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Increasing volt-ampere characteristics are obtained experimentally on 
a powerful nonsegmented bilateral-discharge plasmatron. 

The use  of va r ious  h i g h - t e m p e r a t u r e  i ndus t r i a l  
p r o c e s s e s  is assoc ia ted  to a grea t  extent with the de-  
ve lopment  and product ion  of h igh-power  p l a s m a t r o n s  
(in thousands of kW) for  the heat ing of working fluids 
and i n t e rmed ia t e  heat c a r r i e r s .  One of the diff icul t ies  
h inde r ing  the product ion  of such p l a s m a t r o n s  is the 
rapid  wear ing  out of the e lec t rodes  and the need to 
provide  for spec ia l  sou rce s  of e l ec t r i c a l  energy  to 
supply ins ta l l a t ions  exhibi t ing decl in ing s ta t ic  vol t -  
ampere  c h a r a c t e r i s t i c s .  

The opera t ional  s e rv i ce  l ife of e l e c t r i c - a r c  i n s t a l -  
la t ions  is governed by e lec t rode  e ros ion  which, all  
other  condi t ions  being equal, is the g r e a t e r ,  the 
g r ea t e r  the c u r r e n t .  For  a specif ied power it is t h e r e -  
fore  advisable  to s t r ive  toward an i n c r e a s e  in the op-  
e ra t iona l  vol tage at the a rc .  

The a t t a inmen t  of high vol tages is most  eas i ly  ac-  
compl i shed  in l i n e a r  p l a s m a t r o n s  with vor t i ca l  s t ab i -  
l iza t ion  [1-3] .  In addit ion to this advantage,  these 
p l a s m a t r o n s  exhibit  descending c h a r a c t e r i s t i c s ,  and it 
is the re fo re  n e c e s s a r y  to employ ba l l a s t  r e s i s t a n c e s  
in their  opera t ion  or spec ia l  automat ic  c u r r e n t - s t a b i :  
l iza t ion  c i r cu i t s  which will  e n s u r e  steep descent  for 
the outs ide c h a r a c t e r i s t i c s  of the e l ec t r i c  power  
source .  

This  l a t t e r  inconvenience  can be e l imina ted  by de-  
s igning the p l a s m a t r o n s  with r i s i n g  v o l t - a m p e r e  c ha r -  
a c t e r i s t i c s .  To achieve r i s i n g  c h a r a c t e r i s t i c s ,  the 
r e s i s t a n c e  of the a rc  mus t  r e m a i n  cons tan t  or,  a t l e a s t ,  
it mus t  d imin i sh  more  slowly than the c u r r e n t  in -  
c r e a s e s .  This  is achieved by s tab i l i z ing  the geomet r i c  
d imens ions  of the a rc  which tend to i n c r e a s e  as the 
c u r r e n t  is s t rengthened.  

The l i t e r a t u r e  d e s c r i b e s  va r ious  methods of ach iev-  
ing i n c r e a s i n g  c h a r a c t e r i s t i c s  [4-6] .  Unfor tunately ,  
unt i l  now none of these methods has made  it  poss ib le  

to develop a sufficiently simple and reliable plasma- 

iron design for great power. 

A simple and convenient method of establishing arc 

length was the method of altering the electrode diam- 

eter in a bilateral-discharge plasmatron, thus making 

it possible: a) to raise the voltage at the arc; b) to re- 

duce the dimensions of the plasmatron; c) to reduce 

the operating current; d) to increase the efficiency; 

e) to work on the ascending segments of the volt-am- 

pere characteristic; f) to increase the service life by 
employing large-diameter current-carrying electrodes. 

