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The parameters of an arc are calculated approximating neither the electrical conductivity nor 
the radiation energy. The results of these calculations are compared with experimental data. 

The e n e r g y  equa t ion  f o r  an a r c  c o l u m n  w a s  s o l v e d  in [1] wi thou t  a p p r o x i m a t i n g  the  e l e c t r i c a l  c o n -  
d u e t i v i t y  but  c o n s i d e r i n g  t h e r m a l  conduc t ion  to  a c c oun t  f o r  the  d i s s i p a t i o n  of e l e c t r i c  p o w e r .  I t  a p p e a r s  
w o r t h w h i l e  to  s o l v e  a m o r e  c o m p l e t e  equa t ion  w h e r e  both t h e r m a l  conduc t ion  and r a d i a t i o n  a r e  c o n s i d e r e d  
to  accoun t  f o r  d i s s i p a t i o n  of e l e c t r i c  p o w e r  wi thou t  r e s o r t i n g  to  a p p r o x i m a t i o n  of the  e l e c t r i c a l  c o n d u c t i v i t y  
o r  of the  r a d i a t i o n  e n e r g y .  Such a c a l c u l a t i o n  i s  of p r a c t i c a l  va lue ,  s i n c e  i t  w i l l  a l low one to  p lo t  a 
v o l t - a m p e r e  c h a r a c t e r i s t i c  wi thou t  the  c u m b e r s o m e  c o m p u t a t i o n s  invo lved  in a p p r o x i m a t i n g  the  e l e c t r i c a l  
c o n d u c t i v i t y  and the  r a d i a t i o n  e n e r g y .  The t h e r m a l  c o n d u c t i v i t y  is  u s u a l l y  a p p r o x i m a t e d  by  i n t r o d u c i n g  
the  h e a t - f l u x  func t ion  S. 

A b a s i c  d i f f i c u l t y  in the  p r o b l e m  is  the  d e t e r m i n a t i o n  of t h i s  h e a t - f l u x  func t ion  Sl( r )  f r o m  the  e n e r g y  
equa t ion ,  r be ing  h e r e  the  r a d i a l  c o o r d i n a t e  of the  a r c  c o l u m n .  A s s u m i n g  t ha t  the  d i f f e r e n c e  be tw een  the  
h e a t  s o u r c e  q (Sl(r))  and the  r a d i a t i o n  e n e r g y  U(Sl(r))  is  l i n e a r  wi th  r e s p e c t  to S l ( r ) ,  i t  w i l l  be shown tha t  
t h i s  func t ion  can  be  e x p r e s s e d  in t e r m s  of a B e s s e l  func t ion .  In [2] M a e c k e r  a l s o  e x p r e s s e d  S l ( r  ) in t e r m s  
of a B e s s e l  func t ion ,  but  he  a s s u m e d  the  e n e r g y  s o u r c e  to b e  l i n e a r  wi th  r e s p e c t  to  S l ( r  ). The l i n e a r i t y  
of the  s o u r c e  was  b a s e d  on a l i n e a r  a p p r o x i m a t i o n  of the  e l e c t r i c a l  c o n d u c t i v i t y .  R a d i a t i o n  was  not  t a k e n  
into a c c o u n t  t h e r e .  

In ou r  c a s e  t he  d i f f e r e n c e  q ( S l ( r ) ) - U ( S  i (r))  is  a s s u m e d  to  be a l i n e a r  func t ion  of Sl ( r )  w h i l e  the  r a d i a -  
t i on  e n e r g y  U(SI(r))  - a s  long as  no a p p r o x i m a t i o n  h a s  been  m a d e  - is  a n o n l i n e a r  func t ion  of S l ( r ) ,  and,  
t h e r e f o r e ,  the  h e a t  s o u r c e  q(Sl(r ) )  b e c o m e s  n o n l i n e a r  wi th  r e s p e c t  to  S l ( r  ). F u r t h e r m o r e ,  in the  g iven  
p r o b l e m ,  the  e n t i r e  c y l i n d r i c a l  channe l  of r a d i u s  R i s  f i l l e d  wi th  a conduc t ing  gas  and the b o u n d a r y  c o n d i -  
t i o n s ,  i . e .  the  h e a t - f l u x  p o w e r  SI(R ) a s  w e l l  a s  the  h e a t - f l u x  g r a d i e n t  S i r  (R) = dS1 /dr  I r  = R at  the  channe l  

w a l l  a r e  s t i p u l a t e d .  The  h e a t - f l u x  func t ion  S l ( r  ) is  now found f r o m  the  e n e r g y  equa t ion  f o r  an a r c  c o l u m n :  

r -t- q (S~ (r)) - -  g (31 (r)) = 0 
r dr T (1) 

w i th  t he  b o u n d a r y  cond i t i ons  

s l  (R) = 0, s i r  (R) = S ,  
l 

R 
Rln - -  

R+6 
(2) 

w h e r e  5 is  t he  t h i c k n e s s  of the  channe l  w a l l ,  a c r o s s  w h i c h  t h e r e  is  a t e m p e r a t u r e  g r a d i e n t ,  and S ,  is  t h e  
h e a t - f l u x  func t ion  a t  the  channe l  w a l l .  

