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An experimental investigation of the velocity of a high-current arc with air injection in 

the discharge chamber of a coaxial sectioned plasmatron is described. The experiments 

showed that the velocity of the cathode spot on the electrode surface depends on the arc 

current and on the external magnetic field strength. The air flow rate in the plasmatron 

chamber was 7.1 g/sec. 

The time of continuous operation of plasmatrons with cooled copper electrodes is limited by the rapid 

erosion of the cathode, which is due mainly to the heat of the cathode spot moving over the cathode sur- 

face. Reduction of cathode erosion necessitates good heat-transfer conditions in the cathode spot. 

Heat transfer in a cathode spot is affected by many factors: one of these factors is the velocity of the 

cathode spot on the electrode surface. Hence, an investigation of heat transfer and the associated motion 

of the cathode spot is an important current problem. 

The movement of the cathode spot in the discharge chamber of a coaxial sectioned plasmatron was 

investigated with the aid of a special section consisting of two cooled hollow copper half-cylinders. A 

voltage of 826 V was applied to the plasmatron from a mercury rectifier; the coil current was supplied by 

a 220 V dc generator. The voltage was applied to the two halves of the section, to one of them through a 

500 A / 7 5  mV shunt .  

A S i e m e n s  SO-09 loop o s c i l l o g r a p h  was  connec ted  to the  shunt.  The  c u r r e n t  in the  o s c i l l o g r a p h  c i r -  
cui t  was  m e a s u r e d  wi th  a SMU-2 g a l v a n o m e t e r  wi th  an i n t e r n a l  r e s i s t a n c e  of 1.0 ~ .  The  m a x i m u m  c u r r e n t  
which  can  be  m e a s u r e d  with  th i s  g a l v a n o m e t e r  i s  200 mA,  the  m a x i m u m  d e t e c t a b l e  f r e q u e n c y  i s  4000 Hz, 
and the  s e n s i t i v i t y  i s  0.16 m m / m A .  The  e x p e r i m e n t s  w e r e  conduc ted  on a p l a s m a t r o n  connec t ed  up a s  
shown in F ig .  1. The  i n t e r e l e c t r o d e  gap  w a s  6 ram.  

When  the  e l e c t r i c  a r c  i s  f o r m e d  the a r c  s p o t s  have  a r o t a t i o n a l  m o t i o n  on the e l e c t r o d e  s u r f a c e  due 
to the  a c t i o n  of g a s d y n a m i c  and e l e c t r o m a g n e t i c  f o r c e s :  the  anode  spo t  m o v e s  ove r  the  s u r f a c e  of the  i n n e r  
e l e c t r o d e  and the  ca thode  spo t  m o v e s  o v e r  the  s u r f a c e  of the  sp l i t  s ec t i on ,  which a c t s  a s  a ca thode .  When 
the  ca thode  spo t  m o v e s  o v e r  the  s u r f a c e  of the  h a l f - s e c t i o n  connec t ed  t h rough  the shunt  an  e l e c t r i c  s i gna l  
i s  d e l i v e r e d  to the  o s c i l l o g r a p h .  When  the  ca thode  spo t  m o v e s  o v e r  the  o t h e r  half  of the  s e c t i o n  no s i gna l  
i s  r e c e i v e d  by  the  o s c i l l o g r a p h .  Th i s  p e r i o d i c  p r o c e s s  i s  r e c o r d e d  by the  o s c i l l o g r a p h .  The  n u m b e r  of 
r e v o l u t i o n s  m a d e  by  the ca thode  spo t  in uni t  t i m e  can  be  d e t e r m i n e d  f r o m  the  o s c i l l o g r a m .  

g the  n u m b e r  of o s c i l l a t i o n s  n on l eng th  l of the  t ape  i s  d e t e r m i n e d  and the t ape  v e l o c i t y  v i s  known, 
the  n u m b e r  of r e v o l u t i o n s  of the  ca thode  spo t  in uni t  t i m e  can  b e  c a l c u l a t e d  f r o m  the f o r m u l a  

n v  
v . . . .  ( 1 )  

l ' 

i s  in  h e r t z  if  the  t a p e  v e l o c i t y  and t a p e  l eng th  a r e  e x p r e s s e d ,  m / s e c  and m,  r e s p e c t i v e l y .  

Once  v has  b e e n  c a l c u l a t e d ,  the  a n g u l a r  and l i n e a r  v e l o c i t i e s  of the  ca thode  spo t  can  be  d e t e r m i n e d .  
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Fig. 1. Setup for measuremen t  of a rc  
spot velocity:  1) outer  electrode ; 2) inner 
e lec t rode;  3) e lec t r ic  a r c ;  4) osci l lograph;  
5) shunt. 

The experiments were conducted with two different 
directions of injection of a ir  into the plasmatron discharge 
chamber.  In the f i rs t  case the air  was injected tangentially 
into the chamber so that the gasdynamic and electromagnet ic  
forces  acted in the same direction ("cotorsion").  In the 
second case the air  was again injected tangentially into the 
chamber,  but the gasdynamic and electromagnet ic  forces  
acted in opposite direct ions ("counter- torsion") .  

The resul ts  of investigations of the cathode spot velocity 
in relation to cur rent  and the external magnetic field a re  
shown in Fig. 2. 

Figure  2a-d shows the cathode spot velocity as a func- 
tion of current  for external magnetic fields of 850, 1200, 
1700, and 2900 Oe, respect ively.  The air  flow rate  was 7.1 
g / s e c .  

In these experiments,  with a rc  cur rent  in the range 
100-800 A and the external magnetic fields given above, 

the cathode spot velocity was 65-250 m / s e c  with cotors ion and 50-250 m / s e c  with coun te r - to r -  
sion. 

