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A shock wave was produced in graphi te  by the impact  of an a luminum plate  s c a t t e r e d  by the products  of 
an explos ive  cha rge  up to 5.5 k m / s e c .  The cons t ruc t ion  of the m e a s u r i n g  s y s t e m  to m e a s u r e  the wave ve loc i ty  
is shown s c h e m a t i c a l l y  in Fig. l a ,  and the a r r a n g e m e n t  used to h~easure the ve loc i ty  of the su r face  is shown in 
Fig. lb.  The p l a t e - s t r i k e r  1 was 3.7 mm thick,  the a luminum s c r e e n  2 was 2 m m  thick,  and the graphi te  s p e c i -  
mens  3 had a d i a m e t e r  of  60 m m  and an ini t ia l  dens i ty  of 2.07 �9 0.05 g / c m  3. The spec imens  were  p r e s s e d  
f rom powdered graphi te  g rade  TKB GOST 4404-58. 

When m e a s u r i n g  the wave ve loc i ty  the spec imens  cons i s t ed  of two l a y e r s .  The th ickness  of the f i r s t  l aye r  
f rom the s c r e e n  was v a r i e d  in each exper iment .  The ve loc i ty  was m e a s u r e d  in the  second l a y e r ,  which had a 
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constant  th ickness  of a p p r o x i m a t e l y  3 ram. The e l e c t r i c a l  contact  pickups 4 in th is  c a se  were  made of PEV-2 
wi re  0.15 mm in d i ame te r .  The d i s tance  between the contac ts  was 8 ram. This  choice e l imina ted  the effect on 
the m e a s u r e m e n t s  of the act ion of the ex t raneous  d i s cha rge  f rom the openings for contacts  of the f i r s t  level .  

In the expe r imen t s  in Fig. l b  the spec imen  was a s i n g l e - l a y e r  spec imen.  E l e c t r i c a l - c o n t a c t  pickups of 
PMV-0.12 wi re  in a copper  tube of ex te rna l  d i a m e t e r  1.6 m m  were  placed above its su r face  at d i s tances  of 0.5 
mm and 5.5 ram. 

The t ime  in te rva l s  between the c los ing  of the e l e c t r i c a l  contact  p robes  were  r e c o r d e d  on e l e c t z i c - s p a r k .  
equipment.  The ave rage  ve loc i ty  was de t e rmined  f rom the t ime  in te rva l s  and the known base  at which the con- 
t ac t s  were  set .  The r e s u l t s  of the m e a s u r e m e n t s  a r e  shown in Fig. 2 in the fo rm of two r e l a t i ons  W(x) and 
D(x), where  D is the ve loc i ty  of the shock w a v e , W i s  the ve loc i ty  of the su r f ace ,  and x is the th ickness  of the 
graphi te  spec imen  when m e a s u r i n g  W and the d i s tance  f rom the s c r e e n  to the middle  of the m e a s u r e m e n t  base  
when m e a s u r i n g  D. Approx imat ing  s t r a igh t  l ines  and a curved l ine were  drawn by the method of l ea s t  squares .  

In our m e a s u r e m e n t s  of W as a function of x the same  r e s u l t s  were  obtained as in [1]; t h e r e  is a b r e a k  at 
x 1 =7 ram, and an anomalous  decay in the value of W is obse rved  at t~e point of discont inui ty .  On the D - x c u r v e  
at the point x 1 the value of the wave ve loc i ty  r e m a i n s  constant .  In the neighborhood of the point x l the value of 
the wave ve loc i ty  fal ls  sha rp ly  by app rox ima te ly  1 k m / s e c .  The decay of W and D for spec imen  th i cknes se s  
g r e a t e r  than x 1 is due to the action of the wave unloading,  p ropagat ing  f rom the r e a r  s ide  of the  impact ing plate.  

The opinion has been e x p r e s s e d  [1, 2] that  the anomalous  behav io r  of W(x) in the f i r s t  pa r t  is due to a 
reduct ion in the p r e s s u r e  on the wavefront  due to a phase t r a n s i t i on  (with a reduct ion in  volume) within the com-  
p r e s s e d  m a t e r i a l ,  which occu r s  a f t e r  a ce r t a in  t ime  delay (the s o - c a l l e d  "phase  unloading") .  In this  case  
the re  should a lso  be a reduct ion in the wave ve loc i ty ;  i .e . ,  t h e r e  should a lso  be a wave unloading.  

