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1.0 INTRODUCTION 

Many q u e s t i o n s  have  been  a s k e d  c o n c e r n i n g  mode l  s u p p o r t  i n t e r -  
f e r e n c e  e f f ec t s  on da ta  ob ta ined  in s u p e r s o n i c  wind t u n n e l s .  In 
g e n e r a l ,  a n s w e r s  have  not b e e n  found.  The  a e r o d y n a m i c i s t ,  who 
m u s t  r e l y  on t h e o r e t i c a l  and e x p e r i m e n t a l  i n f o r m a t i o n  fo r  p r e d i c t i o n  
of f u l l - s c a l e  f l i gh t  b e h a v i o r ,  ha s  in  t he  l a s t  few y e a r s  b e c o m e  m o r e  
c o n c e r n e d  about  s u p p o r t  i n t e r f e r e n c e .  As a c c u r a c y  r e q u i r e m e n t s  
i m p o s e d  on wind  tunne l  da ta  b e c o m e  m o r e  s t r i n g e n t ,  the  e v a l u a t i o n  

, p  , 

of mode l  s u p p o r t  i n t e r f e r e n c e  e f f ec t s  b e c o m e s  c r i t i c a l .  

A r e s e a r c h  p r o g r a m  was  i n i t i a t e d  at  the  Arno ld  E n g i n e e r i n g  D e -  
v e l o p m e n t  C e n t e r  (AEDC), yon  K~Lrmtm Gas  D y n a m i c s  F a c i l i t y  (VKF),  
f o r  the  p u r p o s e  of i m p r o v i n g  the  u n d e r s t a n d i n g  of s o m e  of the  p r o b l e m s  
a s s o c i a t e d  w i th  s u p p o r t  i n t e r f e r e n c e  at s u p e r s o n i c  Mach  n u m b e r s .  
The  m a j o r i t y  of the  w o r k  wi l l  be d i r e c t e d  t o w a r d  s t i ng  i n t e r f e r e n c e  
e f f e c t s  on d y n a m i e  s t a b i l i t y  d e r i v a t i v e s .  Howeve r ,  t h e s e  r e s u l t s  a r e  
d i r e c t l y  a p p l i c a b l e  fo r  e s t i m a t i n g  the onse t  of s t i ng  i n t e r f e r e n c e  
e f f ec t s  on s t a t i c - s t a b i l i t y  da te .  T h i s  r e p o r t  d o c u m e n t s  the w o r k  
tha t  was  c o m p l e t e d  in 1976. 

The  o b j e c t i v e s  of the  1976 e f fo r t  w e r e  (1) to  conduct  a l i t e r a t u r e  
s u r v e y ,  (2) to de f ine  c r i t i c a l  s t i n g  l e n g t h s  f o r  two r e d u c e d  f r e q u e n c i e s  
as  d e t e r m i n e d  by the  m e a s u r e m e n t  of p i t c h - d a m p i n g  d e r i v a t i v e s  fo r  
l a m i n a r ,  t rv .us i t iona l ,  and t u r b u l e n t  b o u n d a r y  l a y e r s  at  the  mode l  b a s e ,  
(3) to i n v e s t i g a t e  the  e f f ec t s  on p i t ch -c l amping  d e r i v a t i v e s  of wedge  
p l a t e s  l o c a t e d  beh ind  the mode l ,  and (4) to i n v e s t i g a t e  the  suz;face . . . .  
~ e ~ s u r e  v a r i a t i o n  n e a r  the  mode l  s h o u l d e r  as  a func t ion  of 'model  
o s c i l l a t i o n  for  i n t e r f e r i n g  and n o n - i n t e r f e r i n g  s t i n g s .  Wind  tunne l  
t e s t s  w e r e  conduc ted  at Mach n u m b e r  3 on a b lun ted  ( r n / r  b = 0.15),  
7 -deg  h a l f - a n g l e  cone at r e d u c e d  f r e q u e n c i e s  (acl/2V~) of 0. 0033 
and 0. 0056. ReynoldL~ n u m b e r ,  b a s e d  on mode l  b a s e  d i a m e t e r ,  
r a n g e d  f r o m  0 .3  x 10 v to 4 . 6  x 106, and angle  of a t t ack  v a r i e d  f r o m  
0 to 8 deg.  The  s m a l l  a m p l i t u d e  (0 = ~ deg) f o r c e d  o s c i l l a t i o n  
t e c h n i q u e  was  u t i l i z ed .  The  m a g n i t u d e  and r a n g e  of the  r e d u c e d  
f r e q u e n c y  p a r a m e t e r  w e r e  s e l e c t e d  to be r e p r e s e n t a t i v e  of t y p i c a l  
wind tunne l  a p p a r a t u s  c a p a b i l i t i e s  and f l igh t  value:s.  

2.0 STATUS OF SUPPORT INTERFERENCE 

Many wind tunne l  t e s t  p r o g r a m s  have  b e e n  conduc ted  in the  p a s t  
f o r  the  p u r p o s e  of e v a l u a t i n g  s u p p o r t  e f f e c t s .  The  m a j o r i t y  of t h e s e  
p r o g r a m s  have  u sed  b a s e  p r e s s u r e  as  the  i n t e r f e r e n c e  i n d i c a t o r .  F o r  
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e x a m p l e ,  W h i t f i e l d  (Ref. 1) po in t s  out t ha t  b a s e  p r e s s u r e  can  s e r v e  as  
the  f i r s t  i n d i c a t o r  of s u p p o r t  i n t e r f e r e n c e .  W h i t f i e l d  (Ref. 1) and P i c k  
(Ref. 2) s t a t e  tha t  the  s e p a r a t e d  flow about  the  r e a r  of the  body depends  
on s e v e r a l  v a r i a b l e s  i n c l u d i n g  the  g e o m e t r y  of the  body and s u p p o r t ,  l o -  
ca t ion  of t r a n s i t i o n ,  R e y n o l d s  n u m b e r ,  and l ~ c h  n u m b e r .  T h i s  
a p p e a r s  to  be v e r y  t r u e  w h e n  the  a v a i l a b l e  l i t e r a t u r e  on s u p p o r t  i n t e r -  
f e r e n c e  is  r e v i e w e d .  One f inds  tha t  c r i t i c a l  s t i n g  l e n g t h  and d i a m e t e r  
v a r y  w ide ly ,  and the  l i t e r a t u r e  a l m o s t  s e e m s  to i n d i c a t e  tha t  s u p p o r t  
i n t e r f e r e n c e  shou ld  be a n a l y z e d  f o r  e a c h  ind iv idua l  e x p e r i m e n t a l  p r o -  
g r a m .  A q u e s t i o n  w h i c h  a l s o  c o m e s  to mind  is  w h e t h e r  b a s e  p r e s s u r e  
i s  the  c o r r e c t  i n t e r f e r e n c e  i n d i c a t o r  fo r  a l l  t y p e s  of t e s t i n g  ( s t a t i c  
f o r c e ,  p r e s s u r e ,  d y n a m i c  s t a b i l i t y ,  e tc .  ). Obv ious ly ,  b a s e  d r a g  is  
s i g n i f i c a n t l y  a f f ec t ed  by  s u p p o r t  i n t e r f e r e n c e ,  but wha t  about  f o r e b o d y  
d rag ,  s t a t i c  m o m e n t ,  l i f t ,  c e n t e r  of p r e s s u r e ,  and d a m p i n g  d e r i v a t i v e s  ? 

In the  d i s c u s s i o n  of the  l i t e r a t u r e ,  b a s e  p r e s s u r e  wi l l  be the  p a r a m -  
e t e r  u s e d  as  the  b a s e  flow i n t e r f e r e n c e  i n d i c a t o r  u n l e s s  no ted  o t h e r w i s e .  
A l s o  u n l e s s  noted ,  r e f e r e n c e  to b a s e  p r e s s u r e  wi l l  a c t u a l l y  m e a n  b a s e  
p r e s s u r e  r a t i o ,  i . e . ,  b a s e  p r e s s u r e  d iv ided  by  f r e e - s t r e a m  s t a t i c  
p r e s s u r e .  C r i t i c a l  s t i ng  l e n g t h  is  g e n e r a l l y  de f ined  as  the  s h o r t e s t  
s t i n g  l e n g t h  w h i c h  does  not  change  the  c o n s t a n t  b a s e  p r e s s u r e  l e v e l  ob-  
t a i n e d  by  l o n g e r  s t i n g s .  The  e f f e c t i v e  s t i n g  l e n g t h  ( i  s) is  de f ined  as  
the  d i s t a n c e  f r o m ' t h e  mode l  b a s e  to the  f i r s t  l a r g e  i n c r e a s e  of s t i n g  
d i a m e t e r  ( g e n e r a l l y  a con ica l  t a p e r  to  a l a r g e r  d i a m e t e r ) .  An i n c r e a s e d  
d i a m e t e r  i s  u s u a l l y  r e q u i r e d  at  s o m e  s t a t i o n  d o w n s t r e a m  of the  mode l  
b a s e ,  and s u c h  a change  in  s t i n g  d i a m e t e r  w i l l  be r e f e r r e d  to as  a f l a r e ,  
The  e f f ec t i ve  s t i ng  d i a m e t e r  (d s) is  de f ined  as  the  s t i n g  d i a m e t e r  a t  the  
mode l  base•  The  s t i n g  d i a m e t e r  c a u s i n g  no i n t e r f e r e n c e ,  i . e . ,  no 
e f fec t  on b a s e  p r e s s u r e ,  is  not  de f ined  s i n c e  the  l i t e r a t u r e  shows  tha t  
cons t an t  b a s e  p r e s s u r e  does  not  n e c e s s a r i l y  i n d i c a t e  t ha t  no i n t e r f e r e n c e  
ex i s t s •  T h e s e  s t i ng  d i m e n s i o n s  a r e  c l a r i f i e d  l a t e r  in  Sec t ion  3 .3 .  
C r i t i c a l  s t i ng  d i a m e t e r  is  of ten de f ined  in  o lde r  l i t e r a t u r e  as  the  l a r g e s t  
s t i ng  d i a m e t e r  wh ich  does  not  change  the  c o n s t a n t  b a s e  p r e s s u r e  l e v e l  
ob ta ined  by s m a l l e r  d i a m e t e r  s t i n g s .  H o w e v e r ,  e x p e r i e n c e  has  shown  
tha t  any f in i t e  s t i n g  d i a m e t e r  m a y  i m p o s e  an  i n t e r f e r e n c e  e f fec t  on b a s e  
p r e s s u r e ,  so  tha t  the  concep t  of a c r i t i c a l  s t i n g  d i a m e t e r  i s  not 
e m p l o y e d  h e r e i n .  

