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ABSTRACT 

A 0.50-scale model of the meteoroid shield portion of 
the MOL laboratory vehicle was tested in Tunnels 16T and 
16S:of the Propulsion Wind Tunnel Facility. The model con- 
sisted of a sting-supported hollow duct assembly about 
which the dynamically scaled meteoroid shield skin and 
various protuberances were mounted. The test objective was 
to .determine if the shield was free of destructive flutter 
in the flight dynamic pressure environment. Principal 
shield data included measurements of strain, displacement, 
temperature, noise level, surface pressure, and boundary- 
layer profile. Data were recorded at nominal Mach numbers 
from 1.25 to 1.50 in Tunnel 16T and from 1.70 to 2.25 in 
Tunnel 16S. Dynamic pressure was varied from tunnel mini- 
mums to levels that exceeded the scaled flight value. No 
indications of flutter were observed. 
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NOMENCLATURE 

P r e s s u r e  c o e f f i c i e n t ,  p~ - p= q= 

L o c a l  Mach number computed  f rom b o u n d a r y - l a y e r  
r a k e  m e a s u r e m e n t s  

L o c a l  Mach number c o r r e s p o n d i n g  to  t h e  o u t e r m o s t  
p r o b e  o f  r a k e  A 

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

S t a t i c  p r e s s u r e  m e a s u r e d  on t h e  model  s u r f a c e ,  p s f  

L o c a l  dynamic  p r e s s u r e  computed  f rom b o u n d a r y -  
l a y e r  r a k e  m e a s u r e m e n t s ,  p s f  

L o c a l  dynamic  p r e s s u r e  c o r r e s p o n d i n g  t o  t h e  o u t e r -  
mos t  p r o b e  o f  r a k e  A, p s f  

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

R e y n o l d s  number p e r  f o o t ,  V~/V= 

F r e e - s t r e a m  v e l o c i t y ,  f t / s e c  

Rake p r o b e  d i s t a n c e  f rom t h e  model  s u r f a c e ,  i n .  

A n g l e  o f  a t t a c k  r e l a t i v e  t o  t h e  t u n n e l  c e n t e r l i n e ,  
deg  

K i n e m a t i c  v i s c o s i t y  o f  t h e  f r e e  s t r e a m ,  f t 2 / s e c  

A n g l e  o f  r o l l  r e l a t i v e  t o  t h e  i n l e t  c e n t e r l i n e ,  
deg  

A n g l e  o f  yaw r e l a t i v e  t o  t h e  t u n n e l  c e n t e r l i n e ,  
deg  

v i i  
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SECTIONI 

INTRODUCTION 

A 0 . 5 0 - s c a l e  m o d e l  o f  t h e  m e t e o r o i d  s h i e l d  p o r t i o n  o f  
t h e  MOL l a b o r a t o r y  v e h i c l e  was  t e s t e d  i n  t h e  P r o p u l s i o n  
Wind T u n n e l s ,  S u p e r s o n i c  (16S)  a n d  T r a n s o n i c  (16T) o f  t h e  
P r o p u l s i o n  Wind T u n n e l  F a c i l i t y  (PWT). The m o d e l  c o n s i s t e d  
o f  a s t i n g - s u p p o r t e d  o p e n  i n l e t  c o r e  s t r u c t u r e  c i r c u m s c r i b e d  
by a d y n a m i c a l l y  s c a l e d  s h i e l d  s k i n  u p o n  w h i c h  v a r i o u s  p r o -  
t u b e r a n c e s  w e r e  m o u n t e d .  The i n l e t  was  d e s i g n e d  t o  a l l e v i a t e  
t u n n e l  b l o c k a g e .  

The p u r p o s e  o f  t h e  i n v e s t i g a t i o n  was  t o  d e t e r m i n e  i f  
t h e  s h i e l d  was  f r e e  o f  d e s t r u c t i v e  f l u t t e r  i n  t h e  f l i g h t  
d y n a m i c  p r e s s u r e  e n v i r o n m e n t .  D a t a  w e r e  r e c o r d e d  a t  n o m i n a l  
d i s c r e t e  Mach n u m b e r s  o f  1 . 2 5 ,  1 . 4 0 ,  and  1 . 5 0  i n  T u n n e l  16T 
a n d  1 . 7 0 ,  2 . 0 0 ,  a n d  2 . 2 5  i n  T u n n e l  16S.  

