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ABSTRACT 

An e x p e r i m e n t a l  i n v e s t i g a t i o n  was  conduc ted  in the  1 - F t  T r a n s o n i c  
Tunne l  to a s s e s s  the  t r a n s o n i c  wave  c a n c e l l a t i o n  p e r f o r m a n c e  of s i x  
v a r i a b l e  p o r o s i t y ,  t e s t  s e c t i o n  wal l  d e s i g n s .  T h e  wal l  i n t e r f e r e n c e  
e f f ec t s  w e r e  de t ec t ed  u t i l i z i n g  a 20-deg  c o n e - c y l i n d e r  s t a t i c  p r e s s u r e  
m o d e l  of 1 - p e r c e n t  b lockage .  The  v a r i a b l e  wal l  p o r o s i t y  d e s i g n s  in -  
c o r p o r a t e d  a s l i d i n g  cutoff  p l a t e  wi th  hole  g e o m e t r y  i d e n t i c a l  to a 
f ixed a i r s i d e  p la t e .  U p s t r e a m  m o v e m e n t  of the  s l i d i n g  p l a t e s  for  
d e c r e a s i n g  p o r o s i t y  p r o v i d e d  a t e s t  s e c t i o n  b o u n d a r y  which  s u c c e s s -  
fu l ly  e l i m i n a t e d  wave r e f l e c t i o n  wal l  i n t e r f e r e n c e  t h roughou t  m o s t  of 
the  t r a n s o n i c  r ange .  
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SECTION I 

INTRODUCTION 

The  p r o b l e m  of wa l l  i n t e r f e r e n c e  e f f ec t s  in t r a n s o n i c  wind t u n n e l s  
has  r e c e i v e d  m u c h  s tudy  at AEDC as we l l  as at o t h e r  f a c i l i t i e s .  O p e r a -  
t i o n a l  t e s t  s e c t i o n  wa l l  d e s i g n  c o n c e p t s  have  i n c l u d e d  s l o t s ,  p e r p e n d i c u l a r  
h o l e s  o r  p e r f o r a t i o n s ,  i n c l i n e d  ho l e s ,  and c o m b i n a t i o n s  of t h e s e .  R e f e r -  
e n c e  1 d e m o n s t r a t e d  tha t  the  60 -deg  i n c l i n e d  hole ,  6 - p e r c e n t  open' wa l l  
d e s i g n  v i r t u a l l y  e l i m i n a t e d  both c o m p r e s s i o n  and e x p a n s i o n  wave  r e f l e c -  
t i ons  at Mach  n u m b e r  1 .2 .  It was  a l so  shown in Ref .  1 tha t  s i m i l a r  
r e d u c t i o n s  in wa l l  i n t e r f e r e n c e  could  be ob t a ined  at o t h e r  Mach  n u m b e r s  
if the  wa l l  p o r o s i t y  was  changed  as a func t ion  of Mach  n u m b e r .  

The  d e s i r a b i l i t y  of p r o v i d i n g  v a r i a b l e  wa l l  p o r o s i t y  has  been  r e c o g -  
n i z e d  in the  d e s i g n  of s e v e r a l  new t r a n s o n i c  wind t u n n e l s .  The  14 x 14- 
inch  T r i s o n i c  Wind T u n n e l  at the M a r s h a l l  Space  F l i g h t  C e n t e r  i n c o r p o -  
r a t e s  a f ixed a i r s i d e  t e s t  s e c t i o n  wa l l  and a s l i d ing  cutoff  p la te  with 
d o w n s t r e a m  m o t i o n  to p r o v i d e  a p o r o s i t y  r a n g e  f r o m  0 to 5 . 4  p e r c e n t  
with 6 0 - d e g  i n c l i n e d  h o l e s .  P r e s s u r e  d i s t r i b u t i o n  da ta  (Ref .  2) on a 
0 . 9 - p e r c e n t  b l o c k a g e  2 0 - d e g  c o n e - c y l i n d e r  m o d e l  in th is  t unne l  a r e  
p r a c t i c a l l y  i n t e r f e r e n c e  f r e e  t h r o u g h o u t  the M a t h  r a n g e  f r o m  0 .90  to 
I .  25. 

