
CHARACTERISTICS OF A VORTEX-STABILIZED PLASMA 

GENERATOR AT REDUCED PRESSURE 

A .  K.  R e b r o v  a n d  V. No Y a r y g i n  

The opera t ion  of an argon p l a s m a  gene ra to r  at d i s cha rge  chamber  p r e s s u r e s  in the reg ion  
(3-100) o 103 N / m  2 has been e x p e r i m e n t a l l y  inves t iga ted .  Cu r r en t -vo l t age  c h a r a c t e r i s t i c s  in 
d imensional  complexes  have been obta ined for s tab le  opera t ing  r e g i m e s .  

N O T A T I O N  
U - a r c  vol tage,  V; I - a r c  cu r ren t ,  A; G - gas  flow r a t e  pe r  second, g / s e c ;  p - gas  p r e s s u r e ,  mm Hg; 

d - d i ame te r ,  cm; subsc r ip t s :  1 - main  chamber ,  2 - end chamber~ 

The re  a r e  no r e f e r e n c e s  in the l i t e r a t u r e  to s y s t e m a t i c  s tudies  of the opera t ion  of p l a s m a  g e n e r a t o r s  
with vor tex  gas  s t ab i l i za t ion  at low p r e s s u r e s ;  the data  a r e  only f r a g m e n t a r y  [1, 2] and do not make  it p o s -  
s ib le  to fo rm even a qual i ta t ive  idea of the nature  of the e l e c t r o t h e r m o p h y s i c a l  p r o c e s s e s  under these  con-  
di t ions.  

In [1] the mechan i sm of e s t ab l i shmen t  of the a r c  length was inves t iga ted .  The p r e s s u r e  in the a r c  
chambe r  was v a r i e d  f rom 0.1 to 1 arm abs.  Argon and n i t rogen were  used in the exper imen t s .  

The au thors  obtained a s tab le  opera t ing  r e g i m e  for  argon~ We note that  as the flow r a t e  d e c r e a s e s  the 
a r c  burning r e g i m e  becomes  unstable:  the a rc  vol tage  f luctuates  with a f requency of 2-3 kHz. 

We have conducted expe r imen t s  on a p l a s m a  g e n e r a t o r  des igned at  the Ins t i tu te  of Theore t i ca l  and 
Appl ied  Mechanics  of the Siber ian  Divis ion of the Academy of Sciences  of the USSR (Fig.  1). The copper  
anode 2 and cathode 5 a r e  wa t e r - coo l ed .  The ins ide  d i a m e t e r s  of both e l e c t r ode s  a r e  the same  and equal to 
10 mmo The working gas is suppl ied  through two swi r l  c h a m b e r s  4 (a main  chamber  between the e l ec t rodes  
and an end chamber) .  The ins ide  d i a m e t e r s  of the swi r l  r ings  of both c h a m b e r s  we re  equal to 50 mmo The 

p o w e r  source  was a 220-V dc g e n e r a t o r  6. The cu r r en t  was r egu la t ed  by means  of a w a t e r - c o o l e d  sec t iona l  
wi re  r h e o s t a t  7. The p l a s m a  je t  f lowed into a vacuum chamber  1, the min imum p r e s s u r e  in which r e a c h e d  
1" 10-2 mm Hg. The r e s u l t s  of the e x p e r i m e n t s  a r e  p r e s e n t e d  in Tab le  1. 
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Fig. 3 

The dependence of the arc  voltage U on the p r e s s u r e  p in 

the d ischarge  chamber  at I ~ 100 A and G = 0.55 g / s e c  is i l lus-  
t ra ted in Fig~ 2. As the p re s su re  increases ,  the voltage increases  
as p0.2~ 

The experimental  data obtained were then analyzed in c r i -  
ter ia l  form. Many authors [3, 4] have demonstrated the poss ib i l -  
ity of a general ized descript ion of the p rocesses  in a p lasma 
genera tor  in the form 

u--~ =~ { t~ V (~--) ~ ~  ~ GdJ (pd)~ (i) 

In cer ta in  cases  [3] it is possible to manage just with the c o m -  
plex I2/Gd. On the basis of our experiments  it is possible to ex-  
tend the boundaries of the cr i te r ia l  general izat ions previously  
obtained. A cr i ter ia l  analysis  of the experimental  data in a c c o r d -  
ance with express ion (1) is presented in Fig. 3 in the form 
u = u([)  (for the notation see Table 1): 

U - -  U d  

I 

The same figure includes curve 2 from [5] and curve  3 f rom [4]. Clearly,  there is a distinct " s t r a t i -  
f ication" with respec t  to diameter ,  which can be cor re la ted  by introducing the factor d ~ When our know- 
ledge of the p roces se s  in a p lasma genera tor  and, in par t icular ,  of their  l inear scales  is more  complete, 
it may be possible to introduce the diameter  into the c r i te r ia l  equation in the form of dimensionless 
simplexes~ For engineering calculations it may be assumed that the dependence of arc  voltage on the 
reg ime paxameters  takes the form:  

U ~ 46 I - ~ 176176176176176  (2) 

At a constant gas p r e s s u r e  c lose to a tmospheric ,  re la t ion (2) almost  coincides with that presented in 
[4]~ On the pa rame te r  interval investigated in the presence  of gas stabilization this re la t ion descr ibes  the 
experimental  data with an e r r o r  not exceeding • The ranges  of var ia t ion of the basic pa rame te r s  for 
these exper iments  and the exper iments  of [5, 4] are  presented in Table 2. 

In the experiments  we also es t imated the average  contamination of the flow by e lect rode erosion 
products.  It did not exceed 0o11% by weight. 

The authors are  grateful  to M. i Zhukov for discussing their experimental  results~ 
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