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ABSTRACT 

Tests were conducted at hypersonic Mach numbers on a blunt lead- 
ing edge model both with and without an impinging shock. The effects 
of Reynolds number, Mach number, leading edge sweep angle, and 
impinging shock strength on the temperature and pressure distribution 
for the leading edge were determined. The tests were conducted at 
nominal Mach numbers of 6, 8, and 10 at unit Reynolds numbers of 
0.58 x 106 to 3.55 x 106 per foot with a sweep angle range of 0 to 
75 deg. Selected results which show the effect of shock generator angle 
and sweep angle at Mach 6 and 10 are presented. 
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SECTION I 
INTRODUCTION 

H e a t - t r a n s f e r  and p r e s s u r e  d i s t r i b u t i o n  t e s t s  w e r e  c o n d u c t e d  on a 
1- in .  - r a d i u s  l e a d i n g  edge  to d e t e r m i n e  the e f f e c t s  of an i m p i n g i n g  
s h o c k  g e n e r a t e d  by an a t t a c h e d  wedge .  The  i n f l u e n c e  of Mach  n u m b e r ,  
R e y n o l d s  n u m b e r ,  l e a d i n g  edge  s w e e p  angle ,  and i m p i n g i n g  s h o c k  
s t r e n g t h  w e r e  s tud ied .  The  t e s t s  w e r e  c o n d u c t e d  in c o o p e r a t i o n  wi th  
the  A i r  F o r c e  F l igh t  D y n a m i c s  L a b o r a t o r y  ( A F F D L ) ,  R e s e a r c h  and 
T e c h n o l o g y  D i v i s i o n  (RTD}, A i r  F o r c e  S y s t e m s  C o m m a n d  (AFSC).  The  
t e s t s  w e r e  p e r f o r m e d  in the 50- in .  h y p e r s o n i c  t u n n e l s  (Gas D y n a m i c  
Wind T u n n e l s ,  H y p e r s o n i c  (B) and (C)) at  n o m i n a l  Mach  n u m b e r s  of 6, 
8, and 10 wi th  f r e e - s t r e a m  uni t  R e y n o l d s  n u m b e r s  of 0 .58  x 106 to 
3 .55  x 106 p e r  foot .  The ang le  of the  s h o c k  g e n e r a t o r  wi th  r e s p e c t  to 
the l e a d i n g  edge  was  v a r i e d  f r o m  90 to 150 deg,  and the  s w e e p  ang le  of 
the l e a d i n g  edge  was  v a r i e d  f r o m  0 to 75 deg.  

SECTION II 
APPARATUS 

2.1 WIND TUNNELS 

2.1.1 Tunnel B 

T u n n e l  B is a Mach  6 o r  8, a x i s y m m e t r i c ,  c o n t i n u o u s  f low, v a r i a b l e  
d e n s i t y  wind tunne l  wi th  a 50- in .  - d i a m  t e s t  s e c t i o n .  B e c a u s e  of c h a n g e s  
in b o u n d a r y - l a y e r  t h i c k n e s s  c a u s e d  by c h a n g i n g  p r e s s u r e  l e v e l ,  the  con-  
t o u r e d  n o z z l e  p r o d u c e s  an a v e r a g e  t e s t  s e c t i o n  Mach  n u m b e r  which  v a r i e s  
f r o m  5 .93  at a s t a g n a t i o n  p r e s s u r e  of 25 p s i a  to 6 .06  at  a s t a g n a t i o n  p r e s -  
s u r e  of 200 p s i a  fo r  the  Mach  6 n o z z l e  and 8 .0  at a s t a g n a t i o n  p r e s s u r e  of 
100 p s i a  to 8. 1 at a s t a g n a t i o n  p r e s s u r e  of 800 p s i a  f o r  the  Mach  8 n o z z l e .  

