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UHCLASSIFIED ABSTRACT 

(U) An a x i s y m m e t r i c ,  v a r i a b l e  g e o m e t r y ,  t w o - t h i r d s  s c a l e  
m o d e l  o f  a NASA H y p e r s o n i c  R e s e a r c h  E n g i n e  (HRE) i n l e t  was 
t e s t e d  a t  Mach n u m b e r s  4,  5, 6,  and  8 .  S u r f a c e  p r e s s u r e s  and  
t e m p e r a t u r e s  w e r e  m e a s u r e d  on t h e  i n l e t  c e n t e r b o d y  and  i n s i d e  
t h e  c o w l .  P i t o t  p r e s s u r e  m e a s u r e m e n t s  w e r e  made a t  f o u r  s t a -  
t i o n s  a l o n g  t h e  i n t e r n a l  p a s s a g e .  The m e a s u r e m e n t s  w e r e  o b -  
t a i n e d  f o r .  v a r i o u s  c o w l  p o s i t i o n s  a t  f r e e - s t r e a m  R e y n o l d s  
n u m b e r s  f r o m  1 . 0 8  x 106 t o  5 . 7 6  x 106 ( b a s e d  on a 1 2 - i n .  c o w l  
d i a m e t e r )  and  o v e r  an a n g l e - o f - a t t a c k  r a n g e  f r o m  - 5  t o  +5 d e g .  
The m o d e l  w a l l s  w e r e  i n t e r n a l l y  c o o l e d  and  m a i n t a i n e d  a t  a 

• minimum f r o s t - f r e e  c o n d i t i o n  a t  e a c h  t e s t  c o n d i t i o n .  S e l e c t e d  
r e s u l t s  a r e  p r e s e n t e d  t o  i l l u s t r a t e  t h e  e f f e c t s  o f  c o w l  p o s i -  
t i o n ,  a n g l e  o f  a t t a c k ,  Mach n u m b e r ,  and  R e y n o l d s  number  on 
t h e  s u r f a c e  and  r a k e  s t a t i o n  m e a s u r e m e n t s .  I n l e t  p e r f o r m a n c e  
d a t a  a t  d e s i g n  o p e r a t i n g  c o n d i t i o n s  a r e  a l s o  p r e s e n t e d .  

This' C , " . "  . . . . . . . . .  ; I I 
" " " ' ; ~ . ~ . c r t  ~ . - - n  . . . . . .  I r 
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V e l o c i t y ,  f t / s e c  

D i s t a n c e  a l o n g  c e n t e r l i n e  o f  c e n t e r b o d y  f rom t h e  apex  
o f  1 0 - d e g  cone  s e c t i o n ,  i n .  

V e r t i c a l  h e i g h t  f rom s u r f a c e ,  i n .  

Ang le  of  a t t a c k ,  deg 

Area  w e i g h t e d  t o t a l  p r e s s u r e  r e c o v e r y  r a t i o  

Mass w e i g h t e d  t o t a l  p r e s s u r e  r e c o v e r y  r a t i o  

I n t e r n a l  cowl  l i p  a n g l e ,  deg 

Rake a n g u l a r  l o c a t i o n  l o o k i n g  d o w n s t r e a m  ( s e e  F i g .  2 a ) ,  
deg 

D e n s i t y ,  l b m / f t  3 

SUBSCRIPTS 

1 , 2 , 3  

CB 

C 

e 

Rake s t a t i o n s  

C e n t e r b o d y  

C a p t u r e  s t a t i o n  

E x i t  s t a t i o n  

L Lip 
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SECTION I 

INTRODUCTION 

(U) C h e m i c a l  p r o p u l s i o n  s t u d i e s  c o n d u c t e d  i n  r e c e n t  y e a r s  
h a v e  shown t h e  p o t e n t i a l  o f  s u p e r s o n i c  c o m b u s t i o n  r a m j e t  e n g i n e s  
f o r  h i g h  Mach number  o p e r a t i o n .  E a r l i e r  r a m j e t  s t u d i e s  had  
a l r e a d y  e s t a b l i s h e d  t h a t  t h e  c a p a b i l i t i e s  o f  e n g i n e s  w h i c h  
b u r n e d  f u e l  i n  a s u b s o n i c  s t r e a m  d e c r e a s e d  r a p i d l y  a t  f l i g h t  
Mach n u m b e r s  a b o v e  a p p r o x i m a t e l y  s i x .  I t  f o l l o w e d  t h a t  a h y p o -  
t h e t i c a l  e n g i n e  w h i c h  c o u l d  o p e r a t e  m o s t  e f f i c i e n t l y  o v e r  a 
w i d e  Mach number  r a n g e  w o u l d  h a v e  b o t h  s u b s o n i c  and  s u p e r s o n i c  
b u r n i n g  c a p a b i l i t i e s ,  t h a t  i s ,  a d u a l - m o d e  e n g i n e .  

(U) A number of organizations within the aerospace industry 
have studied the three main engine components (inlet, combustor, 
and nozzle) to optimize a dual-mode engine configuration. The 
National Aeronautics and Space Administration (NASA) organized 
the Hypersonic Research Engine Program (}ERE) to consolidate 
component results with the ultimate aim of producing an oper- 
ational flight-weight research engine. 

(U) The objective of the }IRE program is to produce an 
engine which will start and operate over a Mach number range 
from 4 to 8. Over such a wide flight speed range, an inlet 
c o n f i g u r a t i o n  w h i c h  h a s  a d e q u a t e  c o n t r a c t i o n  r a t i o s  f o r  h i g h  
Mach number  c o m p r e s s i o n  may n o t  c a p t u r e  s u f f i c i e n t  a i r  a t  low 
Mach n u m b e r s .  C o n s e q u e n t l y ,  t h e  HRE i n l e t  was d e s i g n e d  w i t h  a 
t r a n s l a t a b l e  c e n t e r b o d y  t o  c o n t r o l  t h e  mass  f l o w  c h a r a c t e r i s t i c s .  
A c o m b i n a t i o n  o f  t h e  t r a n s l a t i n g  c e n t e r b o d y  and  a d r o o p i n g  c o w l  
l i p  w i l l  a l l o w  t h e  i n l e t  t o  be  c l o s e d  o f f .  E l i m i n a t i n g  a i r f l o w  
t h r o u g h  t h e  e n g i n e  d u r i n g  p o w e r - o f f  f l i g h t  w i l l  r e d u c e  c o o l i n g  
r e q u i r e m e n t s  and  s a v e  f u e l  s i n c e  t h e  e n g i n e  i s  r e g e n e r a t i v e l y  
c o o l e d .  

