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A contact e lec t r i ca l  explosion is often used for  the e lee t rohydro impulse  des t ruc t ion  of m a t e r i a l s  [1], 
when one of the e lec t rodes  is the workp iece .  This means  that  the v a p o r - g a s  cavi ty  which is fo rmed  develops 
d i rec t ly  on the object being p r o c e s s e d  (the solid wall) ,  so the l a t t e r  may  affect both the p r e s s u r e  field fo rmed  
in the liquid and the m anne r  in which the e lec t r i ca l  explosion develops.  

In the ma jo r i t y  of theore t ica l  invest igat ions on the  dynamics  of cavi t ies  in contact with a solid wall  [2-5], 
the p rob lem of the col lapse  of a spher ica l  cavi ty  [2, 3] or  an ell ipsoidal  cavity [4, 5] is cons idered  as the model  
p rob lem.  However ,  as exper iment  shows [6-10], because  of the  initial i nc rease  inthe cavi ty  under a s y m m e t r i c  
boundary conditions it is subject  to deformat ions .  The changes in shape which t h e r e f o r e  occur  may  be ex-  
t r e m e l y  important  [6, 8], and, consequently,  according to the r e su l t s  obtained in [4, 5], the nature  of the col lapse  
of the cavi ty  becomes  unpredic table .  Hence,  in this paper  an a t tempt  is made to invest igate  the dynamics  of 
the cavity genera ted  by a contact e lec t r i ca l  explosion exper imenta l ly  in o rde r  to c la r i fy  the contribution of this  
s tage of the p r o c e s s  to the m e c h a n i s m  of the des t ruc t ive  action of the contact e l ec t r i ca l  explosion,  and to find 
ways  of improving technplogical  p r o c e s s e s  which use this so r t  of e l ec t r i ca l  explosion.  

For  convenience we var ied the length of the d ischarge  gap l while keeping the remain ing  p a r a m e t e r s  
fixed, viz.,  the breakdown voltage U0 = 50 kV, the capaci tance  of the capac i to r  ba t t e ry  C = 10 -6 F, the inductance 
L=4~ • 1~ -6 H, the conductivity of the liquid a=0.005 (fl .m)  -1, and the equivalent r e s i s t a n c e  of the c i rcui t  
R e =0.1 fl, defined f r o m  the curve  of the cur ren t  for  the sho r t - c i r cu i t ed  d i scharge  gap. The p r o c e s s  was s t a -  
bi l ized by initiating a d i scharge  with a copper  conductor  of d i ame te r  0.05 m m .  The dynamic pa t te rn  of the 
development  of the cavi t ies  was r eco rded  with an SFR-2M high-speed  mot ion-p ic tu re  c a m e r a  in a t ime  loop 
using the method d e s c r i b e d  in [6, 8], and was  r ep re sen t ed  by a s e r i e s  of photographs (Fig. 1) as a function of 
the length of the d i scharge  gap (on the right of each photograph we show the spat ia l  sca le  b =94 ram,  and the 
exposure  t ime  ~0.2-0.4  m s ec ) .  

Whereas  when the re  is no contact sur face  the d is in tegra t ion  of the p l a sma  cyl inder  in wa t e r  with s i m i l a r  
energy p a r a m e t e r s  is accompanied  by its convers ion  into a pulsating cavity of quas t spher ica l  f o r m  [11], in the 
case  of a contact explosion the evolution of this  p roce s s  is m o r e  complex:  The fo rmat ion  of cavi t ies  is ob- 
se rved  in the fo rm of a spher ica l  segment  (see Figs la  and b), dome-shaped  (Figs. l c - f )  or  a quasieyl indr ical  
shape (Fig. lg) .  

The e x t r e m a l  a m p l i t u d e - f r e q u e n c y  p a r a m e t e r s  of the p roce s s  a r e  shown in the table  (the number  of the 
row of the table  co r responds  to the outer  number  of the s e r i e s  of photographs in Fig. 1, i .e. ,  1 co r re sponds  to 
a, 2 co r re sponds  to b, etc.) .  
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TABLE 1 

No. o~ 
discharge 
mode t,m 

t 0,0t 
2 0,025 

4 

t,92 
1,72 
t,28 
1,tt 

t0,0 
t2,0 
12,7 
13,9 

I 
No. of ] 

v lldischarge, ~ 

l |  
0,7 5 0,10 
t,0 0,t5 
1,6 7 0,20 
2,0 

T.  tO t, 

E 

0,98 
0,72 
0,fi0 

15,0 3,3 
14,8 3,4 
15,6 -- 

Fig. 1 

We chose as the general ized pa rame te r  represent ing the form of the cavity, as in [4, 5, 9, 10], its defor -  
mation coefficient ~ =2a/h ~ is thelength of the axis perpendicular  to the plane, i .e . , the axis of symmet ry  [8], 
and 2a is the length of s axis parallel  to the plane). 