A s i m i l a r  wal l  d e s i g n  ( 6 0 - d e g  i n c l i n e d  ho le s  wi th  a p o r o s i t y  r a n g e  
f r o m  0 to 10 p e r c e n t )  was app l i ed  to the  new 4-f t  t r a n s o n i c  t u n n e l  ( A e r o -  
d y n a m i c  Wind T u n n e l ,  T r a n s o n i c  (4T)) at AEDC.  In i t i a l  c a l i b r a t i o n  of 
T u n n e l  4T, Ref .  3, r e v e a l e d  that  for  s u p e r s o n i c  Mach  n u m b e r s  a s e v e r e  
o v e r e x p a n s i o n  o c c u r r e d  at the end of the c o n v e n t i o n a l  t a p e r e d  p o r o s i t y  
r e g i o n .  Th i s  o v e r e x p a n s i o n  was  fo l lowed  by a s t r o n g  c o m p r e s s i o n  and 
s u b s e q u e n t  v i r t u a l l y  u n d a m p e d  r e f l e c t i o n  of the d i s t u r b a n c e s  t h r o u g h o u t  
the  t e s t  s e c t i o n .  R e d u c t i o n  of the  m a x i m u m  wal l  p o r o s i t y  f r o m  10 to 
6 . 7  p e r c e n t  by p lugg ing  e v e r y  t h i r d  ho le  did not s i g n i f i c a n t l y  a f fec t  the  
f low. The  o v e r e x p a n s i o n  was  f ina l ly  e l i m i n a t e d  by a t r i a l  and e r r o r  
t a i l o r i n g  of the  t a p e r e d  p o r o s i t y  r e g i o n .  S u b s e q u e n t  t e s t s  with a 
1 - p e r c e n t  b lockage ,  20 -deg  c o n e - c y l i n d e r  m o d e l  s h o w e d  tha t  the  wa l l s  
cou ld  not c a n c e l  both c o m p r e s s i o n  and e x p a n s i o n  w a v e s  at a g iven  
p o r o s i t y ,  a l though  s o m e  i m p r o v e m e n t  r e l a t i v e  to a fixed p o r o s i t y  wa l l  
was  ev iden t .  

Since two tunnels with virtually identical design had yielded such 
widely different results, an experimental study (Ref. 4) was made of the 
crossflow characteristics of the variable porosity wall design. The 
major conclusion of the study was that improved wall characteristics 
could be obtained by moving the cutoff plate in any direction other than 
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d o w n s t r e a m  (Ref s .  2 and 3 both i n d i c a t e  d o w n s t r e a m  m o v e m e n t ) ,  but 
the  t e s t s  w e r e  not s u f f i c i e n t l y  de f in i t i ve  to a l low a m o r e  p o s i t i v e  r e c -  
o m m e n d a t i o n .  

In an e f for t  to  ob ta in  d e f i n i t i v e  da ta ,  the  p r e s e n t  t e s t s  w e r e  c o n -  
d u c t e d  in the  1-ft t r a n s o n i c  t u n n e l  { A e r o d y n a m i c  Wind T u n n e l ,  T u n n e l  
(IT}} u t i l i z i n g  a 1 - p e r c e n t  b l o c k a g e ,  20 -deg  c o n e - c y l i n d e r  m o d e l  in -  
s t a l l e d  in a new v a r i a b l e  p o r o s i t y  t e s t  s e c t i o n .  The  t e s t  s e c t i o n  wa l l  
d e s i g n  was  s c a l e d  f r o m  T u n n e l  4T wi th  a d d i t i o n a l  p r o v i s i o n s  for  m o v i n g  
the  cutoff  p l a t e  in any d i r e c t i o n .  T h e  ab i l i t y  of the  wa l l s  to a l l e v i a t e  
wave  r e f l e c t i o n  i n t e r f e r e n c e  is i n f e r r e d  f r o m  s t a t i c  p r e s s u r e  d i s t r i b u -  
t ions  on the  c o n e - c y l i n d e r  m o d e l .  Da ta  a r e  p r e s e n t e d  for  s ix  d i s c r e t e  
cu tof f  p l a t e  m o v e m e n t  c o n c e p t s  at v a r i o u s  wa l l  p o r o s i t y  s e t t i n g s  t h r o u g h  
the  M a c h  r a n g e  f r o m  0 .95  to 1 .20 .  Sca l i ng  e f f ec t s  upon the  wa l l  p e r -  
f o r m a n c e  a r e  s h o w n  by c o m p a r i s o n s  wi th  da t a  ob t a ined  in T u n n e l  4T. 
M a c h  n u m b e r  c a l i b r a t i o n  da ta  for  the  o p t i m u m  wal l  c o n f i g u r a t i o n  in 
T u n n e l  1T a r e  p r e s e n t e d  in Ref .  5. 

SECTION II 
APPARATUS 

2.1 TUNNEL 1T : 

The  1-ft t r a n s o n i c  t u n n e l  is  a c o n t i n u o u s - f l o w ,  n o n r e t u r n  wind t u n -  
ne l  equ ipped  wi th  a t w o - d i m e n s i o n a l ,  f l ex ib l e  n o z z l e  and an a u x i l i a r y  
p l e n u m  e v a c u a t i o n  s y s t e m .  T h e  M a c h  n u m b e r  r a n g e  is n o r m a l l y  f r o m  
0 . 2  to 1.5 u t i l i z i n g  v a r i a b l e  n o z z l e  c o n t o u r s  above  MN = 1 .1 .  F o r  the  
p r e s e n t  s tudy ,  the  n o z z l e  was  f ixed on the  s o n i c  c o n t o u r .  The  t e s t  
s e c t i o n  is 37 .5  in. long  and 12 by 12 in. in c r o s s  s e c t i o n .  T h e  top and 
b o t t o m  w a l l s  a r e  s u p p o r t e d  by f l e x u r e s  at the  n o z z l e  exit  and s c r e w  a c -  
t u a t o r s  at the  d o w n s t r e a m  end to p r o v i d e  for  v a r i a t i o n  in wa l l  a n g l e .  