Whi t f i e ld  (Ref. 1) r e p o r t e d  on wind  tunne l  t e s t s  at Mach n u m b e r s  3 
and 4 on ogive c y l i n d e r s  (with and wi thou t  boa t t a i l ) .  T y p i c a l  v a r i a t i o n s  
of b a s e  p r e s s u r e  and c r i t i c a l  s t i ng  l e n g t h  wi th  R e y n o l d s  n u m b e r  a r e  
p r e s e n t e d  in  Ref.  1 and a r e  r e p r o d u c e d  in Ske tch  A. F r o m  Ske tch  A, 
it is  ev iden t  tha t  if  t r a n s i t i o n  o c c u r s  in the  wake ,  t hen  b a s e  p r e s s u r e  
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Sketch A. Typical variation of base pressure ratio and critical 
sting lengths with Reynolds number. 
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and c r i t i c a l  s t ing  l eng th  change r ap id ly  wi th  change in Reynolds  number .  
If t r a n s i t i o n  is  on the model ,  then  base  p r e s s u r e  and c r i t i c a l  s t ing  
leng th  change v e r y  l i t t l e  wi th  change in Reynolds  number .  Whi t f i e ld ' s  
r e s u l t s  showed base  p r e s s u r e  and c r i t i c a l  s t ing  l eng th  to be s t r ong  func-  
t ions  of t r a n s i t i o n  l oca t i on  and l eng th  Reynolds  number .  C r i t i c a l  s t ing  
l eng ths  of 1 to 5 model  d i a m e t e r s  we re  obtained depending on leng th  
Reynolds  number  and conf igurat ion.  Fo rebody  axia l  fo rce  of the boat -  
t a i l ed  mode l s  at M® = 4 was  found to be dependent  on s t ing  length ,  
whi le  the  fo rebody  axia l  f o r ce  of the s t r a i g h t - t a i l e d  models  was  inde-- 
pendent  of s t ing  length.  Only a f t e r  the  flow was  comple te ly  a t tached  to 
the boa t ta i l ed  a f te rbody was  the forebody axial  fo rce  unaffected by s t ing  
length .  Whi t f ie ld  a l so  compared  c r i t i c a l  s t ing  leng th  for  boa t ta i led  
mode l s  as d e t e r m i n e d  by the forebody a x i a l - f o r c e  m e a s u r e m e n t s  and 
by the b a s e - p r e s s u r e  m e a s u r e m e n t s  and found the a g r e e m e n t  to be 
good. According  to Crocco  and L e e ' s  t h e o r y  (Ref. 3), d i s t u r b a n c e s  
d o w n s t r e a m  of the wake c r i t i c a l  point or t h roa t  a re  unable  to affect  the  
flow u p s t r e a m .  However ,  Whi t f ie ld  concluded that  the c r i t i c a l  point of 
the und i s tu rbed  wake did not r e p r e s e n t  the l i m i t  of approach  of the 
s t ing f l a r e  to the model  base  without i n t e r f e r e n c e  and that  the s t ing  f l a r e  
should be pos i t ioned  at l e a s t  1 to 1.5 base  d i a m e t e r s  d o w n s t r e a m  of the  
c r i t i c a l  point. Whi t f ie ld  be l ieved  that  the d o w n s t r e a m  inf luences  p ropa -  
gate  u p s t r e a m  to the wake r eg ion  th rough  the l a y e r  of low e n e r g y  flow 
su r round ing  the st ing.  Kavanau  (Ref. 4) t e s t ed  a c o n e - c y l i n d e r  model  
at Mach number  2 .84  in flow of low unit  Reynolds  number .  L ike  
Whi t f ie ld ,  he found c r i t i c a l  s t ing  l eng th  to be a s t rong  funct ion  of 
Reynolds  number  with va lues  as high a s  10.5 model  d i a m e t e r s  at a low 
leng th  Reynolds  number  of 0 .05 x 106. P e r k i n s  (Ref. 5) s tudied  the ef fec ts  
of suppor t  i n t e r f e r e n c e  on o g i v e - c y l i n d e r s  wi th  and without b o a t t a i l  at 
Mach number  1.5.  His conc lus ions  conce rn ing  suppor t  e f fec ts  on b a s e -  
and f o r e - d r a g  of s t r a i g h t -  and b o a t t a i l - c o n f i g u r a t i o n s  with e i t he r  l a m i -  
na r  or  tu rbu len t  boundary  l a y e r  we re  e s s e n t i a l l y  the s a m e  as Whi t f i e ld ' s .  
P e r k i n s  concluded that  the c r i t i c a l  s t ing  leng th  at M® = 1.5 for  a ze ro  
boat ta i l  conf igura t ion  and e i the r  l a m i n a r  or tu rbu len t  boundary  l a y e r  
was 5.2 model  d i a m e t e r s  for  a d s / d  = 0 .3 .  However ,  the base  d rag  
was found to depend on the suppor t  d i a m e t e r  (for 0 .22 ~ d s / d  ~ 1). 
F o r  a boat ta i l  conf igura t ion ,  the c r i t i c a l  s t ing  l eng th  and d i a m e t e r  was 
found to be 1.7 and 0 .4  model  d i a m e t e r s ,  r e s p e c t i v e l y .  Since a boat-  
ta i l  conf igura t ion  is g e n e r a l l y  cons ide red  to be v e r y  s e n s i t i v e  to sup-  
port  i n t e r f e r e n c e ,  then  one would have thought that  the r e q u i r e d  c r i t i c a l  
s t ing  l eng th  would be at l e a s t  equal  to that  of the ze ro  boat ta i l  configu- 
ra t ion .  R e l l e r  and H a m a k e r  (Ref. 6) s tudied  suppor t  e f fec ts  on the 
base  p r e s s u r e  of an o g i v e - c y l i n d e r  (zero boat ta i l )  at Mach number s  2 .7  
through 5. T h e i r  r e s u l t s  showed the c r i t i c a l  s t ing  length  to be two 

l0 
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model  d i a m e t e r s  at M® = 2.70 3 .5 ,  and 4 fo r  l a m i n a r  and tu rbu len t  
boundary  l a y e r s .  At M® = 5, the  c r i t i c a l  s t ing  l eng th  was  s ix  model  
d i a m e t e r s  for  a l a m i n a r  boundary  l a y e r  and four  model  d i a m e t e r s  for  
a tu rbu len t  boundary  l a y e r .  

S iv ie r  and Bogdonoff (Ref. 7) i nves t iga t ed  suppor t  ef fects  on base  
p r e s s u r e  of an o g i v e - c y l i n d e r  model  at M® = 2 .97 with tu rbu len t  bound- 
a r y  l a y e r  over  the  base  of the model .  The model  was  suppor ted  by a 
wing mounted wel l  f o rwa rd  on the nose ,  and dummy s t ings  were  i n s e r t -  
ed into the model  base  to s imu la t e  d i f fe ren t  s t ing  conf igura t ions .  
S iv ie r  and Bogdonoff found that ,  for  d s / d  = 0. 375, base  p r e s s u r e  was  
i n s e n s i t i v e  to Reynolds  number ,  and the l eve l  did not change when the 
ef fec t ive  s t ing  l eng th  was i n c r e a s e d  f r o m  2 .5  to 6 model  d i a m e t e r s .  
They  a l so  found tha t  base  p r e s s u r e  d e c r e a s e d  with  i n c r e a s i n g  s t ing  
d i a m e t e r  and Was Reynolds  number  dependent .  Chapman (Ref. 8) 
s t a t e s  that  th i s  d e c r e a s e  in base  p r e s s u r e  with  i n c r e a s e  in s t ing  d i a m -  
e t e r  can be expla ined by an i n t e r p r e t a t i o n  of an inv i sc id  flow. S iv ie r  
and Bogdonoff ' s  c o m p a r i s o n  of base  p r e s s u r e  f r o m  a d s / d  = 0 .1  s t ing  
to the f r e e  base  value showed the f r e e - b a s e  value  to be about 7 pe r cen t  
h igher .  However ,  t he se  r e s u l t s  could be m i s l e a d i n g  s ince  Re ichenau  
(Ref. 9) concluded tha t  s t r u t  suppor t s  had l i t t l e  effect  on the base  
p r e s s u r e  of an ogive cy l inde r  at subson ic  Mach n u m b e r s  but induced 
s ign i f i can t  base  i n t e r f e r e n c e  at low s u p e r s o n i c  Mach n u m b e r s  
(M® ~ 1.4).  Chapman (Ref. 8) t e s t ed  cone and o g i v e - c y l i n d e r s  (zero  
boat ta i l )  at Mach n u m b e r s  2 and 2 .9 .  His r e s u l t s  showed the c r i t i c a l  
s t ing  l eng th  to be th ree  model  d i a m e t e r s  at M® = 2 for  l a m i n a r  or t u r -  
bulent  boundary  l a y e r  and at M® = 2 .9  for  tu rbu len t  boundary  l a y e r  only. 
Reese  and Wehrend  (Ref. 10) inves t iga ted  s t ing  ef fec ts  on the base  
p r e s s u r e  of a blunted cone;  c y l i n d e r - f l a r e -  conf igura t ion  at Mach n u m b e r s  
of 0 .65 to 2 .20 .  They  found the c r i t i c a l  s t ing  leng th  to be g r e a t e r  than 
4 .8  model  d i a m e t e r s  at subsonic  and t r a n s o n i c  speeds  and l e s s  than 2 .5  
at s u p e r s o n i c  speeds .  Lee  and S u m m e r s  (Ref. 11) r e p o r t e d  on s t ing 
suppor t  ef fects  on o g i v e - c y l i n d e r s  with and without boa t ta i l ing  at Mach 
n u m b e r s  0 .6  th rough  1.4.  In gene ra l ,  the m a x i m u m  i n t e r f e r e n c e  ef fec ts  
occu r r ed  at Mach number  0 .95  and were  subs t an t i a l l y  s m a l l e r  at M® = 
1.4.  Lee  and and S u m m e r s  found the c r i t i c a l  s t ing  l eng ths  (boattail  
model) as d e t e r m i n e d  by m e a s u r e m e n t s  of base  d rag  to be a p p r o x i m a t e l y  
1 model  d i a m e t e r  g r e a t e r  than those d e t e r m i n e d  by the fore  d rag  m e a -  
s u r e m e n t s .  

One n o r m a l l y  would p r e f e r  to compare  f r e e - f l i g h t  data  f r o m  wind 
tunnels  or  b a l l i s t i c  r a n g e s  with suppor t  da ta  f r o m  wind tunnels  for  
a s s e s s m e n t  of suppor t  i n t e r f e r e n c e  ef fec ts .  However ,  only a m i n i m u m  
of t h e s e  c o m p a r i s o n s  has  been made as can be s e e n  by a review of the 
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l i t e r a t u r e .  (Note that  f r e e - f l i g h t  base  p r e s s u r e  on a e r o b a l l i s t i c  r ange  
models  usua l ly  mus t  be d e t e r m i n e d  by s u b t r a c t i n g  ca lcu la ted  forebody 
drag  f r o m  m e a s u r e d  tota l  drag .  Thus,  l a r g e  u n c e r t a i n t i e s  may a r i s e ,  
p a r t i c u l a r l y  an ~ 0o ) P ick  (l~ef. 2) p r e s e n t s  a c o m p a r i s o n  of f r e e -  
f l ight  and s t i n g - s u p p o r t e d  (~s /d  = 11, d s / d  = 0.33)  base  p r e s s u r e  cone 
data  at l ~ c h  n u m b e r s  6.3 and 9.9 .  At ~ = 6 .3 ,  the f r e e - f l i g h t  and 
s t i n g - s u p p o r t e d  base  p r e s s u r e s  ag r eed  at the lower  ang les  of a t tack  
(~ ~ 15 deg4 whi le  for  the h ighe r  angles  of a t tack  (15 ~ ~ ~ 4 0  deg) the 
f r e e - f l i g h t  data  we re  h ighe r  than  the s t i n g - s u p p o r t e d  data.  At 
M® = 9.9,  the f r e e - f l i g h t  base  p r e s s u r e  da ta  were  a lways  h igher  than 
the s t i n g - s u p p o r t e d  model  base  p r e s s u r e  by as much as 120 pe r cen t  
at ~ = 0. However ,  Cas san to  (Ref. 12) compared  f r e e - f l i g h t  and s t i ng -  
suppor ted  base  p r e s s u r e  on s h a r p  and blunted 10-deg cones at M® = 4, 
and found that  the f r e e - f l i g h t  data  ( l amina r  boundary  l aye r )  was approx-  
ima t e ly  25 pe rcen t  l ower  than  the s t i n g - s u p p o r t e d  data  ( l amina r  also).  
C as s an to  s t a t e s  that  th is  is  the expected t r end  s ince  suppor t  i n t e r f e r -  
ence usua l ly  tends  to r a i s e  the base  p r e s s u r e .  In o r d e r  to obtain t u r -  
bulent  flow on the f r e e - f l i g h t  models ,  g r i t  was used,  and exce l l en t  
a g r e e m e n t  with the tu rbulen t  s t ing data  {without gr i t )  was found. 
C as s an to  a l so  noted no r ad i a l  base  p r e s s u r e  g r ad i en t  in the s t i n g - s u p -  
por ted data.  Kavanau {Ref. 4) and R e l l e r  (l~ef. 6) a l so  found e s s e n t i a l l y  
no ef fec ts  of base  p r e s s u r e  o r i f i ce  locat ion;  however ,  in Ref. 13, 
Cas san to  r e p o r t s  tha t  f u l l - s c a l e  f l ight  base  p r e s s u r e s  f r o m  a 10-deg 
s h a r p  f lat  base  cone at M® = 20 showed r ad i a l  g r a d i e n t s  which d e c r e a s e d  
monoton ica l ly  f r o m  the c e n t e r l i n e  value.  Ja f fe  (Ref. 14) r e p o r t e d  on 
f r e e - f l i g h t  and s t i n g - s u p p o r t e d  d rag  data at Mach number s  0 .7  th rough  
1.2. The t e s t  conf igura t ions  were  a s h a r p  10-deg cone, a sphe re ,  a 
60-deg blunt cone, and a blunt c y l i n d r i c a l  conf igura t ion  with tai l  f ins .  
Jaffe  concluded that  the 60-deg cone and s p h e r e  we re  i n s e n s i t i v e  to the 
p r e s e n c e  of s t ings  (~s /d  ~ 11, d s / d  = 0.373 and 0 .5) .  Compara t ive  data  
for  the 10-deg cone showed the s t ing effect  to be apprec i ab le  for  a 
d s / d  = 0 .67  s t ing  and negl ig ib le  for  a d s / d  = 0 .37  s t ing.  The 10-deg 
cone f r e e - f l i g h t  data  ag reed  well  with the d s / d  = 0 .37  s t ing  data.  The 
f r e e - f l i g h t  d rag  data  for  the cy l ind r i ca l  conf igura t ion  was 15 pe rcen t  
h ighe r  than that  f r o m  the s t i n g - s u p p o r t e d  model .  J a f f e ' s  data  a l so  
showed that  the fore  d rag  for  the 10-deg cone and the blunt cy l ind r i ca l  
conf igura t ion  was inf luenced by the p r e s e n c e  of the s t ing.  