These graphs show that the cathode spot velocity with cotors ion was a little higher than with counter-  
torsion.  This difference decreased  with inc rease  in the external magnetic  field. When the external mag-  
netic field s trength was 2900 Oe, the difference was  pract ical ly  zero. The graphs also show that the cathode 
spot velocity in both cases  varied l inear ly  with current  in the cur rent  range 100-800 A. 

The reduction of the difference in velocit ies with counter - tors ion  and cotors ion when the external 
magnetic field is increased indicates that e lect romagnet ic  fo rces  have a much grea te r  effect on the a rc  
velocity than gasdynamic forces  in the given conditions. 

Figure  3a shows the cathode spot velocity as a function of the external magnetic  field for different 
a rc  currents .  

With magnetic fields in the range 850-2900 Oe the cathode spot velocity varied f rom 70 to 150 m / s e c  
for  a cur rent  of 200 A, f rom 105 to 175 m / s e c  for a cur rent  of 400 A, f rom 130 to 200 m / s e c  for a cu r -  
rent  of 600 A, and f rom 160 to 250 m / s e c  for a current  of 800 A. As the graphs show, the cathode spot 
velocity depends l inear ly  on the external magnet ic  field in the cur rent  range 100-800 A. 

Kukekov and Bron [1, 2] determined the a rc  velocity in control devices in relat ion to many factors ,  
including the cu r ren t  and external magnetic  field. The a rc  velocity was expressed in t e rms  of the a rc  
cur ren t  and external magnetic  field by the equation: 

a~/I r IH ~ 
v s = 35.6 (1~0.4//o.3)~ " 
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Fig. 2. Cathode spot velocity as function of current: I) Co- 
torsion; 2) counter-torsion: a) H = 850; b) 1200; e) 1700; d) 
2900 Oe. 

1192 



200 

ol 

, , ~ r -  

.,..o. 

a 

~oo 12oo 2000 H 

2 

b 

o /,oo 60o I 

Fig. 3. Cathode spot velocity as function of external magnetic 
field (a) and comparison of theoretical and experimental values 
of cathode spot velocity (b): a) current: i) 200; 2) 400; 3) 600; 
4) 800A: b) field; i) i000; 2) 2000 Oe. 

Fig. 4. Osci l logram showing var iat ion of cathode spot 
velocity with cur ren t .  

The experimental  conditions under which the a rc  velocity was determined in the experiments  by the 
authors of [1, 2] differed f rom the conditions in the experiments  with the coaxial plasmatron,  but the r e -  
sults in the cur ren t  range 100-800 A with magnetic fields of 1000 and 2000 Oe a re  in good agreement  with 
the relat ionship given by Eq. (2). 

The points in Fig. 3b a re  the experimental  resul ts  and the continuous curves a re  the calculated values. 

At cur rents  of 100-800 A and external magnetic  fields of 850-2900 Oe the dependence of the cathode 
spot velocity in a p lasmatron discharge  chamber  on the cur ren t  and external magnetic field can be regarded 
as linear.  

A la rge  number of experiments  showed that movement  of the cathode spot over the electrode su r -  
face leads to shunting and, hence, the motion of the cathode spot is jumpy. The jumpy motion of the a rc  
is revealed by high-speed photography [3, 4]. 

The mean a rc  veloci ty  is of most  in teres t  for many pract ical  applications. It is, in fact, the mean 
a rc  velocity which is measured  by the method described in this paper, since shunting within one half-r ing 
has no effect on the cur ren t  passing through the shunt and, hence, has no effect on the resul t  of the mea-  
surements .  Shunting on the other hal f - r ing affected the cur rent  passing through the shunt and this was r e -  
vealed on the osci l lograph t r ace  (the periodicity became i r regular) .  

The osc i l lograms  obtained in measuremen t  of the mean a rc  velocity could be misleading if shunting 
was a periodic process  with a period which is a multiple of the a rc  rotat ion period, but the spot velocity 
would be different. Uncertainty of this kind could be introduced by the s t roboscopic  effect in measurement  
of the mean velocity by high-speed photography. We know, however, that shunting is a random process ,  
represented  by a normal  distribution, and, hence, does not have a periodic effect on the a rc  velocity. 

The deviation f rom the mean a r c  velocity due to shunting as the cathode spot moves is revealed by 
the oscil lat ions recorded  by the oscil lograph.  In cases of shunting Within a hal f - r ing the half -cycle  of the 
loop oscil lat ions is a l tered and, hence, the periodici ty is disturbed. An example of this shunting effect is 
shown on the osc i l logram (Fig. 4, second curve f rom the top). In the case of shunting between the half r ings 
both the amplitude of the cur ren t  and the length of the ha l f -cycles  a re  altered. 

The mean lengths of the cycle can be determined f rom the recorded  oscillations of the current  passing 
through the shunt. If the number of oscil lat ions is sufficiently high, the e r r o r  in measur ing  the mean 
velocity is insignificant. The i l lustrated osc i l logram shows that dis turbance of the periodici ty due 'to shunt- 
ing is insignificant. Hence, the sca t ter  of the experimental  points is slight (Figs. 2, 3). 
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This means that the r o o t - m e a n - s q u a r e  of the measurements  is reduced in compar ison with m e a -  
surements  of the mean a r c  velocity with photodetectors of various kinds, the signal f rom which is applied 
to an osci l lograph after  amplification by a factor  of thousands, and there is no uncertainty like that in- 
troduced by the s t roboscopic  effect when high-speed photography is used. 

v s is the cathode spot velocity; 
I is the current ,  A. 
H is the external magnetic  field strength. 

NOTATION 

I. 

2. 

3. 
4. 
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