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A p p r o x i m a t e  s o l u t i o n s  a r e  ob ta ined  fo r  the e n e r g y - b a l a n c e  equa t ion  for  c y l i n d r i c a l  and 
p l a n a r  c o n d u c t o r s ,  wi th  an accoun t  of the t e m p e r a t u r e  de pe nde nc e  of the e l e c t r i c a l  and t h e r -  
m a l  c o n d u c t i v i t i e s  and the i n t e g r a l  r a d i a t i o n .  A n  e x a c t  so lu t i on  is g iven  fo r  a p l a n a r  c o n -  
d u c t o r .  

C y l i n d r i c a l  Conduc to r  ( A p p r o x i m a t e  Solu t ion) .  A s u c c e s s i v e - a p p r o x i m a t i o n  t r e a t m e n t  of a c y l i n d r i c a l  
c o n d u c t o r  (an a r c  co lumn)  wi th  an accoun t  of r a d i a t i v e  e n e r g y  t r a n s f e r  was  r e p o r t e d  p r e v i o u s l y  [1-3].  A p -  
p r o x i m a t e  a n a l y t i c  e x p r e s s i o n s  w e r e  ob ta ined  for  the r a d i a t i o n  f r o m  an o p t i c a l l y  thin l a y e r .  

The e n e r g y - b a l a n c e  equa t ion  p e r  unit  length  of a c y l i n d r i c a l  a r c  c o l u m n  when t h e r e  is  no a x i a l  hea t  

f low is  w r i t t e n  [1] 

1 d Ir)~(T) dT ] (r (T) E 2 - -  U (T) + 7 -  d~ d r -  = O. (1) 

T 

func t ion  S = ~ X(T)dT [4] and the r e l a t i v e  r a d i u s  p = r / R ,  we find In t roduc ing  the h e a t - c o n d u c t i o n  
o 

~[~(S)E~--U(S)I+ T -  o =0.  (2) 

To so lve  Eq.  (2), we d iv ide  the c r o s s  s e c t i o n  of  the a r c  channe l  into a c e n t r a l  conduc t ing  r e g i o n ,  f r o m  
p = 0 to Pl (the b o u n d a r i e s  of the conduc t ing  r e g i o n ) ,  and a co ld  r e g i o n ,  f r o m  Pl to p = 1, n e a r  the w a l l ,  in 
wh ich  cr = 0 and U = 0. We a s s u m e  l i n e a r  d e p e n d e n c e s  of cr and U on S in the conduc t ing  r e g ion ;  then fo r  

Pl ~ P <- 1 (S w --< S I -< S1), we have 

(s) = o ~na u (s) = o, (3) 

o r  fo r  0 -< p -</91 (St --< SII --< So), we have 

a (S) := AS -}- B and U (S) = aS -~- ~J. (4) 

H e r e  A ,  B, eL, and fl a r e  the t i n e a r i z a t i o n  c o n s t a n t s ;  and S w,  S 0, and S t = S(pl ) a r e  the h e a t - c o n d u c t i o n  f u n c -  
t ions  at  the w a l l ,  the a x i s ,  and the b o u n d a r y  of the conduc t ing  r e g i o n ,  r e s p e c t i v e l y .  

Us ing  the b o u n d a r y  cond i t i ons  

p = l  S = S w ,  p=O S = S o ,  

( 0 

and the jo in ing  cond i t i ons  a t  the b o u n d a r y  of the l i n e a r i z a t i o n  r e g i o n s ,  

0=pi  s , = s . ,  [dSrq 

(5) 

(6) 
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F i g .  I Fig .  2 F i g .  3 

F i g .  1. L i n e a r i z a t i o n  of the p r o p e r t i e s  of an a r g o n  p l a s m a  wi th  r e s p e c t  to the 
r a d i u s  of the a r c  channe l  (p = 9.806 �9 104 N/m2) .  H e r e  U = (~S + fl is  in W / c m  a, 

= AS + B,  m h o / c m ,  and S i s  in W / c m .  