In the rev iew of the l i t e r a t u r e ,  it is  evident  that  l i t t l e  work  has  
been done in the a r e a  of suppor t  e f fec ts  on n o r m a l - f o r c e  and p i tch ing-  
moment  coef f ic ien ts ,  on ana ly t i ca l  p red ic t ions  of suppor t  i n t e r f e r e n c e ,  
and on dynamic  s t ab i l i t y  m e a s u r e m e n t s .  Vla j inac  and co -au tho r s  
(Ref. 15) used a magne t i c  s u s p e n s i o n  s y s t e m  in conjunct ion with a dummy 
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s t ing  (ds /d  ~ 0 .25 ,  ~ s / d  ~ 4.7)  to inves t iga te  suppor t  e f fec ts  at 
M® = 0 .28 on a 6-deg blunted cone with  a bulbous base .  T h e i r  r e s u l t s  
showed that  the  dummy s t ing  produced cons ide rab l e  e f fec ts  on the  l i f t  
and d rag  coef f ic ien ts .  The p r e s e n c e  of the dummy s t ing  i n c r e a s e d  
model  s t ab i l i t y  so that  data  could be obtained at and n e a r  z e r o  angle  of 
a t tack,  w h e r e a s ,  without the s t ing,  it had been  i m p o s s i b l e  to 
obtain data  nea r  ~ = 0. Adcock (Ref. 16) inves t iga ted  the effect  of dif-  
f e r en t  s t ing  offse ts  r e l a t i v e  to the model  base  on the s t a t i c  coef f ic ien ts  
of a blunt 6-deg cone with  a bulbous base .  His r e s u l t s  showed s ign i f i -  
cant s t ing  effects  on the s t a t i c  data  and on model  su r f ace  p r e s s u r e s  
in the base  r eg ion  for  Mach n u m b e r s  0 .26  and 0 .90.  F u l l e r  and 
Langhans  (Ref. 17), for  Mach n u m b e r s  1.5 to 2 .86 and ogive c y l i n d e r s  
with and without boat ta i l  with tu rbu len t  flow, concluded that  t h e r e  was 
l i t t l e  effect  of s t ing d i a m e t e r  (ds /d  = 0 .25 ,  0 .50 ,  and 0 .75 ,  ~ s / d  ~ 3.3)  
on the s t a t i c  data.  

The p r e s e n t  l i t e r a t u r e  rev iew r e v e a l e d  r e c o r d s  of only t h r e e  a t -  
t empts  at d e t e r m i n i n g  suppor t  ef fects  by ana ly t i ca l  means .  Tunnel1 
(Ref. 18) p r e s e n t e d  an ana ly s i s  which e s t i m a t e d  for  subsonic  speeds  
the i n t e r f e r e n c e  to model  base  p r e s s u r e  r e s u l t i n g  f r o m  the p r e s e n c e  
of a conical  a f te rbody on the s t ing.  However ,  the method p r ed i c t s  only 
the base  p r e s s u r e  t r end  not the absolute  l eve l .  J. H. van de r  Zwaan 1 
used the NL1R panel  method to p red ic t  model  suppor t  i n t e r f e r e n c e  on 
the l i f t  and pi tching moment  c h a r a c t e r i s t i c s  of an a i rp l ane  conf igura t ion  
at M® = 0.5 .  C o m p a r i s o n  with e x p e r i m e n t a l  data  was f a i r l y  good. 
E r i c s s o n  and Reding (Ref. 19) p roposed  an ana ly t i ca l  means  for  eva lu-  
at ing s t ing i n t e r f e r e n c e  effects  on the dynamic  s t ab i l i t y  m e a s u r e m e n t s  
of bu lbous -based  model  conf igura t ions .  The a n a l y s i s  r e l a t e s  the s t a t i c  
and dynamic  ef fec ts  of s e p a r a t i o n  th rough  q u a s i - s t e a d y  theory .  

' In r e g a r d  to suppor t  i n t e r f e r e n c e  ef fec ts  on dynamic  s t ab i l i t y  m e a -  
s u r e m e n t s ,  Wehrend  (Ref. 20) t e s t ed  a blunt  12 .5 -deg  cone with and 
without  a rounded base  at Mach n u m b e r s  0 .65 ,  1.0,  and 1.6.  His r e -  
su l t s ,  except  for  one case ,  showed the p i t ch -damping  d e r i v a t i v e s  to be 
e s s e n t i a l l y  i n s e n s i t i v e  to changes  in s t ing  l eng th  (~s /d  = 0, 1.85,  and 
3.7) and s t ing  d i a m e t e r  (d s / d  = 0 .31 ,  0 .39 ,  and 0.47).  The except ion  
was the rounded base  conf igura t ion  at M® = 0.65 where  both l eng th  and 
d i a m e t e r  e f fec ts  we re  p r e sen t .  Use l ton  (Ref. 21) inves t iga ted  s t ing  
suppor t  e f fec ts  on a 10-deg cone at Mach n u m b e r s  2 .5 ,  3, and 4. The 
c r i t i c a l  s t ing  length ,  as d e t e r m i n e d  by base  p r e s s u r e  m e a s u r e m e n t s  

1 p r i v a t e  communica t ion  with J.  H. van der  Zwaan,  Nat ional  A e r o s p a c e  
L a b o r a t o r y ,  NLR, Neder land.  
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wi th  d s / d =  0 . 4 ,  was  shown  to  be b e t w e e n  1.5 and 2 .25  m o d e l  d i a m e t e r s  
at M® = 2 .5  to 3 fo r  a R e y n o l d s  n u m b e r  r a n g e ,  b a s e d  on m o d e l  d i a m e t e r ,  
of 0 .3  x 106 to  3 .6  x 106. At M® = 4 f o r  Re d ~ l . 0  x 106 to 1 .9  x 106 , 
the  c r i t i c a l  s t i ng  l e n g t h  was  b e t w e e n  0 .75  and 1 .5  m o d e l  d i a m e t e r s .  At 
the  l o w e r  l a m i n a r  Reyno lds  n u m b e r s ,  a s t i ng  l e n g t h  of S m o d e l  d i a m -  
e t e r s  was  p o s s i b l y  not su f f i c i en t .  B a s e  p r e s s u r e  as a func t ion  of s t i n g  
d i a m e t e r  (0 .4  _< d s / d  <~ 0 .8 )  ( ~ s / d  = 3) at M® = 2 .5  and 3 showed  oppo-  
s i t e  t r e n d s  d e p e n d i n g  on R e y n o l d s  n u m b e r .  F o r  Re d ~ 0 .4  x 106, b a s e  
p r e s s u r e  i n c r e a s e d  wi th  i n c r e a s i n g  s t ing  d i a m e t e r ,  and fo r  Re  d ~ 2 .1  x 
106 , it  d e c r e a s e d  wi th  i n c r e a s i n g  s t ing  d i a m e t e r .  It a p p e a r e d  tha t ,  f o r  
both  c a s e s ,  the  c u r v e s  would  c o m e  t o g e t h e r  ( s a m e  b a s e  p r e s s u r e )  at 
d s / d  = 0 . 2 .  U s e l t o n  and c o - a u t h o r s  (Ref. 22) found that  fo r  a 7 -deg  
h a l f - a n g l e  f l a t - b a s e  cone at M® = 3, ~ = 0, the  m a g n i t u d e  of the  s t ing  
i n t e r f e r e n c e  e f fec t  on the  d a m p i n g  d e r i v a t i v e s  was  d e p e n d e n t  on f r e -  
quency.  T h e i r  r e s u l t s  a l so  showed  no s t ing  i n t e r f e r e n c e  e f fec t  on the  
p i t c h i n g - m o m e n t  coe f f i c i en t .  U s e l t o n  and W'al lace (Ref. 23) i n v e s t i -  
ga ted  s t ing  suppor t  e f f ec t s  on Viking  c o n f i g u r a t i o n s  at Mach n u m b e r s  
f r o m  1.6 t h r o u g h  3. C o m p a r i s o n s  of the  m o d e l  wake  g e o m e t r i e s  of 
the  s t i n g - s u p p o r t e d  m o d e l s  w e r e  m a d e  wi th  f r e e - f l i g h t  wake  g e o m e t r i e s ,  
and s i g n i f i c a n t  d i f f e r e n c e s  w e r e  found.  T h e s e  r e s u l t s  a r e  a l so  docu -  
m e n t e d  in Ref.  24. 

S e v e r a l  i n v e s t i g a t o r s  have  conduc t ed  t e s t s  wi th  a s p l i t t e r  p la te  o r  
w e d g e  p la te  i n s t a l l e d  beh ind  the mode l .  Sa l le t  (Ref. 25) showed  tha t  
v o r t e x  s h e d d i n g  m a y  be p r e v e n t e d  by the  i n s t a l l a t i o n  of a s p l i t t e r  p la te  
beh ind  a c i r c u l a r  c y l i n d e r ,  and t h e r e f o r e  the  f luc tua t ing  K a r m a n  f o r c e s  
may  not occu r .  Roshko  (Refs .  26 and 27) a l so  d i s c u s s e d  e f f ec t s  of p la t e s  
behind circular cylinders. Baughman and Jack (Ref. 28) studied the 
effects of a splitter plate on and behind a cone-cylinder at M® = 3. i. 
The results showed that the splitter plate effects on body and base pres- 
sures were generally small. Clay and Walchner (Ref. 29) presented 
data at l~,I® = 14 which showed that the addition of a splitter plate to the 
support strut behind the sting smoothed and reduced the base pressure 
significantly. Wehrend (Ref. 20) also added wedge plates to one sting 
configuration (~s/d = 3.7, ds/d = 0.31). They produced essentially no 
effects on the damping derivatives with the exception of a rounded-base 
configuration at I~® = 0.65 where the instability was decreased. Refer- 
ences 30 through 34 are additional references which one may find of use 
in regard to support effects. 

F o r  c o n v e n i e n t  a c c e s s ,  the  p e r t i n e n t  f a c t o r s  f r o m  the  r e f e r e n c e s  
d i s c u s s e d  a r e  shown  in the  fo l lowing  s u m m a r y .  
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R e / f t  = 1 . 5  x 10 8 
t o  3 . 5  x 10 6 

Re d - 0 . 1 2  x 1 0  6 

Re d - 1 . 2  x 1 0  6 

Re d = 0 . 7 5  x lO S 

T u r b u l e n t  

- T u r b u l e n t  

T u r b u l e n t  

T u r b u l e n t  

T u r b u l e n t  

1 0 - d e g  C o n e ,  
S p h e r e ,  60--deg 

C o n e ,  B l u n t  
C y l i n d r i c a l  

C o n f i g u r a t i o n  

6 - d e g  C o n e  
w i t h  B u l b o u s  

B a s e  

6 - d e g  Cone 
w i t h  B u l b o u s  

B a s e  

O g l e s - C y l i n d e r s  
w l t h  a n d  w i t h -  
o u t  B o a t t a t l s  

W i n g e d  V e h i c l e  

Winged V e h i c l e  

B l u n t  a n d  
S l e n d e r  C o n e s  
w l t h  M o u n d e d  

B a s e s  

£ s / d  d s / d  

F r e e  7 t o  0 . 3 7  
F l i g h t ,  1 1 , 6  t o  

S t i n g  1 . 0  

M a g n e t i c  
i S u s p e n s t o n  
w l t h  Dummy 

S t i n g  

S t i n g  

4 . 7  0 , 2 5  

S t r u t  0 . 2 5  
w i t h  Dummy 3 . 3  0 . 5 ,  

S t i n g s  0 . 7 5  

S t i n g  

S t r u t ,  
S t i n g  

0 . 5  
t o  0 . 8 5 ,  

0 . 9 3  
4 . 6  

M e a s u r e m e n t s  F i n d i n g s  

P b '  D r a g  

1. 6 0 - d e g  CODe and s p h e r e  were 
i n s e n s i t i v e  t o  t h e  p r e s e n c e  o f  
t h e  s t i n g ,  

2 .  F o r  lO--dsg cone ,  s t i n g  e f f e c t  was 
a p p r e c i a b l e  f o r  d s / d  - 0 . 6 7  a n d  
n e g l i g i b l e  f o r - d s / d  - 0 , 3 7 .  Com-  
p a r i s o n  o f  f r e e  f l i g h t  d a t a  w i t h  
d s / d  - 0 . 3 7  d a t a  w a s  g o o d .  

3 .  T h e  f o r e  d r a g  f o r  t h e  1 0 - - d e g  c o n e  
a n d  b l u n t  c y l i n d r i c a l  c o n f i g u r a t i o n  
w a s  i n f l u e n c e d  by  t h e  p r e s e n c e  o f  
t h e  s t i n g .  

4 .  T h e  f r e d - f l i g h t  d r a g  d a t a  f o r  t h e  
b l u e t  c o n f i g u r a t i o n  w a s  15  p e r c e n t  
h i g h e r  t h a n  t h e  s t i n g  d a t a .  

I .  

L i f t ,  D r a g  

2 .  

S t a t i c  1 .  
C o e f f i c i e n t s ,  

S u r f a c e  
P r e s s u r e  

S t a t l c  1 .  
C o e f f i c i e n t s  

1 .  

P b '  D r a g  2 .  

1 .  

L i f t ,  C m 

1.. 

2 .  

T h e  p r e s e n c e  o f  t h e  s t i n g  ( d s / d  = 
0 . 2 5 ,  [ s / d  " 4 . 7 )  p r o d u c e d  c o n -  
s t d e r a b l e  e f f e c t s  o n  t h e  l i f t  a n d  
d r a g .  
T h e  s t i n g  i n c r e a s e d  m o d e l  s t a b i l i t y  
a t  a n d  n e a r  ~ - O.  

