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ABSTRACT 

i - t  . -  

iStat ic  fo rce  t e s t s  were  conducted on a s e p a r a b l e - n o s e  c rew escape  
capsu le  in the p r e s e n c e  of the fo rwa rd  sec t ion  of the a i r p l a n e  fu se l age .  
The capsu le  escape  rocket  je t  p lume was s imu la t ed  with a i r  hea ted  to 
a tb{al t e m p e r a t u r e  of app rox ima te ly  100°F. Data were  obta ined at Mach 
nurhbei~s f rom 2 th rough  5 at capsu le  angles  of a t t ack  f r o m  -15 to 25 deg 
an~i~arigles of s ides l ip  f r o m  0 to 15 deg for  va r i ous  pos i t ions  of the  cap-  
sule  r e l a t i v e  to the  fuse lage  sect ion.  All t e s t i n g w a s  conducted at a fu se -  
lage  ~ngle of att~/ck and angle of s ides l ip  of ze ro .  Reynolds  number ,  
ba~s'e~d'on a model  length  of 18.1 in . ,  r anged  f rom 5.7 x 106 to 12.3 x 106. 
R e s u l t s  a r e  p r e s e n t e d  showing the effects  of the  fuse lage  sec t ion  on the 
ae rQdynamic  c h a r a c t e r i s t i c s  of the capsule ,  with and without s i m u l a t i o n  
of the es6ape  rocket  exhaust  p lume.  
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NOMENCLATURE 

A 

CD 

Cj~ 

C L 

Cm 

Cn 

Cy  

M ® 

Pc 

Po 

P® 

q® 

Re® 

X 

Y 

Refe rence  a r e a  ( c r o s s - s e c t i o n a l  a r e a  at s epa r a t i on  
bulkhead),  22. 608 in.2 

Drag coeff ic ient ,  d rag/q®A 

R o l l i n g - m o m e n t  coeff ic ient ,  ro l l ing  moment /o~A~ 

• Lift  coeff ic ient ,  lift/q®A 

P i t c h i n g - m o m e n t  coeff ic ient ,  p i tching moment /q~A~ 

Yawing-moment  coeff ic ient ,  yawing moment/cla,A~ 

S ide - fo rce  coeff ic ient ,  s ide force/qe,A 

Re fe rence  length (dis tance  f rom nose  to s epa ra t i on  
bulkhead),  16.5 in. 

F r e e - s t r e a m  Mach number  

Je t  c h a m b e r  p r e s s u r e ,  ps ia  

Tunnel  s t i l l ing  c h a m b e r  p r e s s u r e ,  p s i a  

F r e e - s t r e a m  s ta t ic  p r e s s u r e ,  ps ia  

F r e e - s t r e a m  dynamic  p r e s s u r e ,  ps ia  

F r e e -  s t r e a m  unit  Reynolds  number ,  in. - 1 

Tunnel  s t i l l ing  c h a m b e r  t e m p e r a t u r e ,  °R 

Longi tudina l  s epa ra t i on  d i s t ance  between the capsu le  and 
fuse lage ,  in the wind axis,  and m e a s u r e d  f r o m  the capsu le  
momen t  r e f e r e n c e  point before  s epa ra t i on  to the capsu le  
momen t  r e f e r e n c e  point a f t e r  sepa ra t ion ,  in. 

L a t e r a l  s epa ra t i on  d is tance  between the capsu le  and fuse lage ,  
p e r p e n d i c u l a r  to the x-z plane,  and m e a s u r e d  as noted for  
x ,  i n .  

vii 
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Z 

~C 

Note:  

V e r t i c a l  s e p a r a t i o n  d i s t a n c e  b e t w e e n  the  c a p s u l e  and 
f u s e l a g e ,  p e r p e n d i c u l a r  to the  wind axis ,  and m e a s u r e d  as 
no ted  fo r  x, in. 