(U) The t e s t s  r e p o r t e d  h e r e i n  w e r e  d e v o t e d  t o  d e t e r m i n i n g  
t h e  p e r f o r m a n c e  o f  a t w o - t h i r d s  s c a l e  HRE i n l e t  and  w e r e  a 
c o n t i n u a t i o n  o f  e a r l i e r  o n e - t h i r d  s c a l e  t e s t s  r e p o r t e d  i n  R e f .  1 .  
W a l l  t e m p e r a t u r e s  and  s t a t i c  p r e s s u r e s  a l o n g  t h e  c e n t e r b o d y  and  
i n n e r  c o w l  s u r f a c e s  w e r e  m e a s u r e d .  The m o d e l  c o w l  and  c e n t e r -  
b o d y  s u r f a c e s  w e r e  i n t e r n a l l y  c o o l e d  w i t h  g a s e o u s  n i t r o g e n ,  and  
w a l l  t e m p e r a t u r e s  w e r e  m a i n t a i n e d  a t  a minimum f r o s t - f r e e  l e v e l  
( w h i c h  r e s u l t e d  i n  Tw/T o r a t i o s  r a n g i n g  f r o m  0 . 1 5  t o  0 . 7 0  on 
t h e  f o r w a r d  c e n t e r b o d y  and  0 . 7 5  t o  0 . 8 5  n e a r  t h e  c o w l  l i p ) .  
P i t o t  p r e s s u r e  d i s t r i b u t i o n s  w e r e  m e a s u r e d  a t  two s t a t i o n s  i n  
t h e  i n t e r n a l  p a s s a g e  a t  Mach n u m b e r s  4 and  5 and  a t  f o u r  s t a t i o n s  
a t  Mach n u m b e r s  6 a n d  8 .  

(U) The tests were conducted in the Gas Dynamic Wind Tunnels, 
Supersonic (A) and Hypersonic (B) of the yon K~rm~n Gas Dynamics 
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Facility (VKF), AEDC. Performance tests were performed at 
n o m i n a l  Mach n u m b e r s  o f  4,  5, 6 ,  and  8 a n d  s p i l l a g e  d r a g  d a t a  
w e r e  o b t a i n e d  a t  Mach number  3 .  T e s t  R e y n o l d s  n u m b e r s ,  c h o s e n  
t o  m a t c h  f u l l - s c a l e  f l i g h t  R e y n o l d s  n u m b e r s ,  r a n g e d  f r o m  1 . 0 8  x 
106 t o  5 . 7 6  x 106 ( b a s e d  on a c o w l  l i p  d i a m e t e r  o f  12 i n . ) ,  
a n d  t h e  m o d e l  a n g l e  o f  a t t a c k  was  v a r i e d  f r o m  - 5  t o  +5 d e g .  
At  Mach number  8,  h e l i u m  ( s i m u l a t e d  f u e l )  was  i n j e c t e d  i n t o  
t h e  d u c t  t o  d e t e r m i n e  t h e  b l o c k a g e  e f f e c t s  o f  f u e l  j e t s .  

SECTIOHII 
APPARATUS 

JI 

2.1 MODEL 

(U) The t w o - t h i r d s  s c a l e  RRE m o d e l  ( n o m i n a l  l i p  d i a m e t e r  
o f  12 i n . )  was  s u p p l i e d  by t h e  L o c k h e e d  C a l i f o r n i a  Company .  
The m o d e l ,  shown i n  F i g .  l a ,  was  c o n s t r u c t e d  p r i m a r i l y  o f  
17-4PH s t a i n l e s s  s t e e l .  T h r o a t  a n d  e x i t  a r e a s  w e r e  v a r i e d  by 
t r a n s l a t i n g  t h e  c o w l  and  mass  f l o w  s h e l l ,  r e s p e c t i v e l y .  F i g -  
u r e  l b  i l l u s t r a t e s  t h e  a c t u a t o r  m o t o r  m e c h a n i s m s  u s e d  t o  
t r a n s l a t e  t h e  c o w l  and  mass  f l o w  s h e l l .  The m o d e l  e x i t  a r e a  
a n d  t h e  c o o l a n t  e x h a u s t  a r e  shown  i n  F i g .  l c .  

o .  Model Installed in Tunnel A 
Fig. 1 Model Photographs 
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b. Cowl and Mass Flow Shell Actuator System 

c. Exit Area Detail 
Fig. I Concluded 
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(U) The d r a w i n g  i n  F i g .  2a i l l u s t r a t e s  t h e  c o n t o u r s  o f  
t h e  i n l e t ,  and  F i g s .  2b t h r o u g h  e show t h e  v a r i e t y  o f  i n t e r -  
c h a n g e a b l e  c o m p o n e n t s  u s e d  i n  t h e  p r e l i m i n a r y  t e s t s .  I n l e t  
s c a l i n g  i n c l u d e s  c e n t e r b o d y ,  c o w l  l i p ,  and  i n t e r n a l  c o n t o u r s  
b a c k  t o  s t a t i o n  2 7 . 0 0 .  The i n d i v i d u a l  c o m p o n e n t  s e l e c t e d  f o r  
t h e  f i n a l  c o n f i g u r a t i o n  i s  i n d i c a t e d  i n  e a c h  f i g u r e .  The 
d o u b l e r  b a n d s ,  F i g .  2e ,  r e p r e s e n t e d  f a i r i n g  s t r i p s  d e s i g n e d  
t o  c o v e r  j o i n t s  i n  t h e  f u l l - s c a l e  i n l e t .  

(U) R a k e s  (~ ~ O, 90 d e g )  u s e d  t o  o b t a i n  p i t o t  p r e s s u r e  
and  t o t a l  t e m p e r a t u r e  d i s t r i b u t i o n s  a c r o s s  t h e  d u c t  a r e  i l l u s -  
t r a t e d  i n  F i g .  3 .  D u r i n g  t h e  t e s t s  a t  Mach n u m b e r s  4 and  5, 
o n l y  t h e  s t a t i o n  3 and  4 r a k e s  w e r e  i n s t a l l e d .  At Mach num- 
b e r s  6 and  8,  r a k e s  w e r e  i n s t a l l e d  a t  a l l  s t a t i o n s  (1 t h r o u g h  
4 ) .  The s p i l l a g e  d r a g  r a k e  ( F i g .  3c)  was u t i l i z e d  o n l y  d u r i n g  
t h e  Mach number  3 t e s t s .  A d d i t i o n a l  i n s t r u m e n t a t i o n  c o n s i s t e d  
o f  52 s t a t i c  p r e s s u r e  t a p s  and  46 s u r f a c e  t h e r m o c o u p l e s  ( s e e  
F i g .  2 a ) .  

(U) C e n t e r b o d y  and  cowl  s u r f a c e s  w e r e  c o o l e d  by c i r c u -  
l a t i n g  c o l d  g a s e o u s  n i t r o g e n  t h r o u g h  p a s s a g e s  u n d e r  t h e  s k i n  
a s  shown i n  F i g .  4 .  L i q u i d  n i t r o g e n  was t r a n s f e r r e d  f r o m  a 
s t o r a g e  t a n k  by a v a r i a b l e  s p e e d  pump t o  a s t e a m  h e a t e d  v a p o -  
r i z e r .  The s y s t e m  o u t l e t  t e m p e r a t u r e  was c o n t r o l l e d  by v a r y i n g  
t h e  r a t i o  b e t w e e n  t h e  q u a n t i t y  o f  n i t r o g e n  s e n t  t h r o u g h  t h e  
v a p o r i z e r  and  t h e  q u a n t i t y  r o u t e d  a r o u n d  t h e  v a p o r i z e r  t h r o u g h  
a b y p a s s .  A d d i t i o n a l  c o n t r o l  was a c h i e v e d  w i t h  t h r o t t l i n g  
v a l v e s  i n  t h e  c o w l  and  c e n t e r b o d y  s u p p l y  l i n e s .  