A schematic diagram of a plasmatron is shown in 

Fig. I. It is made symmetrically relative to gas ring 1 

and consists of two identical electrodes with variable 
diameter. Each electrode has a small-diameter clamp- 

ing section 2 (diaphragm) and a separate large-diam- 
eter electrode 3. The gas is introduced tangentially to 

the inside surface, it is heated in the diaphragms and 

in the electrodes by are 4, and it is discharged from 

the plasmatron in both directions in the form of the 

plasma jets 5. 
On discharge initiation, an ionized channel is formed 

within the clamping diaphragms. In connection with the 
fact that the velocity of the gas in the diaphragms is 
high, the support points of the arc are blown away in 
both directions and reach the current-carrying por- 

tions of the electrodes. 
The variation of the current within certain limits 

affects only the position of the support points within 
the large-diameter electrodes and has little effect on 

the slope of the volt-ampere characteristics, which is 
governed by the strongly compressed portion of the 

arc column situated in the diaphragms. However, 
since the diaphragms are not insulated from the elec- 

trodes, a substantial increase in the current leads to 

a shift in the support points of the arc into the dia- 
phragm and to conversion of the plasmatron into a con- 

ventional installation with descending volt-ampere 

characteristics. 

I 
Fig. 1. Scheme of a p l a s m a  gene ra to r  with ascending  vol tage-  
c u r r e n t  c h a r a c t e r i s t i c s  obtained by changing of the e lec t rode  
d i a m e t e r :  1) gas inle t  r ing;  2) d iaphragm;  3) e lec t rode;  

4) arc;  5) p l a s m a  jet. 
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Fig.  2. V o l t a g e - c u r r e n t  c h a r a c t e r i s t i c s  of a p l a s m a  
g e n e r a t o r  with the v a r i a b l e  e l e c t r o d e  d i a m e t e r  
( g a s - a i r .  U0 is  the vo l tage  of d i r e c t  c u r r e n t  s o u r c e .  
U, V; I, A): 1) 356 g / s e c ;  2) 300; 3) 250; 4) 200; 

5) 150; 6) 100. 

Ascend ing  c h a r a c t e r i s t i c s  m a k e  i t  p o s s i b l e  to work  
f r o m  a s o u r c e  with an e x t e r n a l  r i g i d  c h a r a c t e r i s t i c  at  
nomina l  vo l t age  without use  of any c u r r e n t - s t a b i l i z a -  
t ion s y s t e m s .  

On the b a s i s  of the a b o v e - d e s c r i b e d  s c h e m e ,  we 
deve loped  a s e r i e s  of e l e c t r i c a l  a r c  h e a t e r s  r ang ing  
in power  f r o m  200 to 3000 kW. The v o l t - a m p e r e  c h a r -  
a c t e r i s t i c s  of one such p l a s m a t r o n  a r e  given in Fig .  2. 
The f igure  shows the c a s e  of p l a s m a t r o n  o p e r a t i o n  in a 
non rheos t a t  r e g i m e  at a vo l tage  of 1650 V. The gas  
(air)  flow r a t e  is  equal  to 356 g / s e c  and the c u r r e n t  is  
960 A. 

Regulation of the plasmatron parameters (current, 

power, temperatures) after entry into the nonrheostat 
regime is accomplished by varying the gas flow rate. 

An i n c r e a s e  in the flow r a t e  l eads  to a shi f t  in the 
o p e r a t i n g  point  to the le f t  a long the ou t s ide  p o w e r -  
supply  c h a r a c t e r i s t i c ,  whi le  a r e d u c t i o n  in the f low 
r a t e  l eads  to a shi f t  in the o p e r a t i n g  po in t  to the r igh t ,  
a l l  the way to the c u r r e n t  magni tude  at  which the 
suppor t  poin ts  of the a r e  a r e  d rawn into the d i a ph ra gm.  