Capsu le  ang le  of attack, deg  

Capsule angle of sideslip, deg 

F o r c e  and m o m e n t  c o e f f i c i e n t s  a r e  in the  s t ab i l i t y  ax i s  s y s t e m .  

v i i i  
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SECTION I 

INTRODUCTION 

T h e s e  t e s t s  c o n s t i t u t e  the  s econd  p a r t  of P h a s e  II of a wind tunne l  
t e s t  p r o g r a m  r e q u e s t e d  by  the  F l i g h t  R e c o v e r y  Group  (FDFR) ,  A F F D L ,  
to p r o v i d e  da ta  f o r  i n v e s t i g a t i n g  c r e w  e s c a p e  s y s t e m s  fo r  h i g h - s p e e d  
f l igh t  v e h i c l e s .  In P h a s e  I (Ref.  1), the  s t a t i c  s t a b i l i t y  and d r a g  c h a r a c -  
t e r i s t i c s  of the  F - 1 0 4  a i r c r a f t  s e p a r a b l e - n o s e  c r e w  e s c a p e  c a p s u l e  w e r e  
o b t a i n e d  fo r  a n g l e s  of a t t a c k  f r o m  -30 to 30 deg wi th  co ld  f low s i m u l a t i o n  
of the  e x h a u s t  p l u m e  f r o m  the  e s c a p e  r o c k e t  at v a r i o u s  a l t i t u d e s .  In the  
f i r s t  p a r t  of the  P h a s e  II t e s t s  (Ref.  2), s t a t i c  l o n g i t u d i n a l  s t a b i l i t y  and 
d r a g  da ta  w e r e  o b t a i n e d  on the  c a p s u l e  in p r o x i m i t y  to the  f o r w a r d  s e c -  
t i on  of the  a i r p l a n e  f u s e l a g e  w h e r e  the  f u s e l a g e  s e c t i o n  was  f ixed  at s i x  
p o s i t i o n s  wi th  r e s p e c t  to the  c a p s u l e .  

In t he  p r e s e n t  P h a s e  II t e s t s ,  s t a t i c  s t a b i l i t y  and d r a g  da ta  w e r e  ob- 
t a i n e d  on the  c a p s u l e  u s i n g  a r e m o t e l y  c o n t r o l l e d  suppor t  s y s t e m  tha t  
p o s i t i o n e d  the  f u s e l a g e  wi th  r e s p e c t  to the  c a p s u l e  and a l so  p r o v i d e d  p i t c h  
and yaw of the  c a p s u l e .  T h e  f u s e l a g e  s e c t i o n  p o s i t i o n  r e l a t i v e  to the  cap -  
su l e  was  v a r i e d  f r o m  12 in. aft  to 18 in. f o r w a r d  of the  c a p s u l e ,  and f r o m  
0 to 14 in. be low the  c a p s u l e .  L a t e r a l l y ,  the  f u s e l a g e  was  a l i g n e d  wi th  the  
c a p s u l e  and was  a l so  p o s i t i o n e d  5 in. to the  s ide  of the  c a p s u l e .  

S ta t ic  f o r c e  da ta  w e r e  o b t a i n e d  at Mach  n u m b e r s  f r o m  2 t h r o u g h  5 at  
c a p s u l e  a n g l e s  of a t t a c k  f r o m  -15 to 25 deg and c a p s u l e  a n g l e s  of s i d e s l i p  
f r o m  0 to 15 deg.  The  f u s e l a g e  ang le  of a t t a ck  and ang le  of s i d e s l i p  was  
z e r o .  R e y n o l d s  n u m b e r ,  b a s e d  on a mode l  l eng th  of 18.1  in. r a n g e d  f r o m  
5 .7  x 106 to 12 .3  x 106 . The  e s c a p e  r o c k e t  j e t  p l u m e  was  s i m u l a t e d  wi th  
a i r  h e a t e d  to a p p r o x i m a t e l y  100°F. 

SECTION II 
APPARATUS 

2,1 WIND TUNNEL 

The  40- in .  s u p e r s o n i c  tunne l  (Gas D y n a m i c  Wind Tunne l ,  S u p e r -  
son ic  (A)) is  a con t inuous ,  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  wind tunne l  
wi th  an a u t o m a t i c a l l y  d r i ven ,  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  
40- in .  t e s t  s e c t i o n .  The  tunne l  can  be o p e r a t e d  at Mach  n u m b e r s  f r o m  
1.5  to 6 at  m a x i m u m  s t a g n a t i o n  p r e s s u r e s  f r o m  29 to 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 to 300°F (M® = 6). M i n i m u m  
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  about  o n e - t e n t h  to o n e - t w e n t i e t h  of the  
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m a x i m u m  at each  Mach n u m b e r .  A d e s c r i p t i o n  of the  t unne l  and a i r f l ow  
c a l i b r a t i o n  i n f o r m a t i o n  m a y  be found in Ref.  3. 

