
JOURNAL OF ENGINEERING PHYSICS 307 

NOTATION 

h is the l aye r  th ickness ;  # is the dynamic  l iquid 
v i scos i ty ;  ~ is the sur face  tens ion  of the liquid; p is 
the l iquid densi ty;  g is the g rav i ty  acce le ra t ion ;  u0 is 
the l i n e a r  speed of body ex t rac t ion ;  (p is the angle b e -  
tween the ho r i zon ta l  axis of the d rum end and the 
r a d i u s - v e c t o r  of the point  under  cons ide ra t ion ;  q?0 is 
the angle be tween the hor izon ta l  axis of the d rum end 
and the r a d i u s - v e c t o r  of the boundary  at which the 
d r u m  is i m m e r s e d  into the liquid. 
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The dynamic pattern of the shock compression of a substance in cyl- 
indrical bombs is examined. It is demonstrated theoretically and 
experimentally that Conditions are established in the center of the 
bomb for nonregtllar Mach repulsion. 

In s tudying the shock c o m p r e s s i o n  of powders  in 
cy l i nd r i ca l  bombs ,  we noted that  a n a r r o w  reg ion  
(" f i lament" )  is  e s t ab l i shed  along the axis ,  this  reg ion  
no t iceab ly  d i f fe ren t  f rom the r e m a i n i n g  m a s s  of the 
subs tance  in fo rm and p r o p e r t i e s  [1]. Thus,  in c o m -  
p r e s s i n g  ca rbona t e s  [2] in this  reg ion  we f ind p r e -  
dominan t  decompos i t ion  of the subs tance ,  while with 
NaC1, CsBr ,  and the n i t r a t e s  [3], we find the f o r m a -  
t ion of defects .  Within the " f i lament"  we f requent ly  
encoun te r  voids in  the f o r m  of channe l s  or vacuoles  
whose wal l s  a re  fused.  The " f i l ament" ,usua l ly  appears  
in the case  of a s m a l l  bulk densi ty  for the m a t e r i a l  
be ing  c o m p r e s s e d .  As the bu lk  densi ty  is i n c r e a s e d  
these  effects  a re  reduced.  

tt is i n t e r e s t i n g  to examine  tl~e r e a s o n s  for the 
appea rance  of the " f i lament"  wi th in  the subs tance .  
The mos t  i m p o r t a n t  m o m e n t  in the explos ive  c o m -  
p r e s s i o n  of a s tee l  bomb conta ined  wi th in  a c y l i n d r i -  
cal  explos ive  charge  is the f o r m a t i o n  of the oblique 
shock-wave  f ron t  within the subs tance  (figure).  This  
conf igura t ion  a r i s e s  as a r e s u l t  of the fact  that the 
bomb is  not s i m u l t a n e o u s l y  c o m p r e s s e d  over  the e n -  
t i r e  su r face ,  but succe s s ive ly .  

As a m a t t e r  of fact,  at a ce r t a in  ins tan t  in t ime  the 
detonat ion f ront  r e a c he s  the point  M. F r o m  the point  
M the p e r t u r b a t i o n  is p ropaga ted  in the wal ls  of the 
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Shock wave conf igura t ion  in  a 
cy l ind r i ca l  ampul:  ABC = 2fl, 
opening angle of a headwave;  
ECF =2(~, angle of impact  of 
oblique shockwaves ;  NO, shock 
wave f ront  in  ampul;  EC, shock 

wave f ront  in  a subs tance .  

bomb at a veloci ty  DFe and r e a c he s  the point  O within 
a unit  of t ime .  Within this  s ame  per iod  of t ime  the 
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detonat ion front  will  r each  the point N, i . e . ,  an 
oblique shock front  NO a r i s e s  within the m a t e r i a l  of 
the bomb:  A s s u m i n g  s i m i l a r  cons ide ra t ions ,  we ob- 
ta in  an oblique shock front  in the subs tance .  

