
CALCULATION OF CYLINDRICAL DETONATION WAVE 

EXPANDING FROM LINE OF EXPLOSION 

No V o B a n i e h u k  

We e x a m i n e  the  p r o b l e m  of e x p l o s i o n  p r o d u c t  m o t i o n  beh ind  an  expand ing  c y l i n d r i c a l l y  s y m m e t r i c  
de tona t i on  wave  p r o p a g a t i n g  in  a s p a c e  f i l l e d  wi th  s t a t i o n a r y  e x p l o s i v e  m a t e r i a l  (u = 0) wi th  c o n s t a n t  
d e n s i t y  P0 = c o n s t  and  P0 = 0o We a s s u m e  tha t :  1) the  m o t i o n  of the e x p l o s i o n  p r o d u c t s  i s  i s e n t r o p i c ;  2) 
the  de tona t i on  wave  c o r r e s p o n d s  to the  Joug ue t  po in t  of the  Hugonio t  a d i a b a t .  

The  s u b j e c t  p r o b l e m  is  s o l v e d  a n a l o g o u s l y  to the  s o l u t i o n  of the  p r o b l e m  on p r o p a g a t i o n  of an e x p a n d -  
ing  s p h e r i c a l l y  s y m m e t r i c  de tona t ion  wave  s u g g e s t e d  by  Z e l ' d o v i c h  [1]. 

The  m o t i o n  of the e x p l o s i o n  p r o d u c t s  beh ind  a de tona t ion  wave  f r o n t  is  d e s c r i b e d  by  the  equa t ions  of 
g a s d y n a m i c s ,  the equa t ion  of  s t a t e ,  and  the b o u n d a r y  c o n d i t i o n s .  We s h a l l  e x a m i n e  the  m o t i o n  in a p lane  
p e r p e n d i c u l a r  to the ax i s  of s y m m e t r y .  We i n t r o d u c e  in th i s  p l ane  the r ,  ~ p o l a r  c o o r d i n a t e  s y s t e m  wi th  
o r i g i n  a t  the  po in t  of  i n t e r s e c t i o n  of  the  ax i s  of s y m m e t r y  and the g iven  p l a n e .  

The  equa t ion  of s t a t e  i s  p = A p  u ,  w h e r e  A i s  an a r b i t r a r y  c o n s t a n t ,  u i s  the a d i a b a t i c  exponen t ,  p 
i s  the p r e s s u r e  of the  c o m b u s t i o n  p r o d u c t s ,  and p i s  the d e n s i t y .  We  t ake  a s  the  unknowns the s p e e d  of 
sound  c and the  c o m b u s t i o n  p r o d u c t  c o m p o n e n t  v e l o c i t y  d i r e c t e d  a long  the r a x i s .  We denote  i t  by  u.  

Knowing  e,  we can  f ind p and p f r o m  the f o r m u l a s  

[ C 2 \1/(• A (C~"~ x/(• 
P -  ~ - ] -  ' P = \ A ~  ] 

The f low is  bounded  on one s i de  by the f r e e  s u r f a c e  (p = 0) and on the o t h e r  s i de  by  the de tona t ion  
wave  f r o n t .  The  v a l u e s  of  the  func t ions  a t  the  f ron t  m u s t  s a t i s f y  the  cond i t i ons  

Pi D = P2 (D -- u~), ,~ = P2 (D -- ue) 2 -~- P2, D = u= + c (1) 

w h e r e  D is  the  de tona t ion  wave  p r o p a g a t i o n  v e l o c i t y .  The  s u b s c r i p t  1 i n d i c a t e s  v a l u e s  of  the  func t ions  
a h e a d  of the  wave ;  2 deno t e s  v a l u e s  of the func t ions  beh ind  the w a v e .  

The  m o t i o n  of the  e x p l o s i o n  p r o d u c t s  i s  s e l f - s i m i l a r .  T h e r e f o r e  a l l  the  g a s d y n a m i c  q u a n t i t i e s  a r e  
func t ions  of the  v a r i a b l e  ~ = r / t .  A f t e r  c o n v e r t i n g  in  the  g a s d y n a m i c  equa t ions  to the  v a r i a b l e  ~ we ob ta in  
the  s y s t e m  of o r d i n a r y  d i f f e r e n t i a l  equa t i ons  

--1~ d~ - ~ , ( ~ - a )  d~ - z - ~  d~ (2) 

F r o m  the b o u n d a r y  cond i t i ons  (1) we have  fo r  the  va lue  of the unknown func t ions  a t  the  de tona t i on  
wave  f r o n t  

= D = (t + • R, u = R, c = • (3) 

By the v a r i a b l e  r e p l a c e m e n t  

w h e r e  
l~=[~•  ~((1 +•215 '/2 

u =  Ru*, ~--r-- R ~ . ,  c =  Rc* 
(4) 
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the boundary  condi t ions  (3) can be b rought  to the f o r m  

u * = t ,  ~ * = z + t ,  c ' ~ •  (5) 

The s y s t e m  (2) is i nva r i an t  with r e s p e c t  to the va r i ab le  change (4)0 

Thus the p r o b l e m  is r e duc e d  to in tegra t ion  of (2) with the boundary  condi t ions  (5). 

As  in the case  of sphe r i c a l l y  s y m m e t r i c  detonat ion wave propaga t ion ,  s tudy of (2) shows that  the 
mot ion  of the exp los ion  p r o d u c t s  takes  p lace  in the r eg ion  c0* -< ~ * < u + 1, w h e r e  e0* is the value of  the 
funct ion c* fo r  u* = 0. 

In the v ic in i ty  of the point  (~* = Co*, c* = Co*, u* = 0) the solut ion has  the f o r m  

~* -~- Co* @ (~ + ~) u* -J- A1 (u*) ~, c* = Co* + 1/~ (• - -  ~) u* (6) 

Here  A 1 is an a r b i t r a r y  cons tan t .  

We see  f r o m  (6) tha t  the aft  boundary  of the mot ion  r eg ion  will  be a weak d iscont inui ty  s u r f a c e .  At 
this  su r f ace  du* /d  ~* unde rgoes  a d iscont inui ty .  The p ropaga t ion  ve loc i ty  of this boundary  equals  the 
speed  of sound.  The f r o n t  boundary  of the mot ion  r eg ion  will  be the detonat ion wave f ron t  s u r f a c e .  In the 
v ic in i ty  of this  s u r f a c e  the solut ion has  the f o r m  

~* = (u + 1) ~ ~l=u -1 (• + t)* (u* -- 1) ~-, c* = • + 1/2 (z ~ t) (u* ~1) 

The s y s t e m  (2), (5), was  solved on a c o m p u t e r  fo r  the ad iaba t ic  exponents  u = 1.666.. . ,  2, 2.5, 3. 

In conc lus ion  the au thor  wishes  to thank Ya. M. Kazhdan  fo r  his guidance and S. K.  Godunov fo r  his  
i n t e r e s t  in this s tudy.  
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