(U) S i m u l a t e d  f u e l  i n j e c t i o n  t e s t s  w e r e  p e r f o r m e d  a t  Hach 
number  8 t o  d e t e r m i n e  f u e l  j e t  b l o c k a g e  e f f e c t s  on t h e  i n l e t  
f l o w .  F i g u r e  5 shows  a d r a w i n g  and  p h o t o g r a p h  o f  t h e  i n j e c t i o n  
p o r t  p a t t e r n .  The 0 . 0 6 7 - i n . - d i a m  p o r t s  w e r e  a r r a n g e d  i n  two 
r o w s  o f  360 p o r t s  e a c h .  H e l i u m  was u s e d  t o  s i m u l a t e  t h e  h y d r o -  
gen  f u e l  u s e d  i n  t h e  f u l l - s c a l e  e n g i n e ,  and  f l o w  r a t e s  w e r e  
m e a s u r e d  w i t h  a s o n i c  o r i f i c e .  

D 

4~  

2.2 WIND TUNNELS 

(U) The 4 0 - i n .  s u p e r s o n i c  and  5 0 - i n .  h y p e r s o n i c  t u n n e l s  
a r e  c o n t i n u o u s ,  c l o s e d - c i r c u i t ,  v a r i a b l e  d e n s i t y  w i n d  t u n n e l s .  
T u n n e l  A h a s  an a u t o m a t i c a l l y  d r i v e n ,  f l e x i b l e - p l a t e - t y p e  n o z -  
z l e  and  a 40 -  by 4 0 - i n .  t e s t  s e c t i o n .  The t u n n e l  c a n  be  o p e r -  
a t e d  a t  Mach n u m b e r s  f r o m  1 . 5  t o  6 a t  maximum s t a g n a t i o n  p r e s -  
s u r e s  f r o m  29 t o  200 p s i a ,  r e s p e c t i v e l y ,  and  s t a g n a t i o n  t e m -  
p e r a t u r e s  up t o  750°R (M~ - 6 ) .  Minimum o p e r a t i n g  p r e s s u r e s  
r a n g e  f r o m  a b o u t  o n e - f o u r t h  t o  o n e - t w e n t i e t h  o f  t h e  maximum 
a t  e a c h  Mach n u m b e r .  

r 
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Stl. 

37,507 

"Cented)edy ] Confed)edy 2 
(Rnal Configuration 

x, In. RCB, In. x, in. RC8 , In. 

0.4~ O.O82 0.4~5 O.m 
)2.240 2.158 )2.24) 2.]-58 
12. 869 2, 274 22.8~Q 2. 274 
13.628 2.422 13.628 2.422 
14.440 2.590 14.440 2.590 
1.5.220 2.748 15.220 2.74 
15.900 2.8c~ 15.900 "2.892 
17.250 3.188 17.250 1.1 tu 
17.844 3.323 17.884 3.323 
18.600 3.504 18.600 3.504 
19.269 3.679 19.2~) 3.679 
19.770 3.817 19.770 3. 817 
20.240 3.951 20.240 3.~1 
21.8il0 4.440 21.840 4.440 
22. 729 4. 760 22. 720 4. 760 
25.14) 5. 738 25.14) 5. 738 
25.380 5.823 25.380 5.823 
25.531 5.868 25.640 5. QC~ 
25.630 5.889 25.847 5.944 
25. 752 5.914 26. 046 5. Qg3 
25.952 5.950 26.246 6.019 
26.331 6.020 26.446 6.052 
26. 734 6. 077 26. 647 6. (~0 
26.934 6.100 27.000 6.120 
27. 000 6.1(6 27. 613 6.179 
27.134 6.118 27.953 6. 20Q 
27. 334 6.137 28. 287 6. 238 
27.400 6,144 28.95) 6.295 
27.500 6.134 29.613 6.351 
27. 700 6.174 30. 280 6. 407 
27.900 6.193 30.947 6. 458 
28.100 6, 212 31. 500 6. 406 
28.300 6.252 31.94) 6.524 
28.500 6.251 52, 600 6.549 
28.700 6.270 33.000 6.562 
28.953 6.295 33.500 6.577 
29.613 6.351 34.000 6,.588 
30.280 6.407 34.500 6,595 
30, 947 6.458 34.933 6,600 
31.500 6.496 35.500 6,6(6 
31, 94) 6.524 35.933 6,606 
32. 6oo 6.549 37.5O7 6.606 
33.000 6.562 
33. 500 6. 577 
34.OOO 6.588 
34.5OO 6.595 
34. 933 6, 600 
35.500 6.605 
35.933 6.606 
37.5(]7 6,606 
"Data Presented for this Conflguratlon Only i~NfqgLqllq~ 

b. Cen te rbody  Con tours  

F i g .  2 C o n t i n u e d  
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. . .  - ~ , ~ ; : . . - , , ,  . 

Leading- Capture Inner 
Edge Leeding-Edge Radius. Angle, Doubler 
Number Radlus, RL, In. P¢, In. 8, deg Installed 

1 0.020 5.976 16.40 No 
2 0.020 5.985 13.25 No 
3 0.0~0 6.000 12.00 No 
4 0.043 6.000 ~.O0 Yes 
5 R L ~ 0. 002 5. 98S ]3. 25 No 
6 0.(]20 6.060 lO.O0 Yes 

"7 0.020 6.000 12.00 Yes 

*Final Configuration (Data Presented on this Configuration 
Only) 

UNCLASSIFIED 

I 
• " : % .  - 

A E'D C . T  R . 6 9 - 9  

c .  C o w l  L e a d i n g  E d g e s  

.o  

Sphere ~ T  
Wire Stub Vane 

Trip Pesltlo¢; Roughness Spacing, Hdght, Diameter, +Mounting 
Number x t, in. Shape ),, dog P,, in. d. in. Band 

*0 --- No Trips . . . . . . . . . . . .  
] 4.06 Wire Stub 6.23 0.030 --- No 
2 4. 66 Sphere 6. 55 O. 03l O. 031 No 
3 4.06 Vane 9.00 See Above --- No 
4 4.06 No. 60 Grit Random 0.017 --- No 
5 8. 00 Sphere 5.73 0. 023 0. (95 Yes 
6 ],?.. 00 Sphere 2.43 0.015 0.015 Yes 
7 20.00 Sphere 1.33 0.015 0.015 Yes 
8 20. 00 Sphere 2. 75 (1, 03! 0. 031 Yes 
9 20. 00 Sphere 1.33 0. 015 0. 015 No 

*Flnai Configuration (Data Presented on this Cmflgurallon Only) 
+Nominal Mounting Bend Thickness - 0.005 In. 

UNCLASSIFIEO 

d.  C e n t e r b o d y  B o u n d a r y - L a y e r  T r i p s  

F i g .  2 C o n t i n u e d  

, . : * .  

. .  "_ 
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R L • o . m o ~ "  
________________j~ 0. 5$q ------ 

"Cowl Doubler 

Sla. 
0~000 ~ , I. 128 ~', 

]-- o.930 ~ , ', ~1 

Centerbody Doubler ! 

