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We p r e s e n t  e x p e r i m e n t a l  data  with r e s p e c t  to the abla t ion of the wal ls  of a cy l ind r i ca l  chan-  
nel made  of a d i e l e c t r i c  m a t e r i a l  under  the ac t ion  of a pu lsed  e l e c t r i c  d i s cha rge .  We have 
found the r e l a t ionsh ip  between the m a s s  r emoved  f rom the wai ls  of the channel and the 
g e o m e t r y  of the channel and the phys ica l  constants  of the d i e l e c t r i c  m a t e r i a l s .  

A number  of p a p e r s  have been devoted to an inves t iga t ion  of the p r o p e r t i e s  of e l e c t r i c  d i s c h a r g e s  in 
c y l i n d r i c a l  channels  with abla t ing wa i l s ,  the purpose  of these  s tudies  being e i t he r  the development  of h igh-  
speed  p l a s m a  je ts  [1], or  the c r ea t i on  of a br ight  glowing p l a s m a  cloud [2], e j ec ted  f rom a c a p i l l a r y  chan-  
nel .  The manne r  in which the d i e l e c t r i c  e n t e r s  the d i scha rge  zone, as  wel l  as  the effect  of channel  geome t ry  
and the fo rm of the d i e l e c t r i c  on the abla t ion  p r o c e s s  was not cons ide red  in the c i ted  communica t ions  and 
r e p r e s e n t s  the subjec t  of the p r e s e n t  p a p e r .  Moreove r ,  the quanti ta t ive d e s c r i p t i o n  of the p r o c e s s  of p l a s -  
ma  in te rac t ion  with the abla t ing wal l  is  of independent i n t e r e s t .  

The e x p e r i m e n t s  we re  p e r f o r m e d  on a d i scha rge  unit f ab r i ca ted  in accordance  with the schemat i c  
d i a g r a m  shown in Fig .  1. The d i s c h a r g e r  is  housed in a vacuum c ha m be r  evacuated  to a p r e s s u r e  of 10 -5 
m m  Hg. The d i s cha rge  of the capac i t o r  C occurs  between copper  e l e c t r o d e s  1 and 2 within a channel with 
a d i a m e t e r  d = 16 mm and a length l = 30-165 ram,  formed by the wal l s  of d i e l e c t r i c  3. During the d i s -  
cha rge ,  the d i e l e c t r i c  is  vapo r i zed ,  ionized,  and e j ec ted  in the fo rm of a p l a s m a  jet  into the vacuum through 
an axia l  o r i f i ce  in e l e c t r o d e  2. The d i scha rge  is in i t ia ted  f rom a Bos t ik  low-power  p l a s m a  in jec to r  p o s i -  
t ioned inside e l e c t r o d e  1. The following m a t e r i a l s  were  used  as  the d i e l e c t r i c :  Teflon,  po lypropy lene ,  and 
ca lomel  Hg2C12, de r i ved  by cold p r e s s i n g  f rom a powder .  The d i e l e c t r i c  i n se r t  was weighed before  the 
t e s t s  and a f t e r  100-200 d i s c h a r g e s .  The capac i ty  C v a r i e d  between 90 and 7200 ~F at  a working vol tage of 
1 kV. T h e p r o d u c t s  of d i e l e c t r i c  decompos i t ion  p redomina te  in the d i s cha rge  p l a s m a ,  and the r a t e  of e l e c -  
t rode  los s  r e p r e s e n t s  no more  than 4% of the d i e l e c t r i c  l o s s .  

It was found in mos t  of the e x p e r i m e n t s  that the d i scha rge  c u r r e n t  is ape r iod i c .  A vol tage of 100- 
300 V r e m a i n s  at the capac i t o r  on conclus ion of the d i s c h a r g e ,  and this vol tage i n c r e a s e s  as  the channel 
length is  i n c r e a s e d .  The g raph ica l  p r o c e s s i n g  of the c u r r e n t  and vol tage o s c i l l o g r a m s  for  the d i s cha rge  
in t e rva l  shows that  app rox ima te ly  90~o of the energy  W 0 s to red  in the capac i to r  is l i b e r a t e d  in the d i scha rge  
channel .  With i nc r ea s ing  d i s cha rge  ene rgy ,  there  is  but a s l ight  i n c r e a s e  in c u r r e n t  s t rength ;  it is p r i m a r i l y  
the dura t ion  of the cu r r en t  pulse  that  i n c r e a s e s .  

