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A n u m e r i c a l  so lu t i on  i s  p r e s e n t e d  of the  p r o b l e m  of  o n e - d i m e n s i o n a l  m o t i o n  of  an i n c o m p r e s s i b l e  
c y l i n d r i c a l  s h e l l  u n d e r  ax i a l  de tona t ion  of an e x p l o s i v e  c h a r g e .  The  she l l  s t r e n g t h  i s  not t a k e n  into accoun t .  
The de tona t ion  p r o d u c t s  a r e  a p o l y t r o p i c  gas  wi th  i ndex  k = 3. Laws  of s h e l l  m o t i o n  a r e  ob t a ined  fo r  d i f f e r -  
en t  r e l a t i o n s h i p s  b e t w e e n  the  c h a r g e  and s h e l l  m a s s e s .  

The m o t i o n  of  the  gas  and the s h e l l  i s  o n e - d i m e n s i o n a l  in  the  c a s e  of e x c i t a t i o n  of  a de tona t ion  s i m u l -  
t a n e o u s l y  a long a l l  the  axes  of an i n f i n i t e l y  long c h a r g e ;  the d i a g r a m  of the  p r o c e s s  i s  shown in F i g .  1. At 
the  t i m e  ( t . )  the  de tona t ion  wave  1 i s  i n c i d e n t  on the  s h e l l  5 a r e f l e c t e d  shock  3 o r i g i n a t e s  in the  de tona t ion  
p r o d u c t s , w h i c h  c o n v e r g e s  to  the  ax i s  of  s y m m e t r y .  A f t e r  r e f l e c t i o n  f r o m  the ax i s ,  the  shock  4 aga in  
e m e r g e s  on the s h e l l  c o m m u n i c a t i n g  an add i t i ona l  i m p u l s e  t h e r e t o ;  the  n u m b e r  2 i n d i c a t e s  the  b o u n d a r y  of 
the  r e s t  zone  in  the  f i g u r e .  

The  g o v e r n i n g  c o n s t a n t s  of the e x p l o s i v e  m a t e r i a l  a r e  the  i n i t i a l  d e n s i t y  P0 and the de tona t ion  v e l o c -  
i ty  D.  The  i n i t i a l  r a d i u s  of the c h a r g e  i s  r 0. 

The  s y s t e m  of equa t i ons  fo r  a p o l y t r o p i c  gas  in d i m e n s i o n l e s s  v a r i a b l e s  i s  
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The d i m e n s i o n l e s s  v a r i a b l e s  h e r e  a r e  
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F i g .  1 

P' = P/Po D~, P ' = P / P o  
v ' =  v / D ,  c ' = c / D ,  r ' = r / r o ,  t ' = D t / r  o, 

The p r i m e s  a r e  h e n c e f o r t h  o m i t t e d .  

The  s h e l l  i s  a s s u m e d  i n c o m p r e s s i b l e ,  not  to  p o s s e s s  s t r e n g t h  
and to  be  s u f f i c i e n t l y  th in ,  which  p e r m i t s  w r i t i n g  the  b o u n d a r y  c o n d i -  
t i on  on the  s h e l l  as  

Mdv / dt = Sp 

w h e r e  M, S a r e ,  r e s p e c t i v e l y ,  the  s h e l l  m a s s  and the a r e a  of  i t s  i n n e r  
s u r f a c e  p e r  uni t  l eng th  of the c h a r g e .  

The  b o u n d a r y  cond i t ion  fo r  the  de tona t ion  p r o d u c t s  on the  axis  i s  
e v i d e n t l y  v = 0. The r e l a t i o n s h i p  b e t w e e n  the m a s s e s  of  the  e x p l o s i v e  
m and the  s h e l l  i s  c h a r a c t e r i z e d  by  the  c o e f f i c i e n t  # = m / M .  

The  i n i t i a l  cond i t ion  of  the p r o b l e m ,  the  s e l f - s i m i l a r  d i s t r i b u -  
t ion  of p a r a m e t e r s  beh ind  the f ron t  of  the d i v e r g i n g  de tona t i on  wave ,  
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was  found by  i n t e g r a t i n g  the s y s t e m  (1) f o r  c o n s t a n t  e n t r o p y  (see [1]). V a l u e s  of the  d i m e n s i o n l e s s  d e t o n a -  
t ion  v a r i a b l e s  (at the  C h a p m a n - J o u g u e t  point)  a r e  d e t e r m i n e d  a c c o r d i n g  to [2] a s  

t k + t  1 , k 
Pc-z-- k+i , Pc-~ = "--s = k-"~- ,  cc-~ =-~+i 

The i s e n t r o p e  of  the  de tona t ion  p r o d u c t s  has  the  f o r m  p = k3(k + 1)-4p 3. I t  i s  h e n c e f o r t h  a s s u m e d  
tha t  k = 3. 