2.1.2 Tunnel C. 

T u n n e l  C is a Mach  10, a x i s y m m e t r i c ,  c o n t i n u o u s  f low, v a r i a b l e  
d e n s i t y  wind tunne l  wi th  a 50- in .  - d i a m  t e s t  s e c t i o n .  B e c a u s e  of c h a n g e s  in 
the  b o u n d a r y - l a y e r  t h i c k n e s s  c a u s e d  by c h a n g i n g  p r e s s u r e  l e v e l s ,  the con -  
t o u r e d  n o z z l e  p r o d u c e s  an a v e r a g e  t e s t  s e c t i o n  Mach  n u m b e r  w h i c h  v a r i e s  
f r o m  10 .0  at a s t a g n a t i o n  p r e s s u r e  of 200 p s i a  to 10.2 at  a s t a g n a t i o n  p r e s -  
s u r e  of 2000 ps i a .  
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An u n u s u a l  f e a t u r e  of the  t u n n e l s  is the  m o d e l  i n s t a l l a t i o n  c h a m b e r  
b e l o w  the  t e s t  s e c t i o n  wh ich  a l l o w s  the  e n t i r e  p i t ch  m e c h a n i s m ,  s t ing,  
and m o d e l  to be l o w e r e d  out of the  tunne l .  When the  m o d e l  is in the 
r e t r a c t e d  pos i t ion ,  the f a i r i n g  d o o r s  and the  s a f e t y  d o o r s  can  be c lo sed ,  
and  the  t ank  can  be e n t e r e d  f o r  m o d e l  c h a n g e s  whi le  the  tunne l  i s  r u n -  
n ing.  

2.1.3 Air Supply System 

The  t u n n e l s  a r e  s e r v e d  by the  V K F  9 2 , 5 0 0 - h p  c o m p r e s s o r  s y s t e m .  
To  p r e v e n t  l i q u e f a c t i o n  of the a i r  in the  t e s t  s e c t i o n s ,  a p r o p a n e - f i r e d  
h e a t e r  c a p a b l e  of h e a t i n g  the  a i r  to 1360°R is u s e d  f o r  T u n n e l  B, and 
the  p r o p a n e - f i r e d  h e a t e r  and a 1 2 , 0 0 0 - k w  e l e c t r i c  h e a t e r  a r e  u s e d  in 
c o m b i n a t i o n  to p r o d u c e  a i r  t e m p e r a t u r e s  of 1900°R f o r  T u n n e l  C. De-  
t a i l s  of the  t u n n e l s  a r e  shown in F ig .  1, and a m o r e  c o m p l e t e  d e s c r i p -  
t ion  is  g iven  in Ref.  1. 

2.2 MODEL AND SUPPORT 

Two 1- in .  - r a d i u s  l e a d i n g  edge  m o d e l s  w e r e  s u p p l i e d  by A F F D L .  
The  p r e s s u r e  m o d e l  was  i n s t r u m e n t e d  wi th  96 p r e s s u r e  o r i f i c e s  and the  
th in  sk in  (b = 0 .05  in. ) h e a t - t r a n s f e r  m o d e l  with 96 C h r o m e l ® - A l u m e l  ® 
t h e r m o c o u p l e s .  The i n s t r u m e n t a t i o n  was  p l a c e d  a long  the l e a d i n g  edge  
at 0 . 5 - i n .  i n t e r v a l s  and a r o u n d  the m o d e l  at  e v e r y  2 - in .  i n t e r v a l .  Bo th  
m o d e l s  cou ld  be t e s t e d  wi th  o r  wi thout  a s h o c k  g e n e r a t o r  ( F i g s .  2 and 3). 

V a r i a t i o n  of the l e a d i n g  edge  s w e e p  ang le  was  a c c o m p l i s h e d  by u s i n g  
the  t unne l  p i t c h  m e c h a n i s m  and p r e b e n t  s t i ngs .  