SECTIONII 
APPARATUS 

2.1 TEST FACILITY 

T u n n e l  16T i s  a v a r i a b l e  d e n s i t y  w i n d  t u n n e l  c a p a b l e  
o f  o p e r a t i o n  f r o m  Mach n u m b e r s  0 . 5 5  t o  1 . 6 0 .  The t e s t  s e c -  
t i o n  i s  16 f t  s q u a r e  i n  c r o s s  s e c t i o n  a n d  i s  l i n e d  w i t h  
p e r f o r a t e d  p l a t e s  t o  a l l o w  c o n t i n u o u s  o p e r a t i o n  w i t h  min imum 
w a l l  i n t e r f e r e n c e .  

T u n n e l  16S i s  a l s o  a v a r i a b l e  d e n s i t y  w i n d  t u n n e l  w i t h  
a 1 6 - f t  s q u a r e  t e s t  s e c t i o n  a n d  i s  c a p a b l e  o f  o p e r a t i o n  a t  
Mach n u m b e r s  f r o m  1 . 6 0  t o  4 . 7 5 .  

T e s t  s e c t i o n  d e t a i l s  s h o w i n g  m o d e l  l o c a t i o n  a n d  s u p p o r t  
s t r u t  a r r a n g e m e n t  a r e  p r e s e n t e d  i n  F i g .  1 ,  A p p e n d i x  I .  A 
m o r e  e x t e n s i v e  d e s c r i p t i o n  o f  e a c h  t u n n e l  i s  g i v e n  i n  t h e  
T e s t  F a c i l i t i e s  H a n d b o o k .  1 

2.2 MODEL DESCRIPTION 

The 0 . 5 0 - s c a l e  MOL p a n e l  f l u t t e r  m o d e l  c o n s i s t e d  o f  a 
s t i n g - s u p p o r t e d  r i g i d  h o l l o w  d u c t  a s s e m b l y  c i r c u m s c r i b e d  by 

1 T e s t  F a c i l i t i e s  Handbook  ( S e v e n t h  E d i t i o n ) .  " P r o -  
p u l s i o n  Wind T u n n e l  F a c i l i t y ,  V o l .  5 . "  A r n o l d  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 ,  J u l y  1 9 6 8 .  

1 
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a d y n a m i c a l l y  s c a l e d  m e t e o r o i d  s h i e l d  s k i n  a n d  v a r i o u s  p r o -  
t u b e r a n c e s .  The h o l l o w  d u c t  was  d e s i g n e d  t o  a l l e v i a t e  t u n -  
n e l  b l o c k a g e .  The m o d e l  i s  s k e t c h e d  a n d  d e t a i l e d  i n  F i g .  
2 a .  P e r t i n e n t  s c a l i n g  r a t i o s  a r e  l i s t e d  i n  T a b l e  I .  A 
c o m p a r i s o n  o f  F i g .  2a  w i t h  p r o t u b e r a n c e  p h o t o g r a p h s  i n  F i g .  
2b i l l u s t r a t e s  t h e  s h a p e  a n d  r e l a t i v e  s i z e s  o f  t h e  p r o t u -  
b e r a n c e s .  

The s h i e l d  was  c o n s t r u c t e d  o f  0 . 0 0 8 - i n . - t h i c k  m a g n e s i u m  
a n d  c o n s i s t e d  o f  f o u r  p a n e l s  w i t h  r a d i a l  d i m e n s i o n s  o f  4 0 ,  
50 ,  135 a n d  135 d e g .  The f o r w a r d  e d g e  o f  t h e  s h i e l d  was  
f a i r e d  t o  t h e  c o r e  by  a 2 0 - d e g  ramp a s  d e p i c t e d  i n  F i g s .  
2a a n d  c .  The s k i n  s u r f a c e  g e o m e t r y  c o n s i s t e d  o f  l o n g i t u -  
d i n a l  c o r r u g a t i o n s  r e f e r r e d  t o  a s  b e a d s .  The  b e a d s  a r e  
shown i n  t h e  p h o t o g r a p h  o f  F i g .  2c  a n d  a r e  s k e t c h e d  i n  F i g .  
2 d .  The t y p i c a l  i n s i d e  s e c t i o n  o f  s k i n  shown i n  F i g .  2e  
p i c t u r e s  a p o r t i o n  o f  t h e  18 c i r c u m f e r e n t i a l  r i n g  f r a m e  
s u p p o r t s  a r r a y e d  l o n g i t u d i n a l l y  a l o n g  t h e  s k i n .  The r i n g  
s p a c i n g  a n d  o r i e n t a t i o n  t o  b e a d  g e o m e t r y  a r e  shown i n  F i g .  
2 d .  

The c a v i t y  b e t w e e n  t h e  s k i n  a n d  c o r e  was v e n t e d  t h r o u g h  
s e v e r a l  s m a l l - d i a m e t e r  h o l e s  i n  t h e  s k i n .  The v e n t i n g  h e l p e d  
r e d u c e  s t a t i c  p r e s s u r e  d i f f e r e n t i a l  l o a d s  a c r o s s  t h e  s h i e l d .  