O f f s e t  s t i n g s  r e l a t i v e  t o  t h e  m o d e l  
b a s e  p r o d u c e d  s i g n i f i c a n t  e f f e c t s  
o n  t h e  s t a t i c  d a t a  a n d  t h e  m o d e l  
s u r f a c e  p r e s s u r e s  i n  t h e  b a s e  r e g i o n .  

V a r i a t i o n  o f  d s / d  f r o m  O t o  0 . 7 5  
s h o w e d  l i t t l e  e f f e c t  o n  t h e  s t a t i c  
d a t a ,  

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

T h e o r e t l c a l  p r e d i c t i o n s  o f  s u p -  
p o r t  i n t e r f e r e n c e  o n  l i f t  a n d  
p i t c h i n g  m o m e n t  a g r e e d  w e l l  w i t h  
e x p e r i m e n t a l  d a t a .  

P r o p o s e d  o n  a n a l y t l n a l  m e a n s  f o r  
e v a l u a t i n g  s t i n g  I n t e r f e r e n c e  
e f f e c t s  I n  d y n a m i c  s t a b i l i t y  
m e a s u r e m e n t s  o n  b u l b o u s - b a s e  c o n -  
f i g u r a t i o n s .  
D i s c u s s e d  e f f e c t s  o f  s e p a r a t e d  
f l o w  a b o u t  b u l b o u s - b a s e  c o n f i g u r a -  
t i o n s .  
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References M. 
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Uselton, 
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Summary of Available References 
Continued 

R e y n o l d s  Boundary 
Number Layer Model 

Re d = 0 , 6 8  x 106 
t o  1 . 5 4  x 106 

Re d ~ 0 . 4 5  x 106 
t o  1 0 . 2  x 106 

Ref.Uselt°n'22 3 Re d ~ 3 . 2  x 1 0 6  

Uselton, 
R e f .  23 
S t e i n b e r g .  1 . 6  t o  3 
R e f .  24  

Sallet, 
R e f .  25 
Roshko,  
g e f a .  26 
a n d  27 

B a u g h m a n .  3 . 1  
R e f .  28  

Re d = 0 . 2 5  x 106 
t o  1 . 4 9  x 106 

L a m i n a r ,  
Transitional, 

T u r b u l e n t  

T u r b u l e n t  

1 2 . 5 . - d e g  
B l u n t  Cone 

w i t h  and  w i t h -  
o u t  Rounded  

B a s e  

l O - . d e g  Cone 

7 - d e g  Cone 

7 0 - - d e g  Cone 

R e  ~ 2 ~ ,0S  
t o  14 x 0 b - - -  Cone  C y l i n d e r  

Model  
S u p p o r t  £e/d d s / d  

S t i n g  

S t i n g  

0 ,  0 . 3 1  
1 , 8 5  t o  
3 . 7  0 . 4 7  

0 . 7 5  0 . 2  
t o  

t o  3 0 . 8  

S t i n g  1 t o  5 0 , 2 2  

S t i n g ,  1 . 5  0 . 1 8  
F r e e  t o  t o  

F l i g h t  3 . 5  0 . 5 3  

S t i n g  4 : 0 , 5  

I ' '  

Measurements F i n d i n g s  

1 .  

Cmq + Club 

P b '  

C + C  
mq m&' 

2 .  

3 .  

V a r i a t i o n  o f  ~s /d  ffi 0 t o  3 . 7  and 
d s / d  - 0 . 3 1  to  0 . 4 7  a f f e c t e d  
tC~h + Cm& o n l y  a t  M~ - 0 , 6 5  f o r  

r o u n d e d - b a s e  c o n f i g u r a t i o n .  
R e s u l t s  s h o u l d  be used  w i t h  
c a u t i o n  s i n c e  i n t e r f e r e n c e  
h a r d w a r e  was  a t t a c h e d  t o  t h e  
s t i n g .  
T h e  a d d i t i o n  o f  a p l a t e  t o  t h e  
s t i n g  ( £ s / d  - 3 . 7 )  d e c r e a s e d  
m o d e l  i n s t a b i l i t y  a t  M~ - 0 . 6 5  
( r o u n d e d  b a s e ) ,  b u t  h a d  e s s e n  
t i a l l y  no  e f f e c t  o f  M~ = 1 a n d  1 . 6 .  

1 .  , c r / d ,  a s  d e t e r m i n e d  by f o r  
dsTd - 0 , 4  . . . .  be tween  ~ 5  and 
2 . 2 5  f o r  M = 2 . 5  and 3 .  A t  
M - 4, ; c r / d  was be tween  0 . 7 5  
a~d 1 . 5  f o r  t u r b u l e n t  b o u n d a r y  
l a y e r ,  

2 .  I n t e r f e r e n c e  d a m p i n g  r e s u l t s  
s h o u l d  be  u s e d  w i t h  c a u t i o n  s i n c e  
i n t e r f e r e n c e  h a r d w a r e  was  a t t a c h e d  
t o  s t i n g .  

÷ Cm 1 .  M a g n i t u d e  o f  t h e  s t i n g  i n t e r f e r e n c e  
Cmq ~J e f f e c t  was  f r e q u e n c y  d e p e n d e n t .  

2 .  D e c r e a s i n g  , s / d  f r o m  3 . 5  t o  1 p r o -  
Cm d u c e d  no e f f e c t s  on C m. 

Cmq + croft 

Wake 
Geometry 

1 .  Wake g e o m e t r i e s  o f  s t i n g - s u p p o r t e d  
m o d e l s  s h o w e d  s i g n i f i c a n t  d i f f e r -  
e n c e s  a s  c o m p a r e d  t o  f r e e - f l i g h t  
wake geometries. 

2 .  I n t e r f e r e n c e  d a m p i n g  r e s u l t s  
s h o u l d  be  u s e d  w l t h  c a u t i o n  s i n c e  
I n t e r f e r e n c e  h a r d w a r e  was  a t t a c h e d  
t o  s t i n g .  

I .  D i s c u s s i o n  o f  e f f e c t s  o f  s p l l t t e r  
- - - -  o r  w e d g e  p l a t e s  b e h i n d  c l r c u l a r  

c y l i n d e r s .  

P '  Pb 1 .  S p l i t t e r  p l a t e  e f f e c t s  on  body  and  
b a s e  p r e s s u r e s  w e r e  g e n e r a l l y  s m a l l .  
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Summary of Available References 
Concluded 

~O 

Model 
R e f e r e n c e •  I~  Model S u p p o r t  

B l u n t  S t i n g  
C l a y ,  14 5 . 6 - d e g  Cone 
g e f .  29 

; L o v e ,  Transon ic ,  
R e f .  30 S u p e r s o n i c  

S t a l i n g ,  3.88 Nose-Cy l inder  S t i ng  
R e f .  31 

D e l t a  Ming ,  S t i n g  
PeckhSm, 6.8 Cone 
Ref.  32 

7 0 - d e g  Cone S t i n g  T r e n c o t ,  1 , 5  t o  4 
R e f .  33 

H a r t ,  0 . 7  tO 1 . 3  
R e f ,  34  

Reyno lds  Bounda ry  
Number L a y e r  

Se~ ~ O.6  x 106 

Re d - 3 . 9  x 10 S T u r b u l e n t  

L a m i n a r ,  
T r a n s i t i o n a l  

Re d - 0 . 1 S  x I 0  ( 
t o  0 , 4 1  a l 0  S 

toS"eL4" xlS106x l 0  S 
O g i v e - C y l i f l d e r  F l i g h t  

T e n t •  
w i t h  and w i t h -  w i t h  Dwlmy 
ou t  F i n s  S t i n g s  

Ls /d  d s / d  

1 . 2 ,  
4 . 2  

0 t o  0 to  
4 0 . 5  

3 . 1  0 . 3  
to  i t o  
S .3 O.S 

0.12 
S.S to 

O.S 

2 . 4  0 .S  

M e a • u r m s e n t s  F i n d i n g •  

1 .  The • d d i t i o n  o f  • s p l i t t e r  p l a t e  
t o  t h e  s u p p o r t  s t r u t  b e h i n d  t h e  

Pb s t i n g  smoothed  and r e d u c e d  Pb 
s i g n i f i c a n t l y .  

1. Summary o f  suppor t  i n t e r f e r e n c e  
problems a t  t r a n s o n i c  and  super,- 
s o n i c  s p e e d s .  

1. ds/d ~ O.1S In f l uenced  base 
p r e s s u r e  by more than  4 p e r c e s t .  

Pb 2 .  The b a s e  p r e s s u r e  was u n a f f e c t e d  
by s t i n g  l e n g t h  f o r  Ls /d  ~ 1 . 3 .  

I .  R e s u l t s  showed t h a t  s h o r t  s t i n g  
S c h l i e r e n  

P h o t o g r a p h •  

S t a t i c  
C o e f f i c i e n t s  

Pb 

Ph 

l e n g t h s  h a v e  l e s s  s u p p o r t  i o t e r ~  
f e r e n c e  i f  t r a n s i t i o n  o c c u r s  u p -  
s t r e a m  o f  t h e  model  b a s e .  

1 .  A t  M - 1 . 5  and 2 an i n c r e a s e  i n  
d e d ~ c r e a s e d  Pb and i n c r e a s e d  t h e  
a x i a l - f o r c e  c o e f f i c i e n t .  NO 
a p p r e c i a b l e  e f f e c t  w•s  found  a t  
g = 3 and  4 .  

1.  The s t i n g  r e d u c e d  b a s e  n u c t i o n  
by a b o u t  40 p e r c e n t  a t  s u b s o n i c -  
t r a n • o n l c  s p e e d s ,  b u t  had  no 
m e • s u r • b l e  e f f e c t  f o r  M ~  1 . 1 3 .  
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AE DC-TR-77-66 

T h e  a u t h o r  a l s o  h a s  c o m p i l e d  a c h a r t  of s u g g e s t e d  c r i t i c a l  s t i n g  
l e n g t h s  f o r  v a r i o u s  c o n f i g u r a t i o n s  f o r  the  r a n g e  of M a c h  n u m b e r s  f r o m  
s u b s o n i c  to  h y p e r s o n i c .  T h e  c h a r t  i s  b a s e d  on data  in the l i t e r a t u r e ,  
and it i s  the  i n t e n t i o n  that  it be u s e d  as  a g u i d e  in the  s e l e c t i o n  of  s u p -  
port  s t i n g s  and in  e v a l u a t i n g  e x i s t i n g  data  for  s t i n g  l e n g t h  e f f e c t s .  T h e  
c h a r t  r e a d i l y  p o i n t s  out the  s c a r c i t y  of  s t i n g  c r i t e r i a  and a l s o  how f u -  
t u r e  i n t e r f e r e n c e  t e s t s  at A E D C  w i l l  be h e l p f u l  in  f i l l i n g  data  v o i d s  in 
the  c h a r t .  C r i t i c a l  s t i n g  d i a m e t e r  i s  not  l i s t e d  b e c a u s e  the  b a s e  p r e s -  
s u r e  t r e n d s  w i t h  s t i n g  d i a m e t e r  s o m e t i m e s  do not  i n d i c a t e  a c r i t i c a l  
d i a m e t e r  ( c o n s t a n t  b a s e  p r e s s u r e  d o e s  not  n e c e s s a r i l y  i n d i c a t e  c r i t i c a l  
s t i n g  d i a m e t e r ,  s e e  Ref .  7). H o w e v e r ,  the  au thor  b e l i e v e s  that ,  ff 
d s / d  <: 0 . 3 ,  t h e n  the  d i a m e t e r  i n t e r e f e r e n c e  e f f e c t ,  i f  e x i s t e n t ,  i s  a 
m i n i m u m .  T h e  s t i n g  c r i t e r i a  and n o t e s  a r e  l i s t e d  b e l o w .  

