
, 
NASA Contractor Report - 177343-voL' 4 
L 

Propulsion and Airframe 
Aerodynamic Interactions 
of Supersonic V/STOL Configurations 
Volume IV: Final Report - Summary 

I 

I 

D.E. Zilz 

P.E. Hiley 
I H.W. Wallace 

CONTRACT NAS2-10791 
SEPTEMBER 1985 

Date for general release: August 1987. 



NASA Contractor Report - 177343 

Propulsion and Airframe 
Aerodynamic Interactions 
of Supersonic V/STOL Configurations 
Volume IV: Final Report - Summary 

D.E. Zilz 
H.W. Wallace 
P.E. Hiley 
McDonnell Aircraft Company 
St. Louis, Missouri 

Prepared for 
Ames Research Center 
Under Contract NAS2-10791 
September 1985 

National Aeronautics and 
Space Ad m in is t rat ion 

-- 

Ames Research Center 
Moffet t Fie Id, Cal i forn ia 94035 



FOREWORD 

This report w a s  p r e p a r e d  by McDonnell A i rc ra f t  Company 

( M C A I R ) ,  a component of McDonnell Douglas C o r p o r a t i o n ,  St.. Loui s ,  

Mis sour i ,  for the N a t i o n a l  A e r o n a u t i c s  and Space A d m i n i s t r a t i o n ,  

Ames Research Cen te r .  The s t u d y  w a s  performed under  NASA 

C o n t r a c t  NAS2-10791, "P ropu l s ion  and  A i r f r a m e  Aerodynamic I n t e r -  
a c t i o n s  of S u p e r s o n i c  V/STOL C o n f i g u r a t i o n s " .  The work w a s  per- 

formed f r o m  October 1980 t h rough  September 1985 w i t h  R. 0. Bailey 

as the NASA ARC T e c h n i c a l  R e p r e s e n t a t i v e .  The proqram w a s  
accomplished under  the d i r e c t i o n  of P. E. E i ley ,  Program Elanaqer 
and H. W. Wallace, T e c h n i c a l  S tudy  Manager. 

Acknowledgement i s  also g i v e n  t o  S. C. S m i t h  and 

J. B. G u s t i e  of NASA ARC for the i r  effor ts  d u r i n g  the calibra- 

t i o n s ,  wind t u n n e l  tests, and data a n a l y s i s  a t  the  NASA ARC 

U n i t a r y  P l a n  11-Foot T r a n s o n i c  Wind Tunnel .  

This report w a s  prepared by P. E.  H i l e y ,  H. W. Wallace ,  and  
D. E.  Z i l z  of MCAIR. The a u t h o r s  are i n d e b t e d  t o  the f o l l o w i n g  

MCAIR p e r s o n n e l  for t he i r  a s s i s t a n c e  d u r i n g  the  stuc?y: 

M. R. Mraz, P. A. Devereaux, A.  V. Arena, and M. E.  Rooher of 

P r o p u l s i o n  and  Thermodynamics. 

The a u t h o r s  also commend J. C. P o o l e l  W. C e r a k i ,  an? 
C. C. Smithson of the  MCAIR Aerodynamics and P r o p u l s i o n  Labora- 

tories for the i r  effor ts  i n  the d e s i g n  and t e s t . i n q  of the wind 

t u n n e l  models.  

Special. acknowledgements are also due K. H. Token and 
D. W. Esker  of MCAIR ( P r o p u l s i o n  and  Thermodynamics) I who,  .in 
their  s u p e r v i s o r y  p o s i t i o n s ,  have made v a l u a b l e  c o n t r i b u t i o n s  to 
t h e  program and t h i s  report. 

This report w a s  submi t t ed  i n  f o u r  volumes 
September 1985. 

PRECEDING 
iii 

by the authors  i n  

PAGE BLANK NOT FILMED 



Table 

TABLE OF CONTENTS 

Page 

INTRODUCTION . . . . . . . . . . . . . . . . . . .  1 

AERODYNAMIC COMFIGURATION D E S C R I P T I O N  . . . . . .  6 

2.1 F U L L  SCALE VEHICLE . . . . . . . . . . . . .  6 
2.2 SIMULATED V/STOL CONFIGURATION . . . . . . .  7 

TEST APPROACH AETD MODEL D E S C R I P T I O N  . 11 

3.1 CMAPSMODE . . 13 
3.2 FLOW-THROIJGH MODE . . . . . . . . . . . . . .  16 
3.3 J E T - E F F E C T S  MODE . . . . . . . . . . . . . .  17 

1 . 
2 . 

3 . 

4 . 

5 . 

6 . 
7 . 

AERODYNAMIC TEST RESULTS 18 

4.1 TES" PFOGRAN . . 1F) 
4.2 TOTAL AZRODYJ!7AMIC PERFORMAlrTCIC . . . . . . . .  20 
4.3 LOCAL FLOWFIELD I N T E R A C T I O P S  . . . . . . . .  25 

CMAPS U T I L I Z A T I O N  . . . . . . . . . . . . . . . .  33 

5.1 MODEL D E S I G N  CONSIDERATIONS . . . . . . . . .  33 

5.1.1 Model Scale . . . . . . . . . . . . .  33 

5.1.3 Support S y s t e m  . . . . . . . . . . . .  41 
5.1.4 Temperature  C o n t r o l  . . . . . . . . .  43 

5.1.2 Metric Arrangement . . . . . . . . . .  36 

5.2 PRE-TEST CALIBRATIONS . . . . . . . . . . . .  47 

5.2.1 Compressor I n l e t  A i r f l o w  . . . . . . .  49 
5.2.2 N o z z l e  P r e s s u r e  R a t i o  . . . . . . . .  48 
5.2.3 N o z z l e  A i r f l o w  . . . . . . . . . . . .  52 

5.3 CMAPS CONTROL AND OPERATION . . . . . . . . .  53 

5.3.1 D a t a  A c q u i s i t i o n  R a t e  . . . . . . . .  53 
5.3.2 D i s t o r t i o n  Tolerance . . . . . . . . .  55 
5.3.3 CMAPS 0 - R i n g  Seals . . . . . . . . . .  55 
5.3.4 O i l  Supply System . . . . . . . . . .  55 
5.3.5 D u c t  Metric B r e a k  Seal . . . . . . . .  57 
5.3.6 C o m p r e s s o r  Pace I n s t r u m e n t a t i o n  R i n g  . 60 
5.3.7 S t r u t  Thermal R e n d i n g  . . . . . . . .  52 
5.3.8 P i x e r  A s s e m b l y  . . . . . . . . . . . .  64 

5.4 FUTTJRE EFFORT . . 65 

5.4.1 Propu l s ion  S i m u l a t o r  C a l i b r a t i o n  
Laborat.ory . . . . . . . . . . . . .  65 

5.4.2 F u t u r e  A p p l i c a t i o n s  . . . . . . . . .  57 

CONCLUSIONS . . .  . . .  . . . .  . . .  . . .  70 

REFERENCES . . . . . . . . . . . . . . . . . . . .  72 

V 
PRECEDING PAGE BLANK NOT FILMED 



LIST OF ILLUSTRATIONS 

F i g u r e  

1-1 

Page 

Typical P r o p u l s i o n  System I n s t a l l a t i o n  S u s c e p t i b l e  
t o  I n l e t / M o z z l e  F l o w f i e l d  Coupl ing  . . . . . . . . 1 

Characteristics of Conven t iona l  Wind Tunnel  Test  
Techniques  . . . . . . . . . . . . . . . . . . . . 1-2 

2 

1-3 Compact M u l t i m i s s i o n  A i r c r a f t  P r o p u l s i o n  S i rnu la to r  
(CMAPS) . . . , . . . . . . . . . . . . . . . . . 2 

3 P r o p u l s i o n  S i m u l a t o r  I n s t a l l a t i o n  . . . . . . . 
S u p e r s o n i c  V/STOL Wind Tunnel  Model I n s t a l l e d  i n  
NASA-Ames E leven  F o o t  T r a n s o n i c  Wind Tunnel  . . . 

1-4 

1-5 
4 

F u l l  Scale Characteristics of S u p e r s o n i c  V/STOL 
S tudy  C o n f i g u r a t i o n  . . . . . . . . . . . . . . . 2-1 

7 

2-2 A i r - t o - A i r  Aerodynamic C o n f i g u r a t i o n  Developed 
i n  AFWAL/MCAIR Advanced Nozzle Concepts  (ANC) 
Program . . . . . . . . . . . . . . . . . . . 

2-3 Comparison of Key G e o m e t r y  Parameters for 
S u p e r s o n i c  V/STOL System an2  AWC Vodel . . . . . . 9 

E x t e r n a l  Geometry Comparison Between ANC Model 
and 9.62% V/STOL Concept . . . . . . . . . . . . . 2 -4 

10 

3-1 

3-2 

3-3 

3-4 

3-5 

3-6 

4-1 

4-2 

4-3 

Common S u p p o r t  System and  Metric Arrangement . . . 11 

Metric Seal Deta i l s  and Materials . . . . . . . . 12 

T e s t  Model Convers ion  Concept . . . . . . . . . . 13 

S i m u l a t o r  I n t e r n a l  Flow Paths . . . . . . . . . . 14 

Demonstrated CMAPS F l e x i b i l i t y  . . . . . . . . . . 15 

16 CMAPS Compressor A i r f l o w  C a l i b r a t i o n  Set-Up . . . 
Comparison o f  T e s t  C o n f i g u r a t i o n  . . . . . . . . . 19 

20 Aerodynamic Account ing  P rocedure  . . . . . . . . . 
Drag Polar Comparison S i m u l a t o r  v s  Conven t iona l  
M o d e . . . . . . . . . . . . . . . . . . . . . . .  21 

4-4 E f f e c t  of F l o w f i e l d  Coupl ing  o n  F u l l  C o n f i g u r a t i o n  
Drag a t  Mach 1.4 . . . . . . . . . . . . . . . . . 22 

v i  



LIST OF ILLUSTRATIOYS 

F i g u r e  

4-5 

Page 

23 
Drag Polar Comparison S i m u l a t o r  vs Conven t iona l  
M o d e . . . . . . . . . . . . . . . . . . . . . . .  

E f f e c t  of F l o w f i e l d  Coupling on  F u l l  C o n f i g u r a t i o n  
D r a g . . . . . . . . . . . . . . . . . . . . . . .  

4-6 
24 

4-7 Effec t  of F l o w f i e l d  Coupling on Nozzle  Drag a t  
Mach 1.4. . . . . . . . . . . . . . . . . . . . .  26 

4- 8 E f f e c t  of F lowf ie ld  Coupling o n  Nozzle  D r a g  a t  
Mach 0.6 . . . . . . . . . . . . . . . . . . . . .  26 

28 

29 

I n l e t / C a n a r d  Effects  o n  Nozzle  Drag . . . . . . .  4-9 

4-10 

4-11 

I n l e t / C a n a r d  Effects on Nozzle  Drag, Mach 0.6 . . 
Effect of Mach Number on Canard/Nozzle Aerodynamic 
C o u p l i n g . .  . . . . . . . . . . . . . . . . . . .  29 

I n l e t  F a i r i n g  E f f e c t  on  Nacelle IJpper S u r f a c e  
P r e s s u r e  D i s t r i b u t i o n  at. Mach 0.9 . . . . . . . .  4-12 

31 

4-13 I n l e t  F a i r i n g  E f f e c t  on Nacelle Upper S u r f a c e  
P r e s s u r e  D i s t r i b u t i o n  a t  Mach 0.9 . . . . . . . .  32 

5-1 C u r r e n t  and  Advanced Engines  Scaled t o  CMAPS by 
A i r f l o w  and Compessor Diameter . . . . . . . . . .  34 

36 5-2 

5-3 

S c a l i n g  Model t o  Length of CMAPS/Mozzle Assembly 

Typical Metric Arrangements for CMAPS-Eqiiipped 
Models . . . . . . . . . . . . . . . . . . . . . .  38 

42 

44 

45 

5-4 

5-5 

5-6 

5- 7 

Details of Suppor t  S t r u t  . . . . . . . . . . . . .  
Balance  Thermal C o n t r o l  System . . . . . . . . . .  
Heater Balance  I n s t a l l a t i o n  t o  Balance  Housing . . 
Balance  Housing Pr ior  t o  Heater B lanke t  
I n s t a l l a t i o n  . . . . . . . . . . . . . . . . . . .  46 

Model and  Balance  Housing Tempera ture  V a r i a t i o n  
w i t h  EPR . . . . . . . . . . . . . . . . . . . . .  5-8 

47 

49 5-9 

5-10 

CMAPS A i r f l o w  C a l i b r a t i o n  Set-Up . . . . . . . . .  
E x t e r n a l  Rake fo r  ALREN Total P r e s s u r e  
C a l i b r a t i o n  . . . . . . . . . . . . . . . . . . .  50 

v i i  



F i g u r e  

5-11 

5-12 

5-13 

5-14 

5-15 

5-16 

5-17 

5-18 

5-19 

5-20 

5-21 

5-22 

5-23 

LIST OF ILLUSTRATIONS ( C o n t i n u e d )  

S c h e m a t i c  of P r e - T e s t  CMAPS/Nozzle Ca l ib ra t ion  
Arrangement . . . . . . . . . . . . . . . . . . . 
Example of Commercially Available K i e l  P r o b e s  . . 
NASA CMAPS Control Sys t em . . . . . . . . . . . . 
Drive-Mani f o l d - t o - S i m u l a t o r  S e a l s  . . . . . . . . 
Conceptual S c h e m a t i c  of Duct  S e a l  a t  P l a n e  2 
M e t r i c B r e a k .  . . . . . . . . . . . . . . . . . . 
S c h e m a t i c  of Duct S e a l  with Backstop A s s e m b l y  . . 
Legs of Compressor I n l e t  P r e s s u r e  Rake . . . . . . 
C o m p r e s s o r  I n l e t  I n s t r u m e n t a t i o n  Ring . . . . . . 
Compressor I n l e t  I n s t r u m e n t a t i o n  R ing  A s s e m b l y  . . 
S i m p l i f i e d  Thermal Rend ing  A n a l y s i s  on  S u p p o r t  
S t r u t  . . . . . . . . . . . . . . . . . . . . . . 
A l t e r n a t e  A i r  Line Arrangement t o  A v o i d  Thermal 
Bend ing  . . . . . . . . . . . . . . . . . . . . . 
NASA-Ames P r o p u l s i o n  S i m u l a t o r  C a l i b r a t i o n  
L a b o r a t o r  (PSCL) . . . . . . . . . . . . . . . . . 
Example of A e r o / P r o p u l s i v e  P e r f o r m a n c e  T e s t i n g  . . 

Page 

50 

52 

54 

56 

5 8  

59 

60 

61 

61 

63 

64 

66 

68 

v i i i  



Symbol 

A/ B 

AC 

A 0  

AF 

ALBEN 

ALPHA, AOA 

ATH 

b C  

b w  
B.L. 