2.2 MODELS AND SUPPORT SYSTEM 

The separable-nose crew escape capsule model and the fuselage 
section model (Figs. 1 through 3, Appendix I) were 1/10-scale models 
of the F-104 aircraft and were provided by AFFDL. The capsule had 
three wedge-shaped stabilizing booms extending to the rear. These 
booms (Fig. ic) were positioned 120 deg apart, and the upper boom was 
fitted with a trim tab (Figs. la and b). The escape rocket nozzle was 
posRioned in a cutout on the lower aft portion of the model (Fig. le) and 
was attached to the sting such that the model was isolated from the jet 
reaction force. 

Details of the nozzle are given in Fig. Id, and the procedures used 
to calculate the nozzle dimensions and chamber pressures for simulation 
of the full-scale jet plume shape at various altitudes over the Mach num- 
ber range are given in Ref. 1. 

The f u s e l a g e  s e c t i o n  d e t a i l s  a r e  g iven  in F ig .  l f .  As shown in th i s  
f i gu re ,  a s e c t i o n  of the  f u s e l a g e  f ron t  f ace  f o r m e d  a door .  The  d o o r  
cou ld  be  c l o s e d  wi th  a gas  o p e r a t e d  c y l i n d e r  and was s p r i n g  l o a d e d  so 
tha t  it would open when  the  c y l i n d e r  p r e s s u r e  was  r e l e a s e d .  The  p u r p o s e  
of th i s  was  to p r o v i d e  c l e a r a n c e  f o r  the  c a p s u l e  s t ing  suppor t  when  the  
c a p s u l e  and f u s e l a g e  w e r e  in p r o x i m i t y .  The  two l ong i t ud ina l  s l o t s  in the  
f u s e l a g e  and the  cutout  in the  top of the  d o o r  s i m u l a t e  the  s t o r a g e  l o c a -  
t i o n s  of the  s t a b i l i z e r  b o o m s  whi le  the  a i r c r a f t  is in n o r m a l  f l ight .  The  
cutout  on the  b o t t o m  of the  f u s e l a g e  is a r e l i e f  fo r  t he  e s c a p e  r o c k e t  exhaus t  
d u r i n g  in i t i a l  f i r i ng .  

/ 
/ • 

The  f u s e l a g e  and c a p s u l e  w e r e  m o u n t e d  on a suppor t  s y s t e m  (Fig.  3) 
tha t  a l lowed  r e m o t e  c o n t r o l  of c a p s u l e  ang le  of a t t a ck  and c a p s u l e - t o -  

, f u s e l a g e  p o s i t i o n  in t h r e e  d i r e c t i o n s .  C a p s u l e  p i t ch  and v e r t i c a l  s e p a r a -  
t ion  w e r e  a c c o m p l i s h e d  wi th  two p i t ch  m e c h a n i s m s  ( fo re  and aft, s e e  
F ig .  3a) wh ich  gave  c a p s u l e  a n g l e s  of a t t ack  f r o m  -15 to 25 deg  at v e r t i -  
ca l  s e p a r a t i o n s  f r o m  0 to 14 in. L o n g i t u d i n a l  s e p a r a t i o n  ,A, as  a c c o m -  
p l i s h e d  b~" a d r i v e  m e c h a n i s m  which  cou ld  t r a v e r s e  the  f u s e l a g e  14 in. aft 
and 40 in. f o r w a r d  of the  c a p s u l e .  L a t e r a l  s e p a r a t i o n  was p r o d u c e d  by 
a d r i v e  m e c h a n i s m  which  could  t r a v e r s e  the  c a p s u l e  10 in. to the  lef t  and 
2 in. to the  r igh t  of the  f u s e l a g e  ( looking  u p s t r e a m ) .  F o r  c a p s u l e  s i d e -  
s l ip  da ta  both  m o d e l s  w e r e  r o l l e d  90 deg  on the  suppor t  s y s t e m  in o r d e r  to 
u s e  the  p i t ch  m e c h a n i s m s  to yaw the  c a p s u l e  ( s e e  Fig .  3b). 
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2.3 INSTRUMENTATION AND PROCEDURES 