Analysis of the t ime dependence of the degree of deformation (Fig. 2, the numbers  on the curves c o r r e -  
spond to the order  number of the e lectr ical  explosion mode in the table) shows that only in the region of ex- 
t r emely  osci l la tory modes (for small  l) of the electr ical  explosion do the bubbles have aqal te  definite {quasi- 
hemispherical)  geometr ica l  form.  As the discharge approaches the cri t ical  mode ( l~0 .2  m) the shape of the 
cavity iS deformed and recal ls  ra ther  a c i r cu la r  cylinder distorted f rom the side wall in a radial  direct ion 
with an upper cap in the form of a spherical  segment (see also Fig. 1). It is not possible in this case,  as in 
[3], to distinguish the angle of contact of the v a p o r - g a s  cavity with the solid wall due to distort ions connected 
with the effect of the viscosi ty of the liquid and the a symmet ry  of the flow. There is a preferent ial  radial ex- 
pansion of the cavit ies {the f i rs t  increasing part  of the ~ {t) curves) which is common for all e lectr ical  explo- 
sion modes.  Then, as l increases ,  the region of stability of the shape decreases ,  and in the concluding stage 
there  is acce lera ted  axial compress ion .  An obvious exception to this behavior of ~{t) is only observed in the 
case of curve 7, when during the c losure  of the cavity there is an appreciable drop in the coefficient ~ (a ten-  
dency to drop is already obvious in curve 6), and then towards the end of the pulsation an extremely rapid in- 
c rease ,  due to overcompress ton  of the cavity in the region of the neck. it is charac te r i s t i c  that ~t for  an e lec-  
t r ical  explosion of a cavity of ellipsoidal form {the broken curve for the e lectr ical  explosion energy per  unit 
length of channel is 7o4 kJ /m)  when there  is no solid wall differs f rom the explosion mode close to it shown 
in curves 5 and 6 solely in the concluding stage of the collapse, which is connected with the more  rapid axial 
compress ion  of the cavity {from both ends, unlike a contact e lectr ical  explosion). 

We will denote by ~ .  the degree of deformation at the instant when the cavity reaches  its maximum vol- 
ume Vmax, which represents  the stage of collapse. Qualitatively, the nature of the collapse of the cavity in the 
contact electr ical  explosion {particularly when ~.-<-0.7) recal ls  the collapse of oblate ellipsoidal cavities {with 
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�9 t �9 > 1.3), which are  in contact with a solid wall [5, 9] '  However, in this ease the length of the neck is much 
g rea te r  and extends prac t ica l ly  to the walls,  and its ra te  of contract ion is less .  In addition, for a contact e lec-  
t r ica l  explosion the main part  of the bubble splits off, and its small  part  touches the wall. 

When 4 ,  > 0.72 the cavity collapses on an obstacle and is broken by the flow only in the concluding stages,  
and when w., =0.72 the cavity, as it approaches minimum volume, becomes extended along the axis of symmet ry  
and during this period the cumulative jet (the formation of the la t ter  was recorded  f rom the bending of the 
surface of the cavity) penetrates  into the cavity. When n ,  < 0.72 the cavity is a l ready collapsed not on the solid 
wall but in the space between the wall and the positive electrode,  which on the one hand, may lead to an increase  
in the intensity of the action on thewall  of the secondary shockwave radiated when collapse occurs ,  and a con- 
siderable attenuation of the force of the liquid flow at the collapse stage, on the other.  When the deformation 
coefficient reaches  a value ~ ,  =0.62 the main jet formed f rom the end of the cavity does not reach the obstacle; 
the maximum velocity of this jet recorded in the experiments was 32 m / s e c  and occurred  at t =0.8T, where T 
is the pulsation period of the cavity. 