T h e  g e n e r a l  a r r a n g e m e n t  of the  t unne l  and i ts  a s s o c i a t e d  e q u i p m e n t  
is shown in F ig .  1 of the  Append ix .  A d e t a i l e d  d e s c r i p t i o n  of the  t u n n e l  
is  g iven  in Ref .  6. 

2.2 TEST SECTION WALLS 

T h e  a i r s i d e  t e s t  s e c t i o n  wa l l  g e o m e t r y  is shown  in F ig .  2. The  
m a x i m u m  wa l l  p o r o s i t y  (10 p e r c e n t )  is  de f i ned  to be the  a r e a  of the  h o l e s ,  
b a s e d  upon t h e  d i a m e t e r ,  d iv ided  by the  to t a l  wa l l  a r e a .  The  T u n n e l  4T 
wa l l s  a r e  3/8 in. t h i ck ,  but the  T u n n e l  1T wa l l s  a r e  1/8 in. t h i c k  so  tha t  
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exac t  s c a l i n g  was not m a i n t a i n e d .  H o w e v e r ,  the  ho le  p a t t e r n  and r a t i o  
of ho le  d i a m e t e r  to p la te  t h i c k n e s s  a r e  the  s a m e  in both t u n n e l s .  The  
ho le  p a t t e r n  shown in F ig .  2 is a p p l i c a b l e  to the  bo t tom and n o r t h  wa l l s ,  
but the  top and sou th  wal l  ho le  p a t t e r n s  a r e  m i r r o r  i m a g e s  of the  f igu re .  
Th i s  r e v e r s a l  of the  p a t t e r n  a l so  ex i s t s  in Tunne l  4T. 

The  v a r i a b l e  p o r o s i t y  f e a tu r e  is ob ta ined  by us ing  a s l i d i n g  cutoff  
p l a t e  with i d e n t i c a l  ho le  g e o m e t r y  and t h i c k n e s s  as the  a i r s i d e  p la te .  
The  v a r i o u s  cutoff  p la te  c o n f i g u r a t i o n s  a r e  s k e t c h e d  in F ig .  3. F o r  
c o n v e n i e n c e ,  the  g e o m e t r i e s  a r e  d e s i g n a t e d  by the  l e t t e r s  A t h r o u g h  F.  
Wal l  c o n f i g u r a t i o n  A r e p r e s e n t s  the  o r i g i n a l  Tunne l  4T d e s i g n  wi th  the  
cutoff  p la te  s l i d i n g  d o w n s t r e a m  for  d e c r e a s i n g  p o r o s i t y .  Wal ls  B, C, 
and D a r e  t r a n s v e r s e ,  u p s t r e a m ,  and 30 -deg  s k e w e d - u p s t r e a m  m o v e -  
m e n t s  of the  cutoff  p la te ,  r e s p e c t i v e l y .  Wai ls  E and F w e r e  ob ta ined  
by i n t e r c h a n g i n g  the  cutoff  p l a t e s  b e t w e e n  the  top and bo t t om and the  
n o r t h  and sou th  wa l l s .  

E a c h  p la te  was  i nd iv idua l ly  f a b r i c a t e d  f r o m  s h e e t  a l u m i n u m  u t i l i z ing  
n u m e r i c a l  c o n t r o l  m a c h i n i n g  which  p r o v i d e d  a c c e p t a b l e  ho le  a l i g n m e n t .  

A p h o t o g r a p h  of the  back  of the  sou th  wal l  is p r e s e n t e d  in F ig .  4. 
I n s i d e  m i c r o m e t e r s  w e r e  u s e d  at the  j a c k - s c r e w  f i x t u r e s  shown in the  
p i c t u r e  to pos i t i on  the  cutoff  p l a t e s .  The  p o s i t i o n i n g  e r r o r  was  l e s s  
than  +0. 003 in. r e l a t i v e  to the  f u l l - o p e n  se t t i ng .  H o w e v e r ,  the  fu l l -  
open  s e t t i n g  was s o m e w h a t  a r b i t r a r y ,  p a r t i c u l a r l y  for  wa l l s  E and F. 
T h e  h o l e s  w e r e  v i s u a l l y  a l igned  for the  f ~ l - o p e n  pos i t ion ,  and th i s  
s e t t i n g  e r r o r  is e s t i m a t e d  to be +0. 010 in. 