As ment ioned  in [1], in this case  Mach repu l s ion  
becomes  poss ib le  when shock waves mee t  in the sub-  
s tance.  F r o m  s imple  geomet r i c  cons t ruc t ions  we find 
that the impact  veloci ty of the bow wave (when ~ >> fl) 
is equal to the detonation veloci ty  D1, which in our 
expe r imen t s  is equal  to 6.2 k m / s e c .  The p r e s s u r e  in 
the bow wave 

D1 (D1 - -  c) 
Pbow= p (1) 

g 

The parameters c and g are determined from the equa- 
tion 

D = c + g u .  (2) 

F r o m  the data of [4] we find: for  NaC1 with p = 2.165 
g/cm3, Pbow = 274 k i lobars ,  while with p = 1.44 g/cma, 
Pbow = 275 k i lobars .  Fo r  CsBr  with p = 4.45 g / c m  3, 
Pbow = 800 k i lobars ,  while with p = 2.95 g / c m  3, Pbow = 
= 700 k i lobars .  

This  r e s u l t  is approximate ,  s ince  the re f l ec t ion  
and r e f r ac t i on  of the shock waves at the boundar ies  
between the explosive and the s tee l  and between the 
s teel  and the subs tance  have not been  taken into con-  
s ide ra t ion ,  no r  have the condi t ions  for the convergence  
of a cy l i nd r i ca l  shock wave. The p r e s s u r e  behind the 
bow-wave f ron t  is  of one o rde r  of magni tude  in the 
case  of e i ther  a dense or a weak charge,  but  for a 
weak charge  (great  porosi ty) ,  the t h e r m a l  component  
of the p r e s s u r e  is cons ide rab ly  g r ea t e r .  As a r e s u l t  
the subs tance  in the reg ion  of the bow wave exhibi ts  a 
h igher  t e m p e r a t u r e ,  which is one of the f ac to r s  l e a d '  
ing to the fo rma t ion  of the " f i lament ."  

We c a r r i e d  out e x p e r i m e n t s  to ver i fy  the a s s u m p -  
t ion of the appearance  of a bow wave on c o m p r e s s i o n  
of cy l ind r i ca l  bombs.  Thus with the p l acemen t  of th in  
me ta l l i c  p la tes  wi th in  the subs tance ,  p e r p e n d i c u l a r  to 
the axis  of the bomb [6], we not iced that  all  of the 
p la tes  in the case  of a weak charge  were  punc tu red  
f rom top to bot tom at the cen te r  and were  fused.  The 
a r e a  of the punc tu re  in the upper  pla te  was s m a l l e r  
than in the lower  pla tes .  Having m e a s u r e d  these  a r e a s  
and knowing the d i s tance  be tween  the p la tes ,  we found 
that  the angle fl = 1 - 2  ~ This quant i ty  is i n g o o d a g r e e -  
men t  with the c h a r a c t e r i s t i c s  of the bow wave f rom 

r e f e r e nc e  [5]. Moreover ,  a d e p r e s s i o n  2 - 2 . 5  mm in 
d i ame te r  is noted in the lower  plug of the bomb, which 
is apparent ly  a r e su l t  of the bow-wave action. The 
l a t t e r ,  impinging on and being re f l ec ted  f rom the plug, 
takes with it a par t  of the i ron.  Indeed, spec t r a l  ana ly -  
s is  has demons t r a t ed  that the content  of i ron is at its 
m a x i m u m  at the lower plug and d imin i shes  sharply  
toward  the top of the bomb. Assuming  the c r o s s  s e c -  
t ion of the depres s ion  to be equal to the a r e a  of the 
bow-wave base ,  we find that  fl = 1.5 ~ i . e . ,  a value 
coincident  with the data on the pla tes .  

The bow wave gene ra t ed  by the converg ing  oblique 
shock waves is cont inual ly  supplied with energy  by the 
la t te r .  If this pumping p r oc e s s  were  to be cur ta i led ,  
i. e , ,  if the ex te rna l  act ion on the bomb were  to be 
removed,  the bow wave would cont inue to pass  through 
the subs tance  for some addit ional  dis tance on account  
of r e s e r v e  energy.  To check this  we conducted an 
expe r imen t  in which only half  a bomb was c ompres sed ,  
and i t  developed that the "f i lament"  ac tual ly  p a s s e s  
beyond the boundary  of the c o m p r e s s e d  pa r t  by 5 - 1 0  
mm.  
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