M o d e l s  

N o s e - C y l l n d e r  
w i t h o u t  B o a t t a t l  

N o s e - C y l i n d e r  
w i t h  B o a t t a i l  

Mach Mach 
R e g i m e  N u b e r  

Subsonic 0 . 6  t o  0 . 9  

Transon ic  0 . 9 5  to  1.2  

1 : 
Superson ic  1 . 5  t o  5 

1 .5  t o 4  

5 

1 . 5 t o 3  

H y p e r s o n i c  

S u b s o n i c  0 . 6  t o  0 . 9  

Suggested Sting Criteria = 

M e a s u r e m e n t s  B o u n d a r y  L a y e r  b C r i t i c a l  S t i n k  L e n g t h ,  
t c r / d  

P b '  CA Unknown 6 

C N, C - - -  No D a t a  

C ÷ - -  No D a t a  aq Cm~ 

P b '  CA Unknown 6 

C N, C a -- No Data 

C + C ~ No D a t a  a q  a~  

PH'  CA L a m l n a r  3 to I 0  e 

P b '  CA T u r b u l e n t  2 t o  3 

P b '  CA T u r b u l e n t  4 

C N,  C a L a m i n a r  No D a t a  

C N, C m T u r b u l e n t  ~ c r / d  ~ 3 . 3  d 

C + C - -  No D a t a  mq m~ 

P b '  CA - -  No D a t a  

CN, C - -  No D a t a  

C + C - -  No D a t a  a q  a ~  

Pb ' CA Unkl~own 6 

C N,  C m - -  )1o D a t a  

Cmq + Cmd ' -- No D a t a  
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M ode l s  

H o s e - C y l i n d e r  
w i t h  B o a t t a i l  

S l e n d e r - F l a t -  
B a s e  Cones  

SleDder  Cones 
w i t h  Bu lbous  
Bases 

1 
H i g h  Drag  
Cones 

Maeh Mach 
Regime Humber 

Transonic 0.$5 to 1.2 

Superson ic  1 .5  to 5 

1 . 5 t o 4  

1.5 t o 3  

H y p e r s o n i c  

S u ~ o n i c  

Transonic 

S u p e r s o n i c  e 2 t o  3 

2 t o 3  

4 

4 

3 

3 

3 

3 

3 

H y p e r s o n l c  e 14 

1 = 
S u b s o n i c  

Transonic 

S u p e r s o n i c  

H y p e r s o n i c  

Subsonic  --- 

Transonic --- 

Transonic - - - -  

Suggested Sting Criteria = 

Measu reme n t s 

Continued 

B o u n d a r y  L a y e r  b 

Pb" CA Unknown 

C N • C m - - -  

C m * C m 
q <2 

Pb '  CA L a m i n a r  

Pb" CA T u r b u l e n t  

CH. Cs Lamina r  

CN, C m T u r b u l e n t  

Cmq * Cm~ 

PD' CA 

C N , C m 

+ C m Cn~q 5 

P b '  CA 

C N • C m - - -  

C m ÷ q Cm~ 

Pb' CA 

C~, C m 

Cmq + Cm~ 

Pb' CA L a m i n a r  

Pb '  CA T u r b u l e n t  

Pb '  CA L a m i n a r  

Pb '  CA T u r b u l e n t  

CN, C a L a m i n a r  

CN, C a T u r b u l e n t  

C m ÷ C m L a m i n a r  

T r a n s l  t i o n a l  

T u r b u l e n t  

Pb '  CA Unknown 

C H • C m 

Cmq + Cm& 

Pb '  CA' CN' Cm' Cmq + Cm 6 - -  

Pb" CA 

C N • C m 

Cmq + Cmt i 

Pb" CA 

C N • C m 

C r l t l c a l  S t i n g  L e n g t h ,  
, c r / d  

6 

Ho D a t a  

Ho D a t a  

5 t o  10 c 

, /d --< 3 d 
c r  

No D a t a  

Scr/d ~--- 3.3 d 

No Data 

2 . 5  

2 . 5  

t c r / d  > 3 f 

1 . 5  

2 

2 

2 g 

2 g 

2 g 

I c r / d  > 4 . 2  f 

No D a t a  

No D a t a  

No D~ia 
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Suggested Sting Criteria a Concluded 

M o d e l s  Bach 
Regime 

Math M e a s u r e m e n t s  Number 
Boundary Layer  b C r i t i c a l  S t i n g  Leng th ,  

~cr /d  

High Drag 
Cones 

Wing 
Configurations 

S l i c e d  
Base C o n f i g u r a t i o n  

Transon ic  

S u p e r s o n i c  

1 
Hypersonic  

1 
S u b s o n i c  

1 
Transonic  

Superson ic  

1 
Hypersonic  

1 
S u b s o n i c  

Transon ic  

Super son ic  h 

Hypersonic  

1 . 6  t o 3  

0 . 6  to  0 .9  

0 . 9 5  to  1 . 0 5  

1 . 1  t o  1 . 3  

C + C 
mq m d 

Pb' CA 

CN' Cm 

C + C mq m d. . 

Pb' CA 

CN" Cm 

+ C Cmq m 6 

Pb' CA 

CN' Cm 

C + Cm 
mq 

Pb' CA 

Pb' CA 

CN' Cm 

Cmq + Cm~ 

Pb" CA 

CN ~ C m 

+ C m Cmq a 

Pb' CA 

%,% 

Cmq + Cm6 

P b'  CA' CN' Cm" Cm + q Cm d 

Unknown 

Turbu len t  

Tu rbu l en t  

Tu rbu l en t  

No Data 

4 

NO Data 

~cr /d  ~ S f 

So Data 

No Data 

~cr /d  ~ 5 f 

2 

No Data 

No P u b l i s h e d  Data 

NOTES: 

a c r i t e r i a  f o r  ~ - O f o r  Pb'  Cmq ÷ CmS' CA" 

bBoundary- layer  c o n d i t i o n  g e n e r a l l y  s t  model base .  

C~cr /d  s t r o n g l y  dependent on Re£. 

d A v a l l a b l e  da ta  are  not  s u f f i c i e n t  f o r  i n d i c a t i n g  s p e c i f i c  c r i t i c a l  s t i n g  l e n g t h s :  S t i n g s  w i th  
e f f e c t i v e  s t i n g  l e n g t h s  g r e a t e r  than the va lue  shown are  i n t e r f e r e n c e - f r e e  of  l e n g t h  e f f e c t s .  

e s t m i l a r  t e s t s  as r e p o r t e d  h e r e i n  t e n t a t i v e l y  s chedu led  f o r  1978 a t  M - 1 .5 ,  S, and 8.  

f A v a l l a b l e  da ta  are  not  s u f f i c i e n t  f o r  i n d i c a t i n g  s p e c i f i c  c r i t i c a l  s t i n g  l e n g t h s .  S t i n g s  wi th  
e f f e c t i v e  s t i n g  l e n g t h s  l e s s  than the va lue  shown w i l l  have i n t e r f e r e n c e  e f f e c t s .  

g ~ c r / d  p o s s i b l y  f requency dependent .  

h 
Tes t s  w i l l  be conducted i n  1977. 
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3.0 APPARATUS 

3.1 Wind Tunnel 

Tunne l  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 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 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 
ps ia ,  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 750°R (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  m a x i m u m  at e a c h  Mach n u m b e r .  The  tunne l  is equ ipped  
wi th  a m o d e l  i n j e c t i o n  s y s t e m  w h i c h  a l lows  r e m o v a l  of the  m o d e l  f r o m  
the  t e s t  s e c t i o n  w h i l e  the  tunne l  r e m a i n s  in ope ra t i on .  De t a i l s  of the  
wind tunne l  and m o d e l  i n j e c t i o n  s y s t e m  a r e  shown in Fig.  1. 

3.2 Model 

The s t a i n l e s s - s t e e l  m o d e l  (Fig.  2) was  a blunt  7 - d e g  h a l f - a n g l e  
cone wi th  a base  d i a m e t e r  of 8 in. The  b l u n t n e s s  r a t i o  ( r n / r  b) was  
0 . 1 5 ,  and the m o m e n t  r e f e r e n c e  point  (a l so  pivot  axis  l oca t ion )  was  l o -  
ca ted  at 60 .9  p e r c e n t  of the  m o d e l  l e n g t h  aft of the  m o d e l  nose .  The  
m o d e l  was  b a l a n c e d  to l o c a t e  the c e n t e r  of g r a v i t y  on the  b a l a n c e  pivot  
ax is .  

F i g u r e  3" shows  the  l o c a t i o n  of the  s u r f a c e  and b a s e  p r e s s u r e  t aps .  
The  s u r f a c e  p r e s s u r e  was  m e a s u r e d  c l o s e  to the  m o d e l  s h o u l d e r  
(Fig.  3a) and was  on the  l e e w a r d  s i d e  fo r  pos i t i ve  ang le s  of a t tack .  
The  l o c a t i o n  of the  base  p r e s s u r e  tap was  on a 0 . 9 3 - i n .  r a d i u s  f o r  the  
ux~/2V® = 0. 0033 t e s t s  (Fig.  3b) and 2 . 8 6 - i n .  r a d i u s  fo r  the  wd/2V® = 
0. 0056 t e s t s  (Fig.  3c). The  tap l o c a t i o n  was  changed  fo r  the  ¢0d/2V® = 
0. 0056 t e s t s  s i n c e  the  b a s e  p r e s s u r e  showed  no v a r i a t i o n  wi th  o s c i l -  
l a t i o n  a m p l i t u d e  (0) du r ing  the  azl/2V® = 0 .0033  t e s t s .  

3.3 Test Mechanism and Interference Hardware 

The VKF-I. C pitch-/yaw-damping test mechanism (Fig. 4) uti- 
lizes a cross-flexure pivot, an electric shaker motor, and a one- 
component moment beam which is instrumented with strain gages to 
measure the forcing moment of the shaker motor. The motor is cou- 
pled to the moment beam by means of a connecting rod and flexural 
linkage which converts the translational force to a moment to oscillate 
the model at amplitudes up to ±3 deg (depending on flexure balance) 
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and f r e q u e n c i e s  f r o m  2 to 20 Hz. The c r o s s  f l e x u r e s ,  which  a r e  in -  
s t r u m e n t e d  to m e a s u r e  the  p i t ch /yaw d i s p l a c e m e n t ,  suppor t  the model  
loads  and provide  the r e s t o r i n g  moment  to cancel  the i n e r t i a  momen t  
when the s y s t e m  is o p e r a t i ~  at t h e n a t u r a l  f requency . -  Since the mo-  
ment  beam (which is  used  to m e a s u r e  the fo rc ing  moment)  is  not sub-  
j ec ted  to the s t a t i c  loads ,  it can be made  as s e n s i t i v e  as  r e q u i r e d  for  
the dynamic  m e a s u r e m e n t s .  A pneuma t i c -  and s p r i n g - o p e r a t i n g  l ock -  
ing device  is provided  to hold the model  dur ing  in jec t ion  into or r e t r a c -  
t ion f r o m  the tunnel .  F igu re  5 shows photographs  of the t e s t  m e c h a n i s m .  

The c r o s s - f l e x u r e  ba lance  of the VKF-1.  C m e c h a n i s m  is suppor ted  
by a long s l e n d e r  s t ing  so that  l a r g e  ef fec t ive  s t ing  l eng ths  (~s) and 
s m a l l  e f fec t ive  s t ing  d i a m e t e r s  (ds) can be obtained,  which  wil l  e l i m i -  
nate  or c e r t a i n l y  m i n i m i z e  s t ing  i n t e r f e r e n c e  ef fec ts .  The p r e s e n t  
model  when mounted to the VKF-1.  C t e s t  m e c h a n i s m  had an ef fec t ive  
s t ing leng th  of 3 .45 model  d i a m e t e r s  and an ef fec t ive  s t i n g - t o - m o d e l  
d i a m e t e r  r a t i o  of 0 .22 .  Th i s  s t ing  conf igura t ion  was used  dur ing the 
p r e s e n t  a~l/2V® = 0.0033 t e s t s  and a l so  dur ing  the Ref. 22 t e s t s .  F o r  
the p r e s e n t  i n t e r f e r e n c e  s tudy,  the ef fec t ive  s t ing  l eng th  was  s h o r t e n e d  
by pos i t ioning  a conical  f l a r e  (Figs .  6 and 7) at 3 .3  (Fig. 6a), 2 .5 ,  
2, and 1 (Fig . -6b)  model  d i a m e t e r s  to the r e a r  of the model  base .  The 
f l a r e  was mounted to the motor  housing such  that  it did not touch the 
s t ing fo rwa rd  of the motor  housing.  This  e l imina t ed  the pos s ib i l i t y  of 
the f l a r e  changing the s t ing  f r equency  c h a r a c t e r i s t i c s  or model  t a r e  
damping.  The p la tes  were  a t tached  to the f l a r e  (Figs .  6c, d, and e) 
and a lso  did not touch the s t ing.  Model suppor t  de ta i l s  a re  shown in 
Fig.  7 and plate  de ta i l s  in Fig.  8. 

3.4 Instrumentation 

3.4.1 Tunnel 

Tunnel  A s t i l l i ng  chambe r  p r e s s u r e  is m e a s u r e d  with a 15-, 60-, 
150-, or  300-ps id  t r a n s d u c e r  r e f e r e n c e d  to a n e a r  vacuum.  Based  on 
pe r iod ic  c o m p a r i s o n s  with s e c o n d a r y  s t a n d a r d s ,  the unce r t a in ty  (a 
bandwidth which inc ludes  95 pe rcen t  of r e s i d u a l s )  of the t r a n s d u c e r s  is 
e s t i m a t e d  to be wi th in  i-0.2 pe rcen t  of r ead ing  or 0. 015 psi ,  wh icheve r  
is g r e a t e r .  St i l l ing chambe r  t e m p e r a t u r e  is  m e a s u r e d  with a copper -  
cons tan tan  t he rmocoup le  with an u n c e r t a i n t y  of +3°F based  on r epea t  
ca l ib ra t ion .  
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3.4.2 Modal Pressure Measurements 

The m o d e l  b a s e  and s h o u l d e r  p r e s s u r e s  w e r e  m e a s u r e d  u s ing  the  
s t a n d a r d  p r e s s u r e  s y s t e m  in con junc t ion  wi th  fas t  r e s p o n s e  t r a n s d u c e r s  
wh ich  w e r e  a t t a c h e d  to the  s t ing  s y s t e m  i n s i d e  the  m o d e l  b a s e .  The  
s t a n d a r d  p r e s s u r e  s y s t e m  c o n s i s t e d  of 15 -ps id  t r a n s d u c e r s  r e f e r e n c e d  
to a n e a r  v a c u u m  and w e r e  u s e d  to m e a s u r e  s t e a d y - s t a t e  p r e s s u r e s ,  
wh i l e  the  5 - p s i d  f a s t - r e s p o n s e  t r a n s d u c e r s  w e r e  u s e d  to m e a s u r e  the  
t r a n s i e n t  p r e s s u r e  (the de l t a  f r o m  the s t e a d y - s t a t e  p r e s s u r e )  w h e n  the  
m o d e l  was  o s c i l l a t i n g .  B a s e d  on p e r i o d i c  c o m p a r i s o n s  wi th  s e c o n d a r y  
s t a n d a r d s ,  the  u n c e r t a i n t i e s  of the  15-ps id  t r a n s d u c e r s  a re  e s t i m a t e d  
to be w i th in  :L0.15 p e r c e n t  of p r e s s u r e  or  ~-0. 003 ps ia  w h i c h e v e r  is 
g r e a t e r .  S ince  the  5 - p s i d  f a s t - r e s p o n s e  t r a n s d u c e r s  m e a s u r e d  a d e l t a  
p r e s s u r e ,  t h e i r  u n c e r t a i n t y  is c o n s i d e r e d  to  be neg l i g ib l e .  

