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The  dependence of hea t  r em ova l  through a cathode spot  on the cu r ren t ,  magnet ic  induction in 
the c i r c u l a r  gap, and the a rgon  flow ra te  is studied. 

The study of heat  exchange in the d i scharge  chamber  of an e lec t r ic  a r c  gas hea t e r  is of cons iderab le  
i n t e r e s t  both f rom the appl ied a spec t  in the s e a r c h  for means  of inc reas ing  the durabi l i ty ,  re l iabi l i ty ,  and 
eff iciency of a r c  gas h e a t e r s ,  and f rom the theoret ica l  point of view for the accumulat ion of exper imenta l  
m a t e r i a l  which can be used for a quanti tat ive compar i son  of theory with exper iment .  This  appl ies  p a r t i -  
cu lar ly  to the e lec t rode  regions  of an  e lec t r i c  a r c ,  for  which there  does not ye t  ex is t  a comple te  theory  able 
to explain all  the aspec t s  of the compl ica ted  p r o c e s s e s  occur r ing  in them. 

The p r e s e n t  a r t i c l e  is devoted to a d i scuss ion  and descr ip t ion  of the r e su l t s  of exper imenta l  studies 
of heat  exchange in the cathode spot  of an e lec t r ic  a r c  of constant  cu r ren t ,  moving under  the influence of 
e lec t romagnet ic  and gas dynamic forces  in an a rgon  medium at  a tmospher i c  p r e s s u r e .  

The study was conducted on an e lec t r ic  a r c  p r e h e a t e r  of a coaxial  design having wa te r -coo led  copper  
e lec t rodes  [1]. An e lec t r ic  control  c i rcu i t  using the cu r r en t  of solenoids in power  thy r i s to r s  was used for 
smooth and stepped variation in the magnetic field strength in the circular gap. 

The determination of heat fluxes in the arc spot was conducted by a method used in [1-3]. The es- 
sence of the method consists in the measurement of heat fluxes into circular cathode sections of different 
widths. Here it is assumed that the heat flux through the cathode spot does not depend on the width of the 
section, while the convective and radiative components are proportional to the width of the section. 

For two sections of different widths i and 2 the heat flux through the cathode spot is determined from 

the equation 

62 - -  ~1 

while the convect ive and rad ia t ive  components  pe r  unit sect ion length a r e  given in total by 

qcr- -  Q2--Q~ (2) 
6 3  - -  61 

The total  hea t  fluxes in sect ions  of di f ferent  th icknesses  depend on the mode  of opera t ion of the a p -  
pa ra tus  and in pa r t i cu l a r  on the gas flow r a t e ,  the  induction of the external  magnet ic  field,  and on the con-  

ditions of cathode cooling. 

However ,  a case  where  Q is propor t ional  to I is often poss ib le  in some range  of cu r r en t  var ia t ion.  

Then 
Q = kl. (3) 

An analogous s i tuat ion a lso  occurs  with r e s p e c t  to the heat  flux a t  the spot  

-- L (4) 
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Fig. 1. Dependence of total heat  loss into cathode on 
the cu r ren t  at  a magnetic  induction in the gap of B 
= 0.174 T and argon flow ra tes  G = 1 g / s e c  (a) and G 
= 1.7 g / s e c  (b): 1) sect ion width 7 mm;  2) 5 mm. Q, 
kW; I, A. 

The quantity AUe* is usually called the volt equivalent of the heat flux through the cathode spot. 

Using (1)-(4), an equation can be obtained for the volt equivalent 

AUc = 5#1 - -  ~ik2 (5) 
6~ -- 5 i 

In the p resen t  work the widths Of the sections were  taken as 51 = 5 mm and 52 = 7 mm. The heat fluxes 
were  determined by ca lo r ime t ry  of water ,  the tempera ture  of which was determined with automatical ly ba l -  
anced bridges of 0.5 c lass  prec is ion  with copper res i s t ance  thermometers  of K-P  class  prec is ion  having a 
deviation f rom the s tandard graduation of 23 (GOST 6651-59), equal to At = =~ (0.3-3.5" 10 -1 it]) ~ 

The measurements  were  conducted on cathode sections of different widths, for which the difference 
in width of the two rings was 40% of the nar row ring, which is considerably greater  than the total e r r o r  of 
the indirect  heat flux measurements  which did not exceed 10%. This makes it possible to determine r e l i -  
ably enough the heat flux through the cathode spot while not causing a significant difference in qcr  due to a 
la rge  difference in the widths of the sections.  

In the experiments  conducted the geometr ical  dimensions of the components of the d ischarge  chamber  
of the a rc  hea ter  were  constructed with a prec is ion  of • 0.01 mm. The outer electrode (cathode) d iameter  
was 40 mm,  while the inner (anode) diameter  was 28 mm.  Argon was supplied tangentially to the d ischarge  
chamber  in such a way that the e lectromagnet ic  and gas-dynamic forces  were opposed. 

During the course  of the experiment the a rc  cu r ren t  var ied from 50 to 750 A and the external m a g -  
netic field s trength from 0.1 to 0.25 T. The relat ive reduced e r r o r  in the measurements  of these values 
did not exceed • The experiments  were  conducted at three argon flow ra tes :  g = 0.4, 1, and 1.7 g 
/ s e c .  Some resul t s  of the measurements  of total heat fluxes into the sect ion-cathodes a re  presented in Fig. 
1. It is seen f rom Fig. 1 that for argon flow rates  of 1 and 1.7 g / s e c  the dependence of the total heat fluxes 
into a section on the cu r r en t  is well approximated by the express ion Qc = aI + B. It  deviates significantly 
f rom l inear  for an a rgon  flow ra te  of 0.4 g / s e c ,  and for cur ren ts  of 200-500 A the experimental  points lie 
sa t i s fac tor i ly  along a parabola .  Proceed ing  from approximation equations obtained by the method of least  
squares ,  the heat  loss through the cathode spot at different values of the external magnetic field induction 
was calculated from Eq. (1). 