Annular 
DouMer 
Rin9 

Sta . . . .  o 
4.500 I ~'~. x"-~l--- 

Centerbody Doubler 2 .,-,o. ~)"--Annular Sll On 22o p- 

V 
J _ J "Final Configuration (Data Presented 

on this Configuration Only) 

Cenlerbody Doubler 3 UNCLASSIFIED 

e. Doubler Bonds 
Fig. 2 Concluded 
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® 
® 
® 

0.~020-OD, 
0.010-ID Tubing 

C o w l  
\ \ \ \ \ \ \ \ \ \  

0. 4~ _ _ !  
0 . 0 8 6  ~ 

0 . 0 5 7  -J 
0. ' ~  Centerbody 

Sta .  
27.00 

Rake Station 1 

® 
® 

O.~020-OD, 
O.OIO-ID Tubing 

Cowl ~\\\\\l\\~ 
• 029 to ~o • °~7- r -  

0.086 
~ . 

\\\\\\\\\\\ 

Centerbod7 

Sta • 
24.88 
(x L = 24° 636) 

Rake Station 2 

Note: Rakes at ~ = 0 and 90 deg are identical• 
All Dimensions in Inches 

UNCLASSIFIED 

a. Forward Throat Rakes for Stations 1 and 2 
Fig. 3 Pitat Pressure and Total Temperature Rake Geometry 
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. .  • , \ \ \ \ l l l l J ,  • \ \ \ \ \ \ \ ~  

Y12 ! i 9  y 0 , 1 ~  

~ - -  0 . 5 0  

e 
Probes 
O. 083-0D,  O. 0 6 3 - I D  
Tubing 

Cowl 

I 
\ ~ \ \ \ \ \ \ \ \ \ \ \ ~ \ \ \ \ \ \ \ \  

| Centerbody 
Sta.  
39.66 

P i t o t  Probes 
0.042-OD, 
0.022-ID Tubing 

Note: Temperature probes omitted on side view for  
c l a r i t y .  
All  Dimensions in Inches 

Yl 
Y2 
Y3 
Y4 
Y5 
Y6 
Y7 
Y8 
Y9 
YI0 
Yll 
Y12 

Rake 3 Rake 3A 
0 

0.0482 
0.0982 
0 . 1 5 8 2  

0 . 2 1 8 2  

0.2782 
0.3442 
0.4082 
0.4682 
0.2882 
0.1082 
0.2682 
0.4382 

90 deg 
0.0282 
0.0982 
0.1482 
0.2082 
0.2682 
0.3182 
0.3882 
0.4582 
0.2982 
0.1382 
0.2382 
0.3982 UNCLASSIFIED 

b. Diffuser Exit Rakes for Station 3 
Fig. 3 Continued 
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0.7 

0.864 

1 

• • / / / 1 1  ' l l l ( l l l / l l  

To:~ 
' T o.,,2 ,~ I 

;o.', ~ ¢ 
).432 

G 
).4Q 

56 , 

50 

J • -  Pitot Probes O. 042-0D, 
~ ~ . ~ ~ - I D  Tubing 

c. Spillage Drag Rake 

I 
I 

I 
I 

L 

\ \ \ \ \ ~ , \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \  

Centerbody 

I 

® 

I Temperature Probes 
(~ O. 083-0D, 0.063-1D 

~ (L  Tubing 
2.~ 1! T~ 

2.623 2.~i i ~ .)~- Pitot Probes O. 042-0D, 
~.08~ i (~ 0.022-1D Xubin9 

I. )1 ~16 t. g41 Iz. o 
: L.48' n " F - - - - ;  

, , , ,  _o.,,,., 

0.5 "-  
- -  ,,,--=0.250 

Note: Mass flow rakes located at el - 45, 135, 225, and 31.5. 
Temperature probes omitted on side view for ciarity. 
All Dimensions in Inches 

d. Mass Flew Rakes for Station 4 
Fig. 3 Concluded 

Cowl 
\ \ \ \ ~ \ \ \ ~ \ \ \ \ \ \ \ ~ \ \  

Sta. 
64.50 
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N2 In.-,--~ 

st~ zsS!~l 

o u t ~ ' ~ \ \ \ \ \  ~ ~T ~1 on" s e~ 

UNCLASSIFIED 

o. Schematic of Helium Injection System 

b. Photograph of Helium Injection Ports 
Fig. 5 Schematic and Photograph of Helium Injection System 
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(U) Tunnel B has an axisymmetric contoured nozzle and a 
50-in.-diam test section. The tunnel can be operated at a 
nominal Mach number of 6 or 8 at stagnation pressures from 
20 to 300 and from 50 to 900 psia, respectively, at stagnation 
temperatures up to 1350OR. The model may be injected into the 
tunnel for a test run and then retracted for model changes 
without interrupting the tunnel flow. A more complete descrip- 
tion of the tunnels may be found in Ref. 2. 

2.3 INSTRUMENTATION 

(U) I n  T u n n e l  A, t h e  m o d e l  p r e s s u r e s  on t h e  c e n t e r b o d y  
u p s t r e a m  o f  t h e  c o w l  l i p  w e r e  m e a s u r e d  w i t h  1 5 - p s i d  t r a n s -  
d u c e r s  r e f e r e n c e d  t o  a n e a r  vacuum and  h a v i n g  f u l l - s c a l e  c a l i -  
b r a t e d  r a n g e s  o f  15 ,  5, and  1 p s i .  The i n t e r n a l  s t a t i c  and  
p i t o t  p r e s s u r e s  w e r e  m e a s u r e d  w i t h  6 0 - p s i d  t r a n s d u c e r s  h a v i n g  
a n e a r - v a c u u m  r e f e r e n c e  and  f u l l - s c a l e  c a l i b r a t e d  r a n g e s  o f  
60 ,  20 ,  a n d  4 p s i .  T h e s e  p r e s s u r e  m e a s u r e m e n t s  a r e  c o n s i d e r e d  
a c c u r a t e  t o  w i t h i n  ± 0 . 3  p e r c e n t  o f  f u l l  s c a l e  o f  t h e  r a n g e  
b e i n g  u s e d .  

(U) Model  p r e s s u r e s  on t h e  c e n t e r b o d y  u p s t r e a m  o f  t h e  l i p  
s t a t i o n  w e r e  a l s o  m e a s u r e d  w i t h  1 5 - p s i d  t r a n s d u c e r s  i n  T u n n e l  
B. The i n t e r n a l  p r e s s u r e s  w e r e  m e a s u r e d  w i t h  1 0 0 -  and  2 0 0 -  
p s i d  t r a n s d u c e r s ,  a n d  a l l  t r a n s d u c e r s  w e r e  r e f e r e n c e d  t o  a 
n e a r  v a c u u m .  From r e p e a t  c a l i b r a t i o n s ,  t h e  e s t i m a t e d  p r e c i s i o n  
o f  t h e  p r e s s u r e s  m e a s u r e d  w i t h  t h e  1 5 - p s i d  t r a n s d u c e r s  was  
± 0 . 0 0 3  p s i a  o r  ± 0 . 5  p e r c e n t ,  w h i c h e v e r  was  g r e a t e r .  The e s t i -  
m a t e d  p r e c i s i o n  o f  t h e  m e a s u r e m e n t s  made w i t h  t h e  1 0 0 -  and  2 0 0 -  
p s i d  t r a n s d u c e r s  was  ± 0 . 5  p e r c e n t  o f  f u l l  s c a l e .  

(U) Three straln-gage-type dynamic pressure transducers 
were installed in the walls of the duct. These transducers 
had a frequency response from 0 to 70 kilohertz and were de- 
signed for use over a pressure range from 1 to 50 psl. The 
dynamic transducer outputs were recorded on magnetic tape. 
The pressure data obtained from the dynamic pressure trans- 
ducers will be analyzed by the Lockheed California Company. 
These data will serve as inputs for the engine structural and 
control design. 