2.3 INSTRUMENTATION 

The s k i n  a n d  c o r e  w e r e  i n s t r u m e n t e d  f o r  m e a s u r e m e n t  o f  
s t r a i n ,  d i s p l a c e m e n t ,  t e m p e r a t u r e ,  n o i s e  l e v e l ,  s u r f a c e  
p r e s s u r e ,  b o u n d a r y - l a y e r  p r o f i l e ,  a n d  a c c e l e r a t i o n .  The  
q u a n t i t y  a n d  l o c a t i o n  o f  e a c h  t y p e  o f  m e a s u r e m e n t  a r e  shown 
i n  F i g .  3 .  The b o u n d a r y - l a y e r  r a k e s  a r e  d e t a i l e d  i n  F i g .  4 .  

O u t p u t s  f r o m  t h e  s t r a i n  g a g e s ,  d i s p l a c e m e n t  s e n s o r s ,  
m i c r o p h o n e s ,  a n d  a c c e l e r o m e t e r s  w e r e  F M - r e c o r d e d  on  m a g n e t i c  
t a p e  f o r  s u b s e q u e n t  d a t a  a n a l y s i s .  The t e m p e r a t u r e ,  s u r f a c e  
p r e s s u r e ,  a n d  b o u n d a r y - l a y e r  m e a s u r e m e n t s  w e r e  c h a n n e l l e d  
t h r o u g h  a n a l o g - t o - d i g i t a l  c o n v e r t e r s  f o r  c o m p u t e r  r e d u c t i o n  
a n d  o n - l i n e  t a b u l a t i o n .  

SECTION III 
TEST DESCRIPTION 

3.1 PROCEDURE 

D a t a  w e r e  r e c o r d e d  a t  n o m i n a l  d i s c r e t e  Mach n u m b e r s  o f  
1 . 2 5 ,  1 . 4 0 ,  a n d  1 . 5 0  i n  T u n n e l  16T a n d  1 . 7 0 ,  2 . 0 0 ,  a n d  2 . 2 5  

2 
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i n  T u n n e l  1 6 S .  F o r  a t y p i c a l  f l u t t e r  t e s t  r u n ,  Mach  n u m b e r  
w a s  s e t  a t  t h e  m i n i m u m  t u n n e l  d y n a m i c  p r e s s u r e  l e v e l .  D y -  
n a m i c  p r e s s u r e ,  q ,  w a s  t h e n  v a r i e d  f r o m  t u n n e l  m i n i m u m  t o  a 
l e v e l  i n  e x c e s s  o f  t h e  s c a l e d  f l i g h t  v a l u e ,  t h e n  l o w e r e d  
b a c k  t o  t u n n e l  m i n i m u m .  D y n a m i c  d a t a  w e r e  t a p e - r e c o r d e d  
c o n t i n u o u s l y  d u r i n g  t h e  q s w e e p ,  w h e r e a s  t h e  s t e a d y - s t a t e  
d a t a  w e r e  a c q u i r e d  a t  p a u s e s  d u r i n g  t h e  q i n c r e a s e  o n l y .  
S e p a r a t e  p r e s s u r e  s w e e p s  f o r  m o d e l  p i t c h - y a w  c o m b i n a t i o n s  
o f  0 ,  0 d e g ;  - 4 ,  0 d e g ;  a n d  0 ,  - 4  d e g  w e r e  o b t a i n e d  f o r  e a c h  
o f  t h e  s i x  n o m i n a l  Mach  n u m b e r s .  F i g u r e  5 c o m p a r e s  a m a p  
o f  t h e  q s w e e p  r a n g e  f o r  a m o d e l  p i t c h - y a w  a t t i t u d e  o f  0 ,  
0 d e g  w i t h  t h e  s c a l e d  f l i g h t  q v a l u e s  a s  a f u n c t i o n  o f  M a c h  
n u m b e r .  A t a b u l a t i o n  o f  p e r t i n e n t  t e s t  c o n d i t i o n s  r e c o r d e d  
d u r i n g  e a c h  q s w e e p  i s  g i v e n  i n  T a b l e  I I .  L o c a l  Mach  n u m b e r  
a n d  d y n a m i c  p r e s s u r e  l i s t e d  i n  T a b l e  I I  w e r e  m e a s u r e d  a t  
s t a t i o n  3 2 . 3  o n  t h e  s k i n  a n d  c o r r e s p o n d e d  t o  t h e  o u t e r m o s t  
p r o b e  o f  r a k e  A.  T h e  r a k e  A l o c a t i o n  w a s  s e l e c t e d  t o  c o r r e -  
s p o n d  w i t h  t h a t  o f  r a k e  d a t a  m e a s u r e d  d u r i n g  a p r e v i o u s  i n -  
v e s t i g a t i o n .  2 