F i g .  2. C u r r e n t - v o l t a g e  c h a r a c t e r i s t i c s  of an  a r c  c o l u m n  in a r g o n  (p = 9.806 
�9 104 N/m2) .  1) R = 0�9 2) 0.006 r a m .  Dashed  c u r v e s )  Wi th  an accoun t  of 
r a d i a t i o n ;  so l id  c u r v e s )  wi thout  account  of  r a d i a t i o n .  I is  in a m p e r e s ,  and E 
i s  in V / c m .  

F i g .  3. T e m p e r a t u r e  d i s t r i b u t i o n  in a p l a n a r  gas  c o n d u c t o r .  

we f ind an a p p r o x i m a t e  s o l u t i o n  of Eq .  (2) in the l i n e a r i z a t i o n  r e g i o n s :  

82 - -  Sw 
S i ( p ) =  -lnp~ l n p + S  w, 

s .  (p) = (so - %) J0 (0R V ~ )  + %. 

(7) 

(s) 

Here  J0 is  the z e r o t h - o r d e r  B e s s e l  func t ion  of the f i r s t  k ind .  The t e m p e r a t u r e  d i s t r i b u t i o n  can  be found 
f r o m  the S(T) d e p e n d e n c e .  

The r a d i u s  of the conduc t ing  r e g i o n  is g iven  by 

P i =  e x p .  S o - - S i  v i~(v~ ) , 

w h e r e  vt = 2.405 and Jr(u1) is  the B e s s e l  funct ion  of the f i r s t  k ind .  The e l e c t r i c  f i e ld  i n t e n s i t y  is  

E = I / -  v~ (z 
IJ p~R2 A + - ~  , 

which  c o n v e r t s  when a = 0 into the f a m i l i a r  M e c k e r  so lu t i on  of  the e n e r g y - b a l a n c e  equa t ion  wi thout  a c -  
count  of r a d i a t i o n :  E = vl/plR~fA [5]. 

The p a r a m e t e r s  of the a r c  c o l u m n  c a l c u l a t e d  wi thout  ( s u b s c r i p t  0) and wi th  an  a c c oun t  of r a d i a t i o n  
f o r  i d e n t i c a l  b o u n d a r y  cond i t i ons  (Sw, S o = cons t )  a r e  r e l a t e d  by 

(9) 

(10) 

z = Eo 1 + E~oA, (~ ~) 

I =  Io 1 + ~ T "  (12) 

It fo l lows  f r o m  E q s .  (7)-(12) that  th is  account  of the r a d i a t i v e  e n e r g y  t r a n s f e r  does  not  a f f ec t  the 
r a d i u s  Pt of the conduc t ing  r e g i o n  o r  the r a d i a l  t e m p e r a t u r e  d i s t r i b u t i o n ,  but  it  does  i n c r e a s e  the r e q u i r e d  
p o w e r  by a f a c t o r  of  (1 + c~/E~A).  

F i g u r e  1 i l l u s t r a t e s  the l i n e a r i z a t i o n  of cr (S) and U(S) fo r  an a r g o n  p l a s m a  a t  a t m o s p h e r i c  p r e s s u r e .  
The  (~(S) d e p e n d e n c e  was  taken  f r o m  [6], and the U(S) d e p e n d e n c e  was  t aken  f r o m  [7]�9 F i g u r e  2 shows  the 
c a l c u l a t e d  c u r r e n t - v o l t a g e  c h a r a c t e r i s t i c s .  The  po in t s  on these  c h a r a c t e r i s t i c s  c o r r e s p o n d i n g  to the s a m e  
c o l u m n - a x i s  t e m p e r a t u r e  l ie  on the s t r a i g h t  l ine  E / I  = cons t .  The c a l c u l a t i o n  was  c a r r i e d  out fo r  a m a x i -  
m u m  t e m p e r a t u r e  of  14 "103~ a t  the channe l  a x i s .  The e f fec t  of the r a d i a t i o n  i n c r e a s e s  wi th  i n c r e a s i n g  
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channel radius and with increasing current; this leads in turn to an increase in the conduction-region radius. 