2.3 INSTRUMENTATION 

2.3.1 Pressure Instrumentation 

2.3.1.1 Tunnel B 

The  m o d e l  p r e s s u r e s  w e r e  m e a s u r e d  with  n ine  Wiancko  p r e s s u r e  
t r a n s d u c e r s ,  r a t e d  at 5 ps id ,  c o n n e c t e d  s e l e c t i v e l y  to s e v e n  i n d e p e n d e n t l y  
v a r i a b l e  r e f e r e n c e  p r e s s u r e s  wh ich  w e r e  c o n s t a n t l y  m o n i t o r e d  by s e v e n  
CEC E l e c t r o m a n o m e t e r s ,  r a t e d  at 1, 5, 15, and 30 ps i a .  T h r e e  i n s t r u -  
m e n t  s e n s i t i v i t i e s ,  c a l i b r a t e d  to ob ta in  f u l l - s c a l e  d e f l e c t i o n  f o r  ±0 .3 ,  0 .6 ,  
and  1.2 ps id ,  w e r e  u s e d  wi th  the  s e v e n  r e f e r e n c e  p r e s s u r e s ,  wh ich  v a r i e d  
in a p p r o x i m a t e l y  2 - p s i d  i n c r e m e n t s  f r o m  n e a r l y  z e r o  p r e s s u r e .  The  
s y s t e m  a u t o m a t i c a l l y  s e l e c t e d  the  p r o p e r  i n s t r u m e n t  s e n s i t i v i t y  and a b s o -  
l u t e  r e f e r e n c e  p r e s s u r e  to e n s u r e  m e a s u r e m e n t  of the m o d e l  p r e s s u r e s  
to the  b e s t  a v a i l a b l e  p r e c i s i o n .  

2 
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2.3.1.2 Tunnel C 

This  p r e s s u r e  da ta  s y s t e m  is  a l so  a n i n e - c h a n n e l  uni t .  E a c h  c h a n -  
ne l  i n c l u d e s  two p r e s s u r e  m e a s u r i n g  t r a n s d u c e r s  ( r e f e r e n c e d  to n e a r  
v a c u u m } . . T h e  two m e a s u r i n g  t r a n s d u c e r s ,  a ± l - p s i d  uni t  and  a 0- to 
1 5 - p s i d  unit ,  a r e  s w i t c h e d  in and out of the  s y s t e m  a u t o m a t i c a l l y  to 
a l l ow  m e a s u r i n g  to the b e s t  a v a i l a b l e  p r e c i s i o n .  If the  s e n s e d  p r e s s u r e  
l e v e l  is  above  15 ps ia ,  the  r e f e r e n c e  s ide  of the  1 5 - p s i d  t r a n s d u c e r  is 
v e n t e d  to a t m o s p h e r e  to ex t end  the m e a s u r i n g  r a n g e .  

The m e a s u r i n g  s y s t e m  is  of the  Wiancko  f r e q u e n c y - m o d u l a t i o n  
type .  P r e c i s i o n  f r e q u e n c y - m o d u l a t i o n  o s c i l l a t o r s ,  f r e q u e n c y  m u l t i -  
p l i e r s ,  b i n a r y  c o u n t e r s ,  and a t i m e  b a s e  g e n e r a t o r  o p e r a t e  wi th  the  
t r a n s d u c e r s  to ob ta in  a d i f f e r e n t i a l  count  of 10, 000. The  r e s u l t i n g  r e s o -  
l u t ion  is  0. 0002 ps i  fo r  the 1 -ps id  t r a n s d u c e r  and 0. 0015 ps i  f o r  the 
15 -ps id  t r a n s d u c e r .  The a c c u m u l a t e d  count  is  s t o r e d  in the  b i n a r y  
c o u n t e r s ,  r e a d  out s e r i a l l y  by the ERA s c a n n e r ,  and p u n c h e d  on p a p e r  
t ape .  