The  func t iona l  r e l a t i o n s h i p  b e t w e e n  wal l  p o r o s i t y  and cutoff  p l a t e  
p o s i t i o n  is shown in Fig .  5. The  wal l  p o r o s i t y  is de f ined  as the  open 
a r e a  at the  cutoff  s e c t i o n  p r o j e c t e d  a long the  a i r s i d e  hole  axis  d iv ided  
by the  ho le  a r e a  and m u l t i p l i e d  by the  m a x i m u m  wal l  p o r o s i t y  (10 p e r -  
cent ) .  F o r  al l  c o n f i g u r a t i o n s ,  the  p r o j e c t e d  open a r e a  is f o r m e d  by 
s e g m e n t s  of two c i r c l e s .  

2.3 CONE.CYLINDER MODEL 

A s k e t c h  of the  20 -deg  c o n e - c y l i n d e r  m o d e l  showing  the  p r e s s u r e  
o r i f i c e  l o c a t i o n s  is g iven  in F ig .  6. T h r o u g h  f a b r i c a t i o n  e r r o r ,  t he  cone  
ang le  is  18 m i n u t e s  sha l low.  An i n s t a l l a t i o n  s k e t c h  is g iven  in Fig .  7, 
and a p h o t o g r a p h  of the  i n s t a l l a t i o n  is  p r e s e n t e d  as Fig .  8. 

The  m o d e l  o r i f i c e s  w e r e  r e l a t i v e l y  s m a l l ,  0. 023 i n . ,  and it was  
d i f f icul t  to r e m o v e  the  b u r r s  r e s u l t i n g  f r o m  f inal  m a c h i n i n g .  The  da ta  
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f r o m  a few of the  o r i f i c e s  a r e  not p r e s e n t e d  b e c a u s e  of c o n s i s t e n t l y  h igh  
o r  low p r e s s u r e  m e a s u r e m e n t s  w h i c h  w e r e  a t t r i b u t e d  to t h e s e  b u r r s .  

2.4 INSTRUMENTATION 

B a s i c  tun.nel i n s t r u m e n t a t i o n  c o n s i s t e d  of a c o p p e r - c o n s t a n t a n  
t h e r m o c o u p l e  g r i d  for  s t a g n a t i o n  t e m p e r a t u r e ,  a s e r v o d r i v e n  m e r c u r y  
m a n o m e t e r  for  p l e n u m  p r e s s u r e ,  and a p r e c i s i o n  p r e s s u r e  gage  for  
s t a g n a t i o n  p r e s s u r e .  T h e  m o d e l  p r e s s u r e s  w e r e  p h o t o g r a p h i c a l l y  r e -  
c o r d e d  f r o m  a m u l t i t u b e  m e r c u r y  m a n o m e t e r  b o a r d  r e f e r e n c e d  to 
a t m o s p h e r i c  p r e s s u r e .  

SECTION III 
PROCEDURE 

3.1 TEST CONDITIONS 

S t a g n a t i o n  p r e s s u r e  c o n t r o l  is  not a v a i l a b l e  in T u n n e l  IT .  F o r  the  
p r e s e n t  s tudy ,  the  s t a g n a t i o n  p r e s s u r e  was  2750 + 50 psf .  S t a g n a t i o n  
t e m p e r a t u r e  was  m a i n t a i n e d  as r e q u i r e d  to p r e v e n t  v i s i b l e  c o n d e n s a -  
t ion,  the  r a n g e  be ing  f r o m  140 to 170°F. Mode l  p r e s s u r e  d i s t r i b u t i o n s  
w e r e  o b t a i n e d  at n o m i n a l  M a c h  n u m b e r s  of 0 .95 ,  1 .00 ,  1 .05 ,  1 .10 ,  
1 .15 ,  and 1 .20  wi th  the  s o n i c  n o z z l e  c o n t o u r .  

T u n n e l  c a l i b r a t i o n s  have  not b e e n  c o n d u c t e d  wi th  a l l  wa l l  c o n f i g u r a -  
t i ons  of the  p r e s e n t  s tudy .  The  M a c h  n u m b e r  was  s e t  by v i s u a l l y  c o m -  
p a r i n g  the  m o d e l  a f{e rbody  p r e s s u r e s  wi th  an o v e r l a y  on the  m a n o m e t e r  
b o a r d .  T h e s e  M a c h  n u m b e r  s e t t i n g s  w e r e  not too p r e c i s e  b e c a u s e  of 
wa l l  i n t e r f e r e n c e  e f f ec t s  and the  d a y - t o - d a y  v a r i a t i o n s  in t u n n e l  s t a g -  
na t i on  p r e s s u r e .  

3.2 DATA REDUCTION AND PRECISION 

T h e  p h o t o g r a p h i c a l l y  r e c o r d e d  m a n o m e t e r  da t a  w e r e  r e d u c e d  to 
p r e s s u r e  r a t i o s ,  P/Pt, u s i n g  s e m i a u t o m a t i c  f i lm  r e a d i n g  e q u i p m e n t  in 
c o n j u n c t i o n  wi th  an of f l ine  c o m p u t e r  p r o g r a m .  Al l  da t a  w e r e  c o m p u t e r -  
p l o t t e d  and t r a c e d  for  th i s  p r e s e n t a t i o n .  

