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ABSTRACT 

H e a t - t r a n s f e r ,  p r e s s u r e ,  and  s t a t i c  f o r c e  t e s t s  w e r e  c o n d u c t e d  at  
M a c h  4 t h r o u g h  10 to o b t a i n  p e r f o r m a n c e  and  d e s i g n  d a t a  on the  
S N A P - 2 7  fue l  c e l l .  T h e  t e s t s  w e r e  c o n d u c t e d  u s i n g  a f u l l - s c a l e  m o d e l  
a t  f r e e - s t r e a m  un i t  R e y n o l d s  n u m b e r s  b e t w e e n  0 . 6  x 106 and  5 . 0  x 106 
p e r  foot  at  a n g l e s  of a t t a c k  f r o m  -90 to 235 deg.  B a s e d  u p o n  e a r l y  t e s t  
r e s u l t s ,  the  b a s i c  c o n f i g u r a t i o n  w a s  m o d i f i e d ,  s u c c e s s f u l l y  m a k i n g  the  
v e h i c l e  s t a t i c a l l y  s t a b l e  on ly  at z e r o  a n g l e  of a t t a c k  at  M a c h  8. T h i s  
w a s  t he  on ly  M a c h  n u m b e r  at  w h i c h  the  m o d i f i e d  c o n f i g u r a t i o n s  w e r e  

t e s t e d .  
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SECTION I 
INTRODUCTION 

The SNAP-27 nuclear fuel cask, as the power generator for the 

Lunar Excursion Module, is to be landed on the moon where it must 

operate for one year in its lunar environment. In case of a mlssion 

abort resulting in an earth orbit, the SNAP-27 fuel cell must have the 

capability to re-enter the earth atmosphere intact to avoid radioactive 

contamination of the atmosphere. The objective of these tests was to 

provide experimental data to support the aerodynamic and thermody- 
namic design of the SNAP-27 configuration. 

Force, pressure, and heat-transfer tests of a full-scale model 
of the SNAP-27 vehicle were conducted in the 40-in. supersonic 
tunnel (Gas Dynamic Wind Tunnel, Supersonic (A)) and the 50-in. 
hypersonic tunnels (Gas Dynamic Wind Tunnels, Hypersonic (B) and 

I I 

(C)) of the von Karman Gas Dynamics Facility (VKF). Data were 
obtained at Mach numbers 4, 5, 6, 8, and i0 at Reynolds numbers 
between 0.6 x 106 and 5.0 x 106 per foot. Angle of attack varied from 
-90 to 235 deg. 

SECTION II 
APPARATUS 

2.1 MODELS 

Model photographs, details, and instrumentation are shown in 
Figs. l, 2, and 3, respectively. The force and pressure models 
were machined from stainless steel, but the heat-transfer model was 
fabricated using a thin electroformed nickel shell. All models were 
furnished by the General Electric Company. For configuration clarity, 
various noses are defined by the letter N, bases by the letter B, and 
flaps by the letter F. 

2.2 WIND TUNNELS 

Tunnel A is a continuous, closed-circuit, variable density wind 

tunnel with an automatically driven flexible-plate nozzle and a 40- by 

40-in. test section. The tunnel operates at l~lach numbers from I. 5 

to 6 at maximum stagnation temperatures up to 300°F (M= = 6). Mini- 

mum operating pressures are about one-tenth of the maximum at each 

Mach number. 
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Tunnels B and C are continuous, closed-circuit, variable density 

wind tunnels with axisyrnmetric contoured nozzles and 50-in. -diam 
test sections. Tunnel B operates at a nominal Mach number of 6 or 8 
at stagnation pressures from 20 to 280 and from 50 to 900 psia, respec- 
tively, at stagnation temperatures up to 1350°R. Tunnel C operates at 
a nominal Mach number of I0 at stagnation conditions from 200 to 
2000 psia at 1900°R. The model may be injected into the tunnels for a 

test run and then retracted for model cooling or model changes without 
interrupting the tunnel flow. A description of the tunnels may be found 

