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NADC-79081-60

FOREWORD

This report describes the work performed at The Boeing Company on

Contract N62269-79-C-0278. The work was performed during the period

28 June through 3 October 1979.

During the contract the existing PIPS[ and DERIVP computer codes

previously developed for the U.S. Air Force were modified to operate on

the NADC computer system and a training session was held at NADC to

explain the operation of the codes and to demonstrate its usage to NADC

personnel.

Mr. John Cyrus was Project Monitor for NADC and Mr. W. H. Ball was

Program Manager for The Boeing Company. Modifications to the computer

code were accomplished by Mr. R. A. Atkins, Jr.
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INTRODUCTION

The purpose of the contract work was to modify an existing Air Force/

Boeing computer code (PIPSI, documented in References 1 through 4),

install the modified code on the NADC CDC computer sjotem, and train NADC

personnel in the usage of the code by means of instruction and

demonscr ation.

The complete documentation of the calculation methods employed by the

code, nomenclature, sample cases, and the library of inlet and

nozzle/aftbody input maps is contained in the set of documents

(References I through 4) which describe the code developed for the Air

Force version of the program. This report describes those changes to the

existing code that were made to adapt the code to the NADC computer and

to provide the desired output data.

MODIFICATIONS TO PIPSI CODE

The modifications to the computer code that were accomplished t0 make the

code compatible with the NADC computer system and the NADC inpu: data

format are described below.

Changes in Uninstalled Engine Data Format

(1) The format of the uninstalled engine data for the NADC version of

the PIPSI program is slightly different from that described in

Section 6.6 of Reference 2. The engine input data format for the

NADC PIPSI code is shown in Figure 1. The only difference from the

original code is that the areas input for AS and A9, shown in
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Figure I NADC Uninstalled Engine Data Input Format (Continued)
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Figure 1 NADC Uninstalled Engine Data Input Format (Continued)
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columnns 8 and 9 respectively, are input in square inches for the

NADC input instead of in square feet as in the Air Force version of

the PIPSI code. The square inches are converted internally (in the

revised code) to square feet.

(2) The association of external file names to internal program tape

definitions is done with GET statements rather than ATTACH

statements. For instance,

use GET,TAPEI=AFE to connect TAPEl with previously stored AFE

(Uninstalled engine input data file).

also, GET,TAPE51 = inlet file

GET,TAPES? = altbody file

GET,TAPE53 = CFG file

GET,TAPE54 = capture area file

(3) The code was modified to automatically generate installed

propulsion system perforwrance output data for use in mission

performance calculations. This data is written to an output file

named TAPE7. This file is automatically qenerated with each

expcution of the PIPS[ program. The format for the TAPE7 output is

as shown in Figure 2. The format was provided by NADC at the start

of the contract work.

The modifications, debugging, checkout, sample calculations, and

demonstration were all performed using the NADC computer system. At the

4 P' i
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beginning of the contract, a magnetic tape containing the existing Air

Force versions of the source codes for the PIPSI and DERIVP plus a

complete library file of inlet performance, nozzle/aftbody drag maps, and

nozzle CFG maps was mailed to NADC and was installed by NADC

personnel as permanent files in their CDC computer system. The

modifications were then accomplished by Boeing personnel using a remote

access keyboard terminal located at Seattle, Washington.

Preparation of ADEN Nozzle Maps

A set of nozzle/aftbody drag and CFG maps for the ADEN CD Nozzle was

developed for use (luring the installed performance calculations. These

maps for the ADEN configuration are described and shown in Appendix A.

Calculation of Installed Performance

After the source code was modified, binary (object) deck files were

created and stored as permanent files in the NADC computer. After the

modified object decks were obtained, a series of installed performance

calculations was performed using the matrix of engines, inlets,

nozzle/aftbody drag maps, and nozzle CFG maps described in

Appendix A. Plotted results from some of the installed performance

calculations are contained in Appendix A. Appendix A also contains a

catalog of the files stored in the NADC computer with key files indicated.

Demonstration and Training Session

At the conclusion of the contract work, a training session was held at

NADC to explain and demonstrate the operation of the computer programs to

7
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NADC personnel. Appendix B contains some of the general briefing charts

that were contained in handout material distributed to the NADC personnel

who participated in the training sessions. The charts are presented in

Appendix B to provide a source of information for those who want to learn

of the general operating characteristics of the computer programs without

obtaining the complete set of documents describing the programs

(References 1 through 4).