CD 

cDA 

C L  
CDNOZ 

cLA 

CLNOZ 
c 191 
cMO 

cMA 
CMCRB 

cP 
CMAPS 

DDA 

DLE 

D L I  

DPDS 

LIST OF ABBREVIATIONS AND SYMBOLS 

D e  f i n  i t i o n  

A f t e r b u r n i n g  power s e t t i n g  on  n o z z l e  

I n l e t  c a p t u r e  area (35.23cm2) 
A x i a l  F o r c e  

T o t a l  i n l e t  c a p t u r e d  stream t u b e  area ( c m 2 )  

A e r o d y n a m i c a l l y  Load B a l a n c e d  E x h a u s t  N o z z l e  

Model a n g l e  of a t t a c k  (Deg) 

Nozzle t h r o a t  area 
Model c a n a r d  s p a n  (52.49cm) 

Model wing  s p a n  (130.30cm) 

Model b u t t  l i n e  

Mean a e r o d y n a m i c  c a n a r d  c h o r d  (19.60cm) 

T o t a l  a i r c r a f t  d r a g  c o e f f i c i e n t  ( C D  

Metric a i r f r a m e  drag  c o e f f i c i e n t  

E x h a u s t  n o z z l e  d rag  c o e f f i c i e n t  ( 2  n o z z l e s )  

T o t a l  a i r c r a f t  l i f t  c o e f f i c i e n t  ( C L A  + CLNOZ 

Metric airframe l i f t  c o e f f i c i e n t  

E x h a u s t  n o z z l e  l i f t  c o e f f i c i e n t  ( 2  n o z z l e s )  

T o t a l  a i r c r a f t  p i t c h i n g  moment c o e f f i c i e n t  

T o t a l  a i r c r a f t  p i t c h i n g  moment c o e f f i c i e n t  a t  
z e r o  l i f t  

Metric airframe p i t c h i n g  moment c o e f f i c i e n t  
C a n a r d  r o o t  b e n d i n g  moment c o e f f i c i e n t  

Mean a e r o d y n a m i c  wing  c h o r d  (41 .70cm)  

P r e s s u r e  c o e f f i c i e n t  [ ( P L - P ~ ) / Q ~ ]  

Compact M u l t i m i s s i o n  A i r c r a f t  P r o p u l s i o n  Simu- 
l a t o r  

Det ro i t  Diesel A l l i s o n  

Direct L i f t  E n g i n e  

Deck Launched  I n t e r c e p t  ( m i s s i o n )  

S t a t i c  p r e s s u r e  d i f f e r e n t i a l  ac ross  i n l e t  d u c t  

s e a l  

Dry power s e t t i n g  on  n o z z l e  

A + CDNOZ 

( M C R B / ( S c b s Q ) )  



L I S T  O F  A B B R E V I A T I O N S  A N D  SYMBOLS ( C O N T I N U E D )  

Symbol 

E S  

F /T ,  FT 

FS 
J / E ,  JE 

L/C 

Mach, M 

M C A I R  

MCRB 

MFR, MFRA 

MS 

N 

NPR, NPRA 

NRP 

P I  Po 

Phase 
P2 

PL 
P l a n e  2 

P l a n e  4 

P l a n e  8 

P l a n e  15 
P l a n e  57 
PS57 

p T I  pTo 

pT2 

D e f i n i t i o n  

Engine s t a t i o n  

Flow-Through t e s t  mode 

F u s e l a g e  S t a t i o n  
J e t - E f f e c t s  t e s t  mode 

L i f t / C r u i s e  

F r e e  stream Mach number 
McDonnell A i r c r a f t  Company 

Canard r o o t  bending  moment 

Average of l e f t  and  r i g h t  I n l e t  Mass Flow Rat ios  
based  on c a l i b r a t i o n  c o r r e l a t e d  t o  CMAPS t u r b i n e  
e x i t  p ressure  f o r  S i m u l a t o r  Mode A%r a t  n o z z l e  
e x i t  chokes  f o r  Flow-Through Mode, [ / A c ]  

Model Station 

CMAPS Rotor s p e e d  (RPM) 
Average o f  l e f t  and  r i g h t  Nozzle P r e s s u r e  Rat ios  

P e r c e n t  o f  s e a - l e v e l  r e f e r e n c e d  d e s i g n  r o t o r  
speed, ( (N/75185)  x 8 x 100) 

Free Stream s t a t i c  p r e s s u r e  

S t a t i c  P r e s s u r e  a t  Base o f  E x i t  Chokes 
Average s t a t i c  p r e s s u r e  a t  compressor f a c e  

Local S t a t i c  P r e s s u r e  
Compressor f a c e  

T u r b i n e  i n l e t  
Exhaus t  Nozzle  Duct  

Compressor d i s c h a r g e  
Turb ine  d i s c h a r g e  

T u r b i n e  d i s c h a r g e  s t a t i c  p r e s s u r e  

F r e e  stream t o t a l  p r e s s u r e  

Average t o t a l  p r e s s u r e  a t  compressor f a c e ,  l e f t  
o r  r i g h t  

Average t o t a l  p ressure  a t  e x h a u s t  n o z z l e  

[pTJ/pol 

. 

X 



Symbol 

'Tmax 

'Tmin 

p T J  

' T t h r o a t  
Q I  QO 
RALS 

R C S  

SIM 

SLS 

STO 

t / c  

TT2 

TT8 
VCE 

V/STOL 

VTO 

VTOL 

w2 

wa 
W2R 

W2R2 

W2R15 

w 2R8 

WL 

WTAP 
a 

0 

L I S T  OF ABBREVIATIONS AND SYMBOLS ( C O N T I N U E D )  

D e f i n i t i o n  

Maximum v a l u e  o f  t o t a l  p r e s s u r e  o f  c o m p r e s s o r  
f a c e  

Minimum v a l u e  o f  t o t a l  p r e s s u r e  a t  c o m p r e s s o r  
f a c e  

To ta l  p re s su re  o f  j e t  e x h a u s t  a t  n o z z l e  e x i t  
Average  T o t a l  P r e s s u r e  a t  N o z z l e  T h r o a t  

F r e e  stream dynamic  p r e s s u r e  

Remote Augmented L i f t  Sys t em 

R e a c t i o n  C o n t r o l  S y s t e m s  

S i m u l a t o r  t e s t  mode 

Sea-Level  S t a t i c  

S h o r t  T a k e o f f  

Wing t h i c k n e s s  t o  c h o r d  r a t i o  
To ta l  Temperature a t  P l a n e  2 

T o t a l  T e m p e r a t u r e  a t  P l a n e  8 

Variable C y c l e  E n g i n e s  

V e r t i c a l / S h o r t  T a k e o f f  a n d  L a n d i n g  

Ver t i ca l  T a k e o f f  

Vertical  T a k e o f f  a n d  l a n d i n g  

I n l e t  Mass Flow Rate 

Nozzle  Mass Flow Rate 
C o r r e c t e d  I n l e t  A i r f l o w  ( 

C o r r e c t e d  I n l e t  Mass Flow Rate Based  on P l a n e  2 
method 

C o r r e c t e d  I n l e t  Mass Flow Rate Based on P l a n e  15 
method 
Corrected I n l e t  Mass Flow Rate Based  on  P l a n e  8 
method 

C o r r e c t e d  I n l e t  Mass Flow Rate Based  on P l a n e  57  

w2 * e l  
6 

method 

Model water l i n e  

Mass Flow f u n c t i o n  (WB 

' ALPHA, Ang le -o f -At t ack  

S e a - l e v e l  s t a n d a r d  d a y  
, / ( ( T T ~  + 460 /518 .67)  

,/X/ ( P T B * A ~ ~ )  

(Deg) 
t e m p e r a t u r e  c o r r e c t i o n  

xi 



Symbol 

0 

A 

LIST OF ABBREVIATIONS A N D  SYMBOLS ( C O N C L U D E D )  

D e f i n i t i o n  

S e a - l e v e l  s t a n d a r d  day  p r e s s u r e  c o r r e c t i o n  

1 'T2 
(14.697 

DELCR o r  DELCL 

Wing f l a p  d e f l e c t i o n  a n g l e ,  p o s i t i v e  t r a i l i n g  
edge  down (Deg) 

Nozzle  t h r u s t  v e c t o r i n g  a n g l e ,  p o s i t i v e  t r a i l i n g  
edge  down (Deg) 

Wing Sweep Angle (Deg) 
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SUMMARY 

A wind tunnel model of a supersonic V/STOL fighter configu- 
ration has been tested to measure the aerodynamic interaction 
effects which can result from geometrically close-coupled propul- 
sion system/airframe components. The approach was to configure 
the model to represent two different test techniques. One was a 
conventional test technique composed of two test modes. In the 
Flow-Through mode, absolute configuration aerodynamics were 
measured, including inlet/airframe interactions. In the Jet- 
Effects mode, incremental nozzle/airframe interactions were 
measured. The other test technique was a propulsion simulator 
approach, where a sub-scale, externally powered engine is mounted 
in the model. This allowed proper measurement of inlet/ airframe 
and nozzle/airframe interactions simultaneously. 

Comparison of the measured aerodynamic characteristics 
between the two test techniques is a direct indication of the 
extent to which inlet and nozzle flowfields are coupled together. 
If significant coupling were to exist, there would be disagree- 
ment between the two data sets. The simulator test technique may 
then be required in the future to properly measure the aero- 
dynamic characteristics of compact fighter configurations. 

Measurement of these propulsion/airframe interaction effects 
was carried out in a three phase experimental program, sponsored 
by the NASA-Ames Research Center. Conceptual model design was 
accomplished in Phase I, detailed model design and fabrication in 
Phase 2, and high speed testing in Phase 3 .  

The aerodynamic configuration tested was a canard/wing con- 
cept designed for high transonic maneuverability, employing 
non-axisymmetric, vectorable exhaust nozzles located near the 
wing trailing edge. 
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The o v e r a l l  c h a r a c t e r  o f  t h e  a e r o d y n a m i c  f l o w f i e l d ,  i n c l u d -  

i n g  t h e  i n t e r a c t i o n s  d u e  t o  i n l e t / n o z z l e  c o u p l i n g ,  were q u a n t i -  

f i e d  by  c o m p a r i n g  f o r c e  b a l a n c e  d a t a  be tween  t h e  d i f f e r e n t  t e s t  
modes,  a n d  by  c o m p a r i n g  s t a t i c  p r e s s u r e  d i s t r i b u t i o n s  o v e r  t h e  

e n t i r e  model s u r f a c e .  

The d a t a  a n a l y s i s  i n d i c a t e d  t h a t :  

o The n e t  e f f e c t  o f  f l o w f i e l d  i n t e r a c t i o n s  w a s  r e l a t i v e l y  

small f o r  t h e  t e s t e d  c o n f i g u r a t i o n ,  wh ich  had  u n v e c t o r e d  

n o z z l e s  i n  t h e  a f t e r b u r n i n g  ( A / B )  power s e t t i n g .  

o The l a r g e s t  e f f e c t  o f  i n l e t / n o z z l e  c o u p l i n g  o c c u r r e d  

s u p e r s o n i c a l l y ,  when t h e  s i m u l a t o r  t e c h n i q u e  d e m o n s t r a t e d  
less drag  t h a n  t h e  c o n v e n t i o n a l  t e c h n i q u e .  Most of t h e  

i n t e r a c t i o n  e f f e c t s  w e r e  f e l t  on  t h e  n o z z l e  e x t e r n a l  

s u r f a c e s .  

o I n l e t  MFR v a r i a t i o n s  a n d  c a n a r d  a n g l e  d e f l e c t i o n s  com- 
b i n e d  t o  a f f e c t  n o z z l e  d r a g  i n  t h e  t r a n s o n i c  r e g i m e .  

I n l e t  f a i r i n g  e f f e c t s  a l s o  p r o p a g a t e d  t h e  e n t i r e  l e n g t h  

o f  t h e  n a c e l l e  t o  a f f e c t  n o z z l e  d r a g  a t  t h e s e  s p e e d s .  

o The o p e r a t i o n  o f  t h e  s i m u l a t o r s  i n  a wind  t u n n e l  e n v i r o n -  

ment  w a s  g e n e r a l l y  r e l i a b l e ,  a l t h o u g h  s p e c i f i c  a r eas  w i l l  
r equ i r e  f u r t h e r  d e v e l o p m e n t .  



I. INTSODUCTION 

C o n f i g u r a t i o n s  proposed for advanced,  h i g h  speed V/STOL a i r -  

c r a f t  can  have  v e c t o r i n g  n o z z l e s ,  c lose-coupled  i n l e t - / n o z z l e  

a r r angemen t s ,  and v a r i a b l e - i n c i d e n c e  cana rds  located n e a r  the  

i n l e t s .  The complex propuls ion/aerodynamic  f l o w f i e l d  i n t e r -  

a c t i o n s  which may r e s u l t  f r o m  t h e s e  h i g h l y  i n t e g r a t - e d  d e s i g n s  a r e  

i l l u s t r a t e d  i n  F i g u r e  1-1. These i n t e r a c t i o n s  are d i f f i c u l t  i f  

n o t  impossible t o  e v a l u a t e  w i t h  c o n v e n t i o n a l  wind t u n n e l  t e s t  

t e c h n i q u e s .  The c o n v e n t i o n a l  t e c h n i q u e s ,  u s i n g  j e t - e f  f e c t s  and 

flow-through models, cannot  s i m u l a t e  i n l e t  and n o z z l e  f l o w f i e l d s  

s i m u l t a n e o u s l y ,  as i l l u s t - r a t e d  i n  F i g u r e  1-2.  

t 

An a l t e r n a t e  t e s t  t e c h n i q u e  has  been developed  w h i c h  pro- 

v i d e s  s imul t aneous  s i m u l a t i o n  of i n l e t  and n o z z l e  f l o w f i e l d s  by 

u s i n g  a Compact Mul t imis s ion  A i r c r a f t  P r o p u l s i o n  S i m u l a t o r  

(CMAPS). The CMAPS, F i g u r e  1-3, i s  a m i n i a t u r e  j e t  enq ine  

powered by a high p r e s s u r e  a i r  t u r b i n e .  I t  can be i n s t a l l e d  and 

o p e r a t e d  i n  a sub - sca l e ,  s u p e r s o n i c  wind tunnel- model. A m a t r i x  

of i n l e t  mass f l o w s  and n o z z l e  p r e s s u r e  ratios r e p r e s e n t a t i v e  of 

the f u l l - s c a l e  p r o p u l s i o n  system can  be s imula t ed  on a s i n g l e  
model. 

Requirement: Accurate Simulation of Propulsion 
System Flowfield Interactions on 
A Single Wind Tunnel Model 

Figure 1-1. Typical Propulsion System Installation Susceptible 
to InletlNozzle Flowfield Coupling 

1 



Jet-Effets Test Technique 

- Improper Inlet 
- Proper Aft-End Geometry (Inlets 

- Proper Nozzle Pressure 
Geometry Faired) 

Ratio Simulation Simulation 
- No Inlet Flow 

Flow-Through Test Technique 

- Distorted Aft-End 
Geometry 

- Improper 
Nozzle Pressure Ratio 
Simulation 

, 

C- - -- 
____----- 

- Proper Inlet/ 

- Proper Inlet 
Airframe Geometry 

Mass Flow Ratio 
Simulation 

0 P53.0666.92.R 

Figure 1-2. Characteristics of Conventional Wind Tunnel Test Techniques 

CMAPS Characteristics 

Length: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .26.4cm (10.4in.) 
Maximum Diameter:. . . . . . . . . . . . . . . . . . . . . . .  .10 .7cm (4.2 in.) 
Compressor Face Diameter . . . . . . . . . . . . . . . . . .  .7.6 cm (3.0 in.) 
Weight: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .5.4 kg (11.8 Ib) 
Maximum Corrected Airflow: . . . . . .  .0.758 kg/sec (1.67 Ibmlsec) 
Maximum Physical Rotor Speed . . . . . . . . . . . . . . . . .  .88,000 RPM 

ORIGINAL PAGE IS 
OF POOR QUALITY 

Figure 1-3. Compact Multimission Aircraft Propulsion Simulator (CMAPS) 
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:ORIGINAL FAGE Is 
DE POOR QTJALITY, 

The CMAPS w a s  developed under  the  a u s p i c e s  of the A i r  Fo rce  

A e r o  P r o p u l s i o n  Labora to ry  hy McDonnell A i r c r a f t  Company (MCAIP) , 
Genera l  E lec t r i c  ( G E ) ,  and Tech Development, I n c . ,  Fieference 1. 

I me NASA-Ames Research Cen te r  (ARC)  and MCAIP have  r e c e n t l y  

completed a n  expe r imen ta l  program t o  e v a l u a t e  the t echno logy  of 

CMAPS t e s t i n q  i n  wind t u n n e l  m o d e l s .  T h i s  proqram inc l i ided  
d e s i g n ,  f a b r i c a t i o n ,  and t e s t i n u  of a s u p e r s o n i c  77/STOL f i g h t e r  

model w h i c h  cou ld  accept t w o  p r o p u l s i o n  s j m u l a t o r s .  A photograph 

of the wind t u n n e l  model w i t h  the  CVAPS i n s t a l l e d  i s  shown i n  

F i g u r e  1-4. This program r e p r e s e n t e d  t he  f i r s t  t i m e  t h a t  tw in  

I I CMAPS w e r e  tested i n  a scale model of a f u l l  a i r c r a f t  conf iqu ra -  

t i o n .  P r i o r  t o  t h i s  program, o n l y  s i n g l e  s i m u l a t o r s  had been  

tested, and  o n l y  i n  a simple nace l l e /body  wind t u n n e l  model, as 

described i n  Refe rence  2 .  

, 
1 
i 
I 

G P53.0666.944 

Figure 1-4. Propulsion Simulator Installation 
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"he p r imary  o b j e c t i v e  of t h i s  program was t o  i d e n t i f y  and 

measure t h e  net. effect  of in l e t - - to -nozz le  f l o w f i e l d  i n t e r a c t i o n s  

by u s i n g  the CMAPS. A s econda ry  o b j e c t i v e  w a s  t o  d e v e l o p  the 

ins t . a l l a t i . on  and test t e c h n i q u e s  for CPAPS-equipped wind t u n n e l  

models of f u l l  a i r c r a f t  c o n f i g u r a t i o n s .  

The approach w a s  t o  u s e  both s i m u l a t n r  and c o n v e n t i o n a l  

t e c h n i q u e s  t o  t e s t  a sub- sca l e  wind-tunnel. nodel of a s u p e r s o n i c  
V/STOL a i r c ra f t  which employed a c lose -coup led  p r o p u l s i o n  

system/airframe ar rangement .  Any d i f f e r e n c e  i d e n t i f i e d  between 

the  c o n v e n t i o n a l  and s i m u l a t o r  mode r e s u l t s  i s  a n  i n d i c a t i o n  of 
i n l e t / n o z z l e  f l o w f i e l d  c o u p l i n g .  The model, i n s t a l l e d  i n  the 

NASA-ARC 11 f t  t r a n s o n i c  wind t u n n e l ,  i s  shown i n  F i g u r e  1-5. 