Our r e s u l t s  show that  the unloading of the wave i s  only apparen t ,  s ince  the ve loc i ty  of the shock-wave 
front  in graphi te  in th is  pa r t  is constant .  In our  opinion the r e s u l t s  of the  m e a s u r e m e n t s  of W as a function 
of x can be i n t e rp re t ed  in another  way. We wil l  a s s u m e  that  the wave in the graphi te  has a complex  prof i le  with 
an abrupt  change at the front and a gradual  i n c r e a s e  in p r e s s u r e  {the two-wave conf igurat ion or  a smooth prof i le  
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Fig. 1 
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[3]). Then a constant  wavefront  ve loc i ty  wi l l  be m e a s u r e d  with the e l e c t r i c a l  contact  p robes  along al l  the paths 
of i ts motion until  the  unloading wave f rom the r e a r  s ide  of the s t r i k e r  a r r i v e s  at the wavefront ,  as  was ob-  
t a ined  in our  e x p e r i m e n t s .  When this  wave e m e r g e s  at the f r ee  su r face  the l a t t e r  should a c c e l e r a t e  f rom a 
d i s tance ,  s ince  the  r e a r  p a r t s  of the  wave c a r r y  a h igher  p r e s s u r e .  

The reduct ion  in the  ve loc i ty  of the f r ee  s u r f a c e  as the th ickness  of the spec imen  i n c r e a s e s ,  i .e . ,  with the 
lengths  of the  paths t r a v e r s e d  by  the shock wave in the  g raph i t e ,  can be explained by s t r e t ch ing  of the wave p ro -  
f i le as it moves  forward .  So long as the  wave (or the wave sys tem)  has s m a l l  width, the to ta l  a c c e l e r a t i o n  of 
the f r ee  su r f ace  f r o m  the f i r s t  of its sudden changes  to the m a x i m um  veloc i ty  occur s  be fo re  a r r i v a l  at the f i r s t  
contact  l eve l  (in our case  on a b a s e  of 0.5 ram). In this  c a s e ,  the W - x  curve should have an ini t ia l  hor izon ta l  
pa r t ,  s m a l l  in va lue ,  but due to i ts s m a l l n e s s  it is not r eco rded .  Fo r  a l a r g e  spec imen  th i ckness  and, c o r -  
r e spond ing ly ,  a m o r e  extended wave p ro f i l e  the a c c e l e r a t e d  su r face  will  t r a v e r s e  the par t  of the m e a s u r e m e n t  
ba se  with a ve loc i ty  l e s s  than the m a x i m u m  and an a ve r a ge  ve loc i ty  will  be r e c o r d e d  in the exper iment  which 
is a l so  l e s s  than the max imum.  When the  th i ckness  of the spec imen  is i n c r e a s e d  fu r the r  the r e c o r d e d  ve loc i ty  
W wil l  fal l  monotonica l ly ,  approach ing  a constant  value de t e rmined  by the m a s s  ve loc i ty  of the m a t e r i a l  behind 
the l ead ing  edge i tse l f .  The s p r e a d i n g  of the  p rof i l e  is p a r t i c u l a r l y  obvious in the case  of the two-wave con-  
f igura t ion ,  s ince  the r e a r  wave lags  even m o r e  behind the front wave. 

Under our  condi t ions for  a f ini te  t h i ckness  of the s t r i k e r  the r e a r  unloading begins  to reduce  the p r e s -  
s u r e  in the r e a r  p a r t s  of the  wave p ro f i l e ,  l ead ing  to a reduct ion  in the ve loc i ty  of the f ree  su r face  until  the 
under load ing  r e a c h e s  the l ead ing  edge of the wave i tse l f .  This  ac tua l  reduct ion  in the ve loc i ty  wil l  be s u p e r i m -  
posed on the apparen t  reduc t ion ,  l ead ing  to a m o r e  r ap id  drop  in W. In our expe r imen t s  we were  unable to 
d e t e r m i n e  the point where  the act ion of the r e a r  unloading on the r e a r  p a r t  of the p ro f i l e  began.  