8 0 a
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APPENDIX A

INSTALLED PERFORMANCE CALCULATIONS

9
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TABLE A-Il

SUMMARY OF INLET CAPTURE AREAS

INLET ENG. T2  A0  Ac'
INLT -1-p •-A FT2

CONFIG. MACH ALT. TYPE T2 PTo c

.80 50000. T/F 330. .98 .74 9.183

F8 .80 50000. T/J 284. .98 .74 7.903

.60 50000. T/F 331. .967 .975 7.882

NS .60 50000. T/J 284. .967 .977 6.763

.80 50000. T/F 330. .982 .95 7.168

NS2 .80 50000. T/J 284. .982 .95 6.169

.80 50000. T/F 330. .965 .77 8.690

LWF .80 50000. T/J 284. .965 .77 7.479

2.00 50000. T/F 234. .925 .915 8.079

ATS2 1.60 50000. T/J 256. .948 .872 7.042

11
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Figure A.1. Maximum Engine Airflow for Turbofan Enfqine
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Figure A -2. Maximum Engine A irflow for Turbojet Engine

12

-r ii



NADC-79081-60

20 _

18 -

6 Altitude: LATS2

16-50.000 tt{ ---1 --

SLWF

WFNS NS2

(Ib/h x 10 ) 3

I" II I . _

10 1- -_

2 4 6 8 10 12 14
FNA (2b x 10-3

Figure A-3. Comparison of Installed Performance for Various Inlet
Configurations at Mach 2.0 (Turbofan Engine)
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Figure A-4. Comparison of Installed Performance for Various Inlet
Configurations at Mach 0.80 (Turbofan Engine)
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Figure A -6. Comparison of Matched Inlet Drag for Various Inlet
(Turbo fan Engine)

15



NADC-79081-60

30___ _

FNMAX

( Ib x 1 0 '3 ) 2 0 1 --

10 - . . . . A TS2 . . . .
I I • _. • F8 .

i • •LWF
0 _ 'l "• NS NS2 [.0 04 0.8 1.2 1.6 2.0 2.4 2.8

M 0

Figure A .7. Comparison of Maximum Installed Thrust for Variou.5 hfletý
(Turbofan Engine)

30 . -- -- -

I I

FNINT

fib 103

ATS2

0 0.4 U.d 1.2 1.6 2.0 2.4 2.8

M 0
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Inlets (Turbofan Engine)
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Figure A -9. Inlet Drag for a Normal Shock Inlet With a Turbofan Engine
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Figure A,.10. Inlet Drag for a Mach 2.0 Inlet With a Turbo/an Engine
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Figure A. 11. Inlet Drag Versus Power Setting for a Mach 2 Inlet
With a Turbofan Engine
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Figure A. 13. Corrmperison of Installed Performance for Various Inlet
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Figure A- 15. Comparison of Matched Inlet Drag for Various Inlets
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Figure A- 18. Inlet Drag for a Normal Shock Inlet With a Turbojet Engine
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Figure A- 19. Inlet Drag for a Mach 2.0 Inlet With a Turbojet Engine
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BOEING1 POEINGE BOtNGTJt' BflHGTJW CVAI)EN C.UADEN2 C:Vl
C V211 C V21)I c.UarI6 EtAGI'EIM FE: Fc:TFDi FE:TF1+1
FE:TFI. FE:Tfl-l1 FSTF1411 FE;TrwaE F6'TFW--' FE:TFmr.17 FE:TF1.J4
FE:TFW4M FE: TJt F6T-lt'M FETJW FE;TJWM LWF L.L.iFT FrF
L14FTF14-1 LW-FTFW LWFTFWM- LWFTJr' LWFTJDPI LWFT-11 LWFTJWr1-
fl1FiP>4:1 1*19SLUE: [4At'C.' r4IAE'CZ3 tiADC4 11AtIC41. rHADC:7?
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UScEF.: LJFABF1' WPi:Sri281TTY

F. FILEES(S)

READ',~

3FILE NAME FILE CONTENTS

BOEING1 Dry Turbofan Engine Uninstalled Data

BOEING2 Afterburning Turbofan Engine Uninstalled Data

BONGTJD Dry Turbojet Engine Uninstalled Data

£BONGTJW Afterburning Turbojet Engine Uninstalled Data

NADC7 Source Deck for PEPSI Program

NADC9B Object Deck for PEPSI Program

WPABDP Source Deck for Derivative Process Program

WPABDPB Object Deck for Derivative Process Program

MAPXI Library File of Inlet, Nozzle/Aftbody Drag,
and Nozzle CF Maps

* G

CVADEN ADEN Nozzle CF Map
FG

ADENCD Nozzle/Aftbody Drag Map for ADEN Nczzle

Figure A-21 Catalog of Permanent Files on NADC Computer Account
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Figure A -23. Drag for a Twin ADEN Nozzle Configuration

27



NADC-79081-60

1.00

0.99_____ _

INTERMEDIATE

0.98 _..

CFG MAXIMUM

AFTERBURNING

0.97

0.96 . . .. .

0.95 . . ..
0 2 4 6 8 10 12 14

PT 8/Po

Figure A-24. Gross Thrust Coefficient for an ADEN Nozzle Configuration
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APPENDIX B

GENERAL COMPUTER PROGRAM OPERATING CHARACTERISTICS
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