B a s e d  on a c o n f i d e n c e  l e v e l  of 95 p e r c e n t ,  e s t i m a t e s  of the  r a n d o m  
e r r o r s  in the  da t a  a r e :  
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SECTION IV 
RESULTS AND DISCUSSION 

4.1 CENTERLINE MASH NUMBER DISTRIBUTIONS 

Representative Mach number distributions obtained in Tunnels 4T 
and 1T with wall configuration A (Refs. 3 and 5) are compared in Fig. 9. 
The axial tunnel stations are normalized by the tunnel heights with 
station zero defined to be at the downstream end of the tapered por~osity 
regions. The differences among-the data from the two tunnels are 
apparently attributable to Reynolds number and hole-size effects since 
other parameters are properly scaled. However, the significant point 
is that the data correspond qualitatively, this being particularly evident 
in Fig. 9b with 5-percent porosity. The Mach number gradients within 
the tapered porosity regions show that a given wall porosity is effectively 
more open in Tunnel 1T than in Tunnel 4T. 

4.2 INFLL, ENCE OF WALL GEOMETRY AND POROSITY 

P r e s s u r e  d i s t r i b u t i o n s  on the  2 0 - d e g  c o n e - c y l i n d e r  m o d e l  c a n  be 
b e t t e r  u n d e r s t o o d  wi th  the  a id  of F ig .  10. I n i t i a l  r e f l e c t i o n s  of the  
m o d e l - i n d u c e d  d i s t u r b a n c e s  i m p i n g e  upon the  m o d e l  at t he  a p p r o x i m a t e  
s t a t i o n s  shown.  If  the  wa l l  p o s s e s s e s  the  d e s i r e d  wave  c a n c e l l a t i o n  
c h a r a c t e r i s t i c s ,  the  m o d e l  p r e s s u r e s  wi l l  show no p e r t u r b a t i o n s  at 
t h e s e  s p e c i f i c  body s t a t i o n s .  

The model pressure distributions are compared in Figs. 11 through 
18 with interference-free curves (designated I. F. ) that are based upon 
theory and upon empirical results from Refs. 1 and 7. The error in 
cone angle results in a corresponding error in I. F. pressure ratio less 
than 0. 002, which was considered insignificant. 

Mode l  p r e s s u r e  d i s t r i b u t i o n s  ob t a ined  wi th  wa l l  A a r e  p r e s e n t e d  in 
F ig .  11. A l s o  shown for  c o m p a r i s o n  a r e  p r e v i o u s l y  u n p u b l i s h e d  r e s u l t s  
f r o m  T u n n e l  4T w h e r e  a v a i l a b l e .  E x c e p t  for  s l i gh t  d i f f e r e n c e s  c a u s e d  
by M a c h  n u m b e r  v a r i a t i o n s ,  the  da t a  f r o m  the  two t u n n e l s  a r e  in a g r e e -  
m e n t .  
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The  n e a r  p e r f e c t  a g r e e m e n t  ev iden t  in F ig .  l l b ,  in  sp i t e  of the  
l a r g e  Mach  n u m b e r  v a r i a t i o n s  shown  in F ig .  9b, is  p a r t i a l l y  a r e s u l t  
of c h a n c e  l o c a t i o n  of the  m o d e l s  in the  t e s t  s e c t i o n s .  F o r  T u n n e l  4T 
the  m o d e l  n o s e  was p l a c e d  at n o r m a l i z e d  s t a t i o n  0 .75 ,  w h e r e a s  for  
T u n n e l  IT the  n o s e  was  at s t a t i on  0 .58 ;  the  d i f f e r e n c e  b e t w e e n  t h e s e  
s t a t i o n s  c o r r e s p o n d s  wi th  the  ax ia l  M a c h  n u m b e r  shi f t  b e t w e e n  the  two 
t u n n e l s .  

The  g e n e r a l  a c c o r d a n c e  of both the m o d e l  p r e s s u r e s  and the  M a c h  
n u m b e r  d i s t r i b u t i o n s  f r o m  T u n n e l s  1T and 4T i n d i c a t e s  tha t  c o n c l u s i o n s  
d e r i v e d  f r o m  the  p r e s e n t  r e s u l t s  wi l l  be a p p l i c a b l e  to m o s t  t r a n s o n i c  
wind t u n n e l s  and to T u n n e l  4T in p a r t i c u l a r .  