The b r e a k  in the W - x  curve  at x =x 1 is,  in our opinion,  the r e su l t  of the a r r i v a l  of the sudden change in 
unloading at  the leading  edge.  This  sudden change a lso  causes  a c o r r e s p o n d i n g  jump in W(x), but it is r e -  
co rded  as a b r e a k  due to the f inite m e a s u r e m e n t  base .  The sudden change in the unloading in th is  case  i s  
con f i rmed  by our  m e a s u r e m e n t s  of D as a function of x. 
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The appearance of a jump (a shock wave) in the vacuum is cha rac te r i s t i c  for loading processes  in mate-  
r ials  undergoing phase t ransi t ions  [3]. In the case of graphite this sudden change indicates simultaneous graphi-  
tization of diamond into which the graphite is conver ted during the loading process .  
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S T A B I L I T Y  OF  A T H I N  E L E C T R I C  A R C  

A.  A.  B o b n e v  UDC 533.951.8 : 621.301.431 

1. Introduction. Assuming a the rmal  p lasma and neglecting the emission and density variat ion due to 
e lectromagnet ic  forces ,  we write the dimensionless  equations for a steady e lec t r ic  a rc  burning in a cyl indr i -  
cal channel as follows [1]: 

r - l [ r X ( T ) T ' ]  ' + E20(T)  = O, (1.1) 

r - l ( r H )  ' = o ( T ) ,  9 T  = 1, c v = % ( T ) ,  ~ -~ ~ ( T ) ,  

E = const, //(p = E H .  

One can select  

T i t =  o = t ,  r ' I r =  o = Hit= 0 = 0, Tit= 1 • T n (t.2) 

as the boundary conditions. The constant E is determined f rom the three  boundary conditions for the f i rs t  
equation of the sys t em (1.1). Here T, p,  ~, E, H~r ~, Cp, and p are  the dimensionless t empera tu re ,  density, 
e lec t r ica l  conductivity, e lect r ic  field intensity applied along the z axis, ~-th component of the intrinsic mag-  
netic field intensity, the rmal  conductivity coefficient,  specific heat at constant p res su re ,  and the dynamic vis-  
cosi ty coefficient; T R is the dimensionless  t empera tu re  on the channel wall; and r ,  q~, z are  cyl indr ical  co-  
ordinates;  here  and below a pr ime denotes a derivative with respect  to r. 

The values of the cor responding  pa ramete r s  on the channel axis (with subscr ipt  In) a re  the scalE,' factors  
of T, p,  or, ~,, Cp, and p. The scale  factors  of the e lec t r ic  field intensity and the magnetic field intensity a re  

The stabil i ty of an e lectr ic  arc  has been investigated in [1] with respect  to symmet r i ca l  perturbations 
with v iscos i ty  taken into account. It turned out that for the cr i t ical  curves  (we will mark  the cr i t ical  p a r a m -  
e ters  below with a subscr ipt  e) which separa te  the stable regions f rom the unstable ones the phase velocity of 
the perturbat ions is equal to zero ,  and the stabili ty boundary is determined by the value of the product of the 
S~ewart number  by the v iscos i ty  parameter .  The equations along with the boundary conditions a re  of ~he form 

p '  = --E2Q[H(c~e + (d(lldT)Oll.) + oh] + 2r-1(rf~v') ' - -  

--~(2/r 2 + h2)v + ~tw' - -  (2/3){,a[r-l(rv) ' + w]'}'~ 
r-l(rp~w')'  = - -k~p - -  E~k~QHh + k2r-l(r~tv) ' + 

+ (4/3)k2p~w - -  (2]3)k~tr-X(rv) ' ,  (1.3) 

r-X(rpv) ' ---- - - p w ,  

r-1(rO') ' = % r ' O v  + k~O - -  E~(2oe + (doidr)Ol~) ,  

r - ' ( rh )  ' = oe + (do]dT)O/Z,, e' = k~h/cs; 

Novosibirsk. Trans la ted  f rom Zhurnal Prikladnoi Mekhaniki i Tekhnieheskoi Fiziki, No. 2, pp. 108-118, 
March-Apri l ,  1979. Original ar t ic le  submitted March 10, 1978. 

0021-8944/79/2002- 0205 $07.50 �9 1979 Plenum Publishing Corporat ion 205 