C a p s u l e  f o r c e  m e a s u r e m e n t s  w e r e  m a d e  wi th  a s i x - c o m p o n e n t ,  
m o m e n t - t y p e ,  s t r a i n - g a g e  b a l a n c e  s u p p l i e d  and  c a l i b r a t e d  by the  von  

• I K a r m a n  Gas  D y n a m i c s  F a c i l i t y .  B e f o r e  the  t e s t ,  l o a d i n g s  in a s i n g l e  
p l a n e  and c o m b i n e d  s t a t i c  l o a d i n g s  w e r e  a p p l i e d  to t h e  b a l a n c e  w h i c h  
s i m u l a t e d  the  r a n g e  of m o d e l  l o a d i n g s  a n t i c i p a t e d  f o r  t he  t e s t .  T h e  
r a n g e s  of u n c e r t a i n t i e s  l i s t e d  b e l o w  c o r r e s p o n d  to t he  d i f f e r e n c e s  b e -  
t w e e n ' t h e  a p p l i e d  l o a d s  and the  v a l u e s  c a l c u l a t e d  wi th  the  b a l a n c e "  
e q u a t i o n s  u s e d  in t he  f ina l  da t a  r e d u c t i o n .  T h e  m i n i m u m  u n c e r t a i n t i e s  
g iven  a r e  f o r  l o a d s  up to about  10 p e r c e n t  of t he  m a x i m u m  a p p l i e d  and  
a r e - f o r  l o a d i n g s  on the  p a r t i c u l a r  c o m p o n e n t  on ly  (no c o m b i n e d  l o a d i n g  
i n t e r a e t i o n  e f f ec t s ) .  The  m a x i m u m  u n c e r t a i n t i e s  a r e  f o r  c o m b i n e d  

l o a d  ings .  

B a l a n c e  D e s i g n  R a n g e  of R a n g e  of 
. .  C o m p o n e n t  L o a d  Sta t ic  L o a d i n g s  U n c e r t a i n t i e s  

N o r m a l  F o r c e ,  lb 5 0 0  +25 to +500 + 0 . 3 0  to +1 .50  

P i t c h i n g  M o m e n t ,  
in. - l b  2000 0 to +400 + 2 . 0 0  to + 3 . 0 0  

Side F o r c e ,  lb 250 +25 to +200 +0 .40  to +1 .00  
Y~'wing M o m e n t ,  

i n . - l b  1000 0 to +160 + 1 . 6 0  to +3 .00  

R o l l i n g  M o m e n t ,  
" • ,in..:-lb 400 0 to +385 + 0 . 8 0  to +1 .40  

A x i i l  F o r c e ,  lb 300 25 to 300 + 0 . 4 0  to ± 0 . 7 0  

The  j e t  c h a m b e r  p r e s s u r e  was  m e a s u r e d  wi th  a 1000 -ps id  t r a n s -  
d u c e r  and is c o n s i d e r e d  a c c u r a t e  to wi th in  1 p e r c e n t  of c a p a c i t y .  

T h e  b a s e  p r e s s u r e  w a s  m e a s u r e d  wi th  a t r a n s d u c e r  c a l i b r a t e d  f o r  
f u l l - s c a l e  r a n g e s  of 15, 5, and 1 ps id ,  r e f e r e n c e d  to a n e a r  v a c u u m ,  
and  ig c o n s i d e r e d  a c c u r a t e  to wi th in  0 .3  p e r c e n t  of ful l  s c a l e .  A b a s e  
d r a g  ~ o r r e c t i o n  was  m a d e  f o r  the  b a l a n c e  c a v i t y  a r e a  only .  

• 5 -  I 

T h e  m o d e l  a t t i t ude  and  p o s i t i o n  w e r e  m e a s u r e d  wi th  p o t e n t i o m e t e r s ,  
r . e c o r d e d  on d ig i t a l  v o l t m e t e r s ,  and the  a c c u r a c i e s  of e a c h  a r e  l i s t e d  in 

t h e - f o l l o w i n g  t ab le :  

