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In t roduc t ion  

Knowledge of t h e  mineralogy,  a s  we l l  a s  t h e  e lementa l  and i s o t o p i c  
composit ions [ I ] ,  of comet p a r t i c l e s  i s  e s s e n t i a l  t o  understanding t h e  
n a t u r e  of comets. Underdense media may make i t  p o s s i b l e  t o  c a p t u r e  i n t a c t  
comet p a r t i c l e s  on a  s p a c e c r a f t  f l y i n g  through t h e  coma of a  comet. 
R e l a t i v e l y  simple and inexpensive  missions have been s t u d i e d  t h a t  would f l y  
through t h e  coma and r e t u r n  t o  e a r t h  o r b i t  [ 2 ] .  

Werle e t  a l .  have performed impact a c c r e t i o n  experiments by impacting 
s t e e l  spheres  i n t o  0.18 d e n s i t y  S a f f i l e  ( & O 3 f e l t )  a t  h y p e r v e l o c i t i e s  of 
0.5 t o  8  kmlsec [33 .  A t  7.9 kmlsec, about 67% of a  s t e e l  p r o j e c t i l e  was 
captured w i t h i n  18 cm; a l though ,  t h e  p a r t i c l e  was i n  some cases  broken i n t o  
p ieces .  A s e t  of experiments t o  exp lo re  the  p o t e n t i a l  of us ing v a r i o u s  
underdense media f o r  i n t a c t  comet sample r e t u r n  was performed a t  NASA-Ames 
Research Center V e r t i c a l  Gun Range. These experiments have proven t h a t  
cap tu r ing  i n t a c t  p a r t i c l e s  dur ing a  comet f l y b y  through a  comet i s  f e a s i b l e  
and deserving of f u r t h e r  research.  

Experiment 

Two types  of underdense media were explored:  f i b e r  f e l t s  and polymer 
foam. Graphi te  and Kevlar f e l t s  wi th  d e n s i t i e s  0.15 and 0.036, 
r e s p e c t i v e l y ,  were used. The f e l t  t a r g e t s  were s tacked t o  ga in  depth  and 
t o  f a c i l i t a t e  s e p a r a t i o n  f o r  examination a f t e r  impact. A s o l i d  p iece  of 
polymer foam wi th  low d e n s i t y  was used s i n c e  foam can be e a s i l y  c u t .  
Pol ished aluminum spheres  of 3.175 mm diameter were a c c e l e r a t e d  wi th  t h e  
Ames two-stage v e r t i c a l  l igh t -gas  gun t o  6 - 6.5 kmlsec. Two non- 
consecu t ive  s h o t s  were made f o r  each m a t e r i a l .  

Resu l t s  

The p r o j e c t i l e  l e f t  a  t y p i c a l  carrot-shaped t r a c t  i n  t h e  media. For 
Kevlar ,  p r o j e c t i l e  break-up was c l e a r l y  evidenced by i r r e g u l a r  pe r imete r s  
beginning a t  2.5 cm i n t o  t h e  t r a c t .  I n  6 cm t h e  c h a r a c t e r i s t i c  b lack  t r a c k  
i n  b r i g h t  yellow Kevlar d isappeared,  and,  i n s o f a r  a s  we could determine,  no 
s o l i d  p r o j e c t i l e  remained. It i s  bel ieved t h a t  the  s t r o n g  Kevlar f i b e r  
broke t h e  p r o j e c t i l e s  i n t o  p ieces  and then abraded them. For g r a p h i t e  f e l t ,  
however, t h e  p r o j e c t i l e  t r a c k  was smooth and terminated i n  6.35 cm without  
a  t r a c e  of t h e  p r o j e c t i l e .  It i s  bel ieved t h a t ,  a t  h y p e m e l o c i t y ,  t h e  
g r a p h i t e  was a b r a s i v e  and t h e  aluminum sphere  was t o t a l l y  abraded.  Nei ther  
g r a p h i t e  nor  Kevlar f e l t s  proved s u i t a b l e  f o r  cap tu r ing  p a r t i c l e s  i n t a c t  a t  
h y p e r v e l o c i t i e s .  
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A uniform po lys ty rene  foam with  d e n s i t y  of 0.018, however, caught 
i n t a c t  t h e  aluminum p r o j e c t i l e s  a t  about 6.5 km/sec i n  76.2 cm. In  each 
experiment,  75% of t h e  p r o j e c t i l e ' s  mass was captured i n  a s i n g l e  p iece  a t  
t h e  end of t h e  a carrot -shaped t r a c t .  F igure  1 i s  t h e  pe r spec t ive  view of 
one of t h e  captured p r o j e c t i l e s .  A c r o s s - s e c t i o n a l  SEM view of one of t h e  
p r o j e c t i l e s  i s  shown i n  Figure  2. Note t h a t  t h e  forward hemisphere, i n  t h e  
d i r e c t i o n  of t h e  v e l o c i t y  v e c t o r ,  unexpectedly r e t a i n e d  t h e  o r i g i n a l  
po l i shed  g l o s s  s u r f a c e .  However, t h e r e  was d i s t i n c t  i r r e g u l a r  l o s s  on t h e  
a f t  hemisphere. The c r o s s - s e c t i o n a l  view i n d i c a t e s  some widening of t h e  
p r o j e c t i l e  c u r v a t u r e  i n  t h e  a f t  p o r t i o n .  

Findings  

This polymer foam experiment i s  ve ry  encouraging f o r  t h e  p o s s i b i l i t y  
of i n t a c t  sample r e t u r n  from a f lyby.  An model wi th  i n f i n i t e  number of 
t h i n  diaphragms i s  being developed t o  h e l p  us  f u r t h e r  understand t h e  
a b l a t i o n  process  i n  underdense polymer foams. The a b i l i t y  t o  c a p t u r e  
f r a g i l e  cometary p a r t i c l e s  and methods t o  d e t e c t  smal l  p a r t i c l e s  i n  t h e  
underdense media a r e  some of t h e  concerns t o  be examined. Fur the r  
experiments w i l l  be performed wi th  d i f f e r e n t  p r o j e c t i l e s  and underdense 
media of d i f f e r e n t  m a t e r i a l  s t r e n g t h s ,  e l a s t i c i t i e s  a t  h y p e r v e l o c i t i e s ,  
v a p o r i z a t i o n  e n e r g i e s ,  and d e n s i t i e s .  
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