The  i n t e r f e r e n c e  e f f ec t s  ev iden t  in F ig .  11 a r e  p r i m a r i l y  c o m p r e s -  
s ion  w a v e s  i m p i n g i n g  on the  m o d e l  tha t  o r i g i n a t e  f r o m  the  d o w n s t r e a m  
p o r t i o n  of the  s h o u l d e r - i n d u c e d  e x p a n s i o n  f ie ld .  Tha t  wa l l  A does  not 
p o s s e s s  the  p r o p e r  c h a r a c t e r i s t i c s  is c o n c l u s i v e l y  shown  at M N = 1 .05 ,  

= 2. The  bow wave  is r e f l e c t e d  onto the  m o d e l  nose  as a c o m p r e s s i o n ,  
and the  e x p a n s i o n  f ie ld  a l so  r e f l e c t s  as a c o m p r e s s i o n .  Th i s  r e s u l t  
i m p l i e s  tha t  the  2 - p e r c e n t  wa l l  p o r o s i t y  s e t t i n g  is e f f e c t i v e l y  too c l o s e d  
for  outf low f r o m  the  t e s t  s e c t i o n ,  ye t  too open fo r  inf low.  The  4 - p e r c e n t  
p o r o s i t y  s e t t i n g  (F ig .  l lb) p r o v i d e s  r e a s o n a b l e  c o m p r e s s i o n  wave  
c a n c e l l a t i o n  at MN = 1 .20 ,  but it is  too open  to c a n c e l  the  e x p a n s i o n  f ie ld .  

Mode l  p r e s s u r e  d i s t r i b u t i o n s  ~vith t r a n s v e r s e  wa l l  m o v e m e n t  {wall  B) 
a r e  p r e s e n t e d  in F ig .  12 for  ~" = 1, 2, 3, and 6. The  p e r f o r m a n c e  of th i s  
wa l l  c o n f i g u r a t i o n  is a c c e p t a b l e  at M N = 1 .10  for  • = 1 and M N = 1.15 
and 1 .20  for  -r = 2. F o r  p o r o s i t i e s  of 3 and 6 p e r c e n t ,  s e v e r e  wave  r e -  
f l e c t i o n s  a r e  ev iden t  at m o s t  Mach  n u m b e r s .  R e f e r e n c e  4 c o n c l u d e d  
that  the c h a r a c t e r i s t i c s  o f ' t h i s  wa l l  c o n f i g u r a t i o n  at 6 - p e r c e n t  p o r o s i t y  
w e r e  s i m i l a r  to t h o s e  of the  c o n v e n t i o n a l  f ixed 6 - p e r c e n t  p o r o s i t y ,  
6 0 - d e g  i n c l i n e d  ho le  wa l l .  H o w e v e r ,  t he  m o d e l  p r e s s u r e  d i s t r i b u t i o n  
at M N = 1 .20  in F ig .  12d does  not s u p p o r t  th i s  c o n c l u s i o n .  In fact ,  the  
p r e s e n t  r e s u l t s  i n d i c a t e  tha t  wa l l s  A and B have  s i m i l a r  c h a r a c t e r i s t i c s  
and do not r e s e m b l e  the  f i x e d - p o r o s i t y  wa l l  c h a r a c t e r i s t i c s .  

T h e  m o d e l  p r e s s u r e  d i s t r i b u t i o n s  o b t a i n e d  wi th  u p s t r e a m  cutoff  
p l a t e  m o v e m e n t  (wal l  C) at O w = 0 a r e  p r e s e n t e d  in F ig .  13. The  d i s t r i -  
but ions  at MN = 0 .95  t h r o u g h  1.05 for  -r = 0 .5  show wal l  i n t e r f e r e n c e  in 
the  f o r m  of a r e f l e c t e d  c o m p r e s s i o n  f r o m  the  s h o u l d e r  expans ion ,  i m -  
p ly ing  that  a s m a l l e r  wa i l  p o r o s i t y  would  be b e n e f i c i a l ,  p a r t i c u l a r l y  at 
M N = 1 .00 .  H o w e v e r ,  t h e r e  is l i t t l e  s e n s i t i v i t y  to p o r o s i t y  in th i s  M a c h  
n u m b e r  r a n g e ,  as can  be s e e n  by c o m p a r i n g  F i g s .  13a, b, and c.  