(U) Model Flow-field photographs were obtained during 
all tests. A typical photograph is shown in Fig. 6. 
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SECTION Ill 
PROCEDURE 

3.1 TEST PROCEDURE 

(U) The c o w l  was  r e t r a c t e d  n e a r  t h e  c l o s e - o f f  p o i n t  w h i l e  
t h e  t u n n e l  was  s t a r t e d  ( T u n n e l  A) o r  d u r i n g  m o d e l  i n j e c t i o n  
i n t o  t h e  t u n n e l  f l o w  ( T u n n e l  B ) .  An a p p r o x i m a t e  s e t t i n g  f o r  
t h e  c o o l i n g  s y s t e m  c o n t r o l s  was  made b e f o r e  t h e  c o w l  was  
o p e n e d .  The c o w l  was  t h e n  moved f o r w a r d  t o  t h e  t e s t  p o s i t i o n ,  
and  t h e  c o o l i n g  was  a d j u s t e d  t o  a f i n a l  s e t t i n g .  At Mach num- 
b e r  4,  t h e  w a l l  t e m p e r a t u r e  r a t i o ,  Tw/To,  r a n g e d  f r o m  0 . 5 5  on 
t h e  f o r w a r d  c e n t e r b o d y  t o  0 . 8 5  n e a r  t h e  c o w l  l i p .  The t e m p e r -  
a t u r e  r a n g e  a t  Mach n u m b e r  8 was  f r o m  0 . 1 5  t o  0 . 7 5  o v e r  t h e  
same  r e g i o n .  T h e s e  w e r e  t h e  minimum t e m p e r a t u r e s  t h a t  c o u l d  
b e  m a i n t a i n e d  w i t h o u t  h e a v y  f r o s t  f o r m i n g  on t h e  f o r w a r d  c e n -  
t e r b o d y .  I f  s u b s o n i c  f l o w  was  d e s i r e d  a t  t h e  s t a t i o n  w h e r e  
m a s s  f l o w  r a t e  was  m e a s u r e d  ( r a k e  s t a t i o n  4 ) ,  t h e  t h r o t t l i n g  
s h e l l  was  t r a n s l a t e d  a f t  t o w a r d  t h e  c l o s e d  p o s i t i o n  u n t i l  t h e  
n o r m a l  s h o c k  moved u p s t r e a m  o f  r a k e  s t a t i o n  4 .  

(U) The f i r s t  t e s t  o b j e c t i v e  was  t o  d e t e r m i n e  t h e  c o n f i g -  
u r a t i o n s  w h i c h  w o u l d  s t a r t  ( t h a t  i s ,  h a v e  s u p e r s o n i c  f l o w  
t h r o u g h  t h e  i n l e t )  a t  Mach number  4 .  T a b l e  I ( A p p e n d i x )  s h o w s  
t h e  v a r i o u s  c o m b i n a t i o n s  o f  c o m p o n e n t s  t e s t e d .  O n l y  o n e  c o n -  
f i g u r a t i o n  s a t i s f i e d  t h e  Mach 4 s t a r t  r e q u i r e m e n t .  T h i s  c o n -  
f i g u r a t i o n  c o n s i s t e d  on c e n t e r b o d y  i and  c o w l  l i p  7 w i t h  t h e  
c o w l  d o u b l e r .  A c o m p l e t e  l i s t  o f  t e s t  c o n d i t i o n s  i s  p r e s e n t e d  
i n  T a b l e  I I  ( A p p e n d i x ) .  

3.2 DATA REDUCTION 

(U) O v e r a l l  i n l e t  t o t a l  p r e s s u r e  r e c o v e r i e s  and  mass  
f l o w s  w e r e  c o m p u t e d  f r o m  t h e  p r e s s u r e  and  t e m p e r a t u r e  m e a s -  
u r e m e n t s .  The f o l l o w i n g  f i g u r e  i l l u s t r a t e s  t h e  g e o m e t r i c  
n o m e n c l a t u r e  o f  a t y p i c a l  r a k e  s t a t i o n .  

Bow Shock 

Bounding Streamllne 
of  Captured  Flow 7 P I~--J & 

Moo' . ~ ~ P o o '  P,x, ' T PW 

Fig. 7 Typical Rake Station Geometry 

2 
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(U) P r e s s u r e  r e c o v e r i e s  g i v e n  h e r e i n  w e r e  c o m p u t e d  by 
m a s s - w e i g h t i n g  t h e  l o c a l  p i t o t  p r e s s u r e s  and  summing t h e  
e l e m e n t s  a c r o s s  t h e  d u c t .  The e x p r e s s i o n  u s e d  t o  a c c o m p l i s h  
t h i s  o p e r a t i o n  was  

n~ = ! .  . i i+l (~i (I) 
m i=l 2 

w h e r e  ~ i  i s  t h e  mass  f l o w  e l e m e n t  a t  t h e  i t h  p i t o t  p o s i t i o n  
and  ~ i s  t h e  sum o f  i e l e m e n t s .  The mass  f l o w  e l e m e n t s  w e r e  
c a l c u l a t e d  by 

I ~P--~I i R2 - R2 ~i Ps u i+1 i 
LP®%Ji i+z 

(2) 

w h e r e  t h e  ps  u t e r m s  w e r e  o b t a i n e d  f r o m  t h e  f o l l o w i n g  e x p r e s -  

\ P o /  Mi _ _  z_. 

LTt  i To_l 

sion: 

(3) 

The mass  f l o w ,  ~ ,  c o m p u t e d  by t h i s  m e t h o d  was  u s e d  o n l y  i n  
t h e  m a s s - w e i g h t i n g  c o m p u t a t i o n s .  The p r e s s u r e  a n d  t e m p e r a -  
t u r e  r a t i o s  w e r e  c o m p u t e d  f r o m  t h e  i s e n t r o p i c  f l o w  r e l a t i o n -  
s h i p s  u s i n g  1 . 4  f o r  t h e  r a t i o  o f  s p e c i f i c  h e a t s .  The l o c a l  
Mach n u m b e r ,  Mi, was  o b t a i n e d  u s i n g  t h e  p r e s s u r e  r a t i o ,  p p i / P w ,  

w h e r e  Pw ( t h e  m e a s u r e d  w a l l  s t a t i c  p r e s s u r e )  was a s s u m e d  t o  be  
t h e  l o c a l  s t a t i c  p r e s s u r e  a c r o s s  t h e  d u c t .  