in the Test Facilities Handbook. * 

2.3 INSTRUMENTATION 

M o d e l  f o r c e s  a n d  m o m e n t s  w e r e  m e a s u r e d  w i t h  a s i x - c o m p o n e n t ,  
m o m e n t - t y p e ,  s t r a i n - g a g e  b a l a n c e  s u p p l i e d  a n d  c a l i b r a t e d  by  V K F .  
B e f o r e  t e s t i n g ,  c o m b i n e d  b a l a n c e  s t a t i c  l o a d i n g s  w e r e  a p p l i e d ,  
s i m u l a t i n g  t h e  m o d e l  l o a d i n g  r a n g e  a n t i c i p a t e d  d u r i n g  t h e  t e s t .  T h e  
u n c e r t a i n t i e s  l i s t e d  b e l o w  c o r r e s p o n d  to t h e  d i f f e r e n c e s  b e t w e e n  t h e  
a p p l i e d  l o a d s  a n d  t h e  v a l u e s  c a l c u l a t e d  b y  t h e  f i n a l  d a t a  r e d u c t i o n  b a l -  
a n c e  e q u a t i o n s .  

B a l a n c e  C o m p o n e n t  
De sign Maximum 
Load Static Loads Unc ertainties 

N o r m a l  f o r c e ,  lb  700 450 + 1 . 5  lb  
P i t c h i n g  m o m e n t ,  i n . - l b  3645 1730 +10 i n . - l b  
A x i a l  f o r c e ,  lb  150 450 + l . 0 1 b  

P r e s s u r e s  w e r e  m e a s u r e d  u s i n g  t h e  s t a n d a r d  p r e s s u r e  s y s t e m s  of 
T u n n e l s  A a n d  B. T h e  T u n n e l  A s y s t e m  u t i l i z e s  1 5 - p s i d  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 ,  c a l i b r a t e d  f o r  r a n g e s  of  15, 5, a n d  1 p s i a .  
T h e  p r e c i s i o n  of  t he  s y s t e m  i s  e s t i m a t e d  to h a v e  b e e n  w i t h i n  0 . 2  p e r -  
c e n t  of  fu l l  s c a l e  of t he  r a n g e  b e i n g  u s e d .  M o d e l  p r e s s u r e s  in T u n n e l  B 
w e r e  m e a s u r e d  w i t h  1 5 - p s i d  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 .  
F r o m  r e p e a t  c a l i b r a t i o n s ,  t h e  e s t i m a t e d  m e a s u r e m e n t  p r e c i s i o n  w a s  
+0. 003 p s i a  o r  + 0 . 5  p e r c e n t ,  w h i c h e v e r  w a s  g r e a t e r .  

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

* T e s t  F a c i l i t i e s  H a n d b o o k  (>Sfh E d i t i o n ) .  " y o n  K a r m a n  G a s  D y n a m i c s  
F a c i l i t y ,  Vo l .  4. " 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  1963.  

~3~ I~ ~ 
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o u t p u t s  w e r e  r e c o r d e d  on m a g n e t i c  t a p e ,  a t  a r a t e  of 20 t i m e s  p e r  
s e c o n d ,  f r o m  t h e  s t a r t  of t h e  i n j e c t i o n  c y c l e  u n t i l  a b o u t  3 s e c  a f t e r  
t h e  m o d e l  r e a c h e d  t h e  t u n n e l  c e n t e r l i n e .  F r o m  c a l i b r a t i o n s  of  t y p i c a l  
t h e r m o c o u p l e  w i r e s  a n d  a k n o w l e d g e  of  t h e  s y s t e m  s e n s i t i v i t y  a n d  
n o i s e  l e v e l ,  t h e  p r e c i s i o n  of  t h e  V K F  t e m p e r a t u r e  r e c o r d i n g  s y s t e m  
is  e s t i m a t e d  to h a v e  b e e n  + 0 . 2 ° R / s e c  o r  +2 p e r c e n t ,  w h i c h e v e r  w a s  
g r e a t e r .  

