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The heating of an electrode by a shifting arc  discharge in vacuum is analyzed here .  Heat 
losses  are  accounted for quasidynamically as well as direct ly  in the boundary condition for 
the differential  equation. 

The temperature distribution in a solid body heated from point sources is of considerable interest in 
diverse branches of thermophysics and its engineering applications. The thermal state of an electrode 
affected by an electric arc discharge determines to a large extent the emission process which produces 
charged particles necessary to sustain the are, and also the process of electrode wear. A study of the 
temperature fields at the surface of a treated material makes it possible to evaluate the effectiveness of 
the thermal energy transmitted by electron beams. 

Generally, determining the temperature function with respect to the field coordinates reduces to 
solving the equation of heat conduction by either the point-source or the distributed-source method [I, 2] 

- depending on the magnitude of the heat concentration factor. However, such solutions do not account for 
thermal energy losses at the surface of the heated body which are incurred primarily by evaporation of the 
material and by radiation according to the Stefan-Boltzmann law. 

The heat sources method yields the following expression for the temperature as a function of space 
coordinates and of the time of action of a heat source [2]: 
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In the case of an electr ic  d ischarge we find the magnitude of r 0 f rom Eq. (3). The values of integral  (1) has 
been determined numer ica l ly  with the aid of a computer .  The calculations were per formed for tungsten [3]. 

Nonlinear heat losses  can, to a f i rs t  approximation, be accounted for as follows. 

As is well known, a body at some initial t empera ture  will warm up when exposed to a heat source and 
its t empera ture  will r i se  until the heat f rom the source lost in evaporation according to the Langmnir  law 
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and in radiation according to the S te fan-Bol t zmann  law 

W / ' = u T  4 (5)  

begins to become significant. 
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Fig. 1. Temperature ,  ~ as a function 
of the coordinate, m: 1) tempera ture  
distribution not accounting for heat 
source  losses ;  2) quasidynamic allow- 
ance for heat losses  (solution to the heat 
balance equation); 3) tempera ture  dis-  
tribution accounting for the heat source 
losses .  

At the same time, of course,  there is also heat lost on phase and s t ructura l  t ransformations,  on 
ionization, etc. Calculations have shown, however, that these losses  are  so small  as to be negligible [3] 
compared to the large power densit ies produced at the e lectrodes  of an arc  in vacuum - power densit ies of 
the order  of 109-1012 W / m  2. As the heat energy supplied to the body increases ,  the heat losses  begin to 
increase  too and a point is reached, at a cer ta in  power density level of the source,  when all the power 
received by the body surface will be expended on these nonlinear losses .  Such a state of a heated body will 
be charac te r ized  by some tempera ture  ceiling which depends on the given power density of the constant-  
tempera ture  source and which is determined by the saturat ion p rocess  [2]. This tempera ture  is easi ly 
found f rom the heat balance equation set up for a specific source power density, which in the case of an 
e lectr ic  arc  in vacuum is determined essential ly by the arc  current .  It is assumed here that, when the 
a rc  is much shor ter  than the electrode diameter ,  the energy re leased by an arc  in vacuum distr ibutes 
equally between the electrodes [6]. This assumption has been supported by experimental  data [4] on: 
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In order  to account for the heat losses  while solving Eq. (1), we may limit the entire tempera ture  
distr ibution based on Eq. (1) by the s teady-s ta te  tempera ture  par t icu lar  for any given source  power density 
and found f rom the heat balance equation in [6]. 

This way of accounting for nonlinear heat losses  has the disadvantage, however,  that it does not p r o -  
vide any information about the tempera ture  field distort ions near  the tempera ture  ceiling and, therefore,  
the tempera ture  distribution below the ceiling remains  unknown. 

In order  to determine the tempera ture  field distort ion near the tempera ture  ceiling, the tempera ture  
distribution was derived f rom the fundamental equation of heat  conduction with the nonlinear losses  accounted 
for  direct ly.  

Such a problem reduces to the following mathematical  formulation.  It is neces sa ry  to solve the equa- 
tion: 

O T = av2T (7) 
Ot 

with the boundary conditions: 

aT z=0= - -  [a exp {-- k [(x --  v t ) " ,  f]} - -  s - -  aT~], b (T) = ~-z 

Tl~=z = T[y=b = T]z-=r = 0 (8) 

and the initial conditions 
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The tempera ture  distribution was calculated accordingly on a computer  by a numerica l  method based 
on approximating the sought function by a var iab le-s tep  a r r a y  of differences [5]. 
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The temperature field determined in this way for a current density of I0 a A/m 2 with a heat source 

shifting at a velocity of 0.1 m/see and active for 5 �9 10 -3 sec has shown that the steady-state temperature 
level coincides with the temperature ceiling calculated from the heat balance equation, while the tempera- 
ture field distortion below the ceiling is insignificant (Fig. I) and may be attributed to the error of the dif- 

ference method. 

Consequently, a solution of Eq. (I) with quasidynamie allowance for nonlinear heat losses yields the 
correct temperature distribution below the steady-state temperature level. 
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NOTATION 

a re  the space  coordinates ,  m;  
is  the t ime,  sec;  
is the density,  kg / m 3 ;  
is  the heat  concentra t ion fac tor ;  
~s the p a r a m e t e r  cha rac t e r i z ing  the heat  concentra t ion fac tor  of the source ;  
is the nominal  radius  of hea t  source ,  m; 
~s the e lec t r i c  cur ren t ,  A; 
is the cu r ren t  density,  A /m2 ;  
is  the t he rm a l  equivalent;  
is  the veloci ty  of shifting heat  source ,  m / s e c ;  
is the incident heat  flux density,  W/m2;  
is  the t empe ra tu r e ,  ~ 
~s the radia t ion  coeff icient ;  
~s the vol tage drop along the arc ,  V; 
is the t he rm a l  conductivity;  
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