S t r u c t u r a l  c o n s i d e r a t i o n s  r e q u i r e d  tha t  the  cu tof f  p l a t e  be n o t c h e d  
at the  a i r s i d e  p la te  s u p p o r t  poin ts  wh ich  r e s u l t e d  in s e v e r a l  ho l e s  a l w a y s  
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b e i n g  o p e n ;  t h e  e n d  e f f e c t  w a s  t h a t  t h e  m i n i m u m  w a l l  p o r o s i t y  w a s  
0 . 2  p e r c e n t  w i t h  a l l  c o m p l e t e  h o l e s  c u t  of f .  O n e  c h e c k  r u n  w a s  m a d e  
a t  v = 0 . 5  w i t h  t h e s e  o p e n  h o l e s  t a p e d  o v e r ,  b u t  t h e  d a t a  d i d  n o t  s h o w  
a n y  c o n c l u s i v e  e f f e c t  on  t h e  r e f l e c t e d  c o m p r e s s i o n  w a v e .  H o w e v e r ,  i t  
w a s  n o t e d  t h a t  t h e  o p e n  h o l e s  w e r e  p r o d u c i n g  l o c a l  p e r t u r b a t i o n s  in  t h e  
f l ow ,  a n d  t h e s e  p e r t u r b a t i o n s  c a n  be  s e e n  in  s o m e  of  t h e  m o d e l  p r e s s u r e  
d i s t r i b u t i o n s .  F o r  e x a m p l e ,  t h e  o p e n  a r e a s  w h i c h  i n f l u e n c e d  t h e  m o d e l  
d i r e c t l y  w e r e  l o c a t e d  at  m o d e l  s t a t i o n s  of  x / d  = 2 . 8 ,  6 . 5 ,  a n d  10. 1. 
T h e  d a t a  in  F i g .  1 3 a s h o w  a p e r t u r b a t i o n  at  x / d  = 6 . 5  f o r  M N = 1 . 0 0  
a n d  a g a i n  at  x / d  = 7 . 4  f o r  M N = 1 . 0 5  w h i c h ,  f r o m  F i g .  10, i s  t h e  e x -  
p e c t e d  d o w n s t r e a m  d i s p l a c e m e n t  w i t h  M a c h  n u m b e r .  

T h e  m o d e l  p r e s s u r e  d i s t r i b u t i o n  at  MN = 1 . 0 5  w i t h  T = 1 ( F i g .  13b) 
i s  t h e  c l o s e s t  t o  i n t e r f e r e n c e - f r e e  d a t a  o b t a i n e d  in t h e  p r e s e n t  s t u d y  f o r  
t h i s  M a c h  n u m b e r .  T h e  r e f l e c t e d  d i s t u r b a n c e s  o b t a i n e d  w i t h  w a l l s  A 
a n d  B w e r e  c o n s i d e r a b l y  r e d u c e d  in  m a g n i t u d e  w i t h  w a l l  C.  

S i m i l a r  r e d u c t i o n s  of  w a l l  i n t e r f e r e n c e  w e r e  o b t a i n e d  w i t h  w a l l  C 
at  h i g h e r  M a c h  n u m b e r s .  S p e c i f i c a l l y ,  M N = 1 . 1 0  at  • = 2, M N = 1 . 1 5  
at  • = 3, a n d  M N = 1 . 2 0  a t  • = 6 s h o w  p r a c t i c a l l y  no  w a l l  i n t e r f e r e n c e .  
I n  f a c t ,  t h e  q u o t e d  d i s t r i b u t i o n s  at  MN = 1 . 1 0  a n d  1 . 1 5  r e p r e s e n t  t h e  
m o s t  n e a r l y  i n t e r f e r e n c e - f r e e  d a t a  p u b l i s h e d  f o r  a c o n e - c y l i n d e r  m o d e l  
o f  n e a r  1 - p e r c e n t  b l o c k a g e .  

I n  a n  a t t e m p t  to  e l i m i n a t e  t h e  s h o u l d e r - i n d u c e d  c o m p r e s s i o n  a t  
MN = 1 . 0 ,  w a l l s  D, E ,  a n d  F w e r e  t e s t e d .  T h e  m o d e l  p r e s s u r e  d i s t r i -  
b u t i o n s  w i t h  t h e s e  w a l l s  a r e  p r e s e n t e d  i n  F i g s .  14 t h r o u g h  16. No  i m -  
p r o v e m e n t  o v e r  w a l l  C w a s  o b t a i n e d .  

4.3 INFLUENCE OF WALL ANGLE 

T h e  e f f e c t s  of  w a l l  a n g l e  v a r i a t i o n  u p o n  t h e  m o d e l  p r e s s u r e  d i s t r i -  
b u t i o n s  o b t a i n e d  w i t h  w a l l  C a r e  s h o w n  in  F i g .  17. I n  g e n e r a l ,  c o n -  
v e r g i n g  t h e  t e s t  s e c t i o n  w a l l s  i s  r o u g h l y  e q u i v a l e n t  t o  d e c r e a s i n g  t h e  
w a l l  p o r o s i t y .  T h i s  i s  p a r t i c u l a r l y  e v i d e n t  in  F i g .  17e by  c o m p a r i n g  
t h e  d a t a  at  T = 3 a n d  e w = 0 w i t h  t h a t  f o r  T = 6 a n d  e w = - 0 . 5 .  