2.3.2 Temperature Instrumentation 

The r e f e r e n c e  j u n c t i o n  of e a c h  t h e r m o c o u p l e  was  m a i n t a i n e d  at 
132°F. E a c h  t h e r m o c o u p l e  output  was  r e c o r d e d  in d ig i t a l  f o r m  on m a g -  
n e t i c  t ape  at  the  r a t e  of 20 t i m e s  p e r  s e c o n d  by a B e c k m a n  210 ana log -  
t o - d i g i t a l  c o n v e r t e r .  S e l e c t e d  m o d e l  t e m p e r a t u r e s  w e r e  m o n i t o r e d  by 
n ine  t h e r m o c o u p l e  ou tpu ts  c o n n e c t e d  to 0 . 2 5 - s e c  ( f u l l - s c a l e  t r a v e l )  B r o w n  
s e r v o - p o t e n t i o m e t e r s .  

2.3.3 Photographic System 

A conven t i ona l ,  s h o r t  r a n g e ,  d i v e r g e n t  r ay ,  s p a r k  s h a d o w g r a p h  
s y s t e m  was  u s e d  to ob ta in  p i c t u r e s  of the  f low f i e ld  n e a r  the  m o d e l .  F l o w  
p a t t e r n s  on the  m o d e l  s u r f a c e  w e r e  r e c o r d e d  wi th  an oi l  f low t e c h n i q u e  
w h i c h  u t i l i z e d  a th in  l a y e r  of Zyg lo  ® oil  i l l u m i n a t e d  by u l t r a v i o l e t  l a m p s  
(Ref.  2). 

SECTION III 
PROCEDURE 

3.1 TEST CONDITIONS 

The p r e s s u r e  m o d e l  w a s  i n j e c t e d  into the tunne l ,  
s u r e s  w e r e  r e c o r d e d  at p r e s e l e c t e d  a n g l e s  of a t t a c k .  

and s t a b i l i z e d  p r e s -  
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T h e  h e a t - t r a n s f e r  m o d e l  wa's r e t r a c t e d  in to  t he  m o d e l  i n s t a l l a t i o n  
c h a m b e r  b e t w e e n  d a t a  g r o u p s  and  c o o l e d  to a u n i f o r m  t e m p e r a t u r e  of  
a p p r o x i m a t e l y  50°F.  T h e  c o o l i n g  of the  m o d e l  w a s  a c c o m p l i s h e d  wi th  
r o o m  t e m p e r a t u r e  a i r  e x p a n d e d  t h r o u g h  s i d e  d u c t s  and  a n o z z l e  l o c a t e d  
in t he  c h a m b e r  d o o r .  T h e  m o d e l  w a s  t h e n  i n j e c t e d  at  p r e s e l e c t e d  
a n g l e s  of  a t t a c k ,  a n d  d a t a  w e r e  r e c o r d e d  f o r  s e v e n  s e c o n d s  a f t e r  t h e  
m o d e l  r e a c h e d  the  t u n n e l  c e n t e r l i n e .  

Test conditions are summarized in the following table: 

Mode l  Po, To,  [~', 8, 
Configuration Data Type M® psia °F Re®/ft deg d e g  

B l u n t  N o s e  

1 
S h o c k  G e n e r a t o r  

B l u n t  N o s e  

S h o c k  G e n e r a t o r  

1 

P r e s s u r e  5 . 9 8  44 278  1 x 106 0 - 7 5  - - -  
T e m p e r a t u r e  5 . 9 8  48  320  1 x 106 0 - 7 5  - - -  

I 6. Ol i00 350 2 x 106 0-75 - - -  

6.05 188 370  3 . 5 5  x 106 0 - 7 5  - - -  
Pressure  5 . 9 8  44 278  1 x 106 0 - 4 0  0 - 6 0  
T e m p e r a t u r e  5 . 9 8  48 320  1 x 106 0 - 4 0  0 - 6 0  

6.01 100 350  2 x 106 0 - 4 0  0 - 6 0  
6.05 188 370  3 . 5 5  x 106 0 - 4 0  0 - 6 0  

l ~ r e s s u r e  1 0 . 1 3  750  1342 1 x 106 0 - 7 5  - - -  
Temperature 1 0 . 0 9  400  1270 p. 58 x 106 0 - 7 5  - - -  

l I0.13 750 1342 1 x 106 0-75 --- 
10.18 1650 1426 2 x 106 0-75 --- 

Pressure • 1 0 . 1 3  750  1342 1 x 106 0 - 6 0  0 - 6 0  
T e m p e r a t u r e  1 0 . 0 9  400  1270 0 . 5 8  x 106 0 - 6 0  0 - 6 0  