The  v a l u e  of S .  is  c a l c u l a t e d  f r o m  t h e  equa t ion  

S,  = ~i (T, - -  To), (3) 
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Fig.  1. Tempera ture  distribution T(r) (I = 100 A, E = 22 V/cm) :  
1) theoret ical  curve according to the method given here ;  2) the 
same according to [3] ; 3) experimental  curve according to [5]. 
T (~ r (cm). 

Fig. 2. Volt-ampere characteristics of an arc column (E, V 
/c:m; I, A) for d = 0.5 cm: i) theoretical curve according to 
the method given here; 2) experimental curve according to [4]; 
3) theoretical curve according to [3]. 

where k i is the thermal  conductivity of copper;  T ,  is the t empera tu re  of the channel wall on the p lasma 
side (lower than the melting point of copper);  and T o is the tempera ture  at r _>R + 5, equal to the t em-  
pera ture  of the cooling water .  

The t empera tu res  T ,  and T O are  chosen as the boundary conditions for  the equation of heat conduction 
within the region 5. This equation is analogous to the equation of heat conduction for  the nonconducting 
region of the arc  column [1, 2]. 

The boundary conditions (2) have been obtained f rom the solution to the equation of heat conduction 
within the region 5. Various gradients (2) of the heat-flux function at the boundary of the arc  column, which 
are  needed for  calculating the v o l t - a m p e r e  charac te r i s t i c ,  have been obtained by varying the size of 
region 5. 

As the intensity of cooling the channel wall to t empera ture  T O increases ,  the gradient of the arc  heat 
flux also increases  and this cor responds  to an increasing e lectr ic  current .  An important  feature of the 
problem here is also that the arc  column is not subdivided into a conducting and a nonconducting region, 
and that the e lectr ical  conductivity a (T , )  of the p lasma adjacent to the channel wall is determined f rom T 
on the basis of the relation between electr ical  conductivity a and tempera ture  T. 

We now let 
p2 

q (S 1 (r)) - -  V (S 1 (r)) = - ~ -  S 1 (r), (4) 

where p = 2.403 is the smal les t  root  of the Bessel  function J0(x). 

Then Eq. (1) becomes 

l d ( dS1 ~§ 
r dr r--~-r ] 

(5) 

the solution of which under conditions (2) is 

81 (r) = S, 
P J1 (P) In - -  

R 

(6) 
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wi th  

J1 (/9) = 0.52. 

In order to proceed with the calculations, it is necessary to integrate the thermal conductivity of the 

plasma ~ with respect to T between T, and T. As a result, we obtain an expression for SI(T) which allows 
us to express the radiation energy U(T) in terms of S I. 

Knowing the distributionofSi(r), we express the radiation energy U(SI) as a function of r. From this 
then, according to (4), we find the heat-source distribution q(r). The total arc energy will be 

R 

I i rl I E = 2 r ~  R + 6  + U(r) rd . (7) 

R ~ 

The  t e m p e r a t u r e  T( r )  is  found f r o m  the  SI(T ) c u r v e  b a s e d  on S l ( r ) ,  w h i l e  the  e l e c t r i c a l  c o n d u c t i v i t y  
(r)  is  found f r o m  the  a (T) c u r v e  b a s e d  on T ( r ) .  

F u r t h e r m o r e ,  we have  the  equa t ion  

E (r) rdr, 

0 

(8)  

w h e r e  a ( r )  is  t r e a t e d  wi thou t  a p p r o x i m a t i o n .  Wi th  the  a id  of E q s .  (7) and (8), one can  d e t e r m i n e  the  c u r -  
r e n t  I and the  e l e c t r i c  f i e ld  i n t e n s i t y  E .  Knowing a (r) and E,  one can  then  d e t e r m i n e  the  c u r r e n t - d e n s i t y  
d i s t r i b u t i o n ,  e x p r e s s  the  hea t  s o u r c e  in t e r m s  of a E  2, and r e p r e s e n t  Eq.  (1) in the  f o r m :  

l d( dsl) 
r - -U(S1)  + o E  2 = 0. (9) 

r dr 

This  e m p h a s i z e s  tha t  the  J o u l e  h e a t  g iven  off in the  a r c  is  g e n e r a t e d  by  an e l e c t r i c  c u r r e n t .  

C a l c u l a t i o n s  by  t h i s  me thod  w e r e  m a d e  f o r  an  a r c  in n i t r o g e n ,  then  a c o m p a r i s o n  was  m a d e  wi th  
c a l c u l a t e d  d a t a  in [3] and e x p e r i m e n t a l  d a t a  in [4, 5]. The  r e s u l t s  o b t a i n e d  h e r e ,  i . e .  the  t e m p e r a t u r e  
T(r )  and the  v o l t - a m p e r e  E(I) c h a r a c t e r i s t i c s  a r e  shown in F i g s .  1 and 2.  
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