I n  c o m p l i a n c e  w i t h  t e s t  r e q u i r e m e n t s ,  a 1 . 0 - i n . - w i d e  
a l u m i n u m  s t r a p  w a s  b o l t e d  a b o u t  t h e  d o w n s t r e a m  e d g e  o f  t h e  
f l u t t e r  p a n e l  f o r  a p o r t i o n  o f  t h e  T u n n e l  1 6 S  t e s t i n g .  T h e  
a s s o c i a t e d  d i s c r e t e  c o n d i t i o n s  a r e  i d e n t i f i e d  a s  " f i x e d - e n d "  
d a t a  i n  T a b l e  I .  

I n  a n  e f f o r t  t o  l i m i t  t h e  t i m e  o f  e x p o s u r e  o f  t h e  s k i n  
t o  h i g h  q l e v e l s ,  t h e  p r e s s u r e  s w e e p s  w e r e  c o n d u c t e d  a s  
r a p i d l y  a s  p o s s i b l e .  T h e  v a r i a t i o n s  i n  f r e e - s t r e a m  Mach  
n u m b e r  s h o w n  i n  T a b l e  I I  f o r  T u n n e l  1 6 T  q s w e e p s  r e s u l t e d  
f r o m  a d i f f i c u l t y  i n  m a i n t a i n i n g  c o r r e c t  t u n n e l  p r e s s u r e  
r a t i o  d u r i n g  t h e  r a p i d  q i n c r e a s e s .  T h e  M a c h  n u m b e r s  s e t  
f o r  T u n n e l  1 6 S  a r e  p r i m a r i l y  d e p e n d e n t  o n  n o z z l e  c o n t o u r  
a n d  w e r e  t h e r e f o r e  l e s s  v a r i a n t  d u r i n g  q s w e e p s .  

T a b l e  I I  a l s o  s h o w s  t h a t  f o r  b o t h  t u n n e l s  t h e  r e f e r -  
e n c e  l o c a l  Mach  n u m b e r ,  MLA, g e n e r a l l y  t e n d e d  t o  i n c r e a s e  
r e l a t i v e  t o  t h e  f r e e - s t r e a m  M a c h  n u m b e r  a s  d y n a m i c  p r e s s u r e  
w a s  r a i s e d .  T h e  MLA i n c r e a s e  w a s  a p p a r e n t l y  c a u s e d  b y  a n  
i n d i c a t e d  d e c r e a s e  i n  t h e  r a k e  A s t a t i c  r e f e r e n c e  p r e s s u r e  
r e l a t i v e  t o  f r e e - s t r e a m  s t a t i c  p r e s s u r e .  

B e f o r e  q s w e e p s  w e r e  b e g u n  i n  e a c h  t u n n e l ,  M a c h  n u m b e r  
s u r v e y s  w e r e  c o n d u c t e d  a t  l o w  q l e v e l s  t o  o b t a i n  a c o r r e l a t i o n  

2 R .  W. B u t l e r  a n d  J .  F .  R i d d e l l .  " S t e a d y  a n d  F l u c t u -  
a t i n g  P r e s s u r e s  A r o u n d  F l o w  P r o t u b e r a n c e s  o n  t h e  MOL V e h i c l e  
a t  T r a n s o n i c  S p e e d s . "  A E D C - T R - 6 8 - 2 0 3  ( A D 8 4 0 1 2 7 L ) ,  S e p -  
t e m b e r  1 9 6 8 .  

3 
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between free-stream tunnel condition measurements and con- 
ditions measured locally by rake A. A further consideration 
during the Mach number sweeps in Tunnel 16T was to confirm 
t h a t  t h e  i n l e t  was  s t a r t e d  a t  a l l  t e s t  c o n d i t i o n s  o f  i n t e r -  
e s t .  The s t a r t i n g  Mach number  f o r  t h e  i n l e t  was  a p p r o x i -  
m a t e l y  1 . 2 .  