The r a d i u s  of  the  r e s t  zone  i s  r r  = 0.485, the  r e l a t i v e  m a s s  and e n e r g y  in the  r e s t  zone a r e  0.197 
and 0.117, r e s p e c t i v e l y ;  the  d e n s i t y  i s  P r  = 0.84;  and the p r e s s u r e  i s  P r  = 0.0625. The  i n t e r n a l  and k ine t i c  
e n e r g i e s  of the de tona t ion  p r o d u c t s  wi th  c y l i n d r i c a l  s y m m e t r y  a r e  0.897 and 0.103 in r e l a t i v e  un i t s ,  r e -  
s p e c t i v e l y .  

I n t r o d u c i n g  the s p a c e  v a r i a b l e  ~ = r / R  (R i s  the  i n t e r n a l  runn ing  r a d i u s  of  the  s h e l l ) ,  we t r a n s f o r m  
the  s y s t e m  (1) to  m o v i n g  E u l e r i a n  c o o r d i n a t e s  
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A f i n i t e - d i f f e r e n c e  a p p r o x i m a t i o n  of  the  s y s t e m  (2) is  p e r f o r m e d  by  u s i n g  an e x p l i c i t  s c h e m e  of  s e c -  
o n d - o r d e r  a c c u r a c y  (a m o d i f i e d  L a x - W e n d r o f f  s c h e m e  [3]). The  c o m p u t a t i o n  i s  c a r r i e d  out  in two s t a g e s .  
V a l u e s  of the  d e s i r e d  func t ions  a r e  o b t a i n e d  on a l a y e r  wi th  t i m e  index  n + a  (n i s  the  l a y e r  on wh ich  v a l u e s  
of a l l  the  d e s i r e d  func t ions  a r e  known, and a > 0) a t  po in t s  wi th  h a l f - i n t e g e r  s p a c e  index  in the  f i r s t  s t a g e .  
In the  s e c o n d  s t a g e  the  d e r i v a t i v e  d w / d t  i s  a p p r o x i m a t e d  at the  po in t  (n +1/2, m) by  the  d i f f e r e n c e  

n+l w,~ --  w~) / At, and the d e r i v a t i v e  d w / d ~  i s  a p p r o x i m a t e d  by  the  l i n e a r  c o m b i n a t i o n  

n+i wn+l ,~ # At: 
a (win+, h -- u - ' l ;  l <, + ~ (w~z  -- w~-l )  l A~ 

H e r e  ~ and/3 a r e  c o e f f i c i e n t s  ob t a ined  (n + ~ ,  mh) d u r i n g  l i n e a r  i n t e r p o l a t i o n  of the func t ion  w at  the 
po in t s  (nt, mh) and [(n + a ) t ,  mh) .  V a l u e s  of the  c o e f f i c i e n t s  a r e  e v a l u a t e d  at t h i s  s a m e  po in t .  

The p a r a m e t e r s  on the  s h e l l  a r e  c o m p u t e d  by  the  fo l lowing  f o r m u l a s :  

p~v +1 = [2At (pC)~-+'{], + ( i  - -  "cA~,+:~,)(p~ - -  p~+__~) -t- (-I -I- ~A~+-'r ' )  P~ ' - I  
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The p r e s s u r e  p i s  e v a l u a t e d  by  an ana logous  f o r m u l a  
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The pa rame te r s  at the center  are  computed by the following 
formulas :  

n §  - -  Po -- [2At (oC)~+ % + (i + vAn~'A~% ' (P on -- Pxn+l)+(i -- *Ag~n*%) pxn 

~+i + u1~ u#)l l (I - 'vA~ +'/~) - ( ~ B ) , ~ ' , ' , ~ . ( , 4  ' + * -  u o . - 

The p re s su re  p~+.l is calculated by an analogous formula  

The constraint  

n+t  __ 0 
~0 

At < KRA~ / max (I v 1 + c) 

was imposed in o rder  to assure  stabil i ty of the computation at the time 
spacing. 