1 0 . 1 3  750 1342 1 x 106 0 - 6 0  0 - 6 0  
1 0 . 1 8  1650  1426 2 x 106 0 - 6 0  0 - 6 0  

T e s t s  w e r e  a l s o  c o n d u c t e d  at  M a c h  8. H o w e v e r ,  
s h o c k  g e n e r a t o r  p l a t e  w a s  no t  u s e d  in t he  M a c h  8 t e s t ,  
p r e s e n t e d .  

s i n c e  t he  0 . 2 5 - i n .  
t h e  d a t a  a r e  not  

3.2 DATA REDUCTION 

H e a t - t r a n s f e r  d a t a  w e r e  r e d u c e d  on an  IBM 7074 c o m p u t e r  u s i n g  the  
e q u a t i o n  

dq" 
Q-- whe m 

dt  

w h i c h  n e g l e c t s  r a d i a t i o n  and  c o n d u c t i o n  l o s s e s .  T h e  v a l u e s  of d T m / d t  
w e r e  c a l c u l a t e d  by  f i t t i n g  a l e a s t  s q u a r e s  p a r a b o l a  to  21 d a t a  p o i n t s  (one  
s e c o n d  of  da t a )  c e n t e r e d  at  one  s e c o n d  a f t e r  t he  m o d e l  r e a c h e d  t u n n e l  
c e n t e r l i n e .  

At  t he  r e q u e s t  of  A F F D L ,  v a l u e s  of m o d e l  s k i n  s p e c i f i c  h e a t  a n d  
d e n s i t y  w e r e  o b t a i n e d  f r o m  Ref .  3 f o r  t y p e  321 s t a i n l e s s  s t e e l .  T h e  

4 
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m o d e l  sk in  t h i c k n e s s  was  p r o v i d e d  by A F F D L .  The h e a t - t r a n s f e r  coef -  
f i c i en t  b a s e d  on Taw was c a l c u l a t e d  by u s i n g  the  equa t ion  

h - -  Q 
T o T  

R w  

with  

T a w - -  r T  o + C 1 - r )  To[ 
1 + 

y - 1 
2 M~2 s i n 2  aL ] 

1 + } ' " 1 M~ 2 

w h e r e  r = 0 .85 and 

a L = s i n - ' [  c o s  A s in  ~ ] 

SECTION IV 
RESULTS AND DISCUSSION 

P r e s s u r e  and h e a t - t r a n s f e r  d i s t r i b u t i o n s  a long the  s t agna t i on  l i ne  of 
the  l e a d i n g  edge  a r e  p r e s e n t e d  in F ig s .  4 and 5 fo r  Mach  6 and 10. The  
p r e s s u r e  and h e a t - t r a n . s f e r  c o e f f i c i e n t s  in the  p r e s e n c e  of an i m p i n g i n g  
shock ,  PS and hs ,  have  b e e n  r a t i o e d  to the  va lues ,  PNS and hNS, ob ta ined  
with the  blunt  n o s e  c o n f i g u r a t i o n  without  an i m p i n g i n g  shock .  Th i s  e l i m i -  
n a t e s  the  l a r g e  sweep  e f f ec t s  (PNS - cos2 A) which  could  o b s c u r e  the  
e f f ec t s  of shock  i n t e r a c t i o n s .  