3.2 PRECISION OF MEASUREMENTS 

The e s t i m a t e d  p r e c i s i o n  o f  m e a s u r e m e n t s  f o r  d y n a m i c  
p r e s s u r e  a n d  m o d e l  a t t i t u d e  a r e  a s  f o l l o w :  

A n g l e  o f  a t t a c k  o r  yaw: ± 0 . 1 0  d e e  

Dynamic  p r e s s u r e :  M~ < 1 . 4 0 ,  ±4 p s f  

M~ > 1 . 4 0 ,  ±3 p s f  

The v a r i a t i o n s  o f  Mach number  a l o n g  t h e  c e n t e r l i n e  o f  
b l o c k a g e - f r e e  t e s t  s e c t i o n s  i n  T u n n e l s  16T a n d  16S a r e  e s t i -  
m a t e d  t o  b e  a s  f o l l o w :  

Mach n u m b e r :  1.20 to 1.55, ±0.010 

1.70 to 2.25, ±0.020 

The u n c e r t a i n t i e s  i n  p l o t t e d  d a t a  a r e  e s t i m a t e d  t o  b e  a s  
f o l l o w :  

ACp = ± 0 . 0 2  

AM L = ± 0 . 0 4  

SECTION IV 

RESULTS 

B o u n d a r y - l a y e r  p r o f i l e s  a n d  s u r f a c e  p r e s s u r e  d i s t r i b u -  
t i o n s  a r e  p r e s e n t e d  i n  F i g s .  6 a n d  7 ,  r e s p e c t i v e l y .  F i g u r e  
6 shows  v a r i a t i o n s  o f  r a k e  l o c a l  Mach n u m b e r ,  ML, w i t h  d i s -  
t a n c e  f r o m  t h e  s u r f a c e ,  y ,  a t  s e v e r a l  q l e v e l s  f o r  e a c h  
n o m i n a l  Mach n u m b e r .  A n g l e s  o f  a t t a c k ,  a ,  a n d  yaw, ~ ,  w e r e  
s e t  a t  0 d e g  f o r  t h e  F i g .  6 d a t a .  R a k e s  B and  C w e r e  l o c a t e d  
on  t h e  c o r e  j u s t  u p s t r e a m  o f  t h e  ramp a n d  r a k e  A was  l o c a t e d  
on  t h e  s h i e l d  ( s e e  F i g .  4 ) .  Rake  B was  o r i e n t e d  r a d i a l l y  
b e h i n d  an  A t t i t u d e  C o n t r o l  T r a n s l a t i o n  S y s t e m  (ACTS) m o d u l e  
( s e e  F i g .  2a)  a n d  t e n d e d  t o  show l o w e r  Mach n u m b e r s  t h a n  d i d  
r a k e  C, w h i c h  was  r a d i a l l y  l o c a t e d  b e t w e e n  ACTS m o d u l e s .  

4 
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F i g u r e  6c  t r e n d s  o f  M L a t  n o m i n a l  Mach number  1 . 5 0  c o r r e -  
s p o n d  t o  t h e  o n l y  ACTS m o d u l e s - r e m o v e d  c o n d i t i o n  f o r  w h i c h  
r a k e  d a t a  a r e  p r e s e n t e d .  Rake  B and  C m a g n i t u d e s  o f  M L a r e  
u n i q u e l y  s i m i l a r  i n  F i g .  6 c ,  i n d i c a t i n g  t h e  m o d u l e  e f f e c t  
on t h e  r a k e  B d a t a .  

L o n g i t u d i n a l  v a r i a t i o n s  o f  s u r f a c e  p r e s s u r e  c o e f f i c i e n t ,  
~ a r e  c o m p a r e d  f o r  n o m i n a l  r a d i a l  l o c a t i o n s  o f  0 ,  4 4 ,  a n d  