As the e lectr ical  explosion mode changes (as u ,  is reduced) a neck is c lear ly  formed in the lower part  
of the cavity (~0.1h*), due to the action of the forces  of viscosi ty,  which slow down the flow of the liquid in the 
region of the obstacle.  At the cavity compress ion  stage a ring jet is formed which moves with a velocity of 
~25-30 m / s e c ,  during the collapse of which more  intense c losure  of the neck occurs  compared  with the general  
radial  compress ion  of the cavity. The maximum value of the excess of the velocity of the neck over the radial 
velocity a recorded  in the experiment was five and was observed for a value of x ,  =0.72. 

A charac te r i s t i c  feature of the development of the cavity for a contact e lectr ical  explosion is a phase lag 
between the displacement of the side surface of the cavity and the end surface (Fig. 3a, b, where curves 1-4 
correspond to x = 1.9, 1.3, 0.6, and 1). It can be seen that at the instant when Vma x is reached not all par ts  of 
the free surface  are  displaced in the same direct ions the  instant when V m a  x is reached is indicated on the 
curves by the vert ical  bar) .  Hence, such ideas as expansion and contract ion of the cavity only makes sense as 
they apply to changes in volume and not to its individual l inear  dimensions.  This situation is also observed in 
electr ical  explosions in an open volume [8], but with a much lower energy capacity,  when the cavities have an 
ellipsoidal form.  

An analysis  of the t~ (t) and h{t) curves  confi rms that these curves a re  not symmet r ica l  with respect  to the 
t ime axis,  and also that the curves  of a (t) and h{t) a re  not symmet r ica l  with respect  to the i r  maxima.  In addi- 
tion, a s imple compar ison of the famil ies  of curves of a (t) and h (t) shows that at the stage of expansion the value 
of these velocities for  the different e lect r ical  explosion modes differs slightly (the curves  are  densely situated), 
whereas  the compress ion  stage there  is a considerable difference between the values of the velocities (a s imi lar  
pat tern is a lso observed for  the velocities of the necks). Consequently, the collapse of cavities in the case of a 
contact e lectr ical  explosion depends much more  on the initial degree  of deformation x ,  than the expansion. 
Thus, a small  change in 4 .  (particularly in the region of •  ~1) leads not only to an appreciable change in in- 
tensity,  but also of the collapse mechanism,  whereas  in the expansion scheme no appreciable change occurs .  
in fact, for a contact e lectr ical  explosion, as follows f rom Fig. 4, in which we show the positions of the bound- 
a ry  of the bubble at success ive  instants of t ime t =  t/h. vr~p/~ {p is the density of the liquid, and Ap iS the dif fer-  
ence between the hydrosta t ic  p re s su re  and the p r e s s u r e  in the cavity at the maximum Ap ~i05 Pa) for various 
degrees of deformation ( a - u ,  =1.92, t =0.71, 1.11, 1.24, ].37, 1.44, lines ] -5 ,  respect ively) ,  b - 4 .  =0.98, t = 
0.47, 0.67, 0.78, 0.85, 0.92, lines 1-5, respectively),  c -  n ,  =0.72, t =0.34, 0.57, 0.64, 0.67, 0.71, lines 1-5, r e -  
spectively, d - 4 ,  =0.62, t =0.35, 0.54, 0.61, 0.64, 0.67, l ines 1-5 respect ively) ,  two features are observed:  
The region occupied by the cavity remains  simpl'y connected {i.e., the bubble does not split into parts) during 
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the whole col lapse p roces s  ( n ,  < 1) - d i v i s i o n  of the bubbles occur s .  As the  degree  of deformat ion  ~ .  is r e -  
duced, the p roce s s  by which a r ing jet is fo rmed  and division of the cavity occurs  into pa r t s  is shifted towards  
l e s s e r  t imes ,  and the volume of an individual bubble and its dis tance f r o m  the wal ls  i nc rease ,  the m a x i m u m  
veloci ty of the r ing jet is reached  at the end of the c losure  p r o c e s s ,  and i nc rea se s  somewhat  as the degree  
of deformat ion  is reduced.  On pass ing  through n ,  =1 the type of cavi ty  col lapse  changes and, consequently,  
for  cavi t ies  induced in the contact e lec t r i ca l  explosion, n .  =1 is the c r i t i ca l  value of the degree  of d e f o r m a -  
t ion. 

The nature  of the col lapse  of a quas ihemispher ica l  bubble on a solid wall  (see Fig. la) d i f fers  to a con-  
s iderable  extent f r o m  the col lapse of a spher ica l  or  quas i spher ica l  bubble [4-6]. In pa r t i cu la r ,  unlike [4, 5]p 
in this case  no cumulat ive  jet  is observed  at an e a r l i e r  col lapse s tage,  and the p r o c e s s  of col lapse of a 
quas ihemispher ica l  bubble occurs  mainly  as a resu l t  of its uniform compress ion ,  and the a s y m m e t r y  of the 
liquid flow is due solely to the concluding s tages  of the col lapse .  