W a l l  a n g l e  v a r i a t i o n s  a p p e a r  to  h a v e  m o r e  e f f e c t  o n  t h e  m o d e l  p r e s -  
s u r e  d i s t r i b u t i o n s  at  t h e  l o w e r  w a l l  p o r o s i t i e s ,  b u t  t h e  d a t a  a r e  n o t  
c o n c l u s i v e .  T h e  i s s u e  i s  c l o u d e d  by  t h e  f a c t  t h a t  t h e  M a c h  n u m b e r  
s e t t i n g s  w e r e  l e s s  p r e c i s e  at  t h e  l o w e r  w a l l  p o r o s i t i e s .  H o w e v e r ,  t h e  
c a l i b r a t i o n  d a t a  of  R e f .  5 do  s h o w  t h a t  t h e  w a l l  p r e s s u r e  d i f f e r e n t i a l  i s  
m o r e  s e n s i t i v e  t o  w a l l  a n g l e  c h a n g e s  at  l o w  w a l l  p o r o s i t y  t h a n  a~ h i g h  
p o r o s i t y .  T h e  e n d  r e s u l t  i s  t h a t  i t  m a y  be  p o s s i b l e  t o  i m p r o v e  u p o n  t h e  
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bes t  m o d e l  p r e s s u r e  d i s t r i b u t i o n s  ob ta ined  h e r e  u t i l i z i n g  wal l  ang le  
v a r i a t i o n  as a s u p p l e m e n t  to wal l  p o r o s i t y  v a r i a t i o n .  

F o r  the  p r e s e n t  t e s t s ,  the  m o d e l  p r e s s u r e  d i s t r i b u t i o n s  ob t a ined  
wi th  v a r i a b l e  wal l  ang le  a r e  not  s i g n i f i c a n t l y  i m p r o v e d  r e l a t i v e  to the  
z e r o  wal l  ang le  d i s t r i b u t i o n s .  H o w e v e r ,  the  o p t i m u m  c o m b i n a t i o n s  of 
wal l  ang le  and wal l  p o r o s i t y  w e r e  not t e s t e d .  

4.4 COMPARISON OF FIXED AND VARIABLE POROSITY 

The  A E D C - P W T  16-Foo t  T r a n s o n i c  Tunne l  (Tunne l  16T) is equ ipped  
with c o n v e n t i o n a l  p e r f o r a t e d  t e s t  s e c t i o n  wa l l s  ( 6 0 - d e g  i n c l i n e d  ho l e s ,  
f ixed 6 - p e r c e n t  po ros i t y ) ,  and da ta  f r o m  a 20 -deg  c o n e - c y l i n d e r  m o d e l  
of 1 - p e r c e n t  b l o c k a g e ' i n  th is  t unne l  a r e  p r e s e n t e d  in Ref.  8. 

The  o p t i m u m  r e s u l t s  of the  p r e s e n t  s tudy a r e  c o m p a r e d  in F ig .  18 
wi th  da ta  f r o m  Tunne l  16T (Ref.  8) at 0 w = 0. S ign i f i can t  r e d u c t i o n  of 
the  wave  r e f l e c t i o n  i n t e r f e r e n c e  is shown at M N = 1.05 and 1 .10  wi th  
the  v a r i a b l e  p o r o s i t y  wall .  Both  the  f ixed and the  v a r i a b l e  wal l  a r e  
equa l l y  e f f ec t i ve  at MN = 1 .20.  

SECTION V 
CONCLUSIONS 

An e x p e r i m e n t a l  i n v e s t i g a t i o n  of the  w a l l - i n t e r f e r e n c e  e f f ec t s  on a 
2 0 - d e g  cone -cy l in~ l e r  m o d e l  has  been  conduc t ed  in the  Mach  r a n g e  f r o m  
0.95 to I. 20 in con junc t ion  wi th  v a r i o u s  v a r i a b l e  p e r f o r a t e d  t e s t  s e c t i o n  
wa l l s .  The  da ta  ob ta ined  d u r i n g  th i s  i n v e s t i g a t i o n  a r e  s u m m a r i z e d  as 
fo l lows:  

i .  U p s t r e a m  m o v e m e n t  of the  s l i d i n g  p l a t e s  p r o v i d e s  a t e s t  s e c t i o n  
b o u n d a r y  which  s u c c e s s f u l l y  m i n i m i z e s  wave  r e f l e c t i o n  wal l  
i n t e r f e r e n c e  t h roughou t  m o s t  of the  t r a n s o n i c  r a n g e .  

2. S ign i f i can t  r e d u c t i o n s  in wal l  i n t e r f e r e n c e  e f fec t s  a r e  ob ta ined  
with the  v a r i a b l e  p o r o s i t y  t e s t  s e c t i o n  r e l a t i v e  to the  c o n v e n -  
t iona l  f ixed p o r o s i t y  wa l l s .  

3. Wall  ang le  and wal l  p o r o s i t y  v a r i a t i o n s  have  s i m i l a r  e f f ec t s  
upon the  wave  c a n c e l l a t i o n  c h a r a c t e r i s t i c s  of the  v a r i a b l e  
p o r o s i t y  wal l  wi th  u p s t r e a m  cutoff  p la te  m o v e m e n t .  

4. The  1-ft  t r a n s o n i c  t unne l  equ ipped  wi th  v a r i a b l e  p o r o s i t y  t e s t  
s e c t i o n  wa l l s  has  p r o v e d  to be an a d e q u a t e  w o r k i n g  m o d e l  of 
the  4-f t  t r a n s o n i c  tunne l .  
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