The data show the ef fec t  of v a r y i n g  l e a d i n g  edge  s w e e p  ang le  on the  
a m p l i f i c a t i o n  of l o c a l  p r e s s u r e  ahd h e a t - t r a n s f e r  c o e f f i c i e n t s  r e s u l t i n g  
f r o m  shock  i n t e r a c t i o n  fo r  a shock  g e n e r a t o r  angle  of 10 deg r e l a t i v e  to 
the f r e e - s t r e a m  flow d i r e c t i o n .  Data fo r  o t h e r  shock  g e n e r a t o r  a n g l e s  
had s i m i l a r  t r e n d s .  Two d i s t i nc t  t ypes  of shock  i n t e r a c t i o n  w e r e  o b s e r v e d .  
At both Mach 6 and 10, the b o u n d a r y  l a y e r  on the shock  g e n e r a t o r  p la te  
s e p a r a t e d  when  the angle  b e t w e e n  the  p la te  and the l e a d i n g  edge  was l e s s  
than a p p r o x i m a t e l y  120 deg.  When th i s  angle  was g r e a t e r  than  120 deg  no 
s e p a r a t i o n  was noted .  Shadowgraphs  showing  t h e s e  two c a s e s  a r e  p r e -  
s e n t e d  in Fig .  6. When the  f low on the g e n e r a t o r  was  a t t ached ,  the m a x i -  
m u m  p r e s s u r e  on the  l e a d i n g  edge  was d e t e r m i n e d  by two i n t e r a c t i n g  
shocks ,  c o n s i s t i n g  of the wedge  shock  and the l e a d i n g  edge  shock.  How- 
e v e r ,  when the f low on the  g e n e r a t o r  p la te  was s e p a r a t e d ,  an add i t iona l  
c o m p r e s s i o n  o c c u r r e d ,  e i t h e r  i s e n t r o p i c a l l y  as i n d i c a t e d  in Fig .  6a o r  
n o n - i s e n t r o p i c a l l y  when the  s e p a r a t i o n  was  s t r o n g  enough to p r o d u c e  a 
shock  wave.  With a shock  g e n e r a t o r  angle  of 10 deg s e p a r a t i o n  e x i s t e d  
fo r  s w e e p  ang l e s  of 20 deg  o r  l e s s ,  and the  ef fec t  of the add i t iona l  c o m p r e s -  
s ion  is  c l e a r l y  ev iden t  by the  i n c r e a s e d  i n t e n s i t y  of the  p r e s s u r e  and hea t  
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t r a n s f e r  at t h e s e  a n g l e s  as  shown in F i g s .  4 and 5. It i s  no ted  that  
b e c a u s e  of the s p a c i n g  of the  i n s t r u m e n t a t i o n ,  the exac t  shape  of the 
i n t e r a c t i o n  r e g i o n s  could  not be d e t e r m i n e d  f r o m  the  data.  

A c o m p a r i s o n  of F ig s .  4 and 5 i n d i c a t e s  that  as Mach n u m b e r  is  
i n c r e a s e d ,  the  shock  induced  p r e s s u r e s  and h e a t - t r a n s f e r  r a t e s  i n c r e a s e  
in m a g n i t u d e  but o c c u r  o v e r  a s m a l l e r  r e g i o n  on the  l e a d i n g  edge .  
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b e  u n i q u e  to t h i s  report .  

9b.  O T H E R  R E P O R T  NUMI~ER(S): If t h e  report  h a s  b e e n  
a s s ' g n e d  any  o t h e r  repor t  n u m b e r s  (e i ther  by  the originator 
or  by the sponsor), a l s o  e n t e r  t h i s  number ( s ) .  

I0. A V A I L A B I L I T Y / L I M I T A T I O N  NOTICES:  E n t e r  any  lim- 
i t a t i o n s  on fu r ther  d i s s e m i n a t i o n  o f  the  report ,  o t h e r  t h a n  t h o s e  

I N S T R U C T I O N S  

ORIGINATING ACTIVITY:  E n t e r  t he  n a m e  and  a d d r e s s  i m p o s e d  
such as: 

(l) 

(2) 

(3) 

(4) 

by  s e c u r i t y  c l a s s i f i c a t i o n ,  u s i n g  s t a n d a r d  s t a t e m e n t s  

" Q u a l i f i e d  r e q u e s t e r s  may  o b t a i n  c o p i e s  of  t h i s  
repor t  from D D C . "  