This c lose-coupled  model w a s  o r i g i n a l l y  deve loped  for je teffects  

and  f low-through t e s t i n g  i n  t h e  Advanced N o z z l e  Concepts  ( A N C )  

program by the A i r  Fo rce  Wright A e r o n a u t i c a l  L a b o r a t o r i e s  

(AFWAL) , Refe rence  3 .  [Jnder t he  FTASA-ARC program d i s c u s s e d  

h e r e i n ,  model hardware  w a s  des igned  and f a b r i c a t e d  to  p r o v i d e  €or  

t e s t i n g  w i t h  the p r o p u l s i o n  s i m u l a t o r s ,  as w e l l  as w i t h  je t -  

e f f e c t s  and f low-through t e c h n i q u e s .  

Figure 1.5. Supersonic V/STOL Wind Tunnel Model Installed in NASA-Ames Eleven 
Foot Transonic Wind Tunnel 
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The r e s u l t s  of the wind t u n n e l  tests are p r e s e n t e d  i n  a 
series of three NASA C o n t r a c t o r  Reports. The s u r f a c e  p r e s s u r e  

data is  r e p o r t e d  i n  V o l u m e  I (Refe rence  4 ) ,  the  force and  moment 

data and data r e d u c t i o n  p r o c e d u r e s  i n  Volume I1 ( R e f e r e n c e  5 1 ,  

and the aerodynamic d a t a  a n a l y s i s  i n  Volume I11 ( R e f e r e n c e  6 ) .  

The key program r e s u l t s  are summarized i n  t h i s  F i n a l  R e p o r t ,  

V o l u m e  I V .  The s t u d y  c o n f i g u r a t i o n  i s  described, and key  aero- 
dynamic tes t  r e s u l t s  p r e s e n t e d .  A major  s e c t i o n  is  devo ted  t o  
t h e  o p e r a t i o n a l  e x p e r i e n c e  g a i n e d  from model d e s i g n  and t e s t i n g  

of the CMAPS u n i t s  i n  a f u l l  c o n f i g u r a t i o n  wind t u n n e l  model- 
Recommended improvements are also i n c l u d e d .  

5 



2 AERODmTAbIIC CONFIGURATIOM DESCRIPTION 

An advanced V/STOL a i r c r a f t  w i t h  s u p e r s o n i c  f ight.er/attack 
capabi l i ty  w a s  selected as the b a s e l i n e  aerodynamic c o n f i g u r a t i o n  
for  t h i s  s t u d y .  C o n s i d e r a t i o n s  i n  the development  of the c o n f i g -  

u r a t i o n  i n c l u d e d  the f o l l o w i n g :  

(1) Twin e n g i n e  p r o p u l s i o n  system w i t . >  v e c t o r a b l e ,  non- 

axisymmetric e x h a u s t  n o z z l e s .  

( 2 )  P r o p u l s i o n  system i n t e g r a t i o n  and canard/wing conf igu -  

r a t i o n  which maximize the aerodynamic e f f e c t s  i nduced  
by t h r u s t  v e c t o r i n g .  

( 3  ) C o n f i g u r a t i o n s  with high probabi l i ty  of d e m o n s t r a t i n g  
inlet/nozzle flowfield c o u p l i n g .  

( 4 )  Engine cycle compat.ihility w i t h  the CMAPS. 

( 5 )  C o n f i g u r a t i o n s  common t o  o t h e r  programs t o  mimimize 

model f a b r i c a t i o n  costs. 

2 . 1  FULL SCALE VEHICLE 

The f u l l  scale v e h i c l e  des igned  i n  th i s  program w a s  based on 

a lift p l u s  l i f t / c r u i s e  p r o p u l s i o n  system. The c o n f i g u r a t i o n  i s  
characterized by podded n a c e l l e s ,  i n l e t  mounted c a n a r d s ,  and 

v e c t o r a b l e  non-axisymmetr ic  n o z z l e s  a t  the wing t r a i l i n g  edge  

The characteristics of the f u l l  scale s t u d y  v e h i c l e  are shown i n  

F i g u r e  2-1. I n  the VTOL mode, forward mounted direct. lift 

e n g i n e s  and v e c t o r e d  Auqmented Deflector Exhaus t  Nozzles (ADENS)  

on the t u r b o f a n  l i f t l c r u i s e  e n g i n e s  p r o v i d e d  the r e q u i r e d  normal  

component of  t h r u s t .  

A d e t a i l e d  d i s c u s s i o n  of s i z i n g ,  s e l e c t i o n  cri t-eria,  and 

u t i l i z a t i o n  of t h i s  V/STOL c o n c e p t  i s  proviclec! i n  V o l u m e  I11 

(Refe rence  6 ) .  
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Propulsion 

(2) Advanced Mixed Flow Turbofans 

(2) Advanced Direct Lift Engines 
Engines 

UC FNSLSI (ea) 87,314 N (19,630 Ib) 

DLE FNSLSI (ea) 

Nozzles UC: ADEN-DLE: Eye Lid 

Inlet 

47,149 N (10,600 Ib) - 32°C (90°F) Day 

Normal Shock, A, = 0.39 m2/Engine (4.2 ft2/Engine) 

QP53oo.oOR 

Figure 2-1. Full Scale Characteristics of Supersonic V/STOL 
Study Configuration 

2.2 SIMULATED V/STOL TEST CONFIGURATION 

The scale of a CMAPS-equipped wind  tunnel model OF t h i s  

V/STOL configuration is  se t  by matching the maximum airflow of 
the CMAPS (0.748 kg/sec (1.65 lbm/sec)) t o  the ma.ximum engine a i r -  

flow (normally a t  sea level s t a t i c  condition). Specifically,  the 
model scale factor i s  determined as follows: 

Max CMAPS Compressor Corrected Airflow Scale Factor - Max Engine Corrected Airflow 

Application of t h i s  relationship t o  the turbofan. engines o f  the 

l i f t / c r u i s e  concept (80.7 Kg/sec (178 lbn /sec) )  resu1t.s i n  a 
model scale of 9.62%. 

7 



An e x i s t i n g  wind t u n n e l  model of a s imilar  aerodynamic con- 

f i g u r a t i o n  w a s  made a v a i l a b l e  t o  t h i s  program by the  A i r  Force 
Wright A e r o n a u t i c a l  Laboratories (AFWAL) , t h u s  r educ ing  program 

costs. The basic c o n f i g u r a t i o n ,  shown i n  F i g u r e  2-2, w a s  
deve loped  under  prime c o n t r a c t  fF3361.5-77-C-3094) t o  AF7VAL by 
MCAIF! i n  the  Advanced Nozzle  Concepts  (ANC) proqram, Reference  3. 

I t  i s  also c h a r a c t e r i z e d  by widely spaced, podded n a c e l l e s ,  
cana rds  and t w i n  v e c t o r a b l e  non-axisymmetr ic  n o z z l e s  a t  the wing 

t r a i l i n g  edge. The n o z z l e  concep t  is a G e n e r a l  Electr ic  A e r o -  

dynamic Load Balanced Exhaus t  Nozzle  (ALBEN) , w i t h  f u l l y  

c o n t i n u o u s  v e c t o r i n g  capabili ty t o  - +30°. 

FS 390 

490 590 

Figure 2.2. Air-to-Air Aerodynamic Configuration Developed in AFWALlMCAlR 
Advanced Nozzle Concepts (ANC) Program 
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t A comparison of the key geometry parameters of the scaled 
I 
I V/STOL configuration with the ANC model is  provided i n  Figure 
1 2-3. The ANC airframe parameters ( i . e .  wing, canard, fuselage, 

nacelle) a re  somewhat larger than would be required for  the 

properly scaled V/STOL concept, as  i s  the i n l e t  capture area. 

The nozzle throat areas a re  essent ia l ly  correct.  The ANC i n l e t  

w a s  therefore modified for  the NASA program t o  reduce the capture 

area t o  the properly scaled value (35 .23  cn2 o r  5 . 4 6  i n 2 ) .  

Supersonic V/STOL ANC 
L+ U C  Turbofan Air-to- Air 
at 9.62% Scale Model 

Overall Fuselage Length 1.79 m (5.88 ft) 
Nacelle Length 0.79 m (2.59 ft) 0.86 m (2.83 ft) 
Wing Span 1.16 m (3.81 ft) 1.30 rn (4.28 ft) 
Wing Area 0.39 m2 (4.15 ft2) 0.48 m2 (5.22 ft2) 
Canard Area 0.09 m2 ( I  .02 f t2)  

Inlet Capture Area 36.58 cm2 (5.67 in.2)* 
Nacelle Maximum Area 116.14 cm2 (18 in.2) 
Nozzle Throat Area (Dry) 19.42 cm2 (3.01 in.2) 
Nozzle Throat Area (A/B) 33.23 cm2 (5.15 in.2) 

1.72 m (5.63 ft) 

0.07 m2 (0.79 ft2) 

34.00 cm2 (5.27 in.2) 
107.75 cm2 (16.7 in.2) 
18.65 cm2 (2.89 in.2) 
32.78 cm2 (5.08 in.2) 

. . . . . . . . . . . . . . . . . . . . . . . . .  

‘Modilied to 35.23cm2(5.46 in.2) for NASAprogram 
QP53QB6609R 

Figure 2.3. Comparison of Key Geometry Parameters 
for Supersonic V/STOL System and ANC Model 

An external  g e o m e t r y  c o m p a r i s o n  of the modified (smaller i n -  
let area) model and the l i f t  plus l i f t / c r u i s e  V/STOL configura- 

t i on  a t  9.62% scale,  Figure 2-4, shows tha t  the ANC model i s  an 

excellent representation of the V/STOL concept. The propulsion 

system components are  properly scaled, as well as the r e l a t ive  
location of the canard/inlet and wing/nozzle. 

This NASA program investigated vehicle performance during 

the cruise and maneuver portions of a deck launched intercept m i s -  

sion. The l i f t  engine was therefore not modeled c tur inq  the t e s t .  
The existing ANC ALBEN i s  aerodynamically similar t o  the f u l l  

scale V/STOL ADEN a t  cruise and maneuver power set t ings.  There- 

fore,  the ALBEN was used for  a l l  tes t ing i n  t h i s  VASA program. 

I 
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GP53.0688-84-R 

Figure 2-4. External Geometry Comparison Between ANC Model 
and 9.62% V/STOL Concept 

._ . 
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3 .  TEST APPROACH AND MODEL DESCRIPTION 

The overall test approach, model design, and associated data 
I requirements were established to identify propulsion/airframe 

interactions using both the propulsion simulator and conventional 
model techniques. A major effort was made to ensure that any 
differences between the conventional and simulator mode test 
results were a true indication of propulsion/airframe aerodynamic 
coupling, as opposed to a bias error due to different methods of 
model design or data acquisition. To achieve this, model 
commonality was maximized in the CMAPS, Flow-Through, and 
Jet-Effects test modes. 

An identical support system and metric arrangement were used 
in a l l  test modes. A single internal halance measured all 
external aerodynamic forces except those on the exhaust nozzles, 
Figure 3-1. External pressures were measured to evaluate the 
nozzle aerodynamics. Common metric break locations and seal 
bridging mechanisms were also maintained, Figure 3-2. 

I 

Nozzle (ALBEN Shown) 

Duct Metric Break 

Figure 3-1. Common Support System and Metric Arrangement 
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Strut Seal 
(RTV Silicone Rubber) 

w 
GP53.0871.20.R 

Figure 3.2. Metric Seal Details and Materials 

The s i n g l e  model w a s  d e s i g n e d  t o  accept three d i f f e r e n t  

n a c e l l e  core ha rdware  u n i t s .  This al lowed c o n v e r s i o n  to ei ther  
CMAPS, Flow-Through, or Jet-Effects tes t  modes by i n s t a l l i n g  a 

s i m u l a t o r ,  jet-ef fects plenum, or f low-through d u c t  i n s i d e  t he  

n a c e l l e ,  as shown i n  F i g u r e  3-3 .  

For a l l  tes t  modes, the model w a s  i n s t r u m e n t e d  t o  o b t a i n  t he  

e x t e r n a l  aerodynamic characteristics of the airframe and the 

n o z z l e s .  The aerodynamic loads on  the  airframe w e r e  measured 
w i t h  a common 2.5 i n .  Task MK XXXII s t r a i n  gauge b a l a n c e .  T h r u s t  

w a s  n o t  measured. 

The non-metr ic  ALBEN w a s  i n s t r u m e n t e d  w i t h  49 e x t e r n a l  sur- 

face p r e s s u r e  or i f ices .  The r e s u l t i n g  s u r f a c e  p r e s s u r e s  were 

used t o  pe r fo rm a p r e s s u r e - a r e a  i n t e g r a t i o n  f r o m  which lift., 

drag, and p i t c h i n g  moment on  the n o z z l e s  w e r e  c a l c u l a t e d .  F 
t o t a l  of 96 a d d i t i o n a l  s u r f a c e  p r e s s u r e  measurements w e r e  pro- 

v i d e d  on t h e  wing, f u s e l a g e ,  and n a c e l l e  f o r  d i a g n o s t i c  p u r p o s e s .  

12 



Common Drive Air 

- 
Common Comm 

le (Also Tested in 
Flow-Through Mode) 

Duct 

1 

I 

I 

1 

I 

Flow-Through l7-n 

Flow-Through Duct Nozzle Extension 
(Also Tested in Simulator 
and Jet Effects Modes) 

Jet Effects T-rrT-l-l- 

Inlet 
Fairing ALBEN Nozzle Jet Effects 

Air Supply Plenum OP53.0353-1l.R 

Figure 3.3. Test Mode Conversion Concept 

A br ie f  descr ipt ion of the wind tunnel model for  each t e s t  
mode is  provided below. A more detai led descr ipt ion of the model 

i s  presented i n  Volumes I1 and I11 of this report (References 5 

and 6 ) .  

3 .1  CMAPS Mode 

The major feature  of the model is ,  of course, ts a b i l i t y  to  

accept a CMAPS i n  each engine nacel le .  I n  t h i s  program, the  

CMAPS uni t . s  were always s e t  t o  produce symmetric i n l e t  and nozzle 

conditions l e f t  t o  r igh t .  However, each CMAPS was control led 

13 



independently. The airflow paths through the simulator and the 
location of the engine instrumentation planes fo r  the  CMAPS a r e  

Shown i n  Figure 3-4 .  High-pressure a i r ,  expanded through the  
CMAPS' s ingle-stage turbine,  drives a four-stage, axial-flow com- 

pressor.  The t u r b i n e  discharge a i r  can be routed out of the 
CMAPS through a bleed l i n e  or mixed  w i t h  the  compressor a i r f low 

and exhausted through the nozzle. This approach makes it possi- 

b l e  t o  simulate the  i n l e t  airflow and nozzle pressure r a t i o  inde- 

pendently over a range covered by most current turbofan engines 
fo r  supersonic f igh te r s .  The maximum achievable compressor 

airflow i s  0.748 kg/sec (1 .65  l b / sec ) ,  which equates t o  80.74 

kg/sec f u l l  sca le  (178 lb / sec ) .  A t  t h i s  airflow, the CMAPS engine 

pressure r a t i o  (EPR)  can be varied from approximately 1 . 2  t o  4.0. 

The simulator operating ranqe for  a nozzle i n  the afterburning 
position is shown i n  F i g u r e  3-5. 

Drive Control 
Valve Venturi 

Bleed Control 

Inlet Exhaust Nozzle Duct 
Airflow 

Compressor Inlet Compressor Discharge 

GP534666-66-R 

Figure 3-4. Simulator Internal Flow Paths 
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3.0 
Engine 

Pressure 
Ratio, 2.6 

2.2 

EPR=PT /PT2 
a 

1.8 

1.4 

1 0  

NASA ARC 9x7 11 - SSWT 

Wind-on demonstration (Mach 0.9) 
NASA ARC 11 11 - TSWT 

._ 
0.6 0.8 1.0 1.2 1.4 1.6 1.8 Ib/sec 

Compressor Corrected Airflow, WA2R 

(0.27) (0.36) (0.45) (0.54) (0.64) (0.73) (0.82) (kglsec) 

GP53.0688.88.R 

Figure 3-5. Demonstrated CMAPS Flexibility 
AIB Power ALBEN 

A deta i led  description of t.he CMAPS operation and 

performance i s  given by Wagenknecht and Bailey (References 8 and 

9) 

Pre-test  s t a t i c  airflow ca l ibra t ions  of the CMAPS were 

conducted i n  t he  NASA ARC 9 x 7 f t .  supersonic wind  tunnel a t  
NASA ARC. A photograph of both simulators mounted on the support 

s t i n g  during the  airf low ca l ibra t ions  i s  shown i n  Figure 3-6. A 
cal ibrated bellmouth, shown on the r igh t  hand i n l e t  i n  Figure 

3-6, was used t o  determined the reference airf low.  The airf low 

through the model was used t o  correct the balance outputs for  

ax ia l  stream th rus t  a t  the simulated enging face (Plane 2 ) ,  and 

t o  determine i n l e t  mass f l o w  r a t i o  (MFR) and ram drag. 
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G P53-0666-65R 

Figure 3.6. CMAPS Compressor Airflow Calibration Set-Up 

"he method used for  CMAPS a i r f low calculat ion was based on 

s t a t i c  pressure a t  the t u r b i n e  discharge (Plane 57)  and ro to r  

speed. Other methods of CMAPS i n l e t  airflow calculat ion were 

a l so  investigated based on measurements a t  the engine face (Plane 

2 ) ,  the compressor discharge (Plane 1 5 ) ,  and the exhaust duct 

(Plane 8). However, the  Plane 57 a i r f low calculat ion was shown 
t o  have the lowest uncertaint-y, as discussed i n  Reference 10 by 

S. C. S m i t h  of NASA ARC. 

3 . 2  FLOW-THROUGH MODE 

During the Flow-Through mode, non-metric ducts replaced the 

simulators i n  the engine nacelles.  The duct u n i t s  w e r e  designed 

t o  model the propulsion simulators w i t h  respect t o  the int-ernal 

i n l e t  flow, pa r t i cu la r ly  a t  the  simulated engine face. 

