8671 3.561 12.830 3.07 45.08 49.97
20.00 109.64 1.8197 .400 .386 .8657 3.569 12.861 3.07 45.10 49.95
21.00 109.67 1.8196 .400 .386 .8645 3.574 12.877 3.07 45.11 49.95
22.00 109.68 1.8198 .400 .386 .8635 3.574 12.880 3.07 45.11 49.95
23.00 109.66 1.8204 .400 .386 .8625 3.571 12.870 3.07 45.09 49.95
24.00 109.63 1.8213 .400 .386 .8617 3.565 12.849 3.07 45.06 49.96
25.00 109.57 1.8225 .400 .386 .8610 3.557 12.819 3.07 45.01 49.97
26.00 109.50 1.8240 .400 .386 .8604 3.546 12.780 3.07 44.96 49.99
27.00 109.42 1.8257 .400 .386 .8598 3.532 12.733 3.07 44.90 50.01
28.00 109.32 1.8276 .400 .386 .8594 3.517 12.679 3.06 44.83 50.04
29.00 109.22 1.8297 .400 .386 .8590 3.500 12.618 3.06 44.76 50.06
30.00 109.10 1.8320 .400 .386 .8587 3.482 12.552 3.06 44.67 50.09

NOTE: For matched total pressures at stations 5 and 5', the Mach numbers at stations 5 and 5' are
nearly equal and the performance of this afterburning turbofan engine does not appreciably vary with
engine pressure ratio.
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G. EXIT PROGRAM

To exit this program, the user must select item 6 - EXIT PROGRAM from the MAIN MENU. A
warning is then printed on the screen and the user must enter " X" (capital x) to exit the program. An
example is shown below. If the user does not enter "X" (capital x), then the program shows the screen
for redirecting printed output to a disk file as shown on page 2.

EEEEEE SRR SRS EEEEEEEEREEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEEES

* *
* ON-DESI GN ENG NE ANALYSI S PROGRAM *
* *
* MAI N MENU *
* *
EEEEEEEEEEE RS S S E S EEEEEEEEE SRR R R SRR R R R R EEEEEREEREEEEREEEEEEESESESE]

1 - ENG NE CYCLE SELECTI ON (5)

2 - CALC | TERATI ON VAR ABLE (4)

3 - | NPUT DATA

4 - OUTPUT DEVI CE (2)

5 - PERFORM CALCULATI ONS

6 - EXIT PROGRAM

ENTER YOUR SELECTION 6
YOU ARE ABOUT TOEXIT THS PROGRAM - ENTER A "X' TOEXI T
OR ANY OTHER CHARACTER TO GET THE MAI N MENU. X

Stop - Programterninated.

A>



