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We descr ibe  the installation and method for a study of the t ransfer  of heat in the n e a r - e l e c -  
trode region of an intensively swept e lec t r ic  a r c .  We present  the experimental  data de-  
monstrat ing the relationship between the heat removed f rom the cathode spot and the c u r -  
rent  strength for an a i r  flow rate of 6.6 g / s ec  (the air  supplied to the p lasmotron chamber) 
and with an external  magnetic field exhibiting a strength of 850 Oe. 

The heat transfer in the near-electrode region of an intensively swept electric arc was carried out 
on a coaxial segmented 200 kW plasmotron. The manner in which the plasmotron was designed made it 

possible, on the basis of measurement results, to determine the fraction of heat that reaches the electrode 
from the near-electrode region of the arc. 

A diagram, of the plasmotron is shown in Fig. i. The electrode chamber is made in the form of a 

cylindrical tube which consists of electrically insulated segments. The internal electrode and all of the 

chamber segments have been fabricated of copper and are cooled with water. To reduce electrode erosion 

and to maintain stable burning of the arc, air is fed in tangentially. It is for precisely this purpose that 

two series-connected coils have been included, and their total magnetic field, calculated according to the 

data of [2], depending on the distance between their centers, varies from 36.5 ICe to 71 ICe. 

The plasmotron is powered by a mercury rectifier with a minimum voltage of 825 V. A liquid rheo- 

stat is series-connected to the plasmotron, and its purpose is to provide for a smooth current change with- 
in the circuit. The voltage and current are recorded by means of an automatic NZ40 voltmeter and an auto- 
matic NZ75 ammeter. 

The temperature of the water in the electrodes was measured with the Chromel-Copel thermocouples 
of the automatic electronic ]~PP-09MZ potentiometers. 

The coils were supplied from adc 220Vgenerator. The current was varied from 15 to 50 A by means 

of a wire rheostat connected into the coil circuit. The current in the coil circuit was recorded with an 
M-106 ammeter, 

Air was used as the working gas and it flowed at a rate of 6.6 g/sec in this series of experiments. 

Atmospheric pressure prevailed within the plasmotron chamber. The overall water flow rate was 
0.5 liter/sec. 

It became apparent during the course of the plasmotron adjustment that the arc burns stably in a 
current range of 100-1500 A (no tests were carried out at higher currents). 

Prolonged plasmotron operation was not required during these experiments, so that it was turned on 

for 60 sec. During the course of the adjustment tests, the plasmotron power was varied from 30 to 200 kW. 

We carried out tests to determine the heat removed through the cathode spot of the intensively swept 
electric arc; this was done on the above-described plasmotron in a current range of 100-800 A. 

The voltage was applied to the internal electrode (the anode) and to one of the segments of the ex- 

ternal electrode (the cathode). Thus the cathode spot moved along only a single segment -along the cathode. 

;~Deceased. 
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F i g .  1. Coax ia l  s e g m e n t e d  p l a s m o t r o n :  1) i n n e r  e l e c t r o d e ;  2) 
s e g m e n t e d  c h a m b e r ;  3) e l e c t r o m a g n e t i c  c o i l s ;  4) i n s u l a t o r .  

F i g .  2. Hea t  r e m o v e d  to ca thode  v e r s u s  c u r r e n t :  e) h = 5 m m ;  
O) 7. 

The t e s t s  w e r e  c a r r i e d  out wi th  s e g m e n t s  of equa l  he igh t  (5-8 m m ) ;  th i s  w a s  done so  a s  to c a l c u l a t e  the hea t  
r e m o v e d  to the e l e c t r o d e  th rough  the ca thode  spo t .  

A l l  of the hea t  r e m o v e d  to the ca thode  is  made  up of the fo l lowing c o m p o n e n t s :  the c o n v e c t i o n  and 
r a d i a t i o n  Q c r ,  the hea t  Qs r e m o v e d  th rough  the ca thode  spo t ,  and the Jou le  hea t  Q j  l i b e r a t e d  wi th in  the  
ca thode ;  the to ta l  hea t  f low to the ca thode  is  r e p r e s e n t e d  by the s u m  

Q = Qcr + Qs + Qj (1) 

The  Jou le  hea t  fo r  the c u r r e n t  I can  be d e t e r m i n e d  f r o m  the f o r m u l a  