d e g  a t  ~ ,  ~ = 0 d e g  i n  F i g .  7 .  D a t a  f o r  e a c h  Mach num- 
b e r  w e r e  r e c o r d e d  a t  t h e  p e a k  q v a l u e  o b t a i n e d  d u r i n g  a 
p r e s s u r e  s w e e p .  The Mach number  1 . 5 5  d a t a  c o r r e s p o n d  t o  a 
t e s t  c o n d i t i o n  w i t h  t h e  ACTS m o d u l e s  r e m o v e d .  The d a s h e d  
p o r t i o n s  o f  t h e  f a i r e d  c u r v e s  r e p r e s e n t  e s t i m a t e d  C b e h a v -  
i o r  i n  t h e  v i c i n i t y  o f  t h e  2 0 - d e g  r a m p .  At  m o d e l  s ~ a t i o n  
1 8 . 4 ,  t h e  0 - d e g - r a y  o r i f i c e  e x h i b i t e d  m o r e  p o s i t i v e  v a l u e s  
o f  Cp a t  a l l  Mach n u m b e r s  t h a n  d i d  t h e  o r i f i c e s  on  t h e  4 4 -  
a n d  S 1 6 - d e g  r a y s .  A m o r e  n e g a t i v e  v a l u e  o f  Cp i s  shown f o r  
t h e  0 - d e g - r a y  o r i f i c e  a t  m o d e l  s t a t i o n  4 2 . 9  f o r  Mach n u m b e r s  
1 . 2 8  t h r o u g h  1 . 7 0 .  The o b s e r v e d  d i f f e r e n c e s  a r e  p r o b a b l y  
a s s o c i a t e d  w i t h  e f f e c t s  o f  l o c a l  s k i n  g e o m e t r y .  As n o t e d  
i n  F i g .  3 ,  t h e  0 - d e g - r a y  o r i f i c e s  w e r e  l o c a t e d  on  a s m o o t h  
l a p  j o i n t ,  w h e r e a s  s k i n  o r i f i c e s  a l o n g  t h e  4 4 -  a n d  S 1 6 - d e g  
r a y s  w e r e  p o s i t i o n e d  b e t w e e n  f o r e  a n d  a f t  b e a d s .  F i g u r e  S 
a l s o  shows  t h e  0 - d e g - r a y  o r i f i c e  a t  m o d e l  s t a t i o n  1 8 . 4  t o  
b e  p o s i t i o n e d  j u s t  f o r w a r d  o f  t h e  h e l i x a n t e n n a  p r o t u b e r -  
a n c e ,  a l o c a t i o n  w h i c h  c o u l d  r e s u l t  i n  t h e  h i g h e r  v a l u e s  o f  
Cp n o t e d  i n  F i g .  7 .  

I n  T u n n e l  16T, f l o w  s e p a r a t i o n  d o w n s t r e a m  o f  t h e  ACTS 
m o d u l e s  a p p a r e n t l y  i n d u c e d  s e v e r e  b u f f e t  l o a d s  l o c a l l y  on  
t h e  s k i n  n e a r  t h e  r a m p ,  a s  e v i d e n c e d  by t h e  damage  p i c t u r e d  
i n  F i g .  2 c .  A f t e r  t h e  damage  i n c i d e n t ,  t h e  ACTS m o d u l e s  
w e r e  r e m o v e d  f o r  t h e  r e m a i n d e r  o f  t h e  T u n n e l  16T e n t r y  t o  
a l l e v i a t e  t h e  b u f f e t  l o a d s .  The ACTS m o d u l e s  w e r e  i n s t a l l e d  
t h r o u g h o u t  t h e  16S t e s t .  

5 
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TABLEI 
SCALE FACTORS 

Q u a n t i t y  

L e n g t h  

D y n a m i c  p r e s s u r e  

T e m p e r a  t u r e  

Mach n u m b e r  

Mass  

F r e q u e n c y  

Y o u n g '  s m o d u l u s  

R a t i o  o f  M o d e l  t o  F u l l  S c a l e  

O. 500 

0 . 6 5 0  

1 . 0 0 0  

I .  000  

0 . 0 8 1 2 5  

2 . 0 0 0  

O. 650  
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- 0 . 0 3  
- 0 . 0 3  
- 0 . 0 3  
- 0 . 0 3  

- 4 . 0 2  
- 4 . 0 2  
- 4 . 0 8  
- 4 .  15 
- 4 . 2 0  

0 1 

TABLE II 
DISCRETE TEST CONDITIONS FOR PRESSURE SWEEPS 

M q~ 
ML A qL A 

R e / f t  

Nominal M --- 1.25 
(x) 

0 

0 

I .  2 1  i .  29  168  163  
1 . 2 4  1 . 2 5  3 5 6  3 3 0  
I .  2 5  i .  24 554  512  
i .  29  I .  28  750  714  

x 10 - 6  

1 . 2 5  1 . 2 7  106  103 
1 . 2 6  1 . 3 1  171  166  
1 . 2 7  1 . 3 3  3 4 6  3 3 7  
1 . 2 6  1 . 3 7  557  553  
1 . 2 6  1 . 3 8  742  736  

- 2 . 9 9  I .  23  1 . 3 0  1 0 5  104  
- 3 . 0 1  1 . 2 4  1 . 3 4  174 173  
- 3 . 0 1  1 . 2 7  1 . 3 2  3 4 5  3 3 9  
- 2 . 9 5  1 . 2 7  1 . 3 2  561  554  
- 3 . 0 3  1 . 2 8  1 . 3 1  748  7 3 0  