Compar i son  of the values of the veloci ty  of motion of the side and end su r faces  obtained, and a lso  of the 
r ing jet~ shows that in p rac t i ce  for  all  the modes considered {with the exception of the mode with ~ ,  =0.62) 
m a x i m u m  velocity is reached in a d i rec t ion  perpendicu la r  to the solid wal l .  

it should be noted that  at the beginning of each cycle  of cavi ty  pulsat ion volume acoust ic  cavi tat ion of the 
liquid is observed,  produced by the radia t ion of p r i m a r y  and secondary  shock waves .  However,  for  the osc i l l a -  
to ry  modes of the discharges in view of the cons iderable  b r igh tness  of the p l a sma  channel, pulsating cavitat ional  
bubbles a r e  not observed  in p rac t ice ,  whe rea s  for  d i scharge  c lose  to c r i t i ca l ,  cavi ta t ion is quite c lea r ly  ob- 
se rved  (see Figs.  1e-g).  

Hence~ the exper imenta l  r e su l t s  obtained enable us to c lar i fy  the dynamic f ea tu res  of the development  of 
the cavi t ies  genera ted  by a contact e lec t r ica l  explosion and to explain th ree  c h a r a c t e r i s t i c  types  of co l lapse :  
col lapse of the cavi t ies  on a solid wall {~, _~0.8), split t ing off of  a cons iderable  pa r t  of the cavi ty  f rom the 
solid wall  while maintaining contact via a connection neck (0 .6<~ ,  < 0.8) and co l lapse  of the cavi ty  outside 
the solid wali  ( n ,  ~0 .6) .  

In addition, in view of the qual i ta t ive analogy between the col lapse  of cavitat ional  bubbles on a solid wall  
and cavi t ies  in a contact  e l ec t r i ca l  explosion the l a t t e r  can be used as  a convenient model  for  studying cavi tat ion 
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on solid su r faces  because  of the rapidi ty  and ease  with which the power and the cavity geome t ry  can be con-  
t ro l led ,  and a lso  the number  of t imes  it r epea t s  i tself .  
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E N E R G Y  T R A N S F E R  T O  A P L A N E  I N C O M P R E S S I B L E  

P I S T C N  U N D E R  D E T O N A T I O N  L O A D I N G  

S.  A.  K i n e l o v s k i i  UDC 534.222.2 

Among the p rob l em s  of explos ion-produced acce le ra t ion ,  a specia l  place is occupied by the p rob lem of 
the one-dimensional  project ion of a fiat plate or  piston.  One-dimensional  p rob lems  a re  of in teres t  because 
they a r e  re la t ive ly  s imple  to invest igate  theore t ica l ly .  Moreover ,  one-dimensional  project ion is a method that 
lends i tself  to d i rec t  p rac t ica l  rea l iza t ion  and const i tutes  a s implif ied model  of many  actual p rob lems  of ex-  
plosive propuls  ion. 

The analytic approach  to the solution of one-dimensional  p rob lems  is usually based on the following a s -  
sumptions:  The piston m a t e r i a l  is incompress ib le ;  the shock waves  in the explosion products  (EP) a re  weak; 
and the EP  fo rma l ly  sa t i s fy  the equation of s tate  of a per fec t  gas  with adiabat ic  exponent k = 3 .  The las t  two 
assumpt ions  imply that  the c h a r a c t e r i s t i c s  of the  equations of motion of t h e g a s  a re  l inea r  and do not change 
t he i r  slope on in tersec t ion  with shock waves  moving in the opposite d i rec t ion (compress ion  waves) ,  and that 
throughout the p roce s s  the p r e s s u r e  and speed of sound in the gas a re  re la ted  by the express ion  

p = A c  a, 

where  the constant A is de te rmined  by the initial t he rmodynamic  state of the EP.  

These a s sumpt ions  have been used to obtain analyt ic  solutions to a number  of p rob lems  of the motion of 
a plane piston propel led  by the explosion of a l aye r  of  explosive of finite th ickness .  The situation where a detona-  
t ion wave impinges on the piston was cons idered  in [1, 2]. A s i m i l a r  p rob lem,  with the difference that detona-  
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