Therefore, the Plane 2 instrumentation, i n l e t  duct sea ls ,  and 

compressor face hubs were ident ica l  for  Flow-Through and CMAPS 

modes. 
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3 . 3  JET-EFFECTS MODE' 
I 

T o  a c h i e v e  the  Jet-Effects mode, plenum chambers w e r e  

s u b s t i t u t e d  for the s i m u l a t o r s  or f low-through d u c t s .  The d r i v e  
and bleed l i n e s  i n  the s u p p o r t  s t i n g  f u r n i s h e d  t w o  i n d e p e n d e n t l y  

c o n t r o l l e d  high p r e s s u r e  a i r  s o u r c e s  t o  the plenum. The a i r  w a s  
mixed i n  the plenum and exhaus ted  th rough  the ALRENs. 

I 

To maximize commonality between modes, t h i s  dua l - f low plenum 

w a s  des igned  t o  d u p l i c a t e  the  i n t e r n a l  a i r f low paths and 

r e s u l t a n t  p r e s s u r e  and t e m p e r a t u r e  p a t t e r n s  e n c o u n t e r e d  i n  the 

CMAPS mode. A l s o ,  the i n l e t  d u c t  seal w a s  r e t a ined .  d u r i n g  the 

Jet-Effects mode to  m a i n t a i n  a common seal a r r angemen t .  
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4. AERODYNAMIC TEST RESULTS 

The n e t  aerodynamic e f f e c t  of f lowf ie ld  i n t e r a c t i o n s  was 

i n v e s t i g a t e d  by comparing the basic CNAPS mode r e s u l t s  w i t h  t h o s e  
o b t a i n e d  i n  t h e  data bu i ld -up  f r o m  the c o n v e n t i o n a l  mode. Any 

d i f f e r e n c e s  i d e n t i f i e d  w e r e  a t - t r i bu tec l  t o  i n l e t / n o z z l e  f l o w f i e l d  

coup l ing .  The s u r f a c e  p r e s s u r e s  and force and moment characteris- 
t i cs  of discrete r e g i o n s  on  the model w e r e  also a n a l y z e d  t o  iso- 

l a t e  the effects of any f l o w f i e l d  i n t e r a c t i o n s .  

4.1 TEST PROGRAM 

The three tes t  modes (CMAPS, Flow-Through, and Jet-Effects) 

r e q u i r e d  f o u r  e x t e r n a l l y  d i f f e r e n t  aerodynamic t es t  conf  i g u r a -  

t i o n s  t o  i d e n t i f y  the p r e s e n c e  of f l o w f i e l d  c o u p l i n g .  n e s e  
configurations were termed: 1) Simula t ed  A i r c r a f t ,  2 )  Common 

B a s e l i n e ,  3 )  Nozzle  E x t e n s i o n ,  and 4)  Nozzle  E x t e n s i o n  B a s e l i n e ,  
F i g u r e  4-1. The e x t e r n a l  d i f f e r e n c e s  i n  these c o n f i g u r a t i o n s  

w e r e  only i n  t h e  n a c e l l e  geometry; a l l  o t h e r  e x t e r n a l  model 

f e a t u r e s  w e r e  common. Aerodynamic i n c r e m e n t s  f r o m  the l a s t  three 

c o n f i g u r a t i o n s  w e r e  comhined t o  form t h e  c o n v e n t i o n a l  mode d a t a  

base. 

To e l i m i n a t e  a possible bias due t o  d i f f e r e n t  methods of 
i n l e t  a i r f l o w  measurement,  the i n l e t /  airframe e f f e c t s  used i n  

the c o n v e n t i o n a l  mode data bu i ld -up  w e r e  o b t a i n e d  w i t h  CMAPS 

i n s t a l l e d  i n  the Nozzle  Ex tens ion  c o n f i g u r a t i o n ,  and a g a i n  w i t h  

t h e  flow-through d u c t s  i n s t a l l e d .  Therefore, the chosen method 

of i n l e t  a i r f low c a l c u l a t i o n  ( P l a n e  5 7  method) w a s  used  i n  both 

c o n v e n t i o n a l  and CMAPS t es t  t e c h n i q u e s .  

The f o u r  t e s t  c o n f i g u r a t i o n s  w e r e  d e r i v e d  f r o m  t w o  i n l e t  and 

t w o  exhaus t  system c o n f i g u r a t i o n s .  The i n l e t  c o u l d  he tes ted 

either f lowing  or faired and the e x h a u s t  sys tem could  s i m u l a t e  

e i t he r  ALFENs o r  n o z z l e  e x t e n s i o n  t u b e s  w i t h  e x i t  chokes. The 

e x t e n s i o n  t u b e s  w e r e  used so the e x h a u s t  plume would n o t  bias the 

e f f e c t s  o f  i n l e t  mass f low ratj.0 (MFF) on t h e  metric a i r f r a m e .  
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Aerodynamic Configurations 
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I 
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Slmu lated Aircraft 
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- Inlet Effects 
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Conventional Mode 
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- Jet Effects 

I- 
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- Inlet Effects 

> 
I 
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Effects on Airframe 
- Nozzle Extension 

QPS3QSS3-10R 

Figure 4-1. Comparison of Test Configuration 

Four d i s t i n c t  n o z z l e  c o n f i q u r a t i o n s  w e r e  tested i n  the Jet- 
E f f e c t s  mode: unvec to red  dry p o w e r  ALBEPT and  maximum af ter-  
b u r n i n g  (A/B) power ALREN a t  O " ,  20", and 30" t h r u s t  vec t -or ing .  

However, i n  the subsequen t  CMAPS mode t e s t i n g  t h e  u n v e c t o r e d  A/B 

c o n f i g u r a t i o n  w a s  the o n l y  ALBEN t es ted  due  t o  a CMAPS O-ring 
f a i l u r e .  This p r e m a t u r e l y  ended t e s t i n g  i n  t h i s  mode. mhere- 

fore, a l l  d i rec t  compar isons  between c o n v e n t i o n a l  and simulator 

modes p r e s e n t e d  h e r e i n  are based on the  Sirnillated Aircraf t  
c o n f i g u r a t i o n  w i t h  unvec to red  A/B A L R E N s .  

I 

I The t e s t i n g  w a s  performed f r o m  Mach 0.4 t o  Mach 1.4, up  t o  

20" a n g l e - o f - a t t a c k ,  i n  the 11 f t  t r a n s o n i c  u n i t a r y  p l a n  wind 

t u n n e l  a t  the NASA Ames Research C e n t e r ,  Moffett F i e l d ,  
C a l i f o r n i a .  
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4.2 TOTAL AERODYNAMIC PERFORMANCE 

I n  the CMAPS mode, the aerodynamic  characterist ics o f  the  

complete c o n f i g u r a t i o n  w e r e  o b t a i n e d  d i r e c t l y  a t  the actual 
i n l e t / n o z z l e  o p e r a t i n g  c o n d i t i o n s .  T h i s  w a s  possible b e c a u s e  the  

p r o p u l s i o n  s i m u l a t o r s  permitted the s i m u l t a n e o u s  matching  of the 

i n l e t  and n o z z l e  f l o w  c o n d i t i o n s  a t  the d e s i r e d  o p e r a t i n g  p o i n t s .  

The to t a l  aerodynamic per formance  c h a r a c t e r i s t i c s  f r o m  the 

c o n v e n t i o n a l  mode are based on a bu i ld -up  of data f r o m  three sepa- 
ra te  c o n f i g u r a t i o n s ,  as p r e v i o u s l y  no ted .  The three c o n v e n t i o n a l  

mode c o n f i g u r a t i o n s  w e r e  combined u s i n g  the  force and  moment 
a c c o u n t i n g  p r o c e d u r e  shown i n  F i u u r e  4-2. The basic a i r f r a m e  

aerodynamics ,  w h i c h  i n c l u d e d  i n l e t / a i r f r a r n e  i n t e r a c t i o n s  ( i . e .  
MFP effects) but not nozzle/airFrame interactions, were obt-ained 
from the  metric p o r t i o n  of t h e  Nozzle  E x t e n s i o n  c o n f i g u r a t i o n .  
The effect of the n o z z l e  e x t e n s i o n s  on the a i r f r a m e  aerodynamic 
characteristics w a s  o b t a i n e d  as the d i f f e r e n c e  between the jetof f 

Common B a s e l i n e  and Nozzle  E x t e n s i o n  B a s e l i n e  c o n f i q u r a t i o n s .  

Conventional Modo 
Metric ; 
1 Nonmetric 
b EIl.ctS of: 

- InletlAlrframe \ ,---- 
c- - - -  interaction 

Sirnubtor Modo 

EIlffitS of: 
InietlAirframe 

Interaction 

Nozziel Airframe 
inietlNoule Interaction 

Coupilng 

Jet-Off 

Region included 
in performance 
buildup 

GP53068852-R 

Figure 4-2. Aerodynamic Accounting Procedure 
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F i n a l l y ,  the n o z z l e / a i r f r a m e  i n t e r a c t i o n s ,  i n  c I. ud i ng 
o p e r a t i n g  WPR effects, w e r e  o b t a i n e d  as the d i f f e r e n c e  between 
j e t - o n  and jet-off r u n s  of the Common E a s e l i n e  c o n f i g u r a t i o n  i n  
t h e  JetEffects  mode. 

t During the bui ld-up ,  the c o n v e n t i o n a l  mode d a t a  w e r e  
I 
I a d j u s t e d  t o  the s a m e  MFR, NPR and a n g l e - o f - a t t a c k  as the basic 

CMAPS mode data. These s m a l l  a d j u s t m e n t s  w e r e  o b t a i n e d  by 

i n t e r p o l a t  i o n .  

The largest  d i f f e r e n c e s  i n  aerodynamic per formance  between 

the CMAPS and  c o n v e n t i o n a l  modes o c c u r r e d  s u p e r s o n i c a l l y .  As 
shown i n  F i g u r e  4-3, the s i m u l a t o r  t e c h n i q u e  demons t r a t ed  n e a r l y  

20 c o u n t s  ( o n e  "count"  is  e q u a l  t o  D/qSw = 0.0001) l ess  drag t h a n  

the c o n v e n t i o n a l  mode bu i ld -up  a t  a c o n s t a n t  l i f t  c o e f f i c i e n t .  

Figure 4-3. Drag Polar Comparison 

Mach 1.4 Canard Angle = O o  
Simulator vs Conventional Mode 

Mass Flow Rotation = 0.793 Nozzle Pressure Ratio = 9.60 
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The effects of these i n t e r a c t i o n s  can  also be s e e n  i n  t h e  

t r e n d s  of d r a g  v e r s u s  NPTZ. A s  shown i n  F i g u r e  4-4, the  basic 

J e t - E f f e c t s  mode r e s u l t s  can  be incremented  by the f lowing  i n l e t  

effects and n o z z l e  e x t e n s i o n  effects t o  o b t a i n  t h e  c o n v e n t i o n a l  

mode bui ld-up .  The hasic assumpt ion  i n  such  a bu i ld -up  i s  tha t  

t h e  i n l e t / a i r f r a m e  e f f e c t s  are independent.  of P.rPR. The conven- 

t i o n a l  bu i ld -up  c u r v e  is  t h u s  para l le l  t o  the basic Jet-Effects 

cu rve .  Any d i f f e r e n c e s  between the CVAPS and bui l - t -up conven- 

t i o n a l  mode c u r v e s  i s  a n  i n d i c a t i o n  of f l o w f i e l d  c o u p l i n g .  This 

i n c l u d e s  d i f f e r e n c e s  i n  shape, as w e l l  as magnitude.  Supe r son ic -  
a l l y ,  the CMAPS mode predicts a n e a r l y  cons tan t -  increment- of 20 

c o u n t s  less d r a g  t h a n  the c o n v e n t i o n a l  mode. 

Mach 1.4 
o! = 0.8' 
&,=O* 

0.048 I I 
NoulelAirframe Effects 

InletlAirframe and 
Noule Extension Effects 

0. 

0 Jet-Effects Inlet faired - - - Conventional 0.73 
build-up 

0 CMAPS 0.73 

CD 

0.042 Mode MFR 
L 

S u b s o n i c a l l y ,  the s i m u l a t o r  t e c h n i q u e  genera1l .y  e x h i b i t s  

l o w e r  l i f t  and drag t h a n  t h e  c o n v e n t i o n a l  t e c h n i q u e  a t  a g i v e n  

ang le -o f -a t t ack .  However, the drag polars from the t w o  tech- 

n i q u e s  n e a r l y  c o i n c i d e ,  F i g u r e  4-5. 
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& Basic simulator mode data - - 0- - Conventional mode data build-up 

Mach 0.6 Canard Angle = - 5' 
Mass Flow Ratio = 0.916 Nozzle Pressure Ratio = 3.86 

-0.02 0.02 0.06 0.10 0.12 0.16 

OP59.03S3.2uR 
CD 

Mach 0.9 
Mass Flow Ratio = 0.753 

Canard Angle = - 5' 
Nozzle Pressure Ratio = 5.30 

Figure 4-5. Drag Polar Comparison 
Simulator vs Conventional Mode 
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F u r t h e r  e v i d e n c e  of s u b s o n i c  i n t e r a c t i o n s  are s e e n  i n  the 

t r e n d s  of d r a g  v e r s u s  NPR a t  Mach 0.6 and 0.9, F i g u r e  4-6. I n  

t h i s  case, the f lowfield i n t e r a c t i o n s  are r e f l e c t e d  as a 
d i f f e r e n c e  i n  shape between the CMAPS and c o n v e n t i o n a l  mode 
c u r v e s .  

Mach 0.6 
a = 0.55' 
6 C -  - - 5 .  

0.020 I I I 
MAh MFR 

0 Jet-Effects Inlet faired - - - Conventional 0.91 
buildup 

0 CMAPS 0.91 

0.018 

CD 

0.0 16 

2 4 6 
Nozzle Pressure Ratio 

0.014 
0 

0.1 

0.76 
0.76 

Mod. 
0 JetMects Inlet faired - - I Conventional 

buildup H- 0 CMAPS 

0.016 

0.014 k 2 4 6 

Nozzle Pressure Ratio 
QP530353.21-R 

Figure 4.6. Effect of Flowfield Coupling on 
Full Configuration Drag 
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Comparison of t o t a l  aerodynamic performance from CMAPS and 

conventional mode tes t ing,  as presented above, indicates the net 
e f fec t  of any flowfield coupling which may occur. However, 

localized flowfield coupling may ex i s t  which a f fec ts  only d i s -  

c r e t e  a i r c ra f t  components and not the overall  performance. 

4.3 LOCAL FLOWFIELD IPTERACTIONS 

Localized flowfield interactions were ident i f ied by analyz- 

ing the surface pressures and force and moment character is t ics  of 

specif ic  regions on the model. The most s ignif icant  localized 

interactions were observed on the nozzles and the nacelle upper 

surface. 

The largest  differences i n  pressure-area integrated nozzle 

drag between the Jet-Ef fects  and CMAPS modes occurred supersonic- 

a l ly .  A s  shown i n  Figure 4-7, the CFAPS mode with flowinq in l e t s  

exhibits from 6 t o  1 2  counts less nozzle drag than the correspond- 

ing Jet-Effects mode with faired in le t s .  A constant incremental 

difference i n  drag would be expected i f  the i n l e t  fa i r ing  
produced a bias error.  However, the changes i n  slope or shape of 

the drag coeff ic ient  curve i n  Figure 4-7 indicate t h a t  flowfield 
interactions e x i s t .  I n  t h i s  example, the difference between the 
m a x i m u m  i n l e t  fa i r ing  bias and the m i n i m u m  bias i s  6 drag counts 
due t o  inlet/nozzle flowfield coupling. 

Evidence of flowfield coupling on the nozzle was also seen 

subsonically. A s  shown i n  Figure 4-8, the magnitude of the 
nozzle drag for each t e s t  technique is  nearly the same. However, 
the trends with NPR are  again d i f fe ren t .  I n  t h i s  comparison, the 

CMAPS mode demonstrates from 2 counts more drag t o  6 counts less  

drag than the Jet-Effects mode. 
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Figure 4-8. Flowfield Coupling Effects on Nozzle Drag 
Subsonic Conditions cy = 0 6 ,  = - 5" 

26 



The d i f f e r e n c e s  between the CMAPS and J e t - E f  fects mode 

n o z z l e  d r a g s  p r e s e n t e d  above are a t t r i b u t e d  t o  i n l e t  f l o w f i e l d  

d i f f e r e n c e s  a f f e c t i n g  the n o z z l e  f l o w f i e l d .  I n  t h i s  case, the 

comparison w a s  between a f l o w i n g  and a faired i n l e t .  The i n l e t  

f a i r i n g  effect on j e t - o n  n o z z l e  drag is a bias error i n h e r e n t  t o  
c o n v e n t i o n a l  mode t e s t i n g .  

