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I n t r o d u c t i o n  
To e s t i m a t e  t h e  t e m p e r a t u r e  r i s e  by t h e  low v e l o c i t y  ( f rom 10  t o  

1 0 0 m / s e c )  i m p a c t  e x p e r i m e n t s  i s  i m p o r t a n t  t o  e x a m i n e  t h e  
s o l i d i f i c a t i o n  p r o c e s s e s  and t h e  weak t h e r m a l  metamorphism of t h e  
growing p l a n e t e s i m a l s ,  which s h o u l d  have  been l o o s e l y  c o n s o l i d a t e d  
a g g r e g a t e s  i n i t i a l l y .  Due t o  t h e  mutual  c o l l i s i o n ,  a sequence  of t h e  
l o c a l  t e m p e r a t u r e  r i se  and t h e  c o o l i n g  would c a u s e  t h e  i n c r e a s e  of  t h e  
mechan ica l  s t r e n g t h .  E s p e c i a l l y ,  r e d i s t r i b u t i o n  of g r a i n  boundary 
e x i s t i n g  m a t e r i a l  w i t h  low m e l t i n g  p o i n t  such  a s  H20 i ce  
i n  t h e  g r a i n  boundary p layed  t h e  r o l e  a s  b i n d i n g  m a t e r i a l  
Exper imen ta l  p r o c e d u r e  

I n  o r d e r  t o  pe r fo rm t h e  low v e l o c i t y  impac t  e  e r i m e n t s ,  w e  used  a  
newly developed a c c e l e r a t o r  u s i n g  an  archery-bow rJ) ( F i g u r e  I ) ,  which 
c o n s i s t s  of t h e  f i x e d  a r c h e r y  bow(A), t h e  ar row w i t h  a  p r o j e c t i l e ( B ) ,  
t h e  c o l l i m a t i n g  p i p e ( C ) ,  t h e  s t o p p e r ( D )  and t h e  v e l o c i t y  d e t e c t o r ( E ) .  

Using t h e  a c c e l e r a t o r ,  under  one  a tmosphere  and room t e m p e r a t u r e ,  a  
s t a i n l e s s  s t e e l  s p h e r e  o f  6.36mm d i a m e t e r  a n d  P.07g mass h a s  b e e n  
c o l l i d e d  t o  t h e  f l a t  s u  f a c e  o f  a  f i x e d  t a r g e t  made o f  a  c e m e n t  5 block(G)  w i t h  100 x  40 mm are3 and 24mm t h i c k n e s s .  The bu lk  d e n s i t y  
of t h e  cement b l o c k  i s  2600kg/m . The impac t  v e l o c i t y  v a r i e s  from 14.5 
t o  46.5 m/sec.  

To measure  t h e  t e m p e r a t u r e  r i se  i n  t h e  t a r g e t ,  a  chromel-alumel 
t h e r m o c o u p l e  o f  O . P m m  d i a m e t e r  i s  u s e d ( H ) .  To a v o i d  p r o b a b l e  
a t m o s p h e r i c  t e m p e r a t u r e  d i s t u r b a n c e ,  and t h e  d i r e c t  damage of t h e  
the rmocoup le ,  t h e  the rmocoup le  j u n c t i o n  i s  b u r i e d  i n  t h e  t a r g e t .  The 
d i s t a n c e  between t h e  the rmocoup le  j u n c t i o n  and t h e  impac t  p o i n t  v a r i e s  , 

from 1 t o  11 mm. 
Genera ted  h e a t  and t e m p e r a t u r e  r i se  

F i g u r e  2  shows an  example of t h e  t e m p e r a t u r e  r i s e  p r o f i l e  i n  t h e  
t a r g e t  v e r s u s  t i m e  i n  t h e  c a s e  t h a t  t h e  impac t  v e l o c i t y  i s  37.0m/sec 
and t h e  d i s t a n c e ,  d ,  between t h e  impac t  p o i n t  and t h e  the rmocoup le  i s  
5.6mm. Tmax a n d  t r  a r e  t h e  maximum t e m p e r a t u r e  r i s e  a n d  t h e  t ime 
r e q u i r e d  t o  r e a c h  Tmax, r e s p e c t i v e l y ,  which a r e  measured i n  o r d e r  t o  
o b t a i n e d  t h e  g e n e r a t e d  h e a t .  We t e n t a t i v e l y  approx imate  t o  e s t i m a t e  Q, 
a s  t h e  h e a t  c o n d u c t i o n  i n  t h e  s e m i - i n f i n i t e  m e d i u m  f r o m  t h e  
i n s t a n t a n e o u s  p o i n t  s o u r c e ,  Q. Tha t  i s  

where and a r e  t h e  t h e r m a l  d i  u s i v i t y ,  t h e  h e a t  c a p a c i t y  and 
d e n s i t y  of  t h e  t a r g e t ,  r e s p e c t i v e l y & .  Figurf  3 shows t h e  deduced 
t e m p e r a t u r e  r i s e  from t h e  p r o d u c t  of Tmax and d  , a s  a  f u n c t i o n  o f  t h e  
impact  v e l o c i t y .  The t e m p e r a t u r e  r i se  become h i g h e r  t h a n  50 K a t  t h e  
i m p a c t  v e l o c i t y  o f  4 0  m / s e c ,  s o  t h a t  t h e  l o c a l  m e l t i n g  o f  H20 i c e  
c o u l d  o c c u r .  Q / E i  and E r / E i  as a f u n c t i o n  of  t h e  impac t  v e l o c i t y  shown 
i n  F i g u r e  4. Ef and Er are t h e  i n i t i a l  and t h e  rebound energy  of t h e  
p r o j e c t i l e .  La rge  p a r t  of t h e  i n i t i a l  ene rgy  i s  s p e n t  as h e a t i n g .  

F u r t h e r  i n v e s t i g a t i o n  w i l l  be  needed t o  perform t h e s e  e x p e r i m e n t s  
w i t h  v a r i o u s  m a t e r i a l s -  s u c h  a s  l o o s e l y  c o n s o l i d a t e d  s i l i c a t e  
a g g r e g a t e s  and ice f o r  p r o j e c t i l e s  and t a r g e t s .  
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F i g u r e  2 
Example o f  temp. r ise.  
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F i g u r e  4 
Energy  p a r t i t i o n .  
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