M o d e l  f l o w  f i e l d  s c h l i e r e n  p h o t o g r a p h s  w e r e  o b t a i n e d  f o r  t h e  t e s t s  
a t  M a c h  6, 8, a n d  10. F i g u r e  4 s h o w s  t y p i c a l  p h o t o g r a p h s  at  M a c h  8. 

SECTION III 
PROCEDURE 

3.1 TEST CONDITIONS 

A s u m m a r y  of  t h e  c o n f i g u r a t i o n s  t e s t e d  is  g i v e n  in  T a b l e  I. T h e  
n o m i n a l  t u n n e l  c o n d i t i o n s  at  w h i c h  t h e  t e s t s  w e r e  c o n d u c t e d  a r e  g i v e n  
below. 

M® Po, psia T O , °R 

4 II to 50 555- 

5 15 to II0 580 to 620 

6 40 to 180 696 ,to 752 

8 190 to  800 1240 to  1335 
10 400 to  1400 1730 to 1875 

Re®/ft x I0 -6 

1 . 0 2  to  4 . 3 6  
0 . 7 6  to  4 . 9 6  
1 . 0 6  to  3 . 0 0  
1 . 8 5  to  3 . 4 2  
o. 58 td 1 . 7 0  

3.2 DATA REDUCTION 

V a l u e s  of  a e r o d y n a m i c  h e a t i n g  r a t e  w e r e  c a l c u l a t e d  u s i n g  
t e m p e r a t u r e - t i m e  d a t a  in  t h e  r e l a t i o n  

(] = wbc dTw 
dt 

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

SECTION IV 
RESULTS AND DISCUSSION 

The Mach I0 longitudinal stability character is t ics  of two full-scale 
SNAP-27 configurations are presented in Fig. 5. As may be seen, no 
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Reynolds number effect was apparent on the basic configuration (NIBI). 

Also, the magnitudes of the normal-force, pitching-moment, and total 
axial-force coefficients for configuration NIB 2 were slightly greater 

over the angle-of-attack range because of the larger flare. For both 

configurations, the peak in axial force near ~ = 147 deg resulted when 
the bow wave from the vehicle base intersected the rear face of the 
nose. Although normal force was not affected, pitching moment was 
significantly increased, creating a stable trim point near c~ = 158 deg. 

Both configurations were also stable at e = 0 and 180 deg. 

As  t h e  v e h i c l e  m u s t  r e - e n t e r  t h e  a t m o s p h e r e  w i t h  t h e  n o s e  h e a t  
s h i e l d  w i n d w a r d  to r e m a i n  i n t a c t ,  e l i m i n a t i o n  of  t h e  t r i m  p o i n t s  a t  
l a r g e  a n g l e s  w a s  n e c e s s a r y .  F i g u r e  6 s h o w s  t h e  s t a b i l i t y  c h a r a c t e r i s t i c s  
of  s e v e r a l  m o d i f i e d  v e h i c l e s  at  M a c h  8, t h e  o n l y  M a c h  n u m b e r  at  w h i c h  
t h e s e  m o d i f i c a t i o n s  w e r e  i n v e s t i g a t e d .  T h e  N1B 1 d a t a  f r o m  F i g .  5, u s e d  

a s  a r e f e r e n c e ,  s h o w  t h a t  t h e  c o m b i n a t i o n  M a c h  n u m b e r - R e y n o l d s  n u m -  
b e r  c h a n g e  d id  n o t  s i g n i f i c a n t l y  a l t e r  t he  s t a b i l i t y  c h a r a c t e r i s t i c s  of t h e  
b a s i c  c o n f i g u r a t i o n .  T h e  a d d i t i o n  of  a 3 - i n .  - l o n g  f l a p  to  t h e  b a s e  of  t h e  
m o d e l  ( N 1 B 1 F  2} e l i m i n a t e d  t h e  s t a b l e  c o n d i t i o n  at  ~ = 180 deg ,  bu t  o n l y  