" F o r e i g n  a n n o u n c e m e n t  and  d i s s e m i n a t i o n  o f  t h i s  
repor t  by  DDC i s  not  a u t h o r i z e d , "  

*'U. S. G o v e r n m e n t  a g e n c i e s  may o b t a i n  c o p i e s  o f  
t h i s  report  d i r e c t l y  from DDC. O t h e r  q u a l i f i e d  DDC 
u s e r s  s h a l l  r e q u e s t  t h rough  

'*U. S. m i l i ta ry  agenc ies  may obta in  cop ies  o f  th is  
repor t  d i r e c t l y  from D D C  O t h e r  qua l i f i ed  u s e r s  
s h a l l  request  t h rough  

(5) * 'All  d i s t r i b u t i o n  of  t h i s  r epor t  i s  con t ro l l ed ,  Qual-  
i f i ed  DDC u s e r s  sha l l  r e q u e s t  t h rough  

up 

If t h e  repor t  h a s  b e e n  f u r n i s h e d  to t h e  O f f i c e  o f  T e c h n i c a l  
S e r v i c e s ,  Depa r tmen t  o f  C o m m e r c e ,  for s a l e  to t he  publ ic ,  indi-  
c a t e  t h i s  f ac t  and  en t e r  t h e  p r i ce ,  i f  known`  

I L  S U P P L E M E N T A R Y  NOTES: U s e  for a d d i t i o n a l  e x p l a n a -  
tory  no te s .  

12. SPONSORING MILITARY ACTIVITY:  E m e r  the  n a m e  of  
t h e  d e p a r t m e n t a l  p r o j e c t  off i - .e  or  l abo ra to ry  s p o n s o r i n g  (pay-  
i r~  for) t h e  r e s e a r c h  and  development~  I n c l u d e  a d d r e s s .  

13. A B S T R A C T :  E n t e r  an  a b s t r a c t  g i v i n g  s br, e f  and  f a c t u a l  
s u m m a r y  of  the  d o c u m e n t  i n d i c a t i v e  o f  t h e  report ,  e v e n  t h o u g h  
it  :nay a l s o  a p p e a r  e l s e w h e r e  in the  body  of  the  t e c h n i c a l  re-  
port .  If s d d , t i o n s l  s p a c e  i s  requi red ,  s c o n t i n u a t i o n  s h e e t  s h a l l  
be  a t t a c h e d .  

It i s  h i g h l y  d e s i r a b l e  t ha t  the  a b s t r a c t  o f  c l a s s i f l e d  r e p o r t s  
be  u n c l a s s i f i e d .  E a c h  p a r a g r a p h  of  t he  a b s t r a c t  s h a l l  e n d  w i th  
an  i n d i c a t i o n  of  the  mi l i t a ry  secu rz ty  c l a s s i f i c a t i o n  of  the  in-  
format ion in  the paragraph, represented as (TS), ($), (C J, or ('U) 

There is  no l im i ta t ion  on the length o f  the abstract .  How- 
ever, the suggested length is from 1S0 to 225 words. 

14.  KEY WORDS: Key w o r d s  a re  t e c h n i c a l l y  m e a n i n g f u l  t e r m s  
or shor t  p h r a s e s  t ha t  c h a r a c t e r l z e  a repor t  and  may  be  u s e d  a s  
i ndex  e n t r i e s  for c a t a l o g i n g  the  report .  Key words  m u s t  be  
s e l e c t e d  so  tha t  no s e c u r i t y  c l a s s i f i c a t i o n  i s  requi red .  Iden t i -  
f i e r s ,  s u c h  "as e q u l p m e n t  mode l  d e s i g n a t i o n ,  t rade  name ,  mi l i t a ry  
p ro jec t  code  name ,  g e o g r a p h i c  loca t ion ,  may be u s e d  a s  kcy  
words  but  wil l  be  fo l lowed  by an i n d i c a t i o n  of  t e c h n i c a l  con-  
tex t .  The  a s s i g n m e n t  o f  l i nks ,  r u l e s ,  and  w e i g h t s  i s  op t iona l .  
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