The  r e s p o n s e  c h a r a c t e r i s t i c s  of the  f a s t  r e s p o n s e  t r a n s d u c e r s  w e r e  
m e a s u r e d  by app ly ing  a s t e p  input  vo l t age  and m o n i t o r i n g  the  t r a n s d u c -  
e r ' s  output as a func t ion  of t i m e .  The  tubing  w h i c h  c o n n e c t e d  the  t r a n s -  
d u c e r  to the  m o d e l  was  a l so  inc luded  in the l a b o r a t o r y  t e s t s .  The  m a x i -  
m u m  lag  t i m e  was  found to be 0. 013 s e c ,  and the  p e r i o d s  fo r  the two 
t e s t  f r e q u e n c i e s  w e r e  0 .18  and 0 .3  sec .  

3.4.3 Forced Oscillation 

The f o r c e d - o s c i l l a t i o n  i n s t r u m e n t a t i o n  (Ref. 35) u t i l i z e s  an e l e c -  
t r o n i c  ana log  s y s t e m  wi th  p r e c i s i o n  e l e c t r o n i c s .  The  con t ro l ,  m o n i t o r ,  
and da ta  a c q u i s i t i o n  i n s t r u m e n t a t i o n  a r e  con ta ined  in a p o r t a b l e  conso le  
that  can be e a s i l y  i n t e r f a c e d  wi th  the  i n s t r u m e n t a t i o n  of the  v a r i o u s  
t unne l s .  

The  c on t ro l  i n s t r u m e n t a t i o n  p r o v i d e s  a s y s t e m  which  can v a r y  the  
o s c i l l a t i o n  f r e q u e n c y ,  o s c i l l a t i o n  a m p l i t u d e ,  and angu la r  p o s i t i o n  of 
the  m o d e l  w i th in  the  f l e x u r e  l i m i t s .  The  o s c i l l a t i o n  a m p l i t u d e  is  con-  
t r o l l e d  by an e l e c t r o n i c  f e e d b a c k  loop  wh ich  p e r m i t s  t e s t i ng  of both 
d y n a m i c a l l y  s t ab l e  and uns t ab l e  c o n f i g u r a t i o n s .  

Data  a r e  n o r m a l l y  ob ta ined  at or  n e a r  the  na tu r a l  f r e q u e n c y  of the  
m o d e l  f l e x u r e  s y s t e m ;  h o w e v e r ,  the  e l e c t r o n i c  r e s o l v e r s  u s e d  p e r m i t  
da ta  to be ob ta ined  off r e s o n a n c e .  All g a g e s  a r e  exc i t ed  by d - c  vo l t -  
ages ,  and outputs  a r e  i n c r e a s e d  to o p t i m u m  va lues  by d - c  a m p l i f i e r s .  
T y p i c a l  b a l a n c e  outputs  f r o m  an o s c i l l a t i n g  m o d e l  a r e  c o m p o s e d  of 
o s c u l a t o r y  c o m p o n e n t s  (OC) s u p e r i m p o s e d  on s t a t i c  c o m p o n e n t s  (SC). 
T h e s e  c o m p o n e n t s  a r e  s e p a r a t e d  in the  da ta  s y s t e m  by bandpas s  and 
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l o w p a s s  f i l t e r s .  The  SC outputs  a r e  s en t  d i r e c t l y  to  the  tunne l  s c a n n e r  
and c o m p u t e r  wh ich  c a l c u l a t e  the  s t a t i c  m o m e n t  c o e f f i c i e n t s  and s t ing  
d e f l e c t i o n s .  The  OC outputs  a r e  input  to the  r e s o l v e r  i n s t r u m e n t a t i o n  
and p r e c i s e  f r e q u e n c y  m e a s u r i n g  i n s t r u m e n t a t i o n .  The  r e s o l v e r s  u t i -  
l i z e  v e r y  a c c u r a t e  ana log  e l e c t r o n i c  d e v i c e s  to p r o c e s s  the  OC s i g n a l s  
and output d - c  v o l t a g e s .  The  output d - c  v o l t a g e s  a r e  p o r p o r t i o n a l  to 
the  a m p l i t u d e  s q u a r e d ,  the  i n - p h a s e  and q u a d r a t u r e  (90 deg  o u t - o f - p h a s e )  
ba l an ce  c o m p o n e n t s  ( fo rc ing  t o rque ) ,  and the  i n - p h a s e  and q u a d r a t u r e  
s t ing  c o m p o n e n t s .  The  r e s o l v e r  and f r e q u e n c y  outputs  a r e  r e a d  by the  
tunne l  s c a n n e r  and sen t  to the  c o m p u t e r .  The  f r e q u e n c y  i n s t r u m e n t  
c o n t r o l s  the  l e n g t h  of the  da ta  i n t e r v a l  in i n c r e m e n t s  f r o m  a p p r o x i m a t e l y  
2 to 60 s e c  d u r i n g  wh ich  t i m e  the  s c a n n e r  r e a d s  e a c h  input  a p p r o x i m a t e l y  
t e n  t i m e s  p e r  s econd .  The  a v e r a g e  v a l u e s  of the  r e a d i n g  a r e  c a l c u l a t e d  
by th~ c o m p u t e r ,  wh ich  then  u s e s  t h e s e  a v e r a g e  v a l u e s  to  ca l cu l a t e  the  
d y n a m i c  d e r i v a t i v e s .  The  m e t h o d  u s e d  to r e d u c e  the  da ta  m a y  be found 
in Refs .  35 and 36. 

4.0 PROCEDURE 

4.1 Test Conditions 

N o m i n a l  tunne l  cond i t ions  at wh ich  the  t e s t s  w e r e  conduc t ed  a r e  
shown in Tab le  1, and the  t e s t  s u m m a r y  is p r e s e n t e d  in Tab le  2. 

4.2 Test Procedures 

The m o d e l  was  o s c i l l a t e d  at a cons t an t  a m p l i t u d e  of ±1 deg for  the 
p i t c h - d a m p i n g  t e s t s .  The  n o m i n a l  r e d u c e d  f r e q u e n c y  p a r a m e t e r s  w e r e  
0. 0033 and 0. 0056 r a d i a n s .  The  o s c i l l a t i n g  p r e s s u r e  da ta  w e r e  ob ta ined  
as a func t ion  of t i m e  whi l e  the  m o d e l  was  o s c i l l a t i n g  at +1 deg.  

4.3 Precizien of Data 

U n c e r t a i n t i e s  (bands wh ich  inc lude  95 p e r c e n t  of the  c a l i b r a t i o n  
data) in the  b a s i c  tunne l  p a r a m e t e r s  (Po, To,  and M®) w e r e  e s t i m a t e d  
f r o m  r e p e a t  c a l i b r a t i o n s  of the i n s t r u m e n t a t i o n  and f r o m  r e p e a t a b i l i t y  
and u n i f o r m i t y  of the  t e s t  s e c t i o n  flow d u r i n g  tunne l  c a l i b r a t i o n s .  T h e s e  
u n c e r t a i n t i e s  w e r e  u s e d  to  e s t i m a t e  u n c e r t a i n t i e s  in o t h e r  f r e e - s t r e a m  
p r o p e r t i e s  us ing  a T a y l o r  s e r i e s  m e t h o d  of e r r o r  p r o p a g a t i o n  (Ref. 37). 
The  e s t i m a t e d  u n c e r t a i n t i e s  a r e  as fo l lows :  
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T e s t  Cond i t ions  Uncertainty, percent 

M® Re d x 10 -6 NI® Po T o P~ q® V® Re d 

2 .69  0 .27  

2 .90  0 .51  

2 .92  1.63 

3 .01  3 .10  

3 .01  4 .53  

/ :0.7 /:0.5 / :0.4 :[-9.7 

/:0.3 

/:0.2 

:[-0.2 

/:0.2 

/:3.0 /:1.6 

/:3.0 +1.7  

+3.0 x l .  7 

• 3 .2  /:1.8 

+3.2 /: i .  8 

+ 1 . 4  

+ 1 . 3  

+ 1 . 3  

/ : 1 .4  

/ :1 .4  

The  b a l a n c e s  w e r e  c a l i b r a t e d  b e f o r e  and a f t e r  the  t e s t s ,  and check  
c a l i b r a t i o n s  w e r e  m a d e  du r ing  the  t e s t .  St ing bend ing  e f f ec t s  u t i l i z ing  
the  t e c h n i q u e  i l l u s t r a t e d  in Ref.  38 w e r e  u s e d  in the  da ta  r e d u c t i o n .  
U n c e r t a i n t i e s  in the  m e a s u r e m e n t s  of s t ing  e f f ec t s  w e r e  inc luded  in the  
e r r o r  a n a l y s i s .  S t r u c t u r a l  d a m p i n g  v a l u e s  w e r e  ob ta ined  at v a c u u m  
cond i t ions  b e f o r e  the  tunne l  e n t r y  to e v a l u a t e  the  s t i l l - a i r  d a m p i n g  con-  
t r i bu t ion .  The  u n c e r t a i n t i e s  in the  ba l ance  and da ta  s y s t e m  w e r e  c o m -  
b ined  wi th  u n c e r t a i n t i e s  in the  tunne l  p a r a m e t e r s  a s s u m i n g  a T a y l o r  
s e r i e s  m e t h o d  of e r r o r  p r o p a g a t i o n  (Ref. 37) to e s t i m a t e  the  p r e c i s i o n  
of the  a e r o d y n a m i c  d a m p i n g  c o e f f i c i e n t s .  The  e s t i m a t e d  u n c e r t a i n t i e s  
a r e  as fo l lows :  

U n c e r t a i n t y ,  p e r c e n t  

-6 
Re d x i0 C + C ~/2V® 

m m. 
q 

0 .25  /:3.5 /:0.4 

1.63 +2.4  /:0.4 

4 .53  +2.3 :£0.4 

The  u n c e r t a i n t i e s  in the  p r e s s u r e  m e a s u r e m e n t s  b a s e d  on the  
t r a n s d u c e r  u n c e r t a i n t y  quoted  in Sec t ion  3 . 4 . 2  a r e  as fo l lows :  
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Base  P r e s s u r e  

Uncer ta in ty ,  pe rcen t  

M~ Re d x 10 -6 ~ s / d  Pb' ps ia  Pb Pb/p= 

2 .69  0 .27  3 .3  0 .06  ± 5 . 0  ± 5 . 8  
1.0 0 .09  ± 3 . 3  ± 4 . 5  

2 . 9 2  1 . 6 3  3 . 3  0 . 1 6  ± 1 .9  ± 3 . 6  
1.0. 0 .32 ± 0 . 9  ± 3 . 1  

3 .01 4 .53 3 .3  0 .47  ± 0 . 6  ± 3 . 1  
1.0 0 .89  ± 0 . 3  ± 3 . 0  

I 

Surface  P r e s s u r e  

Uncer ta in ty ,  pe rcen t  

-6 
M® Re d x i0 Ps Ps/p® 

2 .69  0 .27  ± 2 . 4  + 3 . 8  

2.92 1.63 + 0 . 5  / : 3 . 0  

3 .01  4 .53 + 0 . 2  ± 3 . 0  

M e a s u r e m e n t s  of the model  pitch angle a r e  p r e c i s e  within ±0.05 
deg, based  on r epea t  ca l ib ra t ions .  Model at t i tude c o r r e c t i o n s  w e r e  
made  fo r  mode l -ba l ance  def lec t ions  under  a i r  load,  and the p r e c i s i o n  
of the ca lcula ted  model  angle is e s t i m a t e d  to be ±0.1 deg. 