A fu r the r  r educ t ion  in the flow r a t e  is  u n d e s i r a b l e ,  
s i nce  it may  l ead  to a lo s s  of a r e  s t a b i l i t y  and s h o r t  
c i r cu i t i ng .  E n t r y  into the nonrheos t a t  r e g i m e  i s  p o s -  
s ib l e  in two ways :  the f i r s t  i nvo lves  the g r adua l  r e -  
duct ion of the b a l l a s t  r e s i s t a n c e  dur ing  the p r o c e s s  
of s t a r t i n g  the p l a s m a t r o n ,  and the second  involves  
the d i r e c t  connec t ion  of the p l a s m a t r o n  without  r e s i s t -  
ance  to the vo l tage  of the s o u r c e .  The f i r s t  method  i s  
p r e f e r a b l e ,  s ince  i t  m a k e s  i t  p o s s i b l e  to r e d u c e  the 
s t a r t i n g  o v e r l o a d s .  

In the s tudy of the p l a s m a t r o n s ,  we d e t e r m i n e d  
t h e i r  t h e r m a l  and e l e c t r i c a l  c h a r a c t e r i s t i c s ,  e s t a b -  
l i shed  the m a t e r i a l  and ene rgy  ba lance  of the d i s c h a r g e  
c h a m b e r ,  and found the m a s s - a v e r a g e d  entha lpy  and 
the t e m p e r a t u r e  of the hea ted  gas .  

The mass-averaged temperature of the heated gas 

is controlled within wide limits, and at low tempera- 

tures it is possible to pass the entire flow through the 

are without dilution at the outlet. In these experiments 

we were able to achieve temperatures from 500 to 
6000 ~ K. 

The e f f ic iency  of the d i s c h a r g e  c h a m b e r  is  a func-  
t ion of the c u r r e n t  s t r e n g t h  and of the gas  flow r a t e .  
With d i r e c t  c u r r e n t  an i n c r e a s e  in the flow r a t e  l e a d s  
to i n c r e a s e d  e f f ic iency .  However ,  the h igher  the a b s o -  
lu te  va lue  of the e f f ic iency ,  the s m a l l e r  the r e l a t i v e  
i n c r e a s e  in e f f i c i ency  with i n c r e a s i n g  flow r a t e .  F o r  
example ,  an i n c r e a s e  in the f low r a t e  f r o m  50 g / s e c  
to 100 at  a c u r r e n t  of 800 A l eads  to a 7% i n c r e a s e  in 
e f f ic iency ,  whi le  the subsequen t  i n c r e a s e  in the flow 
r a t e  to 200 g / s e e  i n c r e a s e s  e f f ic iency  by only 3%. A 
r i s e  in c u r r e n t  with a cons tan t  flow r a t e  l eads  to a 
drop  in e f f i c i ency  as  a r e s u l t  of the i n c r e a s e d  t h e r m a l  
l o s s e s .  The e f f i c i e nc i e s  of the p l a s m a t r o n  des igns  
unde r  c o n s i d e r a t i o n ,  de sp i t e  the p r e s e n c e  of cooled  
e l e c t r o d e s ,  a r e  r a t h e r  high (for example ,  on a c u r r e n t  
of 900 A and an a i r  f low r a t e  of 250 g / s e c ,  the e f f i -  
c i ency  amounts  to 82% when T = 2500 o K). 

Thus these  s tud ies  have d e m o n s t r a t e d  that  a p i n s -  
m a t r o n - - g i v e n  a d i s c h a r g e  c h a m b e r  of s m a l l  d i m e n -  
s i o n s - c a n  be p roduced  to o p e r a t e  at  high vo l t ages ,  it  
exh ib i t s  a long s e r v i c e  l i fe  of cont inuous ope ra t ion ,  
and i t s  e f f ic iency  exh ib i t s  r i s i n g  c h a r a c t e r i s t i c s  and a 
wide r ange  of t e m p e r a t u r e  r egu la t ion .  

Th is  type of p l a s m a t r o n  can be r e c o m m e n d e d  for  
v a r i o u s  i n d u s t r i a l  i n s t a l l a t i ons  r e q u i r i n g  the hea t ing  
of a gas  to 5000 ~ K .  
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