A t r a d i t i o n a l  method of a d d r e s s i n q  t h i s  bias error i s  t o  
d e t e r m i n e  a drag inc remen t  between a r e f e r e n c e  n o z z l e  o p e r a t i n g  
a t  a very l o w  f l o w -  t h r o u g h  NPR (or a solid s t i n g  plume s imula-  
t i o n )  and  the  correct n o z z l e  geometry o p e r a t i n g  a t  the e n q i n e  

o p e r a t i n g  NPR. However ,  t h i s  approach properly a c c o u n t s  for the 

i n l e t  f a i r i n g  bias only a t  the very low f lowth rough  NPR. I t  

assumes t ha t  the i n l e t  f a i r i n g  bias is  c o n s t a n t  and  does n o t  

affect the r e l a t i o n s h i p  between n o z z l e  d r a g  a n d  NPR. I n  the 

p r e s e n c e  of i n l e t / n o z z l e  f l o w f i e l d  c o u p l i n g ,  t h i s  assumpt ion  i s  
n o t  n e c e s s a r i l y  correct, as shown i n  F i g u r e s  4-7 and 4-8. 

Another  f l owf ie ld  i n t e r a c t i o n  effect  i n v e s t i g a t e d  w a s  the 

v a r i a t i o n  of n o z z l e  drag w i t h  MFR and  NPR, over a specific c a n a r d  
a n g l e  range .  The comparison shown i n  F i q u r e  4-9a, a t  c o n s t a n t  

MFR and i n c r e a s i n g  MPR, i n d i c a t e s  a n e a r l y  c o n s t a n t  i n c r e m e n t a l  

change i n  n o z z l e  forces. T h i s  i nc remen t  i s  thus a c o n s t a n t  

t . h ro t t l e -dependen t  effect on t h e  n o z z l e s  and is n o t  c o n s i d e r e d  a n  
i n d i c a t i o n  of i n l e t / n o z z l e  i n t e r a c t i o n s .  Tqowever, a decrease i n  

MFR for a c o n s t a n t  NPR, F i g u r e  4-9b, changes t h e  basic shape of 
t h e  c u r v e s .  This change i n  t r e n d  i n d i c a t e s  that. the  i n l e t  
f l o w f i e l d  is a c t i n g  th rough  the cana rd  t-o a f f ec t  the n o z z l e  
f l o w f i e l d .  

The data p r e s e n t e d  i n  F i g u r e  4-9 a l so  i n d i c a t e s  that  the 

cana rd  a l o n e  i n t e r a c t s  w i t h  the  n o z z l e  f l o w f i e l d ,  regardless of 
MFR and NPR. This i s  i n t e r e s t i n g  because the approach for  conven- 

t i o n a l  t e s t i n g  i s  t o  assume tha t  the effects of the cana rd  on 

n o z z l e  d r a g  are n e g l i g i b l e .  O f  c o u r s e ,  t h i s  type. of i n t e r a c t i o n  

c o u l d  be o b t a i n e d  w i t h  t r a d i t i o n a l  J e t - E f f e c t s  mode t e s t i n g  bY 
imposing cana rd  a n g l e  v a r i a t i o n s .  
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These same canard/nozzle interact ions w e r e  not observed a t  

lower subsonic speeds. As shown by CPnAPS mode data a t  Mach 0 .6 ,  

Figure 4-10, there is  essent ia l ly  no variation of nozzle drag 

w i t h  canard angle a t  angles-of-attack of 0"  o r  9" .  This same 

trend was also ident i f ied on the jet-off,  Common Baseline conficru- 

ra t ion,  Figure 4-11. The nozzle drag is  affected by canard angle 
deflection a t  Mach 0.9 but no t  a t  Mach 0.4 and 0.6.  
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The data suggests tha t  t h i s  coupling phenomena may be Sue t o  

unstable flowfield character is t ics  associated w i t h  transonic 
flow. Within t h i s  regime, shock waves can form and move along 

the wing, nacelle, and nozzle i n  response t o  canard angle varia- 
t ions.  A t  Mach numbers above or below t h i s  transonic regime, the 

flowfield i s  suf f ic ien t ly  s tab le  tha t  canard variations do not 

s ignif icant ly  influence the nozzles. 

Variations i n  nacelle surface pressure dis t r ibut ions a l so  
indicate the interact ion of forward and a f t  flowfields. The 

largest  indications of such inlet/nozzle flowfield interactions 
were seen i n  comparisons of faired and flowing in l e t  configura- 

t ions.  As shown i n  Figure 4-12, the presence of the fa i r ing  i s  
f e l t  over the en t i r e  length of the nacelle and nozzle. However, 
at a higher NPR,  the f a i r i n g  effects  on the nozzle pressures 
diminish, Figure 4-13. These trends are typical- of the subsonic 
resu l t s ,  and indica-te t ha t  the i n l e t  condition (flowing o r  

fa i redl  impacts the flowfield around the nozzles. These resu l t s  

substantiate the t.rends of subsonic nozzle drag w i t h  VPR varia- 

t ions presented ea r l i e r .  S i m i l a r  i n l e t  fa i r ing  ef Eects were also 
ident i f ied supersonically . 

The ef fec ts  of aerodynamic coupling ident i f ied here could be 
greater for other propulsion system geometries. For example, a 

vectored or dry power nozzle configuration could present an even 

higher potential  for inlet/nozzle flowfield coupling than the 
tested unvectored A/B configuration. The smaller ex i t  area of a 

dry power nozzle r e su l t s  i n  much more aft-facing projected area 

than an A/B geometry. Further, the e f fec ts  of vectored thrust  

have been shown t o  propagate fa r ther  upstream than those of 
[invectored t h r u s t  (Reference 3 )  . 
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Figure 4-12. Inlet Fairing on Nacelle Upper Surface 
Pressure Distribution at Mach 0.9 

C X Y O "  6c= - 5 "  NPRz4.2 
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5 .  CMAPS UTILIZATION 

The e x p e r i e n c e  g a i n e d  d u r i n q  t h e  d e s i u n ,  c a l i b r a t i o n ,  a n d  

t t e s t i n g  of t h e  CMAPS-equipped model is  a s  i m p o r t a n t  a s  t h e  aero- 

dynamic  t e s t  r e s u l t s .  R e q u i r e m e n t s  i n  model d e s i g n  a n d  ca l ibra-  

t i o n  r e q u i r e  a d d i t i o n a l  c o n s i d e r a t i o n s  compared t o  c o n v e n t i o n a l  

wind  t u n n e l  models. The o p e r a t i o n  of t h e  s i m u l a t o r s  i n  a wind  

t u n n e l  e n v i r o n m e n t  w a s  found  t o  be g e n e r a l l v  r e l i ab le ,  b u t  

s p e c i f i c  a reas  w i l l  r e q u i r e  f u r t h e r  deve lopmen t .  The o p e r a t i o n a l  

e x p e r i e n c e  g a i n e d  d u r i n g  t h i s  program is  t h e r e f o r e  r ev iewed ,  a n d  

e f f o r t  recommended f o r  c o n t i n u e d  devel-opment  of p r o p u l s i o n  

s i m u l a  t o r s  . 
5.1 MODEL DESIGN CONSIDERATIONS - Wind t u n n e l  models d e s i a n e d  t o  

accen t  t h e  c u r r e n t  p r o p u l s i o n  s i m u l a t o r s  a r e  s u b j e c t  t o  v a r i o u s  

c o n s t r a i n t s  n e t  u s u a l l y  p r e s e n t  f o r  c o n v e n t i o n a l  models. T h e s e  

c o n s t r a i n t s  r e s u l t  from t h e  p h y s i c a l  s i z e  of a CMAPS, t h e  a v a i l -  

ab l e  b a l a n c e  systems,  a n d  t h e  d r i v e  a n d  b leed  l i n e  a i r f l o w /  

t e m p e r a t u r e  e x t r e m e s .  Special  c o n s i d e r a t i o n s  mus t  t h e r e f o r e  he 

made r e q a r d i n g  model sca le ,  metric b r e a k  a r r a n g e m e n t ,  P u p p o r t  

system type ,  a n d  b a l a n c e  t e m p e r a t u r e  c o n t r o l .  

5.1.1 Model Scale - The p h y s i c a l  s i z e  a n d  a i r f l o w  c a p a b i l i -  
t i e s  of t h e  e x i s t i n g  p r o p u l s i o n  s i m u l a t o r s  d i c t a t e  t h e  sca le  of 

t h e  wind t u n n e l  model. The p h y s i c a l  s i z e  is o b v i o u s l y  i m p o r t a n t  

i n  d e t e r m i n i n g  scale f ac to r  s i n c e  t h e  u n i t s  mus t  f i t  i n s i d e  t h e  

model. S i n c e  a CMAPS is  a tool  f o r  p r o p u l s i o n  system t e s t i n a ,  

t h e  model's scaled a i r f l o w  must  a l s o  ma tch  f u l l  sca le  e n g i n e  

capab i l i t y .  

C h a r a c t e r i s t i c  d i m e n s i o n  and  a i r f l o w  p a r a m e t e r s  wh ich  a r e  

common t o  h o t h  p r o p u l s i o n  s i m u l a t o r s  and f u l l - s c a l e  e n a i n e s  a r e  

u s e d  i n  t h e  s c a l i n a  e x e r c i s e .  T h e  d i a m e t e r  o f  t h e  compressor 

face is t h e  p r i r n a r v  c h a r a c t e r i s t i c  d i m e n s i o n  f o r  scalinq t o  

s p a t i a l  c o n s t r a i n t s .  The sca le  f a c t o r  e a u a t i o n  based on com- 

Dressor face diameter is s imple :  

33 



Scale Factor - CMAPS COMPRESSOR FACE DIAMETER - 
ENGINE COMPRESSOR FACE DIAMETER DIAMETER 

The maximum corrected airflow i s  the charac te r i s t ic  parameter for  

scaling to  airflow capability. The scale factor equation based 

on airflow is: 

- MAX CMAPS COMPRESSOR CORRECTED AIRFLOW - 
MM ENGINE COPPECTED AIRFLOW Scale Factor 

AIRFLOW 

Ideally,  both s ize  and airflow considerations would generate 
the same model scale. IJnfortunately, t h i s  i s  not often the case 
when existing full-scale engines are  scaled to the  propulsion 
simulator. A comparison of several current and advanced engines 
scaled t o  the CElAPS' s i z e  and airflow is presented in Figure 5-1. 

A s  shown, the model scale based on airflow is often less  than 

tha t  based on dimensional constraints.  This s i tua t ion  could 

obviously resu l t  i n  d i f f i cu l ty  i n  physically f i t t i n g  the simula- 
to rs  inside a model which is properly scaled for airflow. 

W, Corrected Scale Scale 
Design D2 Airflow Diameter 

kg/sec (Ibmlsec) On-) (percent) (percent) 
Engine 

CMAPS 0.748 (1.65) 0.0762 (3.0) - 
F100-PW-100 102.8 (226.7) 0.884 (34.8) 8.53 8.62 
F100-PW-220 100.9 (222.5) 0.884 (34.8) 8.61 8.62 
PW 1128 110.0 (242.5) 0.884 (34.8) 8.25 8.62 
PW 5000 1 13.9 (251 .O) 0.905 (35.6) 8.1 1 8.43 
F11O-GE-100 1 19.4 (263.2) 0.91 3 (35.95) 7.92 8.34 
F404-GE-400 64.2 (141.5) 0.709 (27.9) 10.80 10.75 

PW LiftlCruise 
Turbofan 80.8 (178.0) 0.770 (30.3) 9.62 9.90 

GP530801-144 

Figure 5.1. Current and Advanced Engines Scaled to CMAPS 
by Airflow and Compressor Diameter 
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I Scaling for  the present program i l l u s t r a t e s  a possible 
I approach. The l i f t / c ru i se  turbofan engine selected for the study 

configuration of t h i s  program is included i n  the table  of Figure 

5-1. Scaling for t h i s  engine indicates the scale factor based on 

compressor face diameter (9.90%) t o  be greater than tha t  based on 

airflow (9 .62%).  Since t h i s  program was intended t o  ident i fy  
inlet/nozzle flowfield coupling, the properly scaled airflow w a s  

required. The physical ins ta l la t ion  of sinwlators i n  the model 

was not a problem because an adequate CMAPS envelope w a s  provided 

when the model was or iginal ly  fabricated for t h e  ANC proqram 
(Reference 3 ) .  However, t h i s  approach resulted i n  a model for  

the NASA program which was somewhat larger than the study vehicle 
scaled t o  9.62%. The properly scaled airflow was maintained by 
scaling <own the existing in l e t  s l igh t ly  t o  the 9.625 s ize ,  as 

previously discussed i n  Section 2.2.  

I 

Although not a constraint  for t h i s  NASA program, the overal l  
length of the CMAPS/nozzle assembly may impact the scale of 

simulator powered models which represent more compact a i r c r a f t  
designs. The distance from the compressor face to  the nozzle 

throat i s  a character is t ic  dimension for scaling t o  overall. 

length. An example of scalinu to  CMAPS length as compared to  

airflow and engine face diameter i s  presented i n  Figure 5-2 for 
an advanced General Electr ic  engine. I t  may be d i f f i c u l t  t o  
i n s t a l l  a simulator w i t h  the tailpipe/nozzle assembly used in 
t h i s  program inside a model sized t o  the airflow of the advanced 

engine depicted i n  Figure 5-2. I n  such a case, some of the extra 
length needed for the CEIAPS installat . ion may have t o  be gained i n  
the i n l e t  diffuser  duct o r  the augmentor. 

I t  should be noted however, that  shorter CMAPS/tailpipe/ 

nozzle assemblies are  possible. %e shortest  feasible length i s  

31 cm (12 .25  i n . )  which would t rans la te  into a model scale of 

10.1% for the advanced engine i n  our example. 
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Advanced Engine 

Advanced Engine: 

W2,= Design Corrected Airflow: 102 kg/sec (226 Ibmlsec) 

D2: 89.9 cm (34.4 in.) 

R: 257.4 cm (140.7 in.) 

Assume A Nozzle to Calculate “A,”: 

L,/H,=2.0 @ Dry Power 

AR = Aspect Ratio = 4 

At=ThrOat Area-2445 cm2 (379 in.2) @ W2,=102 kg/sec 

M=A,/HT2=4*H,-24.7 Cm (9.73 in.) 
L D / H T ’ = ~ * L D ~ ~ ~ . ~  cm (19.5 in.) 

:. For This Engine/NotzlesRT=308 cm (121.3 in.) 
For CMAPS/Nozzle in This Test=RTC=48 cm (18.9 in.) 

Scale to Length: Scale to Diameter: Scale to Airflow: 
I 

40 cm 7.6 cm 0.75 kg/sec Scale Factor= 
308 cm 89.9 cm 102 kg/sec 

* 15.6% Scale 8.5% Scale 8.6% Scale 

0 P53.0801-15R 

Figure 5.2. Scaling Model to Length of CMAPSlNozzle Assembly 

5.1.2 - CRAPS-equipped models can be 

des igned  for any  of t h e  m e t r i c  a r r angemen t s  t r a d i t i o n a l l y  used 
w i t h  c o n v e n t i o n a l  Jet-Yffects and Flow-Through models.  However, 

many of the c o n c e i v a b l e  metric a r r angemen t s  may be d i f f j c u l t  t o  

imp lemen t  for a CMAPS model due t o  model volume c o n s t r a i n t s  or 
metric b reak  tare  c o n s i d e r a t . i o n s .  
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The metric arrangements are  of two major categories: metric 

and non-metric CMAPS ins ta l la t ions .  Typical metric arrangements 
w i t h  related comments are shown i n  Figure 5-3. Each arrangement 

designed with metric CKAPS requires bridging a balance with a t  

l ea s t  two hiqh pressure a i r  l ines .  It would be d i f f i c u l t  t o  

install-  conventional, "off-the-shelf 'I wind tunnel balances and 
metric a i r - t ransfer  systems inside a properly scaled wjnd tunnel 

model t o  meet t h i s  reauirement. ?is s i tuat ion could possibly be 
solved with a self-contained, balance/air-transfer apparatus. 

Powever, such a system does not yet ex is t  t o  our knowledge. FASA- 

Ames is  currently pursuing the conceptual design of a "flow- 
through" balance t o  f i l l  t h i s  void. 

Metric CMAPS i n s t a l l a t ions  w i l l  a lso require a th rus t  Cali- 

bration i n  order t o  calculate thrust-removed drag during a w i n d  

tunnel application. Such thrust  calibrations can be conducted i n  

the  NASA-Ames Propulsion Simulator Calibration Laboratory (PSCL) 

following i t s  scheduled completion i n  1986, Reference 11. 