D r i v e  S y s t e m  R a n g e  

~c,  ~c, deg  -15 to 25 
• : : x, in. - 1 4 t o  40 
'"~ y, in. - 2 to 10 

z, in. 0 to 14 
L 

/ 

U n c e r t a i n t y  

±0 .05  
±0 .10  
±0 .05  
± 0 . 0 8  
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E a c h  da ta  g roup  was  o b t a i n e d  by s e t t i n g  a c o r  ~c, Y, and z and v a r y -  
ing z. In o r d e r  to ob ta in  da ta  m o r e  r ap id ly ,  x was  v a r i e d  c o n t i n u o u s l y  
as  the  da t a  w e r e  b e i n g  taken;  c o n s e q u e n t l y ,  the  x v a l u e s  o b t a i n e d  w e r e  
not in even  i n c r e m e n t s .  A c u r v e  fit  p r o g r a m  was  l a t e r  u s e d  to c a l c u -  
l a t e  a l l  t e s t  p a r a m e t e r s  f o r  any  d e s i r e d  v a l u e  of x. Given  the  v a l u e s  
of x, y, and z, t h i s  p r o g r a m  would  p i ck  the  s ix  da ta  po in t s  c l o s e s t  to 
the  g iven  x, f i t  a f ~ f t h - d e g r e e  equa t ion  to the  da ta ,  and r e t a b u l a t e  t he  
da t a  f o r  v a r y i n g  ac  o r  ~c" P l o t t e d  da ta  in t h i s  f o r m  w e r e  a l so  s u p p l i e d  
to F D F R  to a id  in t h e i r  a n a l y s i s  of the r e s u l t s .  F o r  the  p u r p o s e  of a 
t i m e l y  d o c u m e n t a t i o n  of the  t e s t  r e s u l t s ,  h o w e v e r ,  the  da t a  p r e s e n t e d  
h e r e i n  a r e  in the  o r i g i n a l  f o r m  as  a func t ion  of x. 

Al l  da t a  w e r e  t a k e n  wi th  the  d o o r  on the  f u s e l a g e  f r o n t  f a c e  c l o s e d  
excep t  when  c l e a r a n c e  was  n e c e s s a r y  f o r  the  c a p s u l e  s t ing ,  

SECTION III 
RESULTS AND DISCUSSION 

P 

| 

No a t t e m p t  wi l l  be  m a d e  h e r e i n  to d i s c u s s  t h e s e  r e s u l t s  in r e l a t i o n  
to the  c o n c e p t  of th i s  e s c a p e  c a p s u l e  as  a p r a c t i c a l  s y s t e m  s i n c e  th i s  
w o r k  is on ly  a p o r t i o n  of the  o v e r a l l  e f fo r t  and the  f ina l  a n a l y s i s  wi l l  be  
done  by F D F R .  A s u m m a r y  of the  t e s t  c o n d i t i o n s  is p r e s e n t e d  in 
T a b l e  I (Appendix  II), and T a b l e  II p r e s e n t s  a s u m m a r y  of the  m o d e l  
a t t i t u d e s  t e s t e d .  

The  e f f e c t s  of the  p r e s e n c e  of the  f u s e l a g e  s e c t i o n  on the  !ift,  d r a g ,  
and p i t c h i n g - m o m e n t  c h a r a c t e r i s t i c s  of the e s c a p e  c a p s u l e ,  j e t  off, a r e  
p r e s e n t e d  in F i g s .  4 t h r o u g h  11 f o r  Mach n u m b e r s  2, 3, 4, and  5. Of 
p r i m a r y  i n t e r e s t  h e r e  a r e  the  p i t c h i n g - m o m e n t  da ta .  F o r  the  c o n d i t i o n  
of z e r o  l a t e r a l  s e p a r a t i o n  (y = 0), the  a b r u p t  d e c r e a s e  in p i t c h i n g  m o m e n t ,  
w h i c h  o c c u r s  as  the  f u s e l a g e  m o v e s  f o r w a r d  ( i n c r e a s i n g  x) at a l l  Mach  
n u m b e r s  and  a n g l e s  of a t t ack ,  is d i r e c t l y  the  r e s u l t  of the  f u s e l a g e  bow 
s h o c k  i m p i n g i n g  on the  l o w e r  t r a i l i n g  b o o m s .  Then  as  the  f u s e l a g e  m o v e s  
f a r t h e r  f o r w a r d ,  a r e v e r s a l  in p i t c h i n g - m o m e n t  s lope  o c c u r s  when  the  
f u s e l a g e  bow s h o c k  and r e s u l t i n g  high p r e s s u r e  r e g i o n  m o v e  t o w a r d  and  
b e y o n d  the  m o m e n t  r e f e r e n c e  point .  It m a y  a l so  be  no t ed  that  a g r a d u a l  
i n c r e a s e  in l i f t  c o e f f i c i e n t  was  o b t a i n e d  as  the  f u s e l a g e  bow s h o c k  m o v e d  
onto t h e  c a p s u l e .  T h e s e  and  o t h e r  f low c o n d i t i o n s  to be  no t ed  can  be  s e e n  
in the  s c h l i e r e n  p h o t o g r a p h s  p r e s e n t e d  f o r  e a c h  Mach n u m b e r .  The  so l id  
s y m b o l s  in the  da ta  f i g u r e s  i n d i c a t e  tha t  a s c h l i e r e n  p h o t o g r a p h  is p r e -  
s e n t e d  f o r  t h e s e  c o n d i t i o n s .  