r e d u c e d  t h e  o t h e r  t r i m  a n g l e  f r o m  a = 158 d e g  to  n e a r  ~ = 147 d e g .  
H o w e v e r ,  by  t h e n  m o d i f y i n g  t h e  n o s e  ( N 2 B 1 F 2 ) ,  a l l  t h e  l a r g e - a n g l e  

s t a b i l i t y  c o n d i t i o n s  w e r e  e l i m i n a t e d .  E x t e n d i n g  t h e  f l a p  l e n g t h  to  5 in.  
( N 1 B 1 F  3) a c c o m p l i s h e d  t h e  s a m e  r e s u l t .  A m o d i f i c a t i o n  of  t h e  v e h i c l e  

b a s e  p r o v e d  u n d e s i r a b l e ,  e v e n  u s i n g  t h e  m o s t  e f f e c t i v e  n o s e  a n d  b a s e  
f l a p  ( N 2 B 3 F 3 ) .  S t a b i l i t y  c h a r a c t e r i s t i c s  n e a r  a = 0 d e g  w e r e  no t  s i g n i f i -  

c a n t l y  a l t e r e d  by  t h e  v e h i c l e  m o d i f i c a t i o n s  b e c a u s e  a l l  m o d i f i e d  s u r f a c e s  
w e r e  l o c a t e d  in r e g i o n s  of  s e p a r a t e d  f l o w  at  l ow  a n g l e s  of  a t t a c k .  

V a r i a t i o n  of  s t a b i l i t y  c h a r a c t e r i s t i c s  w i t h  M a c h  n u m b e r  i s  s h o w n  
in  F i g .  7. As  e x p e c t e d ,  n o r m a l - f o r c e ,  p i t c h i n g - m o m e n t ,  a n d  t o t a l  
a x i a l - f o r c e  c o e f f i c i e n t s  d e c r e a s e d  in m a g n i t u d e  w i t h  i n c r e a s i n g  M a c h  
n u m b e r .  T h e  a p p e a r a n c e  of  t h e  a p p a r e n t l y  d o u b l e - v a l u e d  p i t c h i n g -  
m o m e n t  and  t o t a l  a x i a l - f o r c e  c o e f f i c i e n t  d a t a  at  M a c h  4 is  e x p l a i n e d  in  
F i g .  8. 

At M a c h  4, a n  i n t e r m i t t e n t  f l o w  o c c u r r e d  in  t h e  v e h i c l e  f l o w  f i e l d  
b e t w e e n  a n g l e s  of a t t a c k  of  -3  a n d  3 d e g .  F l o w  b e h i n d  t he  l a r g e  b l u n t e d  
n o s e  w a s  at  t i m e s  p a r t l y  a t t a c h e d ,  t h e n  f u l l y  s e p a r a t e d  a s  i l l u s t r a t e d  by 
t h e  p r e s s u r e  d i s t r i b u t i o n s  of F i g .  8. T h e  f l o w  v a r i a t i o n  a f f e c t e d  p i t c h i n g  
m o m e n t  a n d  a x i a l  f o r c e  on  t h e  v e h i c l e  a s  m i g h t  be  e x p e c t e d .  F u l l y  
s e p a r a t e d  f l o w  r e d u c e d  t h e  m a g n i t u d e  of t h e  a x i a l  f o r c e  a n d  p i t c h i n g  
m o m e n t  c o m p a r e d  to t h e  p a r t l y  a t t a c h e d  f low.  H o w e v e r ,  f o r  b o t h  f l o w  
c o n d i t i o n s ,  t h e  v e h i c l e  w a s  s t a t i c a l l y  s t a b l e  at  a = 0 deg .  I n t e r m i t t e n t  
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flow conditions were also observed at Mach 5 and 6, but no evidence 

of this variation was observed at the higher Mach numbers (8 and 10) 
apparently because the flow was more capable of expanding into the 

cavity behind the blunt nose. 