5.0 RESULTS AND DISCUSSION 

A c o m p a r i s o n  of the damping data  obtained with the s t a n d a r d  VKF 
sting conf igura t ion  (VKF- 1. C, ~ s / d  = 3.45)  and with the modif ied s t ing 
conf igura t ion  ( f la re  ins ta l led ,  ~ s / d  = 3.3)  is p r e sen t ed  in Fig. 9 fo r  
the two £est f r equenc ie s .  At the h igher  f r equency  (Fig. 9b), t h e r e  is 
a m i s m a t c h  in both Reynolds number  and f requency .  However ,  Use l ton  
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(Ref. 21) and W a r d  (Ref. 39) showed  tha t  the  p i t c h - d a m p i n g  d e r i v a t i v e s  
fo r  con ica l  moclel-s at a = 0 w e r e  g e n e r a l l y  i n d e p e n d e n t  of Reyno lds  
n u m b e r  if the  b o u n d a r y - l a y e r  flow o v e r  the  m o d e l  b a s e  was  e i t h e r  ful ly  
l a m i n a r  or  fu l ly  t u rbu l en t .  F o r  both R e y n o l d s  n u m b e r s  in ques t ion ,  
the  flow o v e r  the  m o d e l  b a s e  was  ful ly  t u r b u l e n t .  In r e g a r d  to  the  f r e -  
quency  m i s m a t c h ,  U s e l t o n  (Ref. 22) showed  that ,  fo r  a c l ean  s t ing  ( z e r o  
or  m i n i m u m  i n t e r f e r e n c e )  and a t u r b u l e n t  b o u n d a r y  l a y e r  at the  m o d e l  
b a s e ,  the  d a m p i n g  d e r i v a t i v e s  at a = 0 w e r e  i n d e p e n d e n t  of o s c i l l a t i o n  
f r e q u e n c y .  U s e l t o n ' s  r e s u l t s  a long wi th  the  p r e s e n t  da ta  a r e  shown in 
Fig.  10. Al though  su f f i c i en t  da ta  a r e  not ava i l ab l e ,  the  au tho r  b e l i e v e s  
that  the  s a m e  c o n c l u s i o n  app l i e s  fo r  l a m i n a r  (Fig.  10a) and t r a n s i t i o n a l  
(Fig.  10b) b o u n d a r y  l a y e r s  at the  m o d e l  base .  T h e r e f o r e ,  it is ev iden t  
f r o m  the  r e s u l t s  in F igs .  9 and 10 tha t  the  add i t ion  of the  f l a r e  (Figs .  6 
and 7) to the  s t a n d a r d  s t ing  p r o d u c e d  no m e a s u r a b l e  e f f ec t s  on the  
p i t c h - d a m p i n g  data.  

The  d a m p i n g  d e r i v a t i v e s  at c~ = 0 a r e  p r e s e n t e d  in Fig.  11 as a 
func t ion  of e f f ec t ive  s t ing  l e n g t h  r a t i o  fo r  l a m i n a r ,  t r a n s i t i o n a l ,  and 
t u r b u l e n t  b o u n d a r y  l a y e r s  at the  m o d e l  ba se .  The  da ta  w e r e  ob ta ined  
fo r  r e d u c e d  f r e q u e n c i e s  of 0. 0033 and 0. 0056. The  d a m p i n g  d e r i v a t i v e s  
fo r  e a c h  type  of b o u n d a r y  l a y e r  w e r e  e s s e n t i a l l y  i n v a r i a n t  wi th  e f f ec t i ve  
s t ing  l e n g t h  f o r  the  r a n g e  of 2 to  3 .3  m o d e l  d i a m e t e r s .  Reduc ing  the  
e f f ec t i ve  s t ing  l e n g t h  to one m o d e l  d i a m e t e r  g e n e r a l l y  i n c r e a s e d  m o d e l  
d a m p i n g  s ign i f i can t ly ,  t h e r e b y  ind ica t ing  suppor t  i n t e r f e r e n c e  due to 
s t ing  l eng th .  The  r e s u l t s  show that  the  c r i t i c a l  s t i ng  l e n g t h  as de f i ned  
by the  m e a s u r e m e n t  of the  p i t c h - d a m p i n g  d e r i v a t i v e s  fo r  l a m i n a r ,  
t r a n s i t i o n a l ,  and t u r b u l e n t  b o u n d a r y  l a y e r  at the  m o d e l  b a s e  is 2 m o d e l  
d i a m e t e r s .  T h i s  m e a n s  that ,  fo r  ~ s / d  >__ 2, the  suppo r t  i n t e r f e r e n c e  is 
z e r o  or  c e r t a i n l y  a m i n i m u m  (pos s ib l e  d i a m e t e r  effects}.  The  l a r g e  
i n c r e a s e  in d a m p i n g  fo r  the  t r a n s i t i o n a l  Reyno lds  n u m b e r  is the  w e l l -  
known t r e n d  r e p o r t e d  by U s e l t o n  (Ref. 21) and W a r d  (Re f. 39). In Ref.  
22, d a m p i n g  da ta  w e r e  shown e s s e n t i a l l y  fo r  the  s a m e  m o d e l  and t e s t  
cond i t ions  as the  p r e s e n t  r e s u l t s .  The  da ta  i n d i c a t e d  that  the  c r i t i c a l  
s t ing  l e n g t h  was  3 m o d e l  d i a m e t e r s ;  h o w e v e r ,  the  f l a r e  was  a t t a c h e d  to 
the  s t ing  fo r  the  ~ s / d  = 2 .3  data ,  and t h e r e f o r e ,  t h o s e  da ta  m a y  be in 
e r r o r .  

F i g u r e  12 shows  the  e f fec t  of Reyno lds  n u m b e r  and e f f ec t i ve  s t ing  
l e n g t h  on b a s e  p r e s s u r e  m e a s u r e m e n t s  at ~ = 0. The  b a s e  p r e s s u r e  
t r e n d s  wi th  R e y n o l d s  n u m b e r s  (Fig.  12a} a r e  the  typ ica l  t r e n d s  r e p o r t e d  
by Whi t f i e ld  (Ref. 1), wh ich  w e r e  d i s c u s s e d  in Sec t ion  2 .0  of th i s  
r e p o r t .  The  two b a s e  p r e s s u r e  tap  l o c a t i o n s  i n v e s t i g a t e d  showed  e s s e n -  
t i a l l y  no e f fec t  of l o c a t i o n  and t h e s e  r e s u l t s  a g r e e  wi th  t h o s e  of K a v a n a u  
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(Ref. 4) and C a s s a n t o  (Ref. 12). In Fig.  12b, the  b a s e  p r e s s u r e  t r e n d s  
wi th  e f f e c t i v e  s t ing  l e n g t h  a r e  v e r y  s i m i l a r  to  the  d a m p i n g  t r e n d s  wi th  
e f f e c t i v e  s t ing  l eng th .  The  base  p r e s s u r e  i n c r e a s e s  s i g n i f i c a n t l y  for  
s m a l l  e f f ec t i ve  s t ing  l e n g t h s  ( ~ s / d  = 1) fo r  e a c h  type  of b o u n d a r y  l a y e r .  
The  c r i t i c a l  s t ing  l e n g t h  fo r  the  t r a n s i t i o n a l  bounda ry  l a y e r  is s e e n  to 
be two m o d e l  d i a m e t e r s ;  the  s a m e  as  was  d e t e r m i n e d  by the  m e a s u r e -  
m e n t  of the  d a m p i n g  d e r i v a t i v e s .  H o w e v e r ,  the  b a s e  p r e s s u r e  m e a -  
s u r e m e n t s  fo r  the  l a m i n a r  and t u r b u l e n t  b o u n d a r y  l a y e r s  i nd i ca t e  a 
c r i t i c a l  s t i ng  l e n g t h  of 2 .5  m o d e l  d i a m e t e r s  i n s t e a d  of two as  was  
d e t e r m i n e d  by the  d a m p i n g  t r e n d s .  T h e r e f o r e °  it is e v i d e n t  f r o m  
t h e s e  r e s u l t s  that  d i f f e r e n t  i n t e r f e r e n c e  i n d i c a t o r s  can p r o d u c e  d i f f e r -  
ent  c r i t i c a l  s t ing  l e n g t h s .  

The  e f fec t  of the  p l a t e s  on the  d a m p i n g  d e r i v a t i v e s  and b a s e  p r e s -  
s u r e s  f o r  the  c l e a n  (~s /d  = 3 .3 )  and i n t e r f e r e n c e  (~s /d  = 1) s t i ngs  a r e  
p r e s e n t e d  in F i g s .  13 and 14 fo r  r e d u c e d  f r e q u e n c i e s  of 0. 0033 and 
0 .0056 ,  r e s p e c t i v e l y .  In g e n e r a l ,  the  add i t ion  of the  p l a t e s  to the  
c l e a n  s t ing  c o n f i g u r a t i o n  p r o d u c e d  l i t t l e  e f fec t  on the  d a m p i n g  d e r i v -  
a t i ve s  and i n c r e a s e d  the  b a s e  p r e s s u r e  s l igh t ly .  The  b a s e  p r e s s u r e  
e f fec t  is oppos i t e  of tha t  r e p o r t e d  by Clay and W a l c h n e r  (Ref. 29) at 
M® = 14. The  add i t i on  of P l a t e  1 to  the  i n t e r f e r e n c e  s t ing  g e n e r a l l y  
d e c r e a s e d  the  l e v e l  of i n t e r f e r e n c e  (~12 p e r c e n t  m a x i m u m }  and in-  
c r e a s e d  the  b a s e  p r e s s u r e  s l igh t ly .  The  p la te  r e s u l t s  shou ld  be v e r y  
he lpfu l  in the  d e s i g n  of long  s l e n d e r  s t i ngs  fo r  they  i n d i c a t e  that  a t h i n  
r i b  could  be r u n  a long the  top and b o t t o m  of the  s t ing  to i n c r e a s e  the  
s t i f f n e s s  s i g n i f i c a n t l y  and t h e r e b y  e l i m i n a t i n g  o r  r e d u c i n g  the  l e v e l  of 
the  s t ing  bend ing  c o r r e c t i o n s  r e q u i r e d  fo r  d y n a m i c  data .  

The  s u r f a c e  p r e s s u r e  m e a s u r e d  6 lose  to the  s h o u l d e r  of the  m o d e l  
at ~ = 0 is  shown  in Fig .  15 as a func t ion  of m o d e l  o s c i l l a t i o n  fo r  d i f f e r -  
ent  b o u n d a r y  l a y e r s .  The  s t ing  c o n f i g u r a t i o n  was  the  c l e a n  s t i n g  
(~s /d  = 3 .3) .  The  l a m i n a r  and t u r b u l e n t  da ta  showed  typ ica l  p r e s s u r e  
t r e n d s  w i th  m o d e l  o s c i l l a t i o n .  The  t r a n s i t i o n a l  da ta  d i s p l a y e d  typ ica l  
t r e n d s  fo r  the  n e g a t i v e  o s c i l l a t i o n  ang les ;  h o w e v e r ,  fo r  e ~ 0 . 8  to 1.0 
deg,  t h e r e  was  a sudden  r i s e  in  the  p r e s s u r e .  As the  m o d e l  m o v e d  
on the  downswing  f r o m  e = 1 deg  t o w a r d  e = 0, t h e n  the  p r e s s u r e  d e -  
c r e a s e d  unt i l  e ~ 0 .3  deg  w h e r e  the  l e v e l  ob ta ined  was  tha t  m e a s u r e d  
du r ing  the  upswing  f r o m  e = 0 to  e = 1 deg.  It is obvious  tha t  the  
t r a n s i t i o n a l  da ta  have  a p r e s s u r e  h y s t e r e s i s  loop  at the p o s i t i v e  ang l e s  
of a t tack .  In an e f fo r t  to t ry  to exp la in  th i s  t r e n d ,  Fig .  16 was  p r e -  
pa r ed .  The  l a m i n a r  and t r a n s i t i o n a l  da ta  w e r e  c o r r e c t e d  to Mach 
n u m b e r  3 by i n v i s c i d  p r e s s u r e  r e l a t i o n s h i p s  and t h e n  p lo t t ed  a long 
wi th  the  t u r b u l e n t  data .  F o r  c l a r i t y ,  only one cyc le  of da ta  was  p lo t ted .  
F r o m  Fig.  16, it is e v i d e n t  that  the  t r a n s i t i o n a l  p r e s s u r e  r i s e  ac tua l l y  
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i n c r e a s e d  above the  t u r b u l e n t  p r e s s u r e  l e v e l .  The  e x p l a n a t i o n  fo r  t h i s  
t r e n d  is p robab ly  the  fac t  tha t ,  as the  m o d e l  p i t che s  to p o s i t i v e  ang le  
of a t tack ,  the  l e e s i d e  t r a n s i t i o n  l o c a t i o n  m o v e s  t o w a r d  the  m o d e l  n o s e  
(a t yp i ca l  t r e n d  fo r  p o s i t i v e  a) and the  t u r b u l e n t  o r  n e a r  t u r b u l e n t  w a k e  
m o v e s  upon the  r e a r  p o r t i o n  of the  m o d e l .  Th i s  o b s e r v a t i o n  is  s o m e -  
what  s u b s t a n t i a t e d  ff the  p r e s s u r e  d i s t r i b u t i o n  is  e s t i m a t e d  by i n v i s c i d  
cone t h e o r y  wi th  the  cone angle  be ing  m o d i f i e d  by the  b o u n d a r y - l a y e r  
d i s p l a c e m e n t  t h i c k n e s s .  The  t h e o r e t i c a l  r e s u l t s  (Fig.  17) showed  tha t  
a peak p r e s s u r e  o c c u r r e d  in the  r e g i o n  w h e r e  b o u n d a r y - l a y e r  t r a n s i t i o n  
ended .  Th i s  peak p r e s s u r e  was  s o m e w h a t  h i g h e r  t han  the  p r e s s u r e  fo r  
ful ly  t u r b u l e n t  flow at the m o d e l  b a s e .  The  t h e o r y  t h e n  s e e m s  to  p r e -  
d ic t  the  e x p e r i m e n t a l  t r a n s i t i o n  p r e s s u r e  r i s e  wh ich  is shown in Fig .  
16. H o w e v e r ,  the  d i f f e r e n c e  b e t w e e n  the  t r a n s i t i o n  peak  p r e s s u r e  and 
the  fu l ly  t u r b u l e n t  p r e s s u r e  l e v e l  was  not  p r e d i c t e d .  The  p r e d i c t e d  
p r e s s u r e  fo r  the  t u r b u l e n t  b o u n d a r y  l a y e r  a g r e e d  wel l  wi th  the  e x p e r i -  
m e n t a l  data .  Th i s  t r e n d  of peak  p r e s s u r e  n e a r  the  end of t r a n s i t i o n  
was  a l so  r e p o r t e d  by L a u f e r  and Mar t e  (Ref. 40) fo r  a f la t  p la te  at 
M= = 2 .55 .  