(U) A s s u m i n g  c h o k e d  f l o w  a t  t h e  d u c t  e x i t ,  t h e  t o t a l  i n l e t  
m a s s  f l o w  was c o m p u t e d  f r o m  t h e  f o l l o w i n g  r e l a t i o n s h i p :  

F 2 7/2"I 
fe PR Ae [. (1+0.2 MI~) / 

~ -  = 0 . 5 7 8 7  ~ o  ~cc . . . . . . . . .  - 3  

17 
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where  PR i s  t h e  a v e r a g e  s t a t i c  p r e s s u r e  and Tti- i s  t h e  a v e r a g e  

m e a s u r e d  t o t a l  t e m p e r a t u r e  a t  r a k e  s t a t i o n  4.  T e m p e r a t u r e  
p r o b e  m e a s u r e m e n t s  we re  c o r r e c t e d  as  

/ ~ ° i / c o r r e c  t e d  - 

Tt i (i+ 0.2 M 2 ) 

To (I+ 0.2r M. 2) 
1 

(5) 

where  t h e  r e c o v e r y  f a c t o r ,  r ,  was o b t a i n e d  by t e s t i n g  two 
t o t a l  t e m p e r a t u r e  p r o b e s  a t  Mach number 10 t o  o b t a i n  t h e  p r o b e  
R e y n o l d s  number ,  Red, r a n g e  e x p e c t e d  d u r i n g  t h e  t e s t .  T h i s  
c a l i b r a t i o n  i s  p r e s e n t e d  in  F i g .  8 .  The t o t a l  t e m p e r a t u r e  
p r o b e  c o r r e c t i o n s ,  a s  a f u n c t i o n  of  R e y n o l d s  number b a s e d  upon 
c o n d i t i o n s  u p s t r e a m  of  t h e  p r o b e  bow s h o c k  wave ,  was a p p r o x i -  
ma te  s i n c e  no c o n s i d e r a t i o n  was g i v e n  t o  d i f f e r e n c e s  i n  Mach 
number and t o t a l  t e m p e r a t u r e  l e v e l s .  

1 0 

o 9 

~ ~ Sym d, in. 

o O 0. 040 
g 0.8 

~ [:] 0.i00 

I I I I 
0 4 8 12 16 

T:  = ~ e  RDiamet e r  

20 

P r o b e  R e y n o l d s  Number, Re d x 10 - 3  

UNCLASSIFIED 

Fig. 8 Total Temperature Probe Recovery Factor 

(U) The e x i t  a r e a ,  Ae, was o b t a i n e d  f rom t h e  e x p r e s s i o n  

A e = 0 . 9 9  ( 9 . 9 8  + 1 3 3 9  K + 1 . 4 4 3  K 2 - 2 . 5 1  K 3 ) 1 0  - 4  ( 6 )  

where  K i s  shown i n  F i g .  2a .  
was o b t a i n e d  by i t e r a t i n g  t h e  f o l l o w i n g  e x p r e s s i o n :  

The rake station Mach number 

A_.R_ R = (z + o.2 ~ s ) 3  
Ae~ I .728 

• -:-,.~ ;.i.~ ~-.;:.. , 
. ,  ~ ~ . . ' .~ . : : . . . ,~ . . .  

(7) 

. 18  . .  
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(U) S p i l l a g e  drag c o e f f i c i e n t s  were c a l c u l a t e d  from 

C D =  
Po/Poo 

0 . 7  M 2 
00 

P~ 

moo Po 

A A c 
(1+ 0.2 ML2)-7/2 (1+ 1.4 ML2) cos e L 

( l + 1 . 4  M2)= + Po (.8) 

w h e r e  ~A i s  t h e  a r e a  w e i g h t e d  p r e s s u r e  r e c o v e r y  a t  t h e  c o w l  
l i p  s t a t i o n .  A d i s c u s s i o n  o f  s p i l l a g e  d r a g  and  a d e r i v a t i o n  
of  an  e x p r e s s i o n  e q u i v a l e n t  t o  Eq.  (8)  i s  a v a i l a b l e  i n  R e f .  3 .  
F i g u r e  9 i l l u s t r a t e s  t h e  l i p  s t a t i o n  g e o m e t r i c  n o m e n c l a t u r e  
u s e d  i n  Eq.  ( 8 ) .  

PCB = Wall P r e s s u r e  

UNCLASSIFIED 

Fig. 9 Cowl Lip Station Geometry 
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19  



AEOC.TR.69-9 

DECLASSIFI.ED.! UNCLASSIFIED 
• ~ , . . ~ .  ; . . . , : , ~ . - ~ . . . , . . ~ :  : : .  ~ . , ,  . . 

SECTION IV 
RESULTS AND DISCUSSION 

(~) R e p r e s e n t a t i v e  d a t a  o b t a i n e d  on t h e  f i n a l  c o n f i g u r a -  
t i o n  o f  t h e  t w o - t h i r d s  s c a l e  HRE i n l e t  m o d e l  a r e  p r e s e n t e d  i n  
t h i s  s e c t i o n .  T h e s e  d a t a  i l l u s t r a t e  m e a s u r e m e n t s  a l o n g  t h e  
c e n t e r b o d y  and cowl  a t  # - 0 and  a c r o s s  t h e  d u c t  a t  r a k e  s t a -  
t i o n s  1, 2,  and  3 (~ ffi 0 ) .  Da ta  o b t a i n e d  a t  Mach number  5 
d u r i n g  t h e  t e s t s  i n  T u n n e l  A a r e  i l l u s t r a t e d  i n  F i g s .  10 
t h r o u g h  12.  V a r y i n g  t h e  c o w l  p o s i t i o n  p r o d u c e d  c h a n g e s  i n  
t h e  p r e s s u r e  and t e m p e r a t u r e  d i s t r i b u t i o n s  as  shown i n  F i g .  
10.  The c o m p l e x  d u c t  f l o w  and  r e s u l t i n g  wave  p a t t e r n s  a r e  
e v i d e n c e d  i n  t h e  i r r e g u l a r  p r e s s u r e  d i s t r i b u t i o n s  on b o t h  t h e  
c e n t e r b o d y  and  c o w l  s u r f a c e s .  

(~)  The w a l l  t e m p e r a t u r e  d i s t r i b u t i o n s  i l l u s t r a t e d  i n  
F i g s .  10a and  b a r e  p r e s e n t e d  t o  d o c u m e n t  t h e  t e s t  c o n d i t i o n s  
r a t h e r  t h a n  t o  s p e c i f y  a c t u a l  f u l l - s c a l e  w a l l  c o n d i t i o n s .  
C o o l i n g  p a s s a g e  c o n f i g u r a t i o n s  and  m o d e l  m a t e r i a l s  w e r e  c o n -  
s i d e r a b l y  d i f f e r e n t  f r o m  t h e  f u l l - s c a l e  i n l e t  ( i . e . ,  t h e  m o d e l  
s i m u l a t e s  t h e  f u l l - s c a l e  a e r o d y n a m i c ,  b u t  n o t  t h e  t h e r m a l  c o n -  
f i g u r a t i o n ) .  Some o f  t h e  i r r e g u l a r i t i e s  i n  t h e  w a l l  t e m p e r a -  
t u r e  d i s t r i b u t i o n s  p r e s e n t e d  may h a v e  b e e n  c a u s e d  by n o n u n i f o r m  
c o o l i n g  r a t h e r  t h a n  a e r o d y n a m i c  h e a t  t r a n s f e r .  

(6)  P i t o t  p r e s s u r e  and  t o t a l  t e m p e r a t u r e  p r o f i l e s  a t  r a k e  
s t a t i o n  3 (# ffi 0 ) ,  p r e s e n t e d  i n  F i g .  10c ,  i n d i c a t e  t h a t  r e -  
f l e c t e d  w a v e s  w e r e  a t t e n u a t e d  u p s t r e a m  o f  t h i s  s t a t i o n .  C o n -  
s e q u e n t l y ,  r a k e  s t a t i o n  3 p i t o t  p r e s s u r e s  v a r i e d  s m o o t h l y  a s  
t h e  d u c t  c o n t r a c t i o n  c h a n g e d  ( i . e . ,  as  t h e  c o w l  p o s i t i o n  v a r i e d ) .  

