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The problem concerning the explosion of a cord charge in the ground, with a hard upper layer,  
is considered in pulse formulation. A numerical  solution is obtained and profiles are given 
for  the throwout c ra t e r s  for several  values of thickness of the l ayer  and emplacement  depth 
of the charge, in two limiting cases :  when the res is tance of the lower ground is negligibly 
small  in compar ison with the res is tance of the layer  and when the res is tance of the ground 
and layer  are quite close in magnitude. 

Kuznetsov [1] descr ibed the following formulat ion of the problem of an explosion in the ground. The 
ground is simulated by a medium which is an ideal incompressible  liquid at velocities g rea te r  than a c e r -  
tain cr i t ical  value, and by an absolutely solid body at velocities having a lower value. In the pulsed formu-  
lation, the boundary of the throwout c r a t e r  is defined as the streamline at which the velocity modulus is 
equal to the cr i t ical  value. 

In this formulation, we consider  the two-dimensional problem of determining the shape of the throw- 
out c r a t e r  f rom the explosion of a cord charge emplaced at a depth h 1 in ground which is covered by an 
upper l ayer  of more res is tant  mater ia l  with thickness h2; i.e., it has a higher cr i t ical  velocity value. Fig- 
ure  1 shows a section in the plane perpendicular  to the charge.  By virtue of symmetry ,  we can confine 
our considerat ion to the regions of flow lying in the r ight-hand half-plane. We shall assume the charge, 
emplaced at the point Q, to be a source of yield 2q. Along the boundary FD of the region D z the velocity 
modulus is equal to c 2 and along the boundary CB it is c 1. 

We introduce the complex flow potential w =cp +i~ and the dimensionless variables  

z* = x* -~- ~y* --  clz w* : J-~- = 1, c,. 
q ' q ' CI* C 2 " - -  Cl 

and we formulate the problem in the following form (we omit the as te r i sks  in the dimensionless quantities 
for simplicity).  It is required to find the boundary of the unknown region D z, in which the analytic function 
w(z) is defined with the boundary conditions 

dz 
at A B  R e w : 0 ,  arg~Tu, : -  ~- 

[d: l at BC Imw = 0, ~ = t 

dz at CD Imw = 0, arg~-~- w = 

at  D F  Imw = O, = c-~" 

dz zt 
at F Q  I m w : O ,  arg~-w = 2 

dz 
at QA Imw = t, arg h-b-- = - T 

It can be seen that in the plane w, the region of flow is represented by a half-fringe (r =0, ~p=O, r  
which, by means of the function 

o~ = I / ch (~w) , 
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v e l o c i t y  at the b o u n d a r y .  

i s  i m a g e d  at  the  u p p e r  h a l f - p l a n e  (Fig .  2). 
func t ion  

�9 d z  

which,  a t  the  r e a l  ax i s ,  a s s u m e s  the v a l u e s  

at B o o A  ImCD = 0 
at AQ I m d ) =  0 
at OF Imq)  = - -  

at FD Re (I) = In (c~ -1) 
at DC Im (I) ----- n/2 
at CB Re (I) = 0 

in th i s  r eg ion ,  we find the 

(i) 

(2) 

Thus ,  we have ob ta ined  the K e l d y s h - S e d o v  p r o b l e m  [2]. In  t h i s  
p a p e r ,  we c o n s i d e r  the so lu t i on  of th i s  p r o b l e m  in two c a s e s .  

We put  c 2 = 0 (this c o r r e s p o n d s  to a n e g l i g i b l y  s m a l l  r e s i s t a n c e  of 
the  l o w e r  g round  r e l a t i v e  to the l a y e r ) .  Then  the b o u n d a r y  of the r e g i o n  
D z (Fig .  1) i s  c o n t r a c t e d  to an i n f in i t e ly  d i s t a n t  point ,  but in the  r e g i o n  
D (Fig .  2) the po in t s  F and D co inc ide  (b =c ) .  The p r o b l e m  is ob ta ined  w 
c o n c e r n i n g  the  b r e a k d o w n  of the l a y e r  wi th  t h i c k n e s s  h2, which  c o v e r s  
a l i qu id  occupy ing  the l o w e r  h a l f - s p a c e .  As a r e s u l t  of so lv ing  p r o b -  
l e m s  (1) and (2), we ob ta in  the d i f f e r e n t i a l  e q u a t i o n  

�9 d z  7, ~ = [a- ' /~ - -  (~o - -  l y h  (~o - -  a)- ' / ,  l [a-'/~ + (co - -  I)V~ (co - -  a ) - ' h  ] - i  