Typical pressure and heat-transfer distributions are presented in 

Fig. 9. In general, the peaks in both distributions were caused by 

shock wave interaction as seen in the schlieren photographs of Fig. 4. 
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b. Modified Nose Configurations 

Fig. 2 Continued 
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a = 0 deg 

o = 30 deg 

Fig. 4 Typical Schlieren Photographs, Mo~ 
Basic Configuration 

= 8, Reoo = 3.4 x 10 6 per foot, 
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TABLE I 
TEST SUMMARY 

M® Re®/ft  x 106 Conf igura t ion  ¢ ,  deg a, deg Data Type  

4 .02  
4 .01  
3 .99 
5 .06  
5 .04  
5 .03 
5 .92 
5 .90  
8.01 

I 

7.97 

10.08 

10. 15 

10.01 

4 .02  
4 .01 
5 .07  
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3.31 
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N2B1F1 
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N1B1, N1B2 

N1B1 

i 

-4.5 to 14.5 

-8 to 16 

124 to 152 

t 

124 to 180 

124 to 235 

124 to 180 
and 

194 to 220 

155 to 180 

0 to 180 

1 
0 to 55 and 

155 to 180 
-4.5 to 14.5 

Oto  145  
-4.5 to 14.5 

0 to I00 

l 
-90 to 90 

Stat ic  Stabi l i ty  
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Heat  T r a n s f e r  

20  



UNCLASSIFIED 
Security Classification 

DOCUMENT CONTROL DATA - R&D 
(Secur i ty  c lassJf fcat ton of  t r i te,  body of  abstract and mdex ln~  annota t ion  rnu~t be entered when the overa1| report  i# ct.assrhed) 

I O R I G I N A T I N  G A C T I U I ~ Y  ( C o . o r a t e  au tho~  

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  
ARO, I n c . ,  O p e r a t i n g  C o n t r a c t o r  
A r n o l d  A i r  F o r c e  S t a t i o n ,  T e n n e s s e e  

L 
2]Za R E P O R T  S E C U R I T Y  C I . A S S I F I C A T I O N  

UNCLASSIFIED 
GROUP 

N/A 
3 R E P O R T  T I T L E  

AEROTHERMODYNAMIC CHARACTERISTICS OF THE FULL-SCALE SNAP-27 
VEHICLE AT SUPERSONIC AND HYPERSONIC MACH N~IBERS 

4 D E S C R I P T I V E  NO~'ES (Type  of  report  and inclusive dates) 

N/A 
5 AUTHOR(S)  (Las t  name, f i r s t  name, in i t ia l )  

Carman, J. B., Jr., ARO, Inc. 

6 R E P O R T  D A T E  7a T O T A l .  NO. OF PAGES 7 b  NO. OF  REFS 

S e p t e m b e r  1966 27 1 
8a  C O N T R A C T  OR G R A N T  NO. 

AF 40 (600) -1200 

b AEC Activity NO. 
04.30-01-41.3 

c 

Sa, O R I G I N A T O R ' S  R E P O R T  NUMBER(S)  

AEDC-TR-66-167 

9 b  O T H E R  R E P O R T  NO(S) ( A n y  other  numbenl  ~ a t  may be aal iOnad 
this report) 

N/A 
10 A V A I L A B I L I T Y / L I M I T A T I O N N O T I C E S  Qualified users may obtain copies of this 

report from DDC. Release to foreign nationals or foreign 
governments must have prior approval of AEC, Sandia Base. 

11 S U P P L E M E N T A R Y  NOTES 

N/A 
12 SPONSORING MILITARYACTIV|TY 

Atomic Energy Commission 
Sandia Base, Albuquerque, N.M. 