The dependence of the heat  loss  into the cathode spot Qs = f(B) at  currents  of 100 and 400 A for three 
argon flow ra tes  is presented  in Fig. 2. The dependence shown for a flow ra te  of 1 g / s e c  has a maximum. 
Its p resence  can be explained by the initial improvement  in the conditions of heat loss from the cathode spot 
with an inc rease  in the external magnetic field (i.e., the rotation rate  of the arc) .  With a fur ther  increase  
in the field the movement  of the discharge reaches  a velocity at  which the tempera ture  of the cathode in 
front  of the moving spot increases  because of its t ravel  along its path. This leads to a decline in the heat 
loss f rom the spot. 
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Fig. 2. Heat loss into cathode 
spot as  a function of the ex te r -  
nal magnetic field for a r c  c u r -  
rents of I = 100 and 400 A at 
three  a rgon flow ra tes  G = 0.4, 
1, and 1.7 g / s e c :  1) G = 0.4 g 
/ s e c ,  I = 400 A; 2) 1.0 and 400, 
respect ively;  3) 1.7 and 400; 4} 
1.0 and 100; 5) 1.7 and 100; 6) 
0.4 and 100. Qs, kW; B, T. 
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Fig. 3. Dependence of a rc  vol -  
tage on cu r ren t  and a rgon  flow 
ra te  for B = 0.174 T and G = 0.4, 
1.0, and 1.7 g / s e c :  1) G = 0.4 g 
/ s e c ; 2 )  1 .0;3)  1.7. U, V ; I ,  A. 

The resul ts  of the determination of heat fluxes into the cathode spot a re  different for argon flow ra tes  
of 0.4 and 1.7 g / s e c  from those at  a flow rate  of 1 g / s e c .  In the f i r s t  case the dependence Qs = f(B) has an 
increas ing nature,  in the second it has a decreas ing  nature,  although the general dependence is not of a 
random nature and crea tes  the impress ion  that an extremum may be reached in both cases .  Such behavior 
of the curves  can be explained by the effect of the flow rate  of the working gas on the rotation ra te  of the 
a r c ,  which for an argon flow ra te  of 0.4 g / s e c  (within the range of var ia t ion in the magnetic induction B 
studied) is still not sufficient to obtain the optimum specific heat loss from the spot, while for an argon 
flow rate  of 1.7 g / s e c  it is a l ready high enough that it leads to a decrease  in heat  flux through the cathode 
spot. This,  f rom all appearances ,  with the opposing effect of the gas-dynamic and electromagnetic  forces ,  
an increase  in the flow ra te  of the working gas leads to a growth in the rotation rate  of the a rc  under the 
given conditions. A s  a basis  for such a hypothesis we take into account the column form of the a rc  d i s -  
charge ,  which for an a rc  burning in a coaxial heater  under the influence of an external magnetic field is 
close to evolvent. An increase  in the argon flow rate  leads to a straightening of the discharge column, 
making its position approximately radial ,  since in our case  the gas-dynamic force is opposite in direct ion 
to the electromagnet ic  force.  As a resu l t  the tangential component of the Ampere  force  exerted per  unit 
length of the cathode s u r ~ c e  increases ,  and so does the velocity of rotation of the a r c ,  since the velocity 
is determined by just this component of the force.  

The discussion given above is confirmed in some measu re  by the decreas ing  nature of the dependence 
of the a rc  voltage on the flow rate of the working gas (Fig. 3), since a decrease  in the length of the d i s -  
charge occurs  along with its straightening. 

If  it is assumed that the maximum heat flux through the cathode spot (Fig. 2) corresponds  to a lmos t  
complete heat  loss of the power supplied to the cathode a rea  of the are  (Qca), then one can evaluate (AUc 
- ~0) from Eq. (4); evidently it will be somewhat understated.  

For  a flow rate of 1 g / s e c  Ar ,  (AUc--~o) has a value of 9.3 V, which is considerably lower than the 
ionization potential of argon (E i = 15.76 V), but higher than the ionization potential of copper (E i = 7.72 V) 
[4]. It  is evident that near  the cathode the a rgon a r c  burns mainly in vapors  of the electrode mater ia l .  

NOTATION 

Q 
I 
k 

is the heat  flux; 
is the cur ren t  s t rength;  
is the coefficient of angular dependence; 
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G is the mass flow rate of gas; 
AU* is the volt equivalent of heat losses in the cathode; 
AUe is the potential drop at the cathode; 
5 is the width of the cathode sect ion;  

is the work potential  of the output; 
At is the absolute e r r o r ,  in ~ ; 
It] is the absolute t empera tu re ,  ~ 

S u b s c r i p t s  

1, 2 denote sect ions of di f ferent  width and the values corresponding to them; 
s denotes values cor responding  to the cathode spot; 
c r  denotes the c o n v e c t i v e - r a d i a t i v e  component;  
c denotes values r e f e r e d  to the  cathode; 
* denotes volt  equivalent.  
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