[(1 - -  b)V,(a - -  b)-'h + (o) - -  t)W(~) - -  a)-'l,]'/, (3) 
[ ( I  - -  b ) ' / , ( a  - -  b ) - ' / ,  - -  (o )  - -  l ) v ,  ((~) - -  a ) - ' l , l - ' / . -  

[the c o n s t a n t  @ (:o) i s  found f r o m  the cond i t i on  that ,  at  the poin t  B, 4~= 0]. 
I t  c a n  be s e e n  tha t  in  the s o l u t i o n  of the p r o b l e m ,  two p a r a m e t e r s  a and 
b o c c u r ,  whose  dependence  on the q u a n t i t i e s  h~ and h 2 i s  ob ta ined  a f t e r  
i n t e g r a t i o n  of Eq.  (3) f r o m  the poin t  Q to A and f r o m  C to B. 

We c o n s i d e r  now the e f f ec t  of v a l u e s  of the  p a r a m e t e r s  a and b 
on the f low g e o m e t r y  in the p l a n e s  ~? = l n  (dz/dw) (Fig .  3) and z (Fig .  4). 
In  the p lane  77 the r e g i o n  of f low is  the q u a d r i l a t e r a l  QBCD when b = 
b ,  -= 5 a / ( 9 - 4 a ) .  

In  F ig .  4, c u r v e  2 (hi -= 3, h2=2.2)  c o r r e s p o n d s  to th i s  c a s e ;  the 
h o r i z o n t a l  s e c t i o n  of th i s  c u r v e  c o r r e s p o n d s  to the i n t e r f a c e  b e t w e e n  
the l a y e r  and the  l i qu id .  We note  tha t  a t  the  s u r f a c e  y = 0, the c u r v a t u r e  
of th i s  c u r v e  i s  equa l  to z e r o .  When b < b , ,  the f low r e g i o n  b e c o m e s  

x the pentagon QE"BCD - curve 1 (hi=3, h2=0.8). 

The horizontal indentation indicates that at the inside points, the 
velocity of the liquid reaches a value which is less than the critical 

The boundary of the crater in this case becomes concave relative to the liquid. 
If b > b , ,  we have the pen t agon  Q B E ' C D  ( v e r t i c a l  i n d e n t a t i o n ) -  c u r v e  3(h1= 3, h2=3.7  ). On e m e r g i n g  at  the 
s u r f a c e ,  the  b o u n d a r y  of the  c r a t e r  b e c o m e s  convex  r e l a t i v e  to tim l iqu id .  F o r  v a l u e s  of b c l o s e  to  a, the 
f low of l i qu id  c h a n g e s  p a r t i a l l y  into the s e c o n d  s h e e t  of a R i e m a n n  s u r f a c e  (in F ig .  5, a =0.2;  b =0.1999;  
h i = 0.68; h 2 = 1.1; e q u i p o t e n t i a l s  a r e  d r a w n  by d a s h e d  l i n e s ) .  When b =a ,  the so lu t i on  i s  shown by c u r v e  4 
(h~ = 3). 

Let us consider the case where the points D and C coincide (this means that the resistance of the 
surface and lower ground are quantities of a single order). In this case, after solving problems (1) and 
(2) with the condition that ~(1)= 0, we obtain 

rg-~-{7-1 

: F T  V 

F i g u r e  6 shows  the r e g i o n  of f low in the  p l ane  ~7 = l n ( d z / d w ) .  The r e g i o n  i s  the  q u a d r i l a t e r a l  Q B D F w i t h  
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a = a .  ~ b (k~ -~ t )  / (bk~-~ t )  (k=--:~/lnc~) 

When a > a . ,  ahor izon ta l  indenta t ionQE"BDF appears ,  and when a ~ 1  the solution of this p rob lem 
tends to the solution of the p rob l em  with a d imensionless  c r i t i ca l  veloci ty equal to c 2. 

In Fig. 7, where the prof i les  of c r a t e r s  a re  shown for  h~=0.2, c2=0.5 and different  values  of h2, curves  
2 (h2=0.13) and 1 (h2=0) cor respond  to this case .  When a < a . ,  a ver t i ca l  indentation appears ,  QBE'DF,  
and when a -*b, we obtain the solution of the p rob lem with a c r i t ica l  veloci ty equal to c 1 [curves  3 (h2= 
0.38), 4 (h2=0.5), and 5]. 

We note that at the point D where a rapid change of veloci ty occurs ,  the boundary of the c r a t e r  fi ts 
with both sides along logar i thmic  sp i r a l s  [3]. 
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