13 A B S T R A C T  

Heat-transfer, pressure, and static force tests were conducted 
at Mach 4 through l0 to obtain performance and design data on the 
SNAP-27 fuel cell. The tests were conducted using a full-scale 
model at free-stream unit Reynolds numbers between 0.6 x 106 and 
5.0 x l06 per foot at angles of attack from -90 to 235 deg. Based 
upon early test results, the basic configuration was modified, 
successfully making the vehicle statically stable only at zero 
angle of attack at Mach 8. This was the only Math number at which 
the modified configurations were tested. 

i 

D D  , FO.,,AN., 1 4 7 3   NCLASSI IED 
Security Classif ication 



UNCLASSIFIED 

14 

Security Classification 

K E Y  WORDS 

l u n a r  excursion module 
SNAP-27 
nuclear power generation 
aerothermodynamic characteristics 
supersonic flow 
hypersonic flow 
force tests 
pressure tests 
heat-transfer tests 

L I N K  A L I N K  B L I N K  C 

R O t E  WT R O L E  WT R O L E  WT 

I. O R I G I N A T I N G  ACTIVITY:  
of t he  c o n t r a c t o r ,  s u b c o n t r a c t o r ,  g r a n t e e ,  D e p a r t m e n t  of  De- 
f e n s e  a c t i v i t y  or other  o rgan iza t ion  (corporate author) i ssu ing  
the report .  

2a. R E P O R T  SECUI~TY  CLASSIF ICAT ION:  Enter  the over-  
a l l  secu r i t y  c l a s s i f i c a t i o n  o f  the report.  I nd i ca te  whether  
" R e s t r i c t e d  D a t a "  is  included, Mark ing is  to be in accord- 
ance wi th appropr ia te  secur i t y  regu la t ions .  

2b. GROUP: Automat ic  downgrad ing is  spec i f i ed  in  DoD Di- 
r ec t i ve  5200. 10 and Armed Forces  Indus t r ia l  Manual.  Enter  
the group number. A lso,  when app l i cab le ,  show that op t iona l  
markings have been used for Group 3 and Group 4 as author-  
ized 

3. R E P O R T  T I T L E :  Enter the complete report  t i t l e  in  a l l  
cap i ta l  le t ters.  T i t l e s  in a l l  cases should be unc lass i f i ed .  
I f  a meaningfu l  t i t l e  cannot  be se lec ted wi thout  c l a s s i h c a -  
t ion,  show t i t l e  c l a s s i f i c a t i o n  in a l l c a p i t a l s  in paren thes is  
immedia te ly  f o l l ow ing  the t i t le .  

4, D E S C R I P T I V E  NOTES: I f  appropr iate,  enter  the type o f  
report ,  e.g.,  ,ntertm, progress,  summary, annual, or f ina l .  
G ive  the i n c l u s i v e  dates  when a spec ihc  repor t ing  per iod is 
c o v e r e d .  

5. AUTHOR(S):  E n t e r  the name(s )  of au thor ( s )  a s  s h o w n  on 
or in the  repor t ,  Ente~ f a s t  name,  f~rst name, m i d d l e  i n i t i a l .  
If m i l i t a r y ,  s h o w  rank end b ranch  of  s e r v i c e .  T h e  name  of  
t h e  p r l n c i p a l  ° . , thor  i s  an a b s o l u t e  mln imum re qu i r e m e n t .  

6. R E P O R T  D A T ~  E n t e r  the  d a t e  of the  repor t  a s  day ,  
month,  year ;  or month,  year .  If more t h a n  one  d a t e  a p p e a r s  
on the repor t ,  u s e  d a t e  of p u b l i c a t i o n .  

7a. T O T A L  NUMBER OF PAGES:  T h e  to ta l  p a g e  c o u n t  
s h o u l d  f o l l o w  normal  p a g i n a t i o n  p r o c e d u r e s ,  x.e., en t e r  t h e  
number of pages containing information. 

7b. NUMBER OF REFERENCES: Enter the total number of 
references cited in the report. 

8a.  C O N T R A C T  OR G R A N T  NUMBER: If a pp r op r i a t e ,  enter : 
t h e  a p p l i c a b l e  number  of  t he  c o n t r a c t  or g ran t  under  w h i c h  
the report  was wr i t ten.  