Q j = P R ,  (2) 

wi th  R,  in th i s  c a s e ,  deno t ing  the r e s i s t a n c e  tha t  i s  a funct ion  of the c a t h o d e - s p o t  d i m e n s i o n s ,  a s  we l l  a s  of 
the  t e m p e r a t u r e  and d i m e n s i o n s  of t h e  e l e c t r o d e .  We know f r o m  [4] tha t  R can  be c a l c u l a t e d  wi th  the f o r -  
m u l a  

. . . .  R -  p (3) 
4r0 ' 

w h e r e  r 0 is  the r a d i u s  of the  ca thode  spot  u n d e r  the a s s u m p t i o n  tha t  the a r c  spo t  is  c i r c u l a r  in s h a p e .  

In con junc t ion  wi th  (3) we d e r i v e  the e x p r e s s i o n  fo r  the Jou le  hea t :  

Qj = 12P. (4) 

4r0 

F o r  a c u r r e n t  of 1000 A ,  r 0 = 0.1 c m  and p = 9.89 �9 10 -6 ~2 �9 c m  fo r  c o p p e r  [1, 3] (at the m e l t i n g  poin t )  
the  Jou le  hea t  amoun t s  to 0.2% of the to ta l  hea t  flow to the c a t h o d e ,  so  i t  can  t h e r e f o r e  be n e g l e c t e d .  

If  the  quan t i ty  of convec t i on  and r a d i a t i o n  hea t  p e r  unit  of s e g m e n t  l eng th  i s  deno ted  q c r  and  i f  the 
s e g m e n t  he igh t  is  deno ted  h,  fo r  the to ta l  co nve c t i on  and r a d i a t i o n  flow Q c r  we d e r i v e  the e x p r e s s i o n  

Qcr = hqcr (5) 

The  quan t i ty  of hea t  r e m o v e d  to the e l e c t r o d e  th rough  the ca thode  spo t  i s  n a t u r a l l y  independen t  of the 
he igh t  of the coo l ed  s e g m e n t .  The to ta l  hea t  r e m o v e d  to s e g m e n t s  of v a r i o u s  he igh t s  wi l l  d i f f e r  only  in 
t e r m s  of the convec t i on  and r a d i a t i o n  c o m p o n e n t s  of the hea t  f low.  

B e a r i n g  th i s  c i r c u m s t a n c e  in mind  and c o n s i d e r i n g  f o r m u l a  (5), by m e a s u r i n g  the to ta l  hea t  f low a t  
two o r  m o r e  s e g m e n t s  of  v a r i o u s  he igh t s  we can  d e t e r m i n e  the hea t  r e m o v e d  th rough  the ca thode  spo t  of 
an  e l e c t r i c  a r c .  

I ndeed ,  hav ing  c o m p l e t e d  the  s equence  of e x p e r i m e n t s  on two s e g m e n t s  whose  he igh t s  a r e  h i and h a 
( let  h a > hi) ,  we ob ta in ,  r e s p e c t i v e l y ,  the two funct ions  Ql(I) and Q2(I). Keep ing  in mind  f o r m u l a s  (1) and (5), 
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a s  we l l  a s  the fac t  tha t  we n e g l e c t  the Jou le  hea t ,  we can  w r i t e  

Q1 (I) = hlqcr(1) + Qs (I), 

Q2 (I) = h2qcr(1) + Qs (I). (6) 

F r o m  the s y s t e m  of e q u a t i o n s  (6) we ob t a in  the v a l u e s  fo r  the hea t  f low in the ca thode  spo t ,  and for  
the  c o n v e c t i o n  and r a d i a t i o n  f lows r e m o v e d  to the ca thode :  

qcr ( i )=  Q, (1) - -  Q~ (1) (7) 
h~ -- hi ' 

h2Ol (I) - -  hlO~ (I) (8) 
Q s (I) = h~ - -  h ,  

The quan t i ty  of  the  hea t  r e m o v e d  th rough  the ca thode  spo t  p e r  s e c o n d  p e r  uni t  c u r r e n t  is  r e f e r r e d  
to a s  the vol t  e q u i v a l e n t  of hea t  l o s s  (of hea t  r e m o v a l )  and is  deno ted :  

a v~ = Q~ (0 (9) 
I 

Considering formulas (8) and (9), we obtain the expression for the volt equivalent: 

A U*c -- h~Q~ (I) - -  h~Q2 (I) (lO) 
I (h2 - -  hi) 

Thi s  me thod  can  a l so  be a p p l i e d  to the d e t e r m i n a t i o n  of the flow of hea t  r e m o v e d  th rough  the anode  
s p o t  and ,  c o n s e q u e n t l y ,  to d e t e r m i n e  the vo l t  e q u i v a l e n t  of the  hea t  l o s s e s  t h rough  the anode spo t .  