The concepts with non-metric simulators, o r  those with 

metric simulators on a multiple balance system, require calcula- 

t i on  of stream thrus t  a t  the metric break locations. These 

locations are e i ther  forward of the CMAPS compressor face or  a f t  
of the CMAPS m i x e r ,  or  both, clependinq on the arranqement. Such 
a calculation can be accurately performed a t  the compressor face 
metric break with a reasonable amount of to ta l / s t -a t ic  pressure 
instrumentation a t  tha t  plane. The same calculation a t  a metric 

break downstream of the mixer would require an unusual amount of 
instrumentation to  account for  the high levels of pressure and 
temperature dis tor t ion.  Therefore, concepts Which propose a 
metric break between the CMAPS and tailpipe/nozzle assembly are 

discouraged. 
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One-Balance Concepts: 
Breaks Comments /rMetric 

77?7 
(Ground) 

Non-Metric: 

Metric: 

Pressure-Area Integrations: 

CMAPS, Nozzles 

Inlet, Airframe 

Nozzle 
Calculation of: 

Stream Thrust Ram Drag 
@ Plane 2 Q Plane 2 

Inlet, Airframe, Nozzle 
Pressure-Area Integrations: 

None 
Calculation of: 

Stream Thrust 
Q Plane 2 

Ram Drag 
Q Plane 2 
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Two Balance Concepts 
With No Pressure-Area Integrations: 

n M e t r i c  
/ I  

Breaks Comments 

*'Propulsion, 
Simulator 

CMAPS, Nozzle 

Note: Requires flow-through balance Drag 
I. 

Non-Metric: 
Nothing 

Metric: 
Inlst, Airframe: Drag 
CMAPS, Nozzle: Thrust-Drag 

Calculation of: 
Stream Thrust Ram Drag 
Q Plane 2 Q Plane 2 
Q Nozzle Exit 

- 

CMAPS, Nozzle * \Aircraft Thrust-Drag 
Note: Reauires flowthrouah balance Thrust-Draa 

Non-Metric: 
Nothing 

Metric: - 
Aircraft: Thrust-Drag 
CMAPS, Nozzle: Thrust-Drag 

Calculation of: 
Stream Thrust Ram Drag 
Q Plane 2 Q Plane 2 
Q Nozzle Exit 

Breaks 

Note: Reguires flow-through balance Thrust-Drag 

Non-Metric: 
Nothing 

Metric: 
Aircraft: Thrust-Drag 
Inlet, Airframe: Drag 

- 

Calculation of: 
Stream Thrust Ram Drag 

Q Plane 2 Q Plane 2 
Q Nozzle Exit 

No Balance Concept 
Comments 

Non-Metric: 
Full Aircraft 

Metric: 
Nothing 

Pressure-Area Integration: 
Aircraft External Surfaces, 
Inlet Duct to Plane 2 

- 

Calculation of: 
1 Control Volume Note: Large uncertainty under 

pressure gradients 

Stream Thrust Ram Drag 
Q Plane 2 Q Plane 2 . 

GP53Q801.29-A 

Figure 5.3. (Concluded) Typical Metric Arrangements for CMAPS - Equipped Models 
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The metric arrangement selected for t h i s  program i s  consid- 

ered the most straightforward concept for measuring the s i x  
aerodynamic components if thrus t  measurement i s  not a reguire- 

ment. A s  described i n  Section 3 ,  the selected arrangement 

consists of three metric breaks and three associat-ed seals.  The 

three seals are located a t  the simulated compressor face (duct 
metric break), a t  the heginninq of the nozzle boa t ta i l  ( a f t  

metric break), and between the s t r u t  and lower fuselage ( s t r u t  

metric break). The s t r u t  and a f t  metric break concepts are not 
new, and have been successfully employed i n  several recent nozzle 

research investigations (e.g. References 3 and 1 2 ) .  The duct 
metric break i s  somewhat unconventional, since u s u a l  practice for 

conventional flow-throuqh tes t ing is  a completely metric internal 

d u c t .  However, for  a non-metric CMF-PS i n s t a l l a t ion ,  the only 
Practical location for the duct metric break is at the CPlAPS 

i n l e t .  

Methods of sealing the duct metric break present a design 

challenge, however. This seal m u s t  provide a smooth, a i r - t i gh t  

t rans i t ion  from the metric internal  duct t o  the non-metric simula- 

to r  within a re la t ive ly  short  distance. The Butyl rubber sea l  

design for  t h i s  model was acceptable i n  meeting these 

requirements, but- could be improved. This i s  discussed fur ther  
i n  Section 5.3. 

A fu l ly  non-metric, pressure-instrumented model arranqement 

is another approach i f  measurement of CMAPS t h r u s t  forces are not 
required. However, force and moment calculations based on 

pressure-area integrations are  subject t o  accuracy problems, 
par t icular ly  where extreme pressure gradients ex is t .  Adequacy of 

such an approach obviously depends on  the confjqurations being 
inodeled and the Mach number/angle-of-attack combinations of 

in te res t .  
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5.1.3 Support System - The possible model support syst.ems 

are  somewhat limited. This i s  due primarily t o  t h e  need t o  house 
two high pressure a i r  passages (drive and bleed) fo r  each CE4APS 

while maintaining the necessary s t i f fnes s  i n  a low interference 
design. The primary problem i s  the requirement for  a large 

passage for the turbine bleed flow. Small bleedline flow areas 

r e su l t  i n  compromises t o  the m i n i m u m  EPR l i n e  of the CMAPS 

f l ex ib i l i t y  map. The drive a i r  passage i s  sized t o  deliver the 

desired flowrate and pressure t o  the CMAPS based on the available 

high pressure capabi l i t ies  of the f ac i l i t y .  It  can therefore be 
smaller i n  s ize  and usually has less  impact on the s t r u t  s ize .  

The bleed a i r  l i n e s  i n  t h i s  s t r u t  were s ized t o  accommodate 

the simulators ' requirements throughout the en t i r e  f l e x i b i l i t y  
envelcpe. This resulted i n  a nominal bleed l ine  area of 9.7 sq- 

cm. (1 .5 sq. i n . )  with s l i gh t ly  smaller areas inside the model 
and larger areas near the end of the support s t r u t ,  as shown i n  
F i g u r e  5-4. 

Some sinulator  applications may not require the capabili ty 

to  cover the en t i r e  f l e x i b i l i t y  map. For example, nany advanced 
turbojet  or  low bypass r a t i o  turbofan engines are  expected to  

operate a t  higher average EPRs than demonstrated by c u r r e n t  
eng ines .  CMAPS-equipped models which represent such configura- 
t ions could possibly sacr i f ice  the lower portion of the f lexi-  

b i l i t y  map t.o achieve a smaller bleed l ine  area. However, the 

quantitative relationship between changes i n  the bleed l ine  area 
and f l ex ib i l i t y  map mus t  be defined. A study which defines t h i s  

relationship could be performed i n  the WX3A-Ames Propulsion 
Simulator Calibration Laboratory (PSCL) . 

The support system selected for t h i s  proaram was a compro- 
t mise between two t rad i t iona l  concepts: t9e lower fuselaqe 

mounted "hockey s t ick"  and the direct  rear entry s t ing.  I n  the 

chosen design (Figure 5-41, adequate internal  volume and 
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s t i f fness  was provided i n  the same maximum thickness (6.35 cm. 
( 2 . 5  i n . )  near the model) tha t  would be required for a "hockey 
s t ick" s t r u t .  Elimination of the ver t ical  "blade" portion of a 

hockey s t ick  was also achieved, acting t o  reduce interference a t  
high angles-of-at.tack. I n  a direct  rear  entry st ing,  the aft-end 
i s  usually dis tor ted.  This was not acceptable for  t h i s  program 

since accurate nozzle/airframe ef fec ts  were required. 

3.5 cm 
(1.4 in.) Dia 3.8 
A-9.6 

Strutlt 
WL 6.91 

cm* - I 

- 
4 

FS 63.550 

(1.3 in.) Dia FS 92.400 
Instrumentation 

Passage 

WL 

FS 36.152 FS 46.367 FS 58.120 FS 69.056 FS 79.0816 FS 89.1072 

Figure 5-4. Details of Support Strut 

FS 104.900 

QP530801-16-A 

The major disadvantage of the tes ted support sys-em i s  the 

potential  for increased interference a t  low angles-of-attack. 

Any interference effects  should be confined to  the lower aft fuse- 

lage area, which i s  removed from the wide-spaced inlet /nacel le /  

nozzle assemblies where the h u l k  of the interactions were identi-  

"iecl. However, it m u s t  he assumed that  any s t r u t .  interference 

would be reflected as a common bias error  amounq the various t e s t  

modes. 
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5.1.4 Temperature Control - Models equipped w i t h  propulsion 

simulators are  subject t o  a wider range of temperatures than con- 

ventional models. Conventional models are  heated by the tunnel 

freestream and by any high pressure a i r  delivered t o  the model. 

I n  many high speed wind tunnels, temperature qradicnts inside a 

model can generally be minimized by controllinq the freestream 

t o t a l  temperature and the nozzle a i r  supply temperature. How- 
ever, CMAPS-equipped models are subject t o  additional heat 

sources which cannot be independently controlled t o  minimize the 
temperature gradients. 

The three main temperature sources from a simulator are: 

(1) turbine drive a i r  a t  nearly 93 deg C (200 deg F ) ,  ( 2 )  turbine 
bleed a i r  a t  10 t o  74 deg C (50 to  165 deg F ) ,  and ( 3 )  compressor 

discharge a i r  up t o  204 deg C (400 deg F ) .  Significant errors  

may be introduced i n  the force and moment resu l t s  i f  these temp- 

erature  differences create a thennal gradient across the internal  

strain-gage balance. Therefore, an active temperature control 

system w i l l  normally be required t o  hold the balance a t  a 
pre-determined, uniform temperature. 

The thermal control system for t h i s  program consisted of 
four separate heater blankets with feedback control. This system 
w a s  designed to  m a i n t a i n  a nominal uniform balance operating 
temperature of 7 1  deg C (160 deq F) throuqhout the t e s t .  A 

schematic of the heater/thermocouple arrangement is shown i n  
Figure 5-5. Two heaters (#1 and # 2 )  were located on the forward 
and a f t  sections of the balance housing. Another heater ( # 3 )  was 
located on the forward end of the balance taper inser t .  The 
fourth heater ( # 4 )  was located beneath the balance. Very t h i n  

(0.076 cm (0.030 i n ) )  custom heaters,  manufactured by the Watlow 

Corporation, were used for t h i s  application. Two of the heater 

blankets (#1 and #2)  can be seen i n  the photograph of the 

pa r t i a l ly  assembled model i s  shown i n  Figure 5-6. 
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Figure 5-5. Balance Thermal Control System 
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Heater Blanket No. 2 

Heater Blanket No. 1 - Forward End of Balance Housing 

Heater Blanket L e a d s 1  

Thermocouple Leads 
GP53-0801.20.R 

Figure 5-6. Heater Blanket Installation to Balance Housing 

Two thermocouples were provided for  each of the four 

heaters .  One provided feedback t o  the  proportional- temperature 
cont ro l le r .  %e other thermocouple supplied information t o  the 

data acquisit ion system for  monitoring and back-up purposes. TO 

avoid d i r e c t  contact with the heaters ,  the thermocouples were 

in s t a l l ed  i n  w e l l s  milled in to  the balance housinq and taper  

adapter.  The i n s t a l l a t i o n  w e l l s  and trenches €or t h e  e l e c t r i c a l  

leads fo r  three of the thermocouples a re  shown i n  the  photoqraph 
of Figure 5-7. 
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Figure 5-7. Balance Housing Prior to Heater Blanket Installation 

This the rma l  control system maintained a nearly constant 

balance housing temperature despi te  the range and var ia t ions  of 

temperature w i t h i n  the model. An example of the temperature 

var ia t ions a t  f i ve  key 1ocati.ons i n  the  CMAPS and a i r  supply 

system, toqether w i t h  var ia t ions o f  balance housing temperature, 

a re  shown i n  Figure 5-8 for  an EPn sweep a t  Mach 0 .6 .  Over the  

ranqe of a i r  t-empesatiires from 22 deg C t o  123 deq C ( 7 2  deq F t o  

254 des F ) ,  the  thermal control system maintained a nearly 

constant value of 7 1  de? C (160 des F) along the balance housinq. 
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Figure 5.8. Model and Balance Housing Temperature Variation With EPR 

5.2 PRE-TEST CALIBRATIONS - CMAPS-equipped models require pre- 

t e s t  calibrations i n  addition to  those normally performed on a 
powered model. These calibrations are for i n l e t  airflow, nozzle 

pressure r a t io ,  and nozzle airflow. 
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5.2 .1  Compressor In l e t  Airflow - Similar t o  a f u l l  scale 

inlet/engine in s t a l l a t ion ,  compressor i n l e t  airflow for a CMAPS 

cannot be accurately measured w i t h  conventional compressor face 

pressure instrumentation. Therefore, a l te rna te  methods of calcu- 
l a t ing  i n l e t  airflow are  being developed based on pressure 

measurements i n s i d e  o r  downstream of the CMAPS u n i t s .  Currently, 

the airflow calculation methods require a separate CMAPS calibra- 

t ion for each mixer/nozzle combination t o  be tested i n  the wind 

tunnel. 

I n  t h i s  program, both CMAPS u n i t s  were calibrated s t a t i ca l ly  

for airflow i n  the NASA-Ames 9x7 f t  wind tunnel. Four separate 
methods of calculating airflow were investigated based on measure- 
ments a t  the compressor face, the compressor ex i t ,  the turbine 
e x i t ,  and the nozzle entrance. A photograph of t h e  simulators i n  
the 9x7 ft w i n d  tunnel during the s t a t i c  airflow calibrations i s  
shown i n  Figure 5-9. The r igh t  hand CMAPS i s  shown with the bel l -  
mouth in l e t  and the ALBEN ins ta l led .  The bellmouth i n l e t  w a s  
used t o  provide the reference airflow. For t h i s  program, the 
calibrations a t  two d i f fe ren t  mixer/nozzle combinations required 

about 5 weeks. For future t e s t  programs, these cal ibrat ions 

would be conducted by the f a c i l i t y  with no adverse schedule 

impact t o  the user. 

Based on the NASA s t a t i c  cal ibrat ions,  the airflow calcu- 

lated from measurements made at. the  turbine ex i t  was selected as 

the primary airflow for  a l l  of the data rec3uct.ion analysis. 
Details of t h i s  airflow calculation method and others invest i -  

qated are presented i n  Volume J I I ,  Reference 6. 

5 .2 .2  Nozzle Pressure Ratio - The pressure d is tor t ion  qene- 
rated by a CMAPS mixer may adversely a f fec t  the measurement of 
average t o t a l  pressure i n  the reqion immediately downstream of 

the simulator. I n  order t o  accurately calculate nozzle pressure 

r a t io  ( N P R )  , therefore, the nozzle t o t a l  pressure instrumentation 

should be calibrated pr ior  t o  the t e s t .  
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Figure 5-9. CMAPS Airflow Calibration Set-Up 

I n  t h i s  program, NASA-Ames performed the nozz le  total pres- 

s u r e  ca l ibra t ion  during the  i n l e t  a i r f low ca l ibra t ions .  An 

external  rake, shown i n  Figure 5-10, was positioned t o  measure 

t o t a l  pressure a t  t he  throa t  of t he  ALBEN. The t o t a l  pressures 

measured a t  the 4-probe t o t a l  pressure rake located ju s t  upstream 

of the  nozzle were then compared w i t h  those measured w i t h  t h e  

external rake, thus generating a ca l ibra t ion  fac tor .  The Cali- 

brat ion arrangement i s  shown schematically i n  Figure 5-11. A 

drawback t o  t h i s  technique is  the poten t ia l  for  adverse e f f ec t s  

of blockage o r  flow angularity.  I n  t h i s  proqram, the blockage 

e f f e c t s  w e r e  i so la ted  by perForming comparative r u n s  with and 

without the external rake. These e f f e c t s  were incorporated into 
the ca l ibra t ion  fac tors .  
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Figure 5-1 1. Schematic of Pre-Test CMAPSlNozzle Calibration Arrangement 
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A large ranqe of t o t a l  pressure calibration factors resulted 

from: 1) the changing pressure and temperature prof i les  down- 
stream of the m i x e r  and 2)  the minimal instrumentation i n  that  

recrion. The pressure and temperature prof i les  changed t-hroucfhout 
the engine operating map as t h e  amoiints o f  compressor and turbine 

discharge flows through the mixer were varied. Although repeat- 
able t o  within - +0.005, the calibration factors varied from 0.92 

t o  1.08 across the  NPR range tested.  This change i n  cal ibrat ion 

factor  i s  large and undesirable. An instrumentation rake mounted 

i n  the t a i lp ipe  may require a t  l eas t  20 t o t a l  pressure and temp- 
erature probes t o  more accurately account for  these changing 

dis tor t ion levels.  Further discussion on the typical pressure 
d is tor t ion  downstream of the CMAPS mixer i s  provided i n  Reference 

1. 