8b, 8c, & 8d. P R O J E C T  NUMBER: Enter  the appropr ia te  
m i l i t a ry  department i den t i f i ca t i on ,  such as p ro jec t  number, 
subpro jec t  number, system numbers, task number, etc. 

9a. OR IG INATOR 'S  R E P O R T  NUMBER(S): Enter  the o f f i -  
c ia l  repor t  number by  which the document w i l l  be i den t i f i ed  
and con t ro l l ed  by the o r ig ina t ing  ac t i v i t y .  T h i s  number must 
be unique to th is  report. 

9b. O T H E R  R E P O R T  NUMBER(S): I f  the report has been 
ass 'gned  any other  report  numbers (e i ther by the or ig inator  
or by the sponsor), a lso  enter th is  number(s). 

10. A V A I L A B I L I T Y / L I M I T A T I O N  NOTICES: En te r  any hm- 
l t a t i ons  on fur ther  d i ssemina t i on  o f  the report ,  o ther  than those 

INSTRUCTIONS 

E n t e r  the  name  and a d d r e s s  i m p o s e d  
s u c h  as:  

( i)  

(2) 

(3) 

by secur i ty  c l ass i f i ca t i on ,  us ing standard statements 

"Qualified requesters may obtain copies of this 
report from DDC. 'p 

"Foreign announcement and dissemination of this 
report by DDC is not authorlzed." 

"U. S. Government agencies may obtain copies of 
this report directly from DDC. Other qualified DIX~ 
users shall request through 

o,, 

(4) " U .  S. m ih ta ry  agenc ies  may obta in  cop ies  o f  th is  
report  d i rec t l y  from DDC, Other qua l i f i ed  users  
sha l l  request  through 

°P, 

(S) " A l l  d i s t r i b u t i o n  of t h i s  repor t  i s  con t ro l l ed .  Qual-  
i f i e d  DDC u s e r s  s h a l l  r e q u e s t  th rough  

# ,  

If  the  report  h a s  b e e n  f u r m s h e d  to the  O f f i c e  of  T e c h n i c a l  
S e r v i c e s ,  Depa r tmen t  of  Commerce ,  for s a l e  to the  pub l i c ,  indi-  
c a t e  t h i s  fac t  and  en te r  the  p r i ce ,  i f  known.  

I L  S U P P L F . 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 -  
to ry  no t e s .  

12. SPONSORING MILITARY ACTIVITY:  E n t e r  the  name of  
t h e  d e p a r t m e n t a l  p r o j e c t  o f f i ce  or l a b o r a t o r y  s p o n s o r i n g  (pay-  
ing for) the research and development. Include address. 

13- ABSTRACT: Enter an abstract giving a brief and factual 
summary of the document indicative of the report, even though 
it :nay also appear elsewhere in the body of the technical re- 
port. If additional space is required, a continuation sheet shall 
be attached. 

It is highly desirable that the abstract of classified reports 
be unclassified. Each paragraph of the abstract shall end w*th 
an indication of the m*htary security classification of the in- 
fo rmat ion  in the paragraph, represented as (TS), (S), (C), or (U) 

There  xs no l im i ta t ion  on the length o f  the abstract .  How- 
ever,  the suggested length is from 150 to 225 words. 

14. KEY WORDS: Key words are techn ica l l y  meaningfu l  terms 
or short  phrases that charac te r i ze  a report  and may be used as 
index ent'rres for  ca ta log ing  the report. Key words must be 
se lec ted so that no secur i ty  c l ass i f ,  ca t lon  xs required. Ident.t- 
hers ,  such as equipment model des ignat ion ,  trade name, mi l i ta ry  
pro ject  code name, geographic locat ion,  may be used as key 
words but w , l l  be fo l l owed by an ind ica t ion  of  techn ica l  con- 
text.  The ass ignment  of  l inks,  ru les,  and weights  is op t iona l .  

UNCLASSIFIED 
S e c u r i t y  C l a s s i f i c a t i o n  