(4)  F i g u r e  11 shows  t h e  e f f e c t s  o f  v a r y i n g  f r e e - s t r e a m  
R e y n o l d s  number  on t h e  i n l e t  p r e s s u r e  and  t e m p e r a t u r e  d i s t r i -  
b u t i o n s .  A s m a l l  R e y n o l d s  number  i n f l u e n c e ,  p r o b a b l y  c a u s e d  
by t h e  l i p  s h o c k - b o u n d a r y  l a y e r  i n t e r a c t i o n ,  was o b s e r v e d  on 
t h e  c e n t e r b o d y  p r e s s u r e s  n e a r  t h e  c o w l  l i p .  The p i t o t  p r e s s u r e  
d i s t r i b u t i o n  a t  r a k e  s t a t i o n  3, F i g .  l l c ,  s h o w e d  o n l y  a s m a l l  
v a r i a t i o n  w i t h  f r e e - s t r e a m  R e y n o l d s  n u m b e r .  

(~)  The i n f l u e n c e  o f  a n g l e  o f  a t t a c k  on p r e s s u r e  and  t e m -  
p e r a t u r e  d i s t r i b u t i o n s  i s  p r e s e n t e d  i n  F i g .  12 .  The l e v e l  o f  
t h e  m e a s u r e d  p r e s s u r e s  and t e m p e r a t u r e s  c h a n g e d  u n i f o r m l y  as  
t h e  a n g l e  o f  a t t a c k  was v a r i e d ,  and  r e a s o n a b l y  c o n s t a n t  t r e n d s  
w e r e  m a i n t a i n e d .  The p i t o t  p r e s s u r e  d i s t r i b u t i o n  a t  r a k e  s t a -  
t i o n  3, F i g .  12c ,  s h o w e d  s l i g h t  c h a n g e s  i n  l e v e l ,  b u t  no s i g -  
n i f i c a n t  p r o f i l e  d i s t o r t i o n  was e v i d e n t .  

20 
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( ~  T y p i c a l  d a t a  o b t a i n e d  d u r i n g  t h e  Mach 6 t e s t s  a r e  

shown i n  F i g s .  13 t h r o u g h  15 .  T h e s e  f i g u r e s  i n c l u d e  p i t o t  
p r e s s u r e  d i s t r i b u t i o n s  a t  r a k e  s t a t i o n s  1 and  2 .  When t h e  
c o w l  was i n  t h e  Mach 6 o p e r a t i n g  p o s i t i o n  (x L - 2 3 . 2 6  i n . ) ,  
r a k e s  1 and  2 w e r e  s p a c e d  0 . 1 0  i n .  a p a r t  a x i a l l y ;  t h e r e f o r e ,  
a c o m b i n a t i o n  o f  d a t a  f r o m  b o t h  r a k e s  c a n  be  u s e d  a s  a r e a -  
s o n a b l e  a p p r o x i m a t i o n  o f  t h e  p i t o t  p r e s s u r e  d i s t r i b u t i o n  
a c r o s s  t h e  e n t i r e  d u c t .  F i g u r e  13 shows  t h e  e f f e c t s  o f  c o w l  
p o s i t i o n  on t h e  i n l e t  p r e s s u r e  and  t e m p e r a t u r e  d i s t r i b u t i o n s .  
As i n  t h e  Mach 5 d a t a  ( F i g .  1 0 ) ,  t h e  i r r e g u l a r  p r e s s u r e  d i s -  
t r i b u t i o n s  on t h e  c e n t e r b o d y  and c o w l  s u r f a c e s  r e v e a l  t h e  
movemen t  o f  t h e  p r i m a r y  and  r e f l e c t e d  s h o c k - b o u n d a r y  l a y e r  
i n t e r a c t i o n s .  The s h a r p  i n c r e a s e  i n  t h e  w a l l  t e m p e r a t u r e  
r a t i o  a t  x / D  - 1 . 6 6  may be  t h e  r e s u l t  o f  i n t e r n a l  c o o l i n g  
v a r i a t i o n s  a s  p r e v i o u s l y  d i s c u s s e d .  More o r d e r l y  v a r i a t i o n s  
c a n  be  s e e n  i n  t h e  p i t o t  p r e s s u r e  and  t o t a l  t e m p e r a t u r e  d i s -  
t r i b u t i o n s  i n  F i g .  1 3 c .  The l a r g e s t  c h a n g e s  w e r e  a t  r a k e  
s t a t i o n  1 w h i c h  was n e a r e s t  t h e  c o w l  l i p  and  i n  t h e  r e g i o n  
o f  r e f l e c t e d  w a v e s  and  d u c t  f l o w  d e v e l o p m e n t .  The s e n s i t i v i t y  
o f  t h e  f l o w  i n  t h i s  a r e a  t o  c o w l  m o t i o n  w i l l  be  s i g n i f i c a n t  
i f ,  d u r i n g  s u p e r s o n i c  b u r n i n g ,  t h e  z o n e  o f  c o m b u s t i o n  moves  
u p s t r e a m  i n  t h e  d u c t . -  

(~)  V a r i a t i o n s  i n  p r e s s u r e  and  t e m p e r a t u r e  d i s t r i b u t i o n s  
a t  Mach number  6 c a u s e d  by c h a n g e s  i n  t h e  m o d e l  a n g l e  o f  
a t t a c k  a r e  p r e s e n t e d  i n  F i g .  14 .  The i n l e t  w o u l d  n o t  r e m a i n  

" s t a r t e d  a t  5 d e g  a n g l e  o f  a t t a c k ;  t h e r e f o r e ,  t h e  ±3 d e g  d a t a  
a r e  s h o w n .  P e r h a p s  t h e  m o s t  s i g n i f i c a n t  d a t a  i n  t h i s  f i g u r e  
a r e  t h e  p i t o t  p r e s s u r e  p r o f i l e s  a t  r a k e  s t a t i o n  l .  I t  a p p e a r s  
t h a t  t h e  t o t a l  p r e s s u r e  r e c o v e r y  a t  t h i s  s t a t i o n  d e c r e a s e s  
r e g a r d l e s s  o f  w h i c h  d i r e c t i o n  t h e  m o d e l  p i t c h e d .  T h e s e  d a t a  
a g a i n  i n d i c a t e  t h e  s e n s i t i v i t y  o f  t h e  f o r w a r d  t h r o a t  r e g i o n  
p r e s s u r e s  t o  e x t e r n a l  c h a n g e s .  

( ~  V a r i a t i o n  i n  t h e  i n l e t  p r e s s u r e  and  t e m p e r a t u r e  
d i s t r i b u t i o n s  c a u s e d  by c h a n g e s  i n  t h e  f r e e - s t r e a m  R e y n o l d s  
number  a r e  d e m o n s t r a t e d  i n  F i g .  15 .  S i m i l a r  t o  t h e  Mach 
number  5 d a t a  ( F i g .  1 1 ) ,  c h a n g e s  o c c u r r e d  n e a r  t h e  c o w l  l i p  
i n  t h e  v i c i n i t y  o f  t h e  l i p  s h o c k - b o u n d a r y  l a y e r  i n t e r a c t i o n  
and  a t  r a k e  s t a t i o n  1.  T h e r e  a p p e a r s  t o  h a v e  b e e n  a d e c r e a s e  
i n  t h e  p r o f i l e  d i s t o r t i o n  a t  t h i s  s t a t i o n  w h i l e  r a k e  s t a t i o n s  
2 and  3 s h o w e d  no  a p p r e c i a b l e  c h a n g e s .  