L a t e r a l l y  m o v i n g  the  c a p s u l e  to y = 5 in. ( s e e  F i g s .  4e, 6e, 8e, and 
10e) g e n e r a l l y  r e d u c e d  the  m a g n i t u d e  of the  f u s e l a g e  e f f ec t s  as  no ted  f o r  

I | 

t 

4 
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y = 0~ Th i s  r e d u c t i o n  r e s u l t s  f r o m  the  l o w e r  le f t  t r a i l i n g  b o o m  be ing  
m o v e d  away f r o m  the  f u s e l a g e  bow shock.  It shou ld  be no ted  that  the  
m a g n i t u d e  of t h e s e  f u s e l a g e  i n t e r f e r e n c e  e f f ec t s  g e n e r a l l y  d e c r e a s e d  
wi th  i n c r e a s i n g  Mach n u m b e r  and v e r t i c a l  s e p a r a t i o n  d i s t a n c e  (z). 

A n o t h e r  i n t e r f e r e n c e  ef fec t  of conse ( ]uence  was the  l a r g e  r e g i o n s  of 
f l6w s e p a r a t i o n  o v e r  the  b o t t o m  s u r f a c e  of the  c a p s u l e  at n 'egat ive  a n g l e s  
of a t t ack  wi th  the  f u s e l a g e  in p r o x i m i t y  to the  c a p s u l e  (note  p h o t o g r a p h s  
of F i g s .  5c, 7a, 9c, and l l c ) .  Th i s  cond i t ion ,  which  o c c u r r e d  at a l l  
Mach n u m b e r s ,  c a u s e d  a r a t h e r  abrup t  r i s e  in p i t ch ing  m o m e n t .  

t 

F o r  the  m o d e l s  in the  s i d e s l i p  a t t i tude  ( s ee  F ig .  3b), F i g s  12 t h r o u g h  
15 p r e s e n t  the  e f f ec t s  of the  p r e s e n c e  of the  f u s e l a g e  s e c t i o n  on the  cap-  
su l e  s i d e - f o r c e ,  y a w i n g - m o m e n t ,  and r o l l i n g - m o m e n t  c h a r a c t e r i s t i c s ,  
j e t  off, f o r  Mach n u m b e r s  2, 3, 4, and 5. F o r  t h e s e  data,  the  m o s t  s ig -  
n i f i can t  v a r i a t i o n s  w e r e  ob t a ined  in t h e  r o l l i n g  m o m e n t .  F o r  the  cond i -  
d i t ion  ( -8  < x < -4) w h e r e  the  f u s e l a g e  bow shock  was s t and ing  on the  
t r a i l i n g  b o o m s ,  and as the  ang le  of s i d e s l i p  i n c r e a s e d ,  the  l o w e r  lef t  t r a i l -  
in'g, b o o m  m o v e d  into the  shock  r e g i o n  and the  l o w e r  r igh t  t r a i l i n g  b o o m  
m o v e d  out of the  shock  r eg ion ,  r e s u l t i n g  in a l a r g e  i n c r e a s e  in r o l l i n g  
morAent  which  t h e s e  data  show. As  the  f u s e l a g e  m o v e d  f a r t h e r  f o r w a r d  
( -4  ~ x ~_ 4), a d e c r e a s e  in r o l l i n g  m o m e n t  was o b t a i n e d  as  a r e s u l t  of the  
f u s e l a g e  bow shock  o n c e  aga in  m o v i n g  o v e r  the  l o w e r  r igh t  t r a i l i n g  boom.  
With the  c a p s u l e  d i s p l a c e d  l a t e r a l l y  to y = -5 in . ,  the  d e c r e a s e  in r o l l i n g  
m o m e n t  no ted  p r e v i o u s l y  fo r  y = 0 was not as abrupt  b e c a u s e  the  l o w e r  
r igh t  t r a i l i n g  b o o m  was f u r t h e r  r e m o v e d  f r o m  the  in f luence  of the  f u s e l a g e  
bow shock .  The  m a g n i t u d e  of t h e s e  e f fec t s  i n c r e a s e d  s o m e w h a t  with in- 
c r%as ing  Mach n u m b e r .  Only s m a l l  v a r i a t i o n s  w e r e  ob t a ined  in s i d e  f o r c e  
and yawing  m o m e n t  fo r  the  r a n g e  of f u s e l a g e  t r a v e l  i n v e s t i g a t e d .  