0 . 8 2  
I .  70 
2 . 6 3  
3 . 5 2  

O. 52 
0 . 8 2  
1 . 6 4  
2 . 6 8  
3 . 5 8  

0 . 5 1  
0 . 8 4  
1 . 6 5  
2 . 6 8  
3 . 5 6  

N o m i n a l  M = 1 . 4 0  

0 . 0 0  0 1 . 4 6  1 . 4 2  93 88  0 . 4 3  
- 0 . 0 1  | 1 . 4 4  1 . 3 9  173 159  0 . 7 9  
- 0 . 0 1  1 1 . 4 6  1 . 4 7  194  187  0 . 8 8  
- 0 . 0 1  1 . 4 6  1 . 4 7  282  264  1 . 2 7  

0 . 0 0  1 . 4 3  1 . 4 3  3 9 2  3 6 7  1 . 7 6  

-0.01 
-0.01 
-0.01 
-0.01 

- 4 . 0 2  
- 4 . 0 5  
- 4 . 0 2  
- 4 . 0 5  
- 4 . 1 3  

0 

L 

0 

0 

1 . 4 4  1 . 4 1  175  162  
1 . 4 5  1 . 4 6  3 4 7  3 2 6  
1 . 4 3  1 . 4 7  578  547  
1 . 4 3  1 . 4 9  7 8 1  743  

0 . 8 1  
1 . 6 3  
2 . 7 0  
3 . 6 3  

1 . 3 9  1 . 3 9  109  107 0 . 5 1  
1 . 3 3  1 . 3 0  178  170  0 . 8 4  
1 . 3 4  1 . 3 3  3 4 8  3 3 2  1 . 6 4  
1 . 3 9  1 . 4 9  570  557 2 . 6 4  
1 . 4 0  1 . 5 1  794  7 7 6  3 . 6 6  

- 3 . 9 9  1 . 3 8  1 . 3 8  108 107 
- 4 . 0 1  1 . 4 1  1 . 4 5  177 173  
- 4 . 0 7  1 . 4 2  1 . 4 8  3 4 5  3 3 8  
- 3 . 9 6  1 . 4 2  1 . 5 2  563 553  
- 4 . 0 0  1 . 4 2  1 . 5 4  804  790  

O. 50 
0 . 8 2  
1 . 6 0  
2 . 6 0  
3 . 7 0  
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(1 

- 0 . 0 4  
- 0 . 0 6  
- 0 . 0 4  

0.01 
0. O0 
0.00 
0.00 

-0.01 

-4.05 
-4.08 
-4.12 
-4.19 
-4.27 

0 

0 . 0 0  
O. O0 
0 . 0 1  
0 . 0 2  
0 . 0 4  

TABLE II (Cont'd) 

M q~ 
ML A qL A 

Nominal M = 1.50 
O0 

0 

Re/ft 

1.53 1.48 172 155 
1.51 1.59 357 344 
1.47 1.53 570 533 

0 1.49 Io 50 ii0 104 
i. 48 I. 50 196 184 
i. 50 I. 58 350 332 
1.54 1.66 565 541 
i. 55 1.70 746 718 

0 I. 50 i. 48 106 103 
I. 52 i. 52 174 165 
i. 54 1.57 343 325 
i. 55 I. 63 559 539 
1.55 1.67 754 735 

-4.01 1.48 1.45 III 103 
-4.04 i. 51 1.42 181 150 
-3.99 I. 52 1.30 353 238 
-4.04 1.52 1.58 556 533 
-3.92 1.52 1.60 750 725 

Nominal M = 1.70 

0 1.70 1.67 164 158 
1.70 1.72 245 238 
1.70 1.77 375 370 
1 . 7 0  1 . 7 9  490 483 
1.70 1.79 572 564 

- 3 . 9 2  0 1 . 7 0  1 . 6 8  164 160 
- 4 . 0 1  ] 1 . 7 0  1 . 7 9  369 368 
- 3 . 9 8  ~ 1 . 7 0  1 . 8 1  490 489 
-4.00 1.70 1.83 574 572 

0 -4.00 1.70 1.70 164 161 
-4.06 1.70 1.76 369 372 
-4.03 1.70 1.78 493 496 
-4.06 1.70 1.80 573 578 

x 10 -6 

0 . 7 9  
I .  62 
2 . 5 8  

O. 50 
0 . 9 1  
1 . 6 1  
2 . 5 8  
3 . 4 0  

0.50 
O. 80 
1.56 
2.54 
3.41 

O. 51 
O. 82 
1 . 6 1  
2 . 5 5  
3 . 4 3  

0.78 
i. 14 
1.65 
2.14 
2.50 

0.79 
1.66 
2.16 
2.50 

0.78 
1.66 
2.17 
2.49 
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(J 

C[ 

TABLE II (Cont ' d )  