, Here max (] v ] + c) is the maximum sum of the absolute value of 
the mass  flow rate  and the local speed of sound on the layer .  By defini- 
tion of the dimensionless  pa rame te r s  c = ~6P �9 The quantity K agrees  
with the Courant  number,  where K is assumed to equal 0.4 in the 
numerica l  computations.  The computation was hence stable. 

The sys t em (2) was integrated for  the values # = 0.25, 0.5, 0.75, 
1.0, 2.0, 2.5, 4.0. 

A check on the co r rec tnes s  of the computation was per formed by 
using a calculation of the total sys tem energy integral  on each t ime 
layer .  The maximum AE did not exceed 3.8~ during the computation. 
The co r r ec tnes s  of the computation was also checked by verifying the 
Hugoniot condition on the ref lec ted  front for  waves of different intensity.  

The p r e s s u r e  distribution in the detonation products at the d imen-  
s ionless  coordinate ~ = r / R  at different t imes  is shown in Fig. 2 (a, 
p r io r  to reflect ion by the axis of symmet ry ;  b, after reflection).  That 

the ref lected wave profile is somewhat nonmonotone is explained by singulari t ies  in the finite difference 
scheme.  

The grea tes t  e r r o r s  in determining the quantities originate at the t ime of wave reflect ion from the 
shell and the axis of s y m m e t r y .  The p r e s s u r e  of detonation wave ref lect ion f rom the shell fluctuated be-  
tween 2.20-2.60 for  a theoret ical  value of 2.39 [2]. Since the ref lected wave was weak, the entropy growth 
therein did not exceed 1.5-2.0% on the average.  A computation of one of the vers ions  0~ = 1.0) in an isen-  
tropic approximation showed that the d iscrepancy in shell velocit ies does not exceed 0.5%. 

As the ref lected wave converges  to the axis of s y m m e t r y  the wave amplitude theoret ical ly  tends to in-  
finity. To assure  stable operat ion of the scheme,  the frontal p r e s s u r e  was smoothed, which could not how- 
ever  resul t  in substantial  e r r o r s  since the ref lected wave energy is comparat ively  slight. A check of the 
total sys tem energy  showed that as the shock passed through the center  its magnitude diminished by less  
than 0.1%. 

Laws for  the one-dimensional  motion of a shell are  compared  in Fig.  3 for the case  of axial detona- 
tion (solid lines) and detonation products  initially at r e s t  (dashed lines).  It has been assumed that the sol id-  
ity of the shell is not spoiled up to R' = 1.5 (R' = R/r0) .  As should have been expected, the axial detonation 
assures  considerably g rea te r  initial shell accelerat ions .  

Let us introduce the rat io 

oR = (h / v~)R ---- 7 (~, a) 

Here vl, v 2 are the shell velocities at a given radius R' under axial detonation and initially in a gas at 
rest,  respectively. A graph of the dependence w (I .5) = f~u) for a fixed value of R' = 1.5 is presented in Fig. 4. 
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The initial stage of the accelerat ion plays a decisive role  in collection of the velocity in the # > 1.25 
case;  consequently, w(1.5) > 1. The limit value of w evidently holds at # -~ ~o, where this value is indepen- 
dentof the  quantity R' and equals D / c  0 = 1.64 [c o = D(~8) 1~ = 0.61D is the speed of sound in the detonation 
products at res t ] .  

For  # = 0.25-1.25 the initial period of accelerat ion (up to equilibration of the velocit ies w = 1) 
terminated at R'  = 1.1-1.4. Because of entrainment  of par t  of the energy in the ref lected wave the value is 
w(1.5 ) < 1. Finally, in the case  ~ < 0.25, the reflected wave succeeds in reaching the shell  at low values of 
R ' ,  which resul ts  in equilibratlon of the veloci t ies .  

Evidently, w depends essent ial ly  on the quantity R' also. For  example, for # = 2 and R' = 1.5, 1.2, 
1.1 the index w is 1.09, 1.21, 1.34, respect ively .  

The minimal  p r e s su re  in the detonation products occurr ing  at the shell for ~ = 4, R' = 1.5 was 0.005, 
which for a frontal p r e s su re  of PC-J = 200-300 kbar  will cor respond to p = 1-1.5 kbar .  This c i rcumstance  
permi ts  considering the assumption k = 3 acceptable since, according to [2], the p re s su re  at the point of 
t ransi t ion f rom isentropy p = ~p3 to nonisentropy p = bp 7 (~ = 1.2-1.4) is 1.5-2.0 kbar .  

The authors are  grateful  to L. A. Chudov for constant attention to the r e s e a r c h  and for  valuable r e -  
marks .  
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