F igure  2 shows the r e s u l t s  f rom the de t e rmina t i on  of the yie ld  of ab la ted  m a t e r i a l  p e r  s ingle d i scha rge  
event  for  va r ious  d i e l e c t r i c s  and a v a r i a b l e  charmel length as  a function of the appl ied  ene rgy .  We can 
d raw the e n t i r e l y  jus t i f i ed  conclus ion that a l i n e a r  r e la t ionsh ip  ex i s t s  between the quanti ty of ab la ted  m a -  
t e r i a l  and the energy  gene ra t ed  by the d i s c h a r g e .  The following e m p i r i c a l  r e l a t ionsh ip  has  been noted b e -  
tween the m a s s  of the vapo r i zed  d i e l e c t r i c  and the g e o m e t r i c  d imens ions  of the channel when W 0 = const :  

m = k l ] / !  . (1) 
a 

This r e l a t ionsh ip  is  s a t i s f i ed  with suff ic ient  a c c u r a c y  within the l i m i t s  of the following g e o m e t r i c  channel 
d imens ions :  d = 16-50 m m ,  l = - 3 0 - 1 6 5  ram.  
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F ig .  1. Bas ic  c i r c u i t  of the d i s cha rge  uni t :  C) a c c u m u l a t i n g  c a p a c i t o r ;  1 and 2) e l e c t r o d e s ;  
3) d i e l e c t r i c ;  4) i n i t i a t i ng  i n j e c t o r .  

F ig .  2. D i e l e c t r i c  ma~s  y ie ld  m ( m g / d i s c h a r g e )  as a funct ion  of the e n e r g y  W 0 in  the d i s -  
cha rge  (kJ) for a channel  with d = 16 m m :  1) Hg2C12; 2) Tef lon,  l = 165 m m ;  3) Teflon,  l 
= 115 m m ;  4) Tef lon ,  l = 60 m m ;  5) po lyp ropy lene ,  l = 60 m m .  
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Fig. 3.Yield of dielectric mass m 

(mg/discharge) as a function of the 

specific heat of ablation fi (kJ/g) 
for a channel with l = 60 ram: i) W 0 
= i00 J; 2) 200; 3) 315; 4) 600 J; 5) 

3.6 kJ. For Hg2CI 2, Teflon, and 
polypropylene we have fi = 1.33,24, 

and 70 kJ/g, respectively. 

To compare the data on the mass yield of vaporization 

products from various materials we have to establish the constant 
characterizing the ablation resistance of the dielectrics. We have 

taken the specific heat of ablation fl as such a quantity: it is de- 
fined as the quantity of energy required to break all chemical 
molecular bonds per unit weight of material. The specific heats 

of ablation were determined from the known magnitudes of the 

chemical molecular bonds [3]. The Energy spent on the heating 
of atomic products of material decomposition to plasma-discharge 

temperatures and the ionization losses were not taken into con- 

sideration in the specific heat of ablation. 

It develops that the dielectric mass vaporized from the walls 

per single discharge is uniquely defined by the specific heat of the 

dielectric ablation, all other conditions being equal, and namely 

k~ 
m~ (2) 

The coefficient k 2 is defined by the channel geometry and the cir- 
cuit discharge parameters. The single-valued relationship be- 

tween the dielectric loss of material and the value of fl demon- 
strates the mutual parallelism of the curves in Fig. 3, illustrating 
formula (2) on a logarithmic scale. When we use substances with 

a low specific heat of ablation it is possible to increase the mass 

yield from the wails during the discharge; however, in the overall 
balance the fraction of energy expended on the destruction of the 
molecules remains constant, i.e., in a specific experiment the 

chemical composition of the substance has no effect on the magni- 

tude of energy spent on the destruction of the chemical bonds. Thus, if we know the ablation resistance 
of a given material, we can predict the mass yield for other dielectrics in the same experiment. The over- 
all expenditures on the destruction of the bonds increase as the channel is lengthened, as its diameter is 
reduced, as the inductance and stray resistance of the discharge circuits are reduced, i.e., when we en- 
counter all the changes which correspond to anincrease into. In particular, when I changes from 30 to 165 
mm, the energy expenditures on destruction of the molecular bonds increase from 20 to 55% of W 0. We 
should take note of the fact that substances with a limited range of sublimation temperatures from 400 to 
600~ were used in the experiments. However, the difference in sublimation temperatures may have no 
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significant effect, since the plasma temperature at the instant of maximum current is estimated at a level 
of 1O4~ for a Teflon channel. The estimate is based on the theoretical conductivity o- = 250 ~2 -I .m -I of 

the plasma channel. The conductivity was calculated from the known resistance of the discharge gap at 

the instant of maximum current, on the assumption that the current is uniformly distributed through the 

channel diameter. 

The validity of the temperature estimate at this level is confirmed by spectroscopic measurements. 

In the plasma jet being discharged from the channel, against the background of a continuous spectrum, we 

note primarily the lines of neutral and singly ionized fluorine and carbon atoms. The upper bound of the 
plasma temperature can be derived from the following considerations. At a temperature of 1.5 "i04~, in 

accordance with the Sakh equation, we should find virtually total ionization, in which even the energy spent 
on ionization will, alone, be greater than all of the stored energy. 

C 
l 
d 
m 

k~ and k 2 
Wo 

o- 

N O T A T I O N  

is the accumulating capacitor; 
is the channel length; 

is the inside channel diameter; 

is the dielectric mass loss per discharge; 

are proportionality factors; 

is the energy stored in the capacitor; 

is the specific heat of ablation; 

is the plasma conductivity of the channel. 
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