M ML A q~o qL A 

N o m i n a l  M = 2 . 0 0  
CO 

- 0 . 0 4  0 2 . 0 0  1 . 9 8  143 128 
- 0 . 0 4  | 2 . 0 0  2 . 0 3  214  194 
- 0 . 0 4  ~ 2 . 0 0  2 . 0 4  287  259  
- 0 . 0 5  2 . 0 0  2 . 0 8  394  3 6 0  

- 3 . 9 7  0 2 . 0 0  1 . 9 9  142 133 
- 3 . 9 9  [ 2 . 0 0  2 . 0 0  214  202  
- 3 . 9 7  ~ 2 . 0 0  2 . 0 2  2 8 5  272  
- 3 . 9 8  2 ° 0 0  2 . 0 4  394  3 7 6  

0 

- 0 . 0 4  
- 0 . 0 3  
- 0 . 0 2  
- 0 °  03 
- 0 . 0 2  

- 4 .  O0 
- 4 .  Ol  
- 4 . 0 4  
- 4 . 0 3  
- 4 .  Ol  

Re/ft x 10 - 6  

0.00 
-0.01 
-0. Ol 
-0. Ol 
-0. Ol 

0.71 
1.04 
1.35 
1.81 

0o71 
1.04 
1.35 
1.81 

-4.01 2.00 2.03 141 132 
-4.04 2.00 2.04 213 203 
-4.04 2.00 2.07 284 272 
-4.08 2.01 2.09 446 425 

0 . 7 0  
1 . 0 1  
1 . 3 1  
1 . 9 8  

i 

Nominal M = 2.25 

0 2.25 2.40 122 114 
2.25 2.45 183 172 
2.25 2.46 244 230 
2 . 2 5  2 . 4 8  3 3 5  3 1 1  
2 . 2 5  2 . 5 0  4 2 5  390  

O. 64  
Oo 94 
1 . 2 2  
1 . 6 2  
1 . 9 8  

0 2.25 2.28 123 114 
2.25 2.27 183 172 
2.25 2.31 244 232 
2.25 2.33 335 321 
2.25 2.35 426 408 

0.63 
0.93 
1.21 
I. 60 
1.97 

- 3 . 9 8  2 . 2 5  2 . 3 1  124 117 
- 4 . 0 3  2 . 2 5  2 ° 3 6  183 176 
- 4 . 0 4  2 . 2 5  2 . 4 0  2 4 5  2 3 9  
- 4 . 0 8  2 . 2 5  2 . 4 4  3 3 5  329  
- 4 . 1 2  2 . 2 5  2 . 4 6  426  4 1 7  

O. 64 
O. 92 
1 . 2 0  
1 . 5 8  
1 . 9 3  

Nominal M ffi 1,70, Fixed End 
O0 

0 io  70 i .  64 164 155  0 . 8 0  
i ~ 7 0  1 . 6 9  247  241  1 . 1 7  
I ,  70 I .  75  370  364  1 . 6 8  
1 . 7 0  i .  78 4 9 1  487  2 . 1 8  
1o 70 1 . 7 9  573 566 2 . 5 1  
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L 

0.01 
O. O0 
0.01 
0.01 
0.01 

- 3 . 9 9  
- 4 . 0 0  
- 4 . 0 3  
-4. O0 
-4.03 

0.01 
0.01 
0.01 
0.01 
0.01 

TABLE II  ( C o n c l u d e d )  

ML A qoo qLA Re/ft xlO-6 

Nominal M = 2.00, Fixed End 

0 

J 
2 . 0 0  1 . 9 6  179 158 0 . 8 5  
2 . 0 0  1 . 9 9  213 192 1 . 0 0  
2 . 0 0  2 . 0 2  286 254 1 . 3 1  
2 . 0 0  2 . 0 7  392 3 5 8  1 . 7 5  
2 . 0 0  2 . 0 9  447 408 1 . 9 7  

0 

J 
2 . 0 0  1 . 9 7  178 165 
2 . 0 0  2 . 0 1  215 202 
2 . 0 0  2 . 0 3  286 267 
2 . 0 1  2 . 0 5  390 363 
2 . 0 2  2 . 0 8  476 451  

N o m i n a l  M = 2 . 2 5 ,  F i x e d  End 

0 ; 8 6 '  
1.o2 
1 .33  
1.77 
2.13 

0 

L 
2 . 2 5  2 . 3 8  122 113 0 . 6 3  
2 . 2 5  2 . 5 0  183 168 0 . 9 2  
2 . 2 5  2 . 4 8  244 229 ' 1 . 2 0  
2 . 2 5  2 . 5 0  335 310 1 . 5 9  
2 . 2 5  2 . 5 2  426 390 1 . 9 4  
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