I 

K i e l  probe surveys provide another method of cal ibrat ing 

nozzle t o t a l  pressures without the adverse blockage e f fec ts .  I n  
t b i s  method, the nozzle approach duct just  upstream of the throat 

is traversed by a small number of Kiel probes (one o r  two) t o  

accurately measure th i s  t o t a l  pressure dis t r ibut ion with minimal 
blockage or  disturbances. A Kiel probe d i f f e r s  from a standard 

t o t a l  pressure probe i n  tha t  the p i to t  probe is inst-alled i n  the 

center of a venturi. Thus, the pressure indicated by the Kiel 
probe is  i n s e n s i t i v e  to f l o w  angular i ty  up t o  40 deg off axis.  

These probes are  especially suited for measuring t o t a l  pressure 
i n  a f luid stream where the flow direction is  unknown or varies 

with operating condition, as may be the case behind a CMAPS 

mixer. An example of commercially available Kiel probes is  shown 

i n  Figure 5-12. One disadvantage of the Kiel probe method i s  
tha t  it is  more time consuming than us ing  external rakes. 
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TYPE KA MINIATURE SENSING HEAD ( i / i6"  DIA.) 

Sensing Head 

Metal Operating 

Probe 
Sensing Probe Length Joining Compound 

Ordering Head Diameter (in.) 

a Filler Temperature 
Part No' Description h 

~~ 

KAA-6 1/16 in. Dia 
KAA-8' 
KAA-12' Miniature 

6 

KAA-24 24 
KAC-6 Type "A" 6 
KAC-8' 8 Hi-Tem~ 1 , 5 0 0 0 ~  
KAC-12' (See Illustration ll8 12 Alloy 
KAC-24 Below) 24 

1 I 

. a a  I 
1/16 in. Clearance 

Hole 118 in. 

Air. 
Flow 

Figure 5-12. Example of Commercially Available Kiel Probes 

5.2.3 Nozzle Airflow - Nozzle airflow cal ibrat ions are  

often conducted pr ior  t o  powered model wind tunnel t e s t s .  How- 
ever, standard isolated nozzle calibrations are not adequate for 

a nozzle to  be used on a simulator powered model unless the 
temperature and pressure dis tor t ions typical of the CMAPS mixer 

are accurately simulated. Therefore, any nozzle airflow calibra- 
t ions need to  be performed d u r i n g  t.he other calibrations w j t h  the 

CMAPS. Nozzles instal led behind CMAPS u n i t s  can be calibrated i n  
the NASA-Ames PSCL, where precise measurements of i n l e t ,  drive,  

and bleed airflow w i l l  be available. 
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5 . 3  CMAPS CONTROL AND OPERATION - The per formance  of the CMAPS 

u n i t s  d u r i n g  the 140 h o u r s  of c a l i b r a t i o n  and t e s t i n g  p r o v i d e d  

u s e f u l  c o n t r o l  and o p e r a t i o n  e x p e r i e n c e .  The s i m u l a t o r s  proved 

t o  be reliable tes t  tools, pe r fo rming  w e l l  i n  o v e r  200 consecu-  

t i v e  wind-on r u n s ,  a t  a n g l e s - o f - a t t a c k  r a n g i n g  up t o  2 0  deg and 

i n  t h e  Mach r ange  f r o m  0.4 t o  1 .4 .  For these test c o n d i t i o n s ,  

the s i m u l a t o r s  demonst ra ted  a s i g n i f i c a n t  t o l e r a n c e  t o  i n l e t .  

p r e s s u r e  d i s t o r t i o n .  

I t  i s  n o t  meant t o  imply that  the CMAPS t e s t  t e c h n i q u e  i s  

simple, or tha t  improvements a r e  n o t  possible. The model i s  
complex and the amount of s u p p o r t  equipment i s  s i g n i f i c a n t .  

However, once t h e  model. and tes t  o p e r a t i o n s  w e r e  w e l l  estab- 
l i s h e d ,  the a s s o c i a t e d  d a t a  a c q u i s i t i o n  rates w e r e  found to  be 

s i g n i f i c a n t l y  better t h a n  the c o n v e n t i o n a l  t e s t  t e c h n i q u e s .  

I n  t h i s  s e c t i o n ,  the data a c q u i s i t i o n  rate i s  d i s c u s s e d ,  as 

w e l l  as the  CMF-PS d i s t o r t i o n  t o l e r a n c e  and specific areas which 

r e q u i r e  improvement i n  the CMAPS t e c h n i q u e .  

5 .3 .1  - D a t a  A c q u i s i t i o n  R a t e  - One of the major o p e r a t i o n a l  

advan tages  i d e n t i f i e d  for s i m u l a t o r  t e s t i n g  i s  the  p o t e n t i a l  f o r  
a n  improved d a t a  a c q u i s i t i o n  rate.  I n  thi.s prog’ram, the 

c o n v e n t i o n a l  testing (Jet-Ef fects and Flow-Through) r e s u l t e d  i n  

200  wind-on runs  r e q u i r i n g  60 hours of wind-on t u n n e l  t i m e  and 11 

working days  on t u n n e l  occupancy.  T e s t i n g  i n  the CMAPS mode 

r e s u l t e d  i n  2 2 4  wind-on r u n s ,  45 wind-on h o u r s ,  and 16 t u n n e l  

occupancy days .  Therefore, the CMAPS t e c h n i q u e  ( a t  5.0 

runs/wind-on h o u r )  a c q u i r e d  50% more r u n s  per hour  t h a n  the 

convent ional .  methods ( a t  3 . 3  runs/wind-on h o u r ) .  During one  

p o r t i o n  of the tes t ,  the  s i m u l a t o r s  w e r e  operated cont inuous l -y  

for  8 .5  wind-on h o u r s .  Cont inuous v a r i a t . i o n s  of Mach, M F R ,  F P R ,  

and canard  a n g l e  w e r e  performed w i t h o u t  t u n n e l  down t i m e  for 

model cha nqes . 

53 



The improved data acquis i t ion r a t e  i s  primarily due  t o  the 

operation of the  CMAPS control system. The PJASA CMAPS control 
system, Fiqure 5-13, i s  capable of monitoring heal th  parameters 

and controll inq the airflow and EPQ of two CMAPS. I n  t h i s  t es t ,  

the control ler  was placed i n  the AUTO RPP mode, with M F R  set 

points obtained by "dialing-in" selected values of RPM. These 

s e t  point changes took 10 t o  15 seconds depending upon the  s i ze  

of RPM increment. The EPR s e t  points were held manually by 
operating the bleed valve. The time required t o  chanqe FPR set  

points w a s  40 t o  50 seconds. 

T//////~////,,,//// ,,,,,,, ///,,, ,,,,,, / ,,,,,,,,, S,," ,,,,," ,,,, ",,,a a,,,,,," ,,,,,,,,,,,,,," ,,,,,,, - ,,,,,,,, I ,,,,,,,, x ,,,,,,I I ,,,,,,,,,.,. . 

GP53-0801.174 

Figure 5.13. NASA CMAPS Control System 

The CMAPS control system i s  a l so  capable of a FULL AUTO 

mode. I n  t h i s  mode, both V F R  and EPQ s e t  points a re  dialed-in 

and controlled automatically. A t  the  time of t h i s  t e s t ,  an 

e f f i c i e n t  a lgo r i th r  for controll-inq i n l e t  airflow was not- 

availabl-e t o  make the FULL ArWO mode feas ib le .  
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5.3.2 D i s t o r t i o n  T o l e r a n c e  - The s i m u l a t o r  d i s t o r t i o n  

t o l e r a n c e  t h r o u g h o u t  the a n g l e - o f - a t t a c k  and  Mach r a n g e s  tested 

exceeded e x p e c t a t i o n s .  The simple normal shock i n l e t  tested on 

t h i s  model produced s i g n i f i c a n t  l e v e l s  of t o t a l  p r e s s u r e  distor- 
t i o n  a t  c e r t a i n  Mach and a n g l e - o f - a t t a c k  combina t ions .  However, 

the s i m u l a t o r s  r a n  problem free behinc! t h i s  i n l e t ,  even a t  
g i s t o r t i o n  levels of 30% (PTmax-PTmin)/PTavg). T h i s  exceeded 

p r e v i o u s l y  measured m a x i m u m  l e v e l s  of 21%, Refe rence  13. It  

shoulc! be no ted  however, t ha t  d u r i n g  high d i s t o r t i o n  c o n d i t i o n s ,  

the  s i m u l a t o r s  w e r e  operated o n l y  a t  low t o  moderate compressor 
p r e s s u r e  ratios. 30% d i s t o r t i o n  a t  higher a i r f l o w  c o n d i t i o n s  m a y  
h a v e  adversely af fectei! the s i m u l a t o r s .  A l s o ,  the CMAPS 

c o n t r o l l e r  was able to  h o l d  the RPM set p o i n t s  t o  a p p r o x i m a t e l y  - + 
1% v a r i a t i o n s  a t  the highest l e v e l s  of d i s t o r t i o n .  A t  d i s t o r t i o n  
l e v e l s  less t h a n  15%, the c o n t r o l l e r  held t h e  se t  p o i n t s  t o  
w i t h i n  - + 0.5% v a r i a t i o n s .  

5 .3 .3  CMAPS 0- r inq  Seals - One problem encoun te red  i n  t h i s  

p a r t i c u l a r  t e s t  w a s  a l i m i t a t i o n  i n  m a x i m u m  e n g i n e  p r e s s u r e  r a t i o  
(EPR). As the t u r b i n e  i n l e t  p r e s s u r e s  approached 1000 ps i ,  

O-ring seals between the s i m u l a t o r s  and d r i v e  m a n i f o l d s ,  F i g u r e  

5-14, began t o  leak e x c e s s i v e l y .  L i m i t s  on the t u r b i n e  i n l e t  

p r e s s u r e  r e s u l t e d  ir. a maximum EPR of 3.0, rather t h a n  t h e  v a l u e  
of 4.0 that simulators are capable of a t t a i n i n g .  A r e d e s i q n  of 
the  O-ring i n s t a l l a t i o n  s h o u l d  remedy t h i s  problem and permit 

s i r n u l a t o r s  t o  operate o v e r  n e a r l y  the s a m e  r ange  of i n l e t  and 
n o z z l e  c o n d i t i o n s  as c u r r e n t  t u r b o f a n  e n q i n e s .  NASA-Ames is 
c u r r e n t l y  a d d r e s s i n g  t h i s  problem. 

5.3.4 O i l  Supp ly  System - Valuab le  e x p e r i e n c e  w a s  ga ined  

d u r i n g  t h i s  tes t  r e g a r d i n g  the  t y p e  of materials used  i n  the  o i l  
s u p p l y  system of the s i m u l a t o r  and i n  the model. 

. 
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Figure 5-14. Drive-Mainfold-to-Simulator Seals 

I n  o r d e r  t o  a l l o w  for changes  i n  model a t t i t u d e ,  p o r t i o n s  of 

the o i l  supply l i n e s  w e r e  plumbed w i t h  f l e x i b l e  t u b i n g .  The rate 
a t  which EPR c o u l d  be i n c r e a s e d  w a s  l i m i t e d  by the u s e  of t h i s  

f lexible  t u b i n g .  The rate  a t  which EPR c o u l d  be i n c r e a s e d  w a s  
l i m i t e d  by the u s e  of t h i s  f l ex ib l e  t u b i n g .  This w a s  caused  by  

the t endency  for the  t u b i n g  t o  expand i n  volume as EPR i n c r e a s e d -  

If  EPR w e r e  i n c r e a s e d  too r a p i d l y ,  the volume of the f l e x i b l e  

t u b i n g  would also i n c r e a s e  r a p i d l y .  However, the  o i l  s u p p l y  
system could  n o t  q u i c k l y  p r o v i d e  the o i l  needed t o  f i l l  t h e  e x t r a  
t u b i n g  volume. This would have  caused i n t e r r u p t i o n s  i n  t h e  oil 
f l o w  t o  the  a f t  h e a r i n g  and a sudden i n c r e a s e  of t he  h e a r i n g  

t e m p e r a t u r e .  Even s l o w  chanaes  i n  EPR would tern-porarily reduce 
the o i l  f l o w  t o  t.he a f t  b e a r i n g ,  b u t  n o t  tota1l.y i n t e r r u p t  it. 

I t  w a s  t h e r e f o r e  n e c e s s a r y  t o  place the rate  i n  wbicF EPR c o u l d  
be i n c r e a s e d .  
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The u s e  of r igid oil. l ines  throughout the supply system i s  

one possible corrective action, b u t  i s  not always prac t ica l .  
Another solution might be t o  modify the CMAPS control ler  t o  anti-  

cipate and respond t o  s i tuat ions which create o i l  deficiencies i n  
par t s  of the system. 

Another problem was tha t  o i l  required to  lubricate  the simu- 
l a tor  bearings was found t o  react adversely w i t h  cer ta in  types of 

p l a s t i c ,  rubber, and other petroleum-based materials used for  

seals  and pressure tubing. Future CMAPS t e s t  programs should 
take steps t o  prevent bearing o i l  from pooling i n s i d e  the model 

where it might attack these materials. One practice,  which was 

adopted during t h i s  t e s t ,  i s  t o  return the model t o  a nose-high 

inclined position during t u n n e l  down-times. This allowed any 
leaking o i l  t o  drain out of the model. 

Other materials w i t h  be t te r  resistance t o  the e f fec ts  of the  

bearing o i l  might a lso be considered. One such material is 
V I T O F  . 

5.3.5 Duct Metric Break Seal - The duct. metric hreak and 
associated seal !Plane 2) are  peculiar t o  tes t ing  of non-metric 
CMAPS u n i t s .  The seal used for t h i s  t e s t  provided a sat isfac-  
tory, a i r - t i g h t  t r a n s i t i o n  from metric t o  non-metric hardware 
The seal  created axial  and normal force ta res  when subjected to  a 
pressure d i f f e ren t i a l  o r  deflection. Although repeatable, these 

I 

t a res  were not as small as  desired. The duct metric break seal 

is  therefore an area for improvement i f  a similar metric arrange- 

ment i s  used. 

A s  the balance def lects  due normal force and pitching mmert 

loads, a ver t ica l  o f fse t  i s  formed between the metric and non- 

metric ducts. The seal m u s t  bridge the of fse t ,  as  shown concept- 

I ually i n  Figure 5-15. The shearing s t resses  imposed on the d u c t  

seal  during t h i s  condition create ripples i n  the side w a l l s .  
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Further, pressure d i f f e ren t i a l s  across the seal cause the rubber 

t o  deform. This deformat.ion creates an axial  t a r e  force a s  the 
tension i n  the seal "pulls" the metric duct a f t .  

Region of 
Inlet Duct Seal * 

Non-Metric 
Metric 

I 

I Ripples in Seal ....-.. --- 
Side-Wall Due to 
Shear Force OP530801.1-R 

._ Pressure / 
Differential 

Figure 5-15. Conceptual Schematic of Duct Seal at Plane 2 Metric Break 

The deformation and associated t a r e s  were al leviated i n  t h i s  

t e s t  by i n s t a l l i ng  backstops behind the seal as shown i n  Figure 

5-16. The ripples,  however, were not eliminated. 
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Figure 5-16. Schematic of Duct Seal With Backstop Assembly 
Another method of reducing the deformation may be t o  fabr i -  

cate the rubber sea ls  w i t h  c i r c u m f e r e n t i a l  w i n d i n g s ,  l i k e  those 

used i n  an automobile t i r e .  However, t h i s  approach may a lso  be 
t inef fec t ive  i n  eliminating the r ipples  when subjected t o  shear 

forces.  A n  extremely short ,  highly f lex ib le  bellows assembly 

miaht be considered as a way t o  remedy both problems. However, 
I the metal bellows designs which are  current ly  avai lable  usually 

I require  a length of from 2 t o  5 times the duct diameter t o  

def lec t  in to  an "S"  shape when placed i n  shear. I f  the " S "  shape 

cannot be obtained, the bellows' c o i l s  will be i n  shear and a 
large normal force t a r e  w i l l  be generated. Such a length i s  not 

feasible  i n  most models scaled t o  house a CYAPS. These and other 

a l te rna t ives  should  be considered p r io r  t o  future  CMAPS 

appl icat ions.  

59 



5.3.6 Compressor Face Instrumentation Ring - The instrumen- 

t a t ion  r i n q  a t  the simulated compressor face housed a 5 leg t o t a l  
pressure rake with a s t a t i c  pressure port. a t  the base of each 

leg.  The legs  of the  pressure rake, Figure 5-17, were mounted i n  
the s l o t s  of the instrumentation r ing shown i n  Figure 5-le. 

Tubing was attached t o  the  por t s  on the  base of each leg and 
routed t o  pressure transducers located elsewhere i n  the model. 

The r i n g  assembly was mounted t o  t h e  engine face of t h e  CMAPS, a s  

shown i n  Figure 5-19. This instrumentation r i n q  was designed by 

General Elec t r ic  and Tech Development Inc. for  t h e  CMAPS 

development program, Reference 1. 