F i g u r e  18 shows  the  e f fec t  of s t ing  l e n g t h  on the  s u r f a c e  and b a s e  
p r e s s u r e s  at a = 0 fo r  l a m i n a r ,  t r a n s i t i o n a l ,  and t u r b u l e n t  b o u n d a r y  
l a y e r s  at the  m o d e l  base .  D e c r e a s i n g  the  e f f ec t ive  s t ing  l e n g t h  r a t i o  
( t s / d )  f r o m  3 .3  to 1 s l i gh t l y  i n c r e a s e d  the  s u r f a c e  p r e s s u r e  for  e a c h  
type  of b o u n d a r y  l a y e r .  It is unknown w h e t h e r  th i s  s m a l l  i n c r e a s e  
(~3 p e r c e n t  m a x i m u m )  in s u r f a c e  p r e s s u r e  was  su f f i c i en t  to p r o d u c e  
changes  in the  l e v e l s  of the  d a m p i n g  da ta  as was  shown in Fig.  11. 
The  b a s e  p r e s s u r e s  w e r e  g e n e r a l l y  cons t an t  wi th  m o d e l  o s c i l l a t i o n ,  
and the  i n t e r f e r e n c e  s t ing  c o n f i g u r a t i o n  ( t s / d  = 1) p r o d u c e d  m u c h  
h i g h e r  b a s e  p r e s s u r e s  than  the  c l ean  s t ing  con f igu ra t i on  ( t s / d  = 3 .3) .  

6.0 CONCLUSIONS 

The c r i t i c a l  s t ing  l eng th  at a = 0 was  d e t e r m i n e d  by the  m e a s u r e -  
m e n t  of p i t c h - d a m p i n g  d e r i v a t i v e s  fo r  l a m i n a r ,  t r a n s i t i o n a l ,  and t u r -  
bu len t  b o u n d a r y  l a y e r s  at the  m o d e l  base .  The  e f f ec t s  of w e d g e  p l a t e s  
on p i t ch  d a m p i n g  and s u r f a c e  p r e s s u r e  m e a s u r e m e n t s  n e a r  the  m o d e l  
s h o u l d e r  as a func t ion  of m o d e l  o s c i l l a t i o n  fo r  a c l ean  and an i n t e r f e r -  
e n c e  s t ing  w e r e  a l so  i n v e s t i g a t e d .  Data  w e r e  ob ta ined  at Mach n u m b e r  
3 on a blunt  7 - d e g  h a l f - a n g l e  cone for  r e d u c e d  f r e q u e n c i e s  of 0. 0033 
and 0 .0056 .  Reyno lds  n u m b e r ,  b a s e d  on m o d e l  base  d i a m e t e r ,  r a n g e d  
f r o m  0 .3  x 106 to 4 . 6  x 106. Conc lu s ions  b a s e d  on t h e s e  r e s u l t s  a r e  
g iven  be low:  
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. The c r i t i c a l  s t ing  l eng th  d e t e r m i n e d  by the m e a s u r e m e n t s  of 
p i t ch -damping  d e r i v a t i v e s  is 2 .0  model  d i a m e t e r s  for  the two 
reduced  f r e q u e n c i e s  inves t iga t ed  and is  independent  of the type of 
bound'ary l a y e r  a t  the model  base .  

2. The c r i t i c a l  s t ing  leng th  d e t e r m i n e d  by base  p r e s s u r e  m e a -  
s u r e m e n t s  is a p p r o x i m a t e l y  2 .5  model  d i a m e t e r s .  

. In g e n e r a l , ,  the addit ion of the wedge p la t e s  behind the model  
produced no effect  on the damping data,  t h e r e b y  encourag ing  
the i nco rpo ra t i on  of th in  r i b  s t i f f e n e r s  in the des ign  of long 
s l e n d e r  s t ings .  

. D e c r e a s i n g  the ef fec t ive  s t ing  leng th  to 1 model  d i a m e t e r  in-  
c r e a s e s  the model  base  p r e s s u r e  s u b s t a n t i a l l y  and the model  
su r f ace  p r e s s u r e  s l igh t ly .  

7.0 FUTURE PROGRAMS 

The f i s ca l  y e a r  1977 p r o g r a m  involves  inves t iga t ion  of s t ing  leng th  
and d i a m e t e r  ef fects  on p r e s s u r e  m e a s u r e m e n t s  in the model base  
r eg ion  of a blunt 6-deg cone with a s l i ced  base .  These  wind tunnel  t e s t s  
wil l  be conducted at both s u p e r s o n i c  and h y p e r s o n i c  Mach n u m b e r s .  The 
1977 p r o g r a m  a l so  inc ludes  f r e e - f l i g h t  damping data  on the p r e s e n t  7-deg 
cone at s u p e r s o n i c  Mach n u m b e r s  for  the purpose  of obtaining i n t e r f e r -  
e n c e - f r e e  data  for  c o m p a r i s o n  with the  1976 s t ing  suppor ted  data  (p re -  
sent  r e s u l t s ) .  Ten ta t ive ly ,  it is  planned to obtain data  s i m i l a r  to that  
r e p o r t e d  h e r e i n  at the addi t ional  Mach n u m b e r s  of 1.5,  5, and 8 in 
f i s ca l  y e a r  1978. F r e e - f l i g h t  damping t e s t s  wil l  a l so  be conducted at 
M® = 8 in 1978. The 1978 p r o g r a m  combined with  the 1976 and 1977 
p r o g r a m s  wil l  provide  data  for  the eva lua t ion  of s t ing  suppor t  e f fec ts  
on base  p r e s s u r e  m e a s u r e m e n t s ,  su r f ace  p r e s s u r e  m e a s u r e m e n t s  (at 
model  base) ,  s t a t i c - f o r c e  coeff ic ients  (Cm, CN) , and p i t ch -damping  
d e r i v a t i v e s  of a 7-deg cone for  a iVlach n u m b e r  range  f rom 1.5 to 8. 
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Figure 6. Photographs of model support configurations. 
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Figure 6. Concluded. 
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Figure 12. 
b. Effective sting length 

Base pressure as a function of Reynolds number and 
effective sting length, a = O, ds/d = 0.22. 
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Figure 13. Effect of plates on damping derivatives and base 

pressure, o ~ d / 2 V  = 0 .0033.  
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Figure 13. Concluded.  
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b. Plate 8, Red = 4.5 x 106, M® = 3.0 
Effect of plates on damping derivatives and base 
pressure, c o d / 2 V  = 0.0056. 
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Figure 14. Continued. 
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Figure 15. Surface pressure as a function of model oscillation 

for different boundary layers at model base, a = 0. 
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a. Laminar boundary layer at modal base 

Effect of sting length on surface and base pressure, 
aff i0. 
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Figure 18. Continued. 
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Figure 18. Concluded. 
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Table 1. Tunnel Conditions 

0% 
t O  

T e s  t 
C o n d i t i o n s  

A 

B 

C 

D 

E 

F 

G 

oo 

2 . 7  

2 . 9  

2 . 9  

2 . 9  

3 . 0  

3 . 0  

3 . 0  

°R p~ p s i  V , f t / s e c  qoo' p s i  Re d x 10 - 6  P o '  p s i a  To ,  , = 

0 . 2 7  

0 . 3 0  

0 50 

1 65 

1 72 

3 06 

4 61 

2 . 5  

3 . 0  

5 . 0  

1 7 . 0  

1 8 . 0  

3 2 . 0  

5 0 . 0  

585 0.11 2,041 0.55 

570 O. 09 2,0"/2 O. 56 

570 0.16 2,073 0.93 

585 0.54 2,099 3.16 

570  0 . 4 9  2 , 0 9 8  3 . 0 8  

570  0 . 8 7  2 , 0 9 8  5 . 4 8  

585  1 . 3 6  2 , 1 2 5  8 . 5 7  
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Table2. Test Summaw 

8 = ±i deg. 

e d / 2 V  x 103 ~ s / d  
T e s t  

P l a t e  Conditions* ~ ,  d e g  

3 . 3  

5 . 6  

3 . 4 5  

3 . 3 0  

2.50 

2.00 
1.00 

N o n e  

4 

4 

N o n e  

1 

1 

3 . 3 0  N o n e  

t 4 
8 

2 . 5 0  N o n e  

2.50 I 
2.00 
1.00 
1.00 1 

F 0 t o  6 . 5  

C, E 0 

F 0 t o  6 . 5  

G 0 t o  4 . 4  

E 0 t o  7 . 1  

G 0 t o 4 . 4  

C, E,  F ¢ ,  G 0 

E,  F ~,  G | 

B, E, F ~ 

G 0 t o  4 . 3  

G 0 t o  4 . 3  

E 0 t o 7 . 1  

A+,  ~ D + ,  G + 0 t o  8 . 0  

° 1 D, G 

G • 0 t o  4 . 0  

A, D 0 

A, D, G 0 

A+? D +,  G + 0 t o  8 . 0  

D, G 0 t o 8 . 0  

*As  L i s t e d  i n  T a b l e  1 

~ D a t a  n o t  P r e s e n t e d  

+ O s c i l l a t i n g  P r e s s u r e  D a t a  a l s o  O b t a i n e d  a t  ~ = 0 

e D a t a  P r e s e n t e d  a t  ~ = 0 O n l y  
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NOMENCLATURE 

A 

CA 

C N 

C m 

Cmq 

C m 

C m . 

d 

ds 

cr 

~s 

M ® 

Pb 

Po 

Ps 

Refe rence  a r e a  (based on model  base  d i a m e t e r  (d) ) ,  
0. 349 ft 2 

Forebody a x i a l - f o r c e  coeff icient ,  forebody axia l  f o r c e /  

N o r m a l - f o r c e  coeff icient ,  n o r m a l  fo rce /q~A 

P i t c h i n g - m o m e n t  coeff icient ,  pi tching moment/q®Ad 

P i t c h i n g - m o m e n t  coeff ic ient  due to pitch veloci ty,  a (Cm)/  
a (qd/2V®). i / r a d i a n  

P i t c h i n g - m o m e n t  coeff ic ient  due to angle of attack, % Cm/  
8 ~, r ad i an -1  

P i t c h i n g - m o m e n t  coeff ic ient  due to ra te  of change of angle 
of attack. 8(Cm)/~(&d/2V®),  i / r a d i a n  

Refe rence  length (model base  d i ame te r ) ,  0. 667 ft 

Effec t ive  s t ing d i a m e t e r  (at model  base ,  see  F igs .  4, 6, 
and 7), 1.76 in. 

Model length,  in. 

C r i t i c a l  s t ing length,  in. (for ~s < ~cr ,  model  data  a re  
affected) 

Effect ive  s t ing length  ( f rom model  base  to s t ing f l a r e ,  see  
F igs .  4, 6, and 7), in. 

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

Model base  p r e s s u r e  (see Fig.  3), ps ia  

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

Model su r face  p r e s s u r e ,  ps ia  

64 



A E DC-TR-77-66 

P~ 

q 

q® 

R e / f t  

Re d 

Re~ 

r b 

r n 

T O 

V® 

Ol 

0 

0 c 

~od/2V® 

F r e e - s t r e a m  s ta t i c  p r e s s u r e ,  ps i  

P i tch ing  veloci ty ,  r a d i a n / s e c  

F r e e - s t r e a m  dynamic  p r e s s u r e ,  psi  or  psf 

F r e e - s t r e a m  Reynolds n u m b e r  pe r  ft 

F r e e - s t r e a m  Reynolds number  based  on r e f e r e n c e  length  
(d), Re d = (Re/ft)  (d) 

F r e e - s t r e a m  Reynolds number  based  on model  length 
(~), Re~ = (Re/f t)  (~) 

Model base  r ad ius ,  in. 

Model nose r ad ius ,  in. 

Tunnel  s t i l l ing chambe r  t e m p e r a t u r e ,  °R 

F r e e - s t r e a m  veloci ty ,  f t / s e c  

Angle of a t tack,  deg 

T i m e  r a t e  of change of angle of a t tack,  r a d i a n / s e c  

Osci l la t ion  ampl i tude,  deg 

Cone ha l f - ang le ,  deg 

Osci l la t ion  f requency ,  r a d i a n / s e c  

Reduced f r equency  p a r a m e t e r ,  r ad i an  
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