The e x p e r i m e n t s  to d e t e r m i n e  the r e m o v a l  of hea t  th rough  the ca thode  spo t  and i t s  vol t  e qu iva l en t  
w e r e  c a r r i e d  out  for  a c u r r e n t  r a n g e  of  100-800  A fo r  an a i r  f low r a t e  of 6.6 g / s e c .  

The r e s u l t s  of the e x p e r i m e n t  a r e  shown in F ig .  2. We s e e  f r o m  the f i gu re  tha t  in the c u r r e n t  r a n g e  
of  100-800  A the r e l a t i o n s h i p  b e t w e e n  the to ta l  hea t  r e m o v e d  to the s e g m e n t  and the c u r r e n t  can  be r e -  
g a r d e d  as  l i n e a r .  Thus for  the s e g m e n t s  of he igh t s  h 1 and h 2 in th i s  r a n g e  of c u r r e n t s  we can  w r i t e  the to ta l  
h e a t  f lows in the f o r m  

QI(1) = kff; Q2 = k j .  (II) 

The c o r r e s p o n d i n g  f o r m u l a s  fo r  Qs(I ) ,  q c r ( I ) ,  and  AU~ have  the f o r m :  

Q s (I) = h2kl - -  hik2. I, (12) 
h~ - -  h~ 

qcr (I) = k2 - -  k~ I, (13) 
h~ - -  hi 

A U*c -- h2kl - - h l k 2  (14) 
h2 - -  hi 

H e r e  k 1 and k 2 a r e  the a n g u l a r  c o e f f i c i e n t s  of the r e s p e c t i v e  func t ions  fo r  s e g m e n t s  h I and h 2. We c a l c u -  
l a t e d  the v a l u e s  of k 1 and k 2 by the m e t h o d  of l e a s t  s q u a r e s  [5]: 

but Qi = 4.18(~Ati, so that 

~ Q i l i  
k i=I 

n 

k = 

n 

4 , 1 8 c r X l i A t ,  

n 

i = l  

where At i is the temperature increment in the i-th experiment; cr is the water flow rate; I i is the current 

in the i-th experiment. 

(15) 

(16) 
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It should be noted that for cur ren ts  I > 6 00 A and for limited a i r  flow rates  the heat flow to the cathode 
as a function of the cur rent  deviates f rom the l inear ,  while for a i r  flow ra tes  of 6.6 g / s ec  the l ineari ty is 
retained to 800 A. 

The intensity of the external  magnetic field in the a rc  combustion zone in each of the experiments  
amounted to 850 Oe; air  was fed tangentially into the discharge chamber so that the direct ions of the mag-  
netic and gasdynamic forces acting on the arc  coincided. 

Thus a cocurrent  magnetogasdynamic rotation of the arc  was achieved in the p lasmotron  at a tmo-  
spher ic  p r e s s u r e  in the discharge chamber .  

In the experiment car r ied  out at an air  flow rate of 6.6 g / s e c  (Fig. 2) we obtained the following r e l a -  
tionships : 

for s~egments of height h 1 = 5 mm 

for segments of height h 2 = 7 mm 

Q, ( I )=  14.23I, (17) 

Q~ (I) = 16.801, 

qcr (I) = 1.281. 
(18) 

The heat flow through the cathode spot, calculated according to (12), amounts to 

Qs (I) = 6.52I. (19) 

The heat flows are  expressed in watts.  The volt equivalent of the heat losses  in the cathode spot amounted 
to 6 .52V.  

It has thus been demonstra ted experimentally that the heat removed to the electrode through the cath-  
ode spot of the intensively swept arc  of a p lasmotron in the cur rent  range of 100-800 A is a l inear  function 
of the current .  

N O T A T I O N  

Q is the heat removed to the cathode; 
Qc,r  is the convective and radiant heat flow; 
Qj  is the Joule heat; 

Qs  is the heat removed through the cathode spot; 
is  the volt  equivalent; 

I is the cur rent  s trength;  
r 0 is the radius of the cathode spot; 
p is the specific res is tance  
h is the segment height. 
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