Static 
Port 

Access Ports_/ 
In Base 

GP534801.5.R 

Figure 5-17. Legs of Compressor Inlet Pressure Rake 



Installation Slot 
for Pressure Rake 

G P53-0801-643 

Figure 5-18. Compressor Inlet Instrumentation Ring 

GP53.0801.1l.R 

Figure 5-19. Compressor Inlet Instrumentation Ring Assembly 
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Throughout t h i s  tes t ,  t h e  instrumentation ring assembly 

occasionally experienced unacceptable pressure leaks. These 

leaks have been at t r iputed t o  the method of attaching the 

pressure tubinq t o  the bases of the instrumentation leqs. The 
tubing was attached with a connector block which re l ied  on 

m i n i a t u r e  0-rinqs for a posit ive pressure seal-. These miniature 

O-rings require very precise tolerances on the mating par t s  t o  

provide a posit ive sea l  If  the par t  and the O-ring a re  a t  
opposite ends of t he i r  tolerance ranges, compression of the  

O-ring w i l l  be decreased, and leaks are  l ike ly  t o  occur- 
Furthermore, the w i d e  range of pressure applied t o  these seals  

could cause the posit ion of the  O-rings t o  s h i f t  as  the pressure 
d i f fe ren t ia l  changes from posi t ive t o  negative. This could 

account for  the variations i n  the magnitude of the leaking. 

A detai led design and evaluation w i l l  be required before any 

changes t o  the instrumentation rinq can be implemented. However, 

two possible a l te rna te  approaches t o  the current concept are: 

1) larger  O-ring assemblies and 2 )  s ta in less  s t e e l  tubing routed 

t o  each pressure port on the rake and joined t o  f lex ib le  tubing 

elsewhere i n  t h e  model. 

5.3.7 S t r u t  Thermal Fending - The support- striit i n  t h i s  

t e s t  experienced a thermal qradient which induced unanticipated 
upward bending. m e  thermal gradient occurred because of the 

temperature differences between the  CNAPS drive and bleed a i r  
passing through the upper and lower portions of the strut ,  respec- 

t ive ly .  The airflow passages were machined d i rec t ly  in to  the  
s t ructure  of the s t r u t .  A simplified thermal bending analysis on 

the strut geometry, Figure 5-20, i l l u s t r a t e s  the problen. 

62 



I 

I 
1 

I 4 

I 

I I 

Bleed Air 

Drive Air -1.5 m 

I 

? 

Assume: Bleed Air = 21 'C (70°F) 
Drive Air= 113°C (235°F) 

Interface With 
Tunnel Adapter 

Analogy: 

to = 92°C t t I t 
Y 

Uniform Heat Source 

AT,x = Deflection of Point X 

8 

AT,* = J:z;t,dz 

Due to Thermal Bending 

With Original Centerline 
= Angle of Deflected Centerline 

- 22 CY to I - 
2h L o  

a G 1 3 . 6 ~ 1 0 - ~  mlm- 'C 

AT, = 0.0188 m * 8 ~ 0 . 7 0  GP53.08014-R 

Figure 5-20. Simplified Thermal Bending Analysis on Support Strut 

I n  the data r e d u c t i o n ,  a n g l e - o f - a t t a c k  w a s  c a l c u l a t e d  hy 
c o r r e c t i n g  the  measured strut a n g l e  w i t h  a n  a n a l y t i c a l  p r e d i c t i o n  
of the thermal bending ,  i n  add i t ion  t o  the s t a n d a r d  c o r r e c t i o n s  

I 

I for e l a s t i c  bending .  Angle-of -a t tack  is b e l i e v e d  accurate t o  

w i t h i n  0.07 d e g r e e s .  However, t h i s  s i t u a t i o n  could  be avert.ec! i n  
t h e  f u t u r e  by d e s i g n i n g  t h e  support sys tem w i t h  a d i f f e r e n t  d r i v e  
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and bleed l i ne  arrangement. An a l te rna te  concept i s  shown i n  
Figure 5-21, where the  drive/bleed arrangement i s  designed to 
induce offset t ing thermal gradients. Co-axial drive and blee8 

l i n e s  should a l so  eliminate the  gradient problem, but could be 

d i f f i c u l t  and cost ly  t o  implement. 

Instrumentation 
Passage 

Bleed Air Lines 

r 

I 0 P53QM)l-8.R 

Support Strut Cross-Section 

Figure 5.21. Alternate Air Line Arrangement to Avoid Thermal Bending 

5.3.8 Mixer Assembly - The m i x e r  i s  another area €or 

potent ia l  improvement. The need for  an improved m i x e r  ins ta l la -  

t i o n  or variable area m i x e r s  i s  apparent from the simulator 

f l e x i b i l i t y  map (see Figure 3-5). This f l e x i b i l i t y  i s  defined as 

the range over which e i ther  compressor airflow or engine pressure 

r a t i o  (EPR)  may be varied while holding the other paralneter 

fixed. EPF variations a t  a constant compressor airflow are  

achieved hy direct ing a l l  o r  par t  of the t u r b i n e  dj-scharcre flow 
throuqh the mixer to combine w i t h  the compressor flow (Fiqure 

3 - 4 ) .  Variations i n  mixer discharge area siqni f lcan t ly  affect. 
the obtainable EPR ratye for  a uiven nozzle throat area, as 

discussed i n  Reference 2. 
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For each nozzle t.hroat area tes ted,  more than one mixer d i s -  

charge area may be required t o  produce the des i red  EPR ranqe. 
The model used i n  t h i s  proqram required a s ignif icant  tear-down 

i n  order t o  change m i x e r  assemblies. If a program involved 
parametrics on the nozzle throat area, such  model  changes could 

recfiice or eliminate any t i m e  savings gained by using simulators. 

For such proarams, an eas i ly  accessed m i x e r  ins ta l la t ion  would be 

desirable t o  reduce model down time. A mixer with d iscre te  o r  

continuously variable discharge areas would be even more 

a t t rac t ive .  

5.4 FUTURE EFFORT - The operational experience gained i n  t h i s  

program can be used t o  d i rec t  the continued development of propul- 

sion simulators as a viable tool  for  wind tunnel tes t ing .  The 

aforementioned NASA-Ames Propulsion Simulator Calibration 

Laboratory can be u s e d  t o  address many of the developmental 

needs. Following t h i s  near-term development, propulsion 

simulators should be be t te r  s u i t e d  for fur ther  wind tunnel model 

applicat.ions. 

5 .4 .1  Propulsion Simulator Calibration Laboratory - The 

Propulsion Simulator Calibration Laboratory (PSCL) a t  WASA-Ames 
can be used to  perform flowrate and thrus t  cal ibrat ions on any 
applicable hardware. The PSCL i s  shown i n  t h e  photographs of 

Figure 5-22. The primary application w i l l  be the cal ibrat ion of 
a l l  types of turbine powered simulator ( W S )  u n i t s  for ins ta l led  
net and gross th rus t  under simulated ram and N P R  conditions, as 

w e l l  as cal ibrat ions for airflow. The PSCL i s  scheduled for  
general usage i n  1986 following safety qual i f icat ion tests and 

check-out calibrations.  A complete description of the  
capabi l i t i es  of the PSCL i s  presented i n  Reference 11. 
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Figure 5-22. NASA-Ames Propulsion Simulator Calibration Laboratory (PSCL) 

I n  a d d i t i o n  t o  r o u t i n e  c a l i b r a t i o n  w m k ,  t h e  PSCL can  be 

used as a testhed d u r i n g  t h e  development of hardware  and ope ra -  

t i o n  improvements f o r  t h e  CMAPS tes t  t e c h n i q u e .  For example,  new 

d e s i g n s  f o r  i n l e t  d u c t  and d r ive  man i fo ld  O-ring seals cou ld  be 

f u l l y  tested and evaluated i n  the PSCL pr ior  t o  an a c t u a l  wind 

t u n n e l  a p p l i c a t i o n .  A l s o ,  t h e  e f f e c t s  of pressure d i s t o r t i o n  on 
the CMAPS performance and a i r f low c a l c u l a t i o n s  c o u l d  be more 

f u l l y  assessed i n  t h e  c o n t r o l l e d  environment- of t h e  PSCL. 

The comple t ion  o f  the PSCL w i l l  be a major s tep  i n  the 

c o n t i n u e d  development of p r o p u l s i o n  s i m u l a t o r s .  
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5 . 4 . 2  Future Applications - Propulsion simulators could be 

of great value i n  the f ina l  configuration trade s t u d i e s  which 
occur i n  the l a t t e r  stages of an a i r c r a f t  concept development 

program. Another valuable application may he i n  the development 

of a i r c r a f t  configurations which a re  expected t o  exhibit  

inlet/airframe/nozzle interactions.  CTOL configurations which 

employ in-fl ight th rus t  vectoring or reversing may require wind 
tunnel tes t ing  with propulsion simulators i n  order t o  accurately 

measure the interactions i Such interactions can also he 

s ignif icant  during the t ransi t ion and hover regimes cf a V/STOL 

a i r c ra f t .  The r e s u l t s  of t h i s  program, which was the f i rs t  

application of CMAPS i n  a f u l l  a i r c ra f t  configuration, indicate 

tha t  even re la t ive ly  small flowfield interactions can be 
identified and measured when both the i n l e t  and nozzle flows are  

modeled simultaneously. 

The f ina l  configuration trade studies i n  any concept. 

development program require an accurate def ini t ion of the 

propulsion system contribution to  the t o t a l  vehicle aerodynamic 

character is t ics .  Propulsion simulators could be used effect ively 
i n  t h i s  stage of the program t o  measure a l l  external aerodynamic 
e f fec ts  related t o  the propulsion system ( i . e . ,  i n l e t  and nozzle 

drag) on a single wind tunnel model i n  a single t e s t  entry. This 
t e c h n i q u e  would  provide for the measurement of any inlet/nozzle 
flowfield coupling which may occur: a feature not available w i t h  

the conventional combination of jet-ef fects  and i n l e t  drag 

m o d e l s .  These propulsion system increments could then be added 
t o  the basic vehicle aerodynamics, as measured on a conventional 

flow-through model, for example. In le t  performance would l i ke ly  

s t i l l  be measured on a separate, lsrge scale (10 t o  2 0 % )  model 
with proper bleed and mass flow simulation and Fossibly variable 

ramp positioning. A schemat.ic of such a CMAPS application 
compared to  a typical conventional mode approach is  shown i n  

Fiqure 5-23 for a CTOL case. . 
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Figure 5-23. Example of AerolPropulsive Performance Testing 
Conventional vs Simulator Approaches 
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As p r e v i o u s l y  no ted ,  V/STOL c o n f i g u r a t i o n s  may e x p e r i e n c e  

t be  m o s t  s i g n i f i c a n t  f l owf ie ld  i n t e r a c t i o n  effects, especially 
d u r i n g  the hover mode. A CMAPS-euuiped model s u p p o r t e d  by an  

overhead  s u p p o r t  system c o u l d  be used  t.0 assess these effects. 
The i n l e t  and e x h a u s t  f l o w s  of the l i f t / c r u i s e  e n g i n e s  would he 

p r o v i d e d  w i t h  the s i m u l a t o r s ,  w h i l e  ei ther t i p - d r i v e n  f a n s  01: 

ejectors m i g h t  be used  t o  s i m u l a t e  t-he l i f t  e n g i n e s .  

I 
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6. CONCLUSIONS 

S u p e r s o n i c  p r o p u l s i o n  s i m u l a t o r s  h a v e  b e e n  d e v e l o p e d  t o  pro- 
v i d e  p r o p e r  s i m u l a t i o n  o f  i n l e t / a i r f r a m e / n o z z l e  f l o w f i e l d s  on a 

s i n g l e  wind  t u n n e l  model .  The e f f e c t s  o f  i n l e t - t o - n o z z l e  f low-  

f i e l d  c o u p l i n g  were i d e n t i f i e d  a n d  m e a s u r e d  b y  c o m p a r i n g  t h e  

s i m u l a t o r  t e c h n i q u e  t o  c o n v e n t i o n a l  J e t - E f  f e c t s  a n d  Flow-Through 

me thods .  T h i s  p rogram showed t h a t  t w i n  CMAPS c a n  be r u n  i n  a 

f u l l  c o n f i g u r a t i o n  wind  t u n n e l  model  a n d  u s e d  t o  i d e n t i f y  
i n t e r a c t i o n  e f f e c t s .  

The  a e r o d y n a m i c  c o u p l i n g  had  t h e  g r e a t e s t  i m p a c t  on t h e  

s u p e r s o n i c  d r a g  p o l a r ,  where  t h e  CMAPS mode p r e d i c t e d  a p p r o x i -  

m a t e l y  20 c o u n t s  less  d r a g  ( a t  c o n s t a n t  l i f t )  t h a n  t h e  conven-  
tional mode. S u b s o n i c a l l y ,  t h e  CMAPS a n d  c o n v e n t i o n a l  mode d r a g  

p o l a r s  were n e a r l y  c o i n c i d e n t ,  a l t h o u g h  l o c a l i z e d  i n t e r a c t i o n s  

were i d e n t i f i e d .  I t  i s  e x p e c t e d  t h a t  c o n f i g u r a t i o n s  w i t h  vec -  

t o r e d  o r  d r y  power n o z z l e  s e t t i n g s ,  o r  w i t h  c loser  i n l e t / n o z z l e  

s p a c i n g ,  may e x p e r i e n c e  l a r g e r  c o u p l i n g  e f f e c t s .  

The l o c a l i z e d  f l o w f i e l d  i n t e r a c t i o n s  were most p r o m i n e n t  on  

t h e  A L B E N s ,  where  n o z z l e  drag i n  t h e  s i m u l a t o r  mode w a s  a s  much 

a s  10 c o u n t s  d i f f e r e n t  t h a n  t h e  c o n v e n t i o n a l  t e s t  mode. The  

i n t e r a c t i o n s  were d u e  t o  i n l e t  MFR a n d  c a n a r d  i n d u c e d  e f f e c t s  

wh ich  p r o p a g a t e d  t o  t h e  n o z z l e s .  

P r o p u l s i o n  s i m u l a t o r s  were p r o v e n  t o  be a g e n e r a l l y  r e l i a b l e  
wind  t u n n e l  t e s t  t o o l .  P o t e n t i a l  f o r  a n  improved  d a t a  a c q u i s i -  

t i o n  r a t e  w a s  d e m o n s t r a t e d ,  p r o v i d e d  t h e  t e s t  s e q u e n c e  i s  

t a i l o r e d  p r o p e r l y  a n d  t h e  p rogram s c h e d u l e  a f f o r d s  t h e  a d d i t i o n a l  

pre- tes t  a c t i v i t y  r e q u i r e d .  The a n g l e - o f - a t t a c k  r a n g e  t e s t e d  

i n d i c a t e d  t h a t  s i m u l a t o r s  c a n  e n d u r e  h i g h e r  l e v e l s  o f  t o t a l  p r e s -  

s u r e  d i s t o r t i o n  t h a n  p r e v i o u s l y  a n t i c i p a t e d .  Areas f o r  CMAPS a n d  

model d e s i g n  improvement  were i d e n t i f i e d  i n  s e v e r a l  key  a r eas ,  

s u c h  a s  model s ca l e ,  s u p p o r t  s y s t e m ,  met r ic  a r r a n g e m e n t ,  a n d  

metric b r e a k  sea ls .  
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The f o l l o w i n g  r e c o m m e n d a t i o n s  r e g a r d i n g  s i m u l a t o r  t e s t  
t e c h n i q u e  a r e  b a s e d  on t h e  e x p e r i e n c e  g a i n e d  from t h i s  program. 

o A i r c r a f t  c o n f i g u r a t i o n s  wh ich  e x h i b i t  s i m i l a r  o r  more 
c l o s e l y - c o u p l e d  i n l e  t / n o z z l e  d e s i g n s  may r e q u i r e  
p r o p u l s i o n  s i m u l a t o r  wind t u n n e l  t e s t i n g  t o  a c c u r a t e l y  
p red ic t  t h e  f u l l  c o n f i g u r a t i o n  a e r o d y n a m i c  p e r f o r m a n c e .  

o T e s t i n g  is recommended i n  a n  e v e n  c loser  c o u p l e d  c o n f i g -  

u r a t i o n  t o  f u r t h e r  q u a n t i f y  t h e  e f f e c t s  of f l o w f i e l d  
c o u p l i n g .  

o P r o p u l s i o n  s i m u l a t o r s  may b e  of g rea t e s t  v a l u e  i n  t h e  

l a t t e r  s tages  of c o n c e p t  d e v e l o p m e n t ,  where  precise 
r e s u l t s  are r e q u i r e d .  F o r  e x a m p l e ,  a CMAPS model  c o u l d  

be u s e d  t o  m e a s u r e  a l l  p r o p u l s i o n  s y s t e m  r e l a t e d  e x t e r n a l  
a e r o d y n a m i c  e f f e c t s  ( i . e . ,  i n l e t  a n d  n o z z l e  d r a g )  i n  a 

s i n g l e  model .  These  r e s u l t s  c o u l d  be i n c r e m e n t e d  t o  a 
c o n v e n t i o n a l  f l o w - t h r o u g h  model  from which  t h e  bas ic  
v e h i c l e  a e r o d y n a m i c  c h a r a c t e r i s t i c s  were d e f i n e d .  
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