. ( ~ )  A c o m p a r i s o n  o f  i n l e t  p r e s s u r e  and  t e m p e r a t u r e  d i s -  
t r i b u t i o n s  o v e r  t h e  Mach number  r a n g e  i n v e s t i g a t e d  i s  p r e -  
s e n t e d  i n  F i g .  16 .  The d a t a  i l l u s t r a t e d  w e r e  o b t a i n e d  w i t h  
t h e  c o w l  i n  t h e  o p e r a t e  o r  d e s i g n  p o s i t i o n  ~o r  e a c h  Mach num- 
b e r .  T h e s e  d a t a  w e r e  t h e n  c o n v e r t e d  t o  o v e r a l l  p e r f o r m a n c e  
d a t a  w h i c h  a r e  shown i n  F i g .  17 .  The mass  f l o w  d a t a  w e r e  
c o m p u t e d  f r o m  E q u a t i o n  4 u s i n g  t h e  w a l l  p r e s s u r e s  a t J r a k e  
s t a t i o n  4 .  T h e s e  d a t a  r ~ v e a l  t h e  d i s c r e p a n c i e s  w h i c h  r e s u l t  

" ' " ~ ' ~ ' - ~  : ~ . ~ : ~ " ~ . ~  
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f r o m  a v e r a g i n g  d i s d ~ e ~ e  d a t a ' p o i n t s .  Name ly ,  t h e  i n l e t  bow 
s h o c k  was on o r  i n s i d e  t h e  c o w l  l i p  when t h e  Hach number  6 
and  8 d a t a  w e r e  r e c o r d e d ;  t h e r e f o r e  o n e  w o u l d  e x p e c t  t h e  mass  
f l o w  r a t i o  t o  be  u n i ~ y  i n s t e a d  o f  t h e  c a l c u l a t e d  0 . 9 6 .  The 
r a p i d  d e c r e a s e - i n  t o t a l  p r e s s u r e  r e c o v e r y  a t  r a k e  s t a t i o n  3 
o v e r  t h e  btach 6 t o  8 r a n g e  i s  n o t  h i g h l y  s i g n i f i c a n t .  A 
c h a n g e  f r o m  s u b s o n i c  t o  s u p e r s o n i c  c o m b u s t i o n  i s  e x p e c t e d  t o  
t a k e  p l a c e  a t  Mach number  6 ;  t h e r e f o r e  c o n d i t i o n s  a t  t h e  more  
f o r w a r d  p o r t i o n  o f  t h e  d u c t  ( r a k e  s t a t i o n  1) a r e  m o r e  s i g n i f -  
i c a n t .  

(~)  Da ta  f r o m  t h e  Mach number  3 s p i l l a g e  d r a g  r u n  a t  
= 0 a r e  shown i n  F i g .  18.  A p p l y i n g  E q u a t i o n  8 t o  t h e s e  d a t a  

y i e l d s  CD = 0 . 5 4 .  T h e s e  d a t a  c a n  be  u s e d  t o  e s t i m a t e ,  i n  p a r t ,  
t h e  t o t a l  a i r c r a f t - p o w e r p l a n t  d r a g  d u r i n g  low Mach number  
f l i g h t  o p e r a t i o n s .  

(~)  The i n l e t  r e m a i n e d  s t a r t e d  w i t h  h e l i u m  ( s i m u l a t e d  
f u e l )  i n j e c t i o n  e v e n  when t h e  h e l i u m  mass  f l o w  r e a c h e d  a p p r o x i -  
m a t e l y  30 p e r c e n t  o f  t h e  c a p t u r e d  a i r  mass  f l o w .  H o w e v e r ,  t h e  
a c t u a l  mass  f l o w  of  i n j e c t e d  g a s  was i n  q u e s t i o n  by as  much a s  
100 p e r c e n t .  T h i s  u n c e r t a i n t y  r e s u l t e d  f r o m  l e a k a g e  o f  g a s -  
e o u s  n i t r o g e n  f r o m  t h e  c o o l a n t  p a s s a g e  by t h e  T e f l o n ® s e a l s  
( F i g .  5) i n t o  t h e  h e l i u m  p l e n u m .  

(~) F o r  t h e  d a t a  p r e s e n t e d  i n  F i g s .  10 t h r o u g h  17,  t h e  
i n l e t  f l o w  was a s s u m e d  s y m m e t r i c  when a = 0 .  C o n s e q u e n t l y ,  
o n l y  d a t a  f r o m  r a k e s  1, 2,  and  3 (~ = 0) w e r e  i l l u s t r a t e d .  
T h e r e  was ,  h o w e v e r ,  some f l o w  d i s t o r t i o n  a r o u n d  t h e  d u c t  a s  
e v i d e n c e d  by t h e  c o m p a r i s o n s  o f  r a k e  3 and  3A p i t o t  p r e s s u r e  
p r o f i l e s  i n  F i g .  19 .  The d i f f e r e n c e  b e t w e e n  t h e  p r o f i l e s  
v a r i e d  w i t h  c o w l  p o s i t i o n  and  t h e  l a r g e s t  v a r i a t i o n  o c c u r r e d  
a t  t h e  o p e r a t i n g  p o s i t i o n .  T h i s  p r o f i l e  d i s t o r t i o n  c o u l d  
h a v e  b e e n  c a u s e d  by m o d e l  a s y m m e t r i e s  o r  s m a l l  f r e e - s t r e a m  
f l o w  n o n u n i f o r m i t i e s .  The s i g n i f i c a n c e  o f  t h e s e  d i s t o r t i o n s  
h a s  n o t  b e e n  d e t e r m i n e d  and  i s  now b e i n g  a n a l y z e d  by t h e  
L o c k h e e d  C a l i f o r n i a  Company.  

. 

. 
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C e n t e r b o d y  C o w l  L i p  T r i p  C e n t e r b o d y  C o w l  
N o .  N o .  N o .  D o u b l e r  N o .  D o u b l e r  

1 2 - -  - -  No 

1 2 4 -- No 

I 3 -- -- No 

1 3 2 -- No 

1 3 5 -- No 

1 4 -- -- Yes 

I 5 -- -- No 

1 6 -- 1,2,3 Yes 

*I 7 -- -- Yes 

1 7 -- 1,2,3 Yes 

1 7 -- 3 Yes 

1 7 6 -- Yes 

1 7 7 -- Yes 

1 7 8 -- Yes 

1 7 9 -- Yes 

2 1 2 - -  No  

2 2 1 -- No 

2 3 -- -- No 

2 3 2 - -  No 

2 3 3 - -  No 

* A l l  t h e s e  c o n f i g u r a t i o n s  w e r e  t e s t e d  f o r  t h e i r  s t a r t i n g  
c h a r a c t e r i s t i c s  a t  M a c h  n u m b e r  4 .  

* F i n a l  c o n f i g u r a t i o n  t e s t e d  a t  Moo = 4 t o  8 .  
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olds number on the surface and rake station measurements. Inlet per- 
formance data at design operating conditions are also presented. (U) 
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