When radiation is taken into account, the similarity condition ER = const at EI = const for are discharges 

is disrupted, since the radiation loss is proportional to R 2. 

This method of calculating the radial temperature distribution and the current-voltage characteristics, 

involving the linearization of or(S) and U(S) by a single straight line in the conducting region, gives a satis- 

factory description of only the descending branch of the current-voltage characteristic; for argon at atmo- 

spheric pressure, this corresponds to a temperature T O of about 13-14 "I03~ at the arc-column axis [6]. 

For hydrogen, the range of applicability of this procedure is much wider, since even at T O = 25 �9 103~ the 

conducting region fills only half the channel [8]. Calculations for an arc column in hydrogen (p = 9.806 �9 104 

N/m 2) without an account of radiation, and with a five-region linearization of a (S), show the current-voltage 

characteristic to be of a descending nature up to an axial temperature of T O = 40 �9 103~ The hydrogen prop- 

erties were taken from [9]. 

Planar Conductor (Exact Solution). The energy-balance equation for an optically thin, planar gas con- 

ductor (Fig. 3) is written, under the assumptions that there is no energy transfer along the x and z axes 

and that the current flows along the z axis, 

Using the substitution 

we conve r t  Eq .  (13) to 

d [~.(T) d T ]  ~-y ~-~ + ~(~--u(r) = O. (13) 

( d T ~  , 
"-~-) = 0  (14) 

dO 
d-T -k ~ (T) 0 + xp (T) = 0, (15) 

where 

2 0 ~, (T) and~p (T] = 2 E ~ .  ~p(T)-- L(T) OT . ~T(T)- [~ (T) U(T)]. (16) 

Solving Eq. (15) and using the substitutions (14) and (16), we find the final expression: 

To 

S V Y To 
C~ -k 2 .f ~' (T) Ia (T) E 2 - -  U (T)] dT 

,r 

--p C 2. (17) 

The constants C i and C 2 and the electric field intensity E are found from the boundary conditions (Fig. 3). 

For the symmetric case, we have 

for y = _ + g i  T = T  i, 
(18) 

/ dT 
for y = O T = T o, \ uY ~77"'1o= 0" 

The c u r r e n t  f lowing th rough  a c r o s s  sec t ion  of  the conduc to r  of width Ax = 1 is 

g l  

I = 2E j" o(T)dy. (19) 
0 

Planar Conductor (Approximate Solution). As in the case of a cylindrical conductor, we divide the 

entire transverse cross section into two regions, and adopt the linear approximation for cr (S) and U(S) in 

Eqs. (3) and (4). Then Eq. (13) becomes 

dy ~ y  + S ( A E  - -  a) + (B - -  8) = 0. (2O) 

The solut ion,  fo r  the cold r eg ion  n e a r  the wal l ,  is 
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for the conducting region, the solution is 

SII (g) = exp [C~ + 
[ 

SI (y) = Ciy + C2 (21) 

In (g - -  Ca) - -  g V A E  2 - -  a ] B E 2  - -  ~ 

A E  2 - -  c~ 
m (22) 

Here the constants of integration and E are  found from the bcmndary conditions and f rom the joining con-  
ditions at the boundary of the l inearizat ion regions.  The ~(S) and U(S) approximation in the conducting 
region should be replaced by several  l inear regions to increase the accuracy  of the solution. 

cr, k 
U 
E , I  
T , p  
S 
r , R , p  

Y 

N O T A T I O N  

are the e lec t r ica l  and thermal conduetivities of the gas cur rent ;  
is the integral radiation; 
are  the longitudinal e lec t r ic  field intensity and current ;  
are the gas temperature  and p re s su re ;  
is the heat-conduction function; 
are  the. instantaneous radius,  channel radius,  and dimensionless  or  relative radius;  
is the t ransverse  coordinate.  
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