, , . ' 1 1  ' '  : 

S i m i l a r  r e s u l t s ,  as  shown p r e v i o u s l y  fo r  the  c a p s u l e  in p i t ch  and 
s i d e s l i p ,  a r e  p r e s e n t e d  in F i g s .  16 t h r o u g h  27 with f low s i m u l a t i o n  of the  
e s c a p e  r o c k e t  exhaus t  p l u m e .  The  t r e n d s  of the  i n t e r f e r e n c e  e f f ec t s  fo r  
the 'se  da ta  w e r e  v e r y  s i m i l a r  to t h o s e  fo r  je t  off. H o w e v e r ,  the  fo l lowing  
add i t i ona l  o b s e r v a t i o n  is m a d e .  The  i n t e r f e r e n c e  e f fec t s ,  j e t  on as c o m -  
lJared  to je t  off. a r e  of g r e a t e r  m a g n i t u d e  when the  c a p s u l e  is in p r o x i -  
m i t y  to the  f u s e l a g e .  This  is l a r g e l y  b e c a u s e  of the  j e t  i m p i n g m e n t  on the  
f 6 r w a r d  p o r t i o n  of the  f u s e l a g e  s e c t i o n  c a u s i n g  flow s e p a r a t i o n  on the  cap-  
su l e  e a r l i e r  than ob t a ined  with the  j e t  off. Of the  s c h l i e r e n  p h o t o g r a p h s  
p r e s e n t e d  showing  th i s  f low s e p a r a t i o n ,  two p a r t i c u l a r l y  good e x a m p l e s  
(F igs .  5d and 17d) show fo r  i den t i ca l  m o d e l  c o n d i t i o n s  that  the  j e t - o n  s e p a -  
r a t i o n  (Fig.  17d) o c c u r s  m u c h  f a r t h e r  f o r w a r d  on the  c a p s u l e  than  the  
j e t - o f f  s e p a r a t i o n  (Fig.  5d). 
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TABLE II 
MODEL ATTITUDES TESTED 

ac ,  deg ~c, deg x, Ln. z, in. =~ y,. in. 

-15 
-12 
- I 0  
- 8 

- 4 

0 
2 
4 
6 
8 

12 
14 
16 
2 0 .  
24 
25 

-15 
-12 
- I 0  
- 8 

- 4 

0 
4 
8 

12 
16 
20 
24 
25 

i 

0 

I 

0 

0 
2 
4 
8 

12 
15 

0 
2 
4 
8 

12 
15 

-12 ~< x _~ 18 

r 

-12 < x -< 18 

O, I, 2, 3, 4, 5, 6 
O, I, 2, 3, 4, 5, 6 

I0 
0 , 1 , 2 , 3 , 4 , 5 , 6 , 1 0  
O, 1, 2, 3, 4, 5, 6, 10  

O, 1, 2, 3, 4, 5, 6, 10,141 
1 

2, 3, 4, 5, 6, lO, 14 
3 

4, 5, 6, 10, 14 
5, 6, 10, 14 

6 
10, 14 
10, 14 

10 
14 

5 
5 

• 10 
5, 10 
5, 10 

5, 10, 14 
5, 10, 14 
5, 10, 14 
5, 10, 14 
5, 10, 14 

10, 14 
10 
14 

3, 4, 6, 8 

3, 4, 6, 8 

~ T e s t s  at the  v a l u e s  of z u n d e r l i n e d  w e r e  m a d e  with the  doo r  
on the  f r o n t  f ace  of the  f u s e l a g e  open fo r  stLhg c l e a r a n c e .  
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0 

-5 
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