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A new method is presented for the determination of the temperature 

distribution over the cross section of a cyl indrical  arc, as weli  as of 

the vo l t -ampere  characteristics,  and these are compared with exper- 

imental  data. 

The v o l t - a m p e r e  c h a r a c t e r i s t i c  r e p r e s e n t s  an i m -  
p o r t a n t  o p e r a t i o n a l  i n d i c a t o r  f o r  g a s - e l e c t r i c  d e v i c e s .  
A n u m b e r  of w o r k s  [1 -4 ]  have been  devo ted  to the c a l -  
cu l a t i on  of e l e c t r i c - a r c v o I t - a m p e r e  c h a r a c t e r i s t i c s .  
F o r  a r c s  wi th  a p p r o x i m a t e l y  c y l i n d r i c a l  s y m m e t r y  
t h e s e  c h a r a c t e r i s t i c s  a r e  f r e q u e n t l y  c a l c u l a t e d  a c c o r d -  
ing to f o r m u I a s  d e r i v e d  by M a e c k e r  [5] th rough  s o l u -  
t ion  of the  d i f f e r e n t i a l  e n e r g y - b a l a n c e  equa t ion  f o r  an 
a rc ,  wi th  c o n s i d e r a t i o n  of hea t  t r a n s f e r  by hea t  c o n -  
duct ion.  Th is  equa t ion  i s  w r i t t e n  in  the  f o r m  

1 d (rX(T) d@rT ) r dr + ~ (T) E 2 = O. (1) 

The au thor  of [5] l i n e a r i z e s  the  n o n l i n e a r  d i f f e r e n -  
t i a l  e n e r g y - b a l a n c e  equa t ion  (1) fo r  an a r c  by i n t r o -  

T 

ducing  the h e a t - c o n d u c t i o n  func t ion  S -=io_ X d T ,  s u b -  

s equen t ly  c a r r y i n g  out the I i n e a r  a p p r o x i m a t i o n  of the  
funct ion cr (S) a c c o r d i n g  to the  e q u a l - a r e a  law. The 
a p p r o x i m a t i n g  s t r a i g h t  l ine  i s  w r i t t e n  in the  f o r m  

= a (S - S . ) .  
M t e r  the  t r a n s f o r m a t i o n s  Eq. (1) a s s u m e s  the f o r m  

1 d (r d S ~  
r dr \ dr ] +aS1E~=O' (2) 

w h e r e  S 1 = S - S . .  
Having  a r b i t r a r i l y  s e l e c t e d  the  quant i ty  % (S o ) on 

the  c u r v e  of the  func t ion  ~(S),  we obta in  s p e c i f i c  v a l -  
ue s  of the c o e f f i c i e n t s  a and S,. The au thor  r e g a r d s  
the va lue  of cru as  hav ing  been  t aken  on the d i s c h a r g e  
ax i s  and u s e s  i t  a s  a bounda ry  condi t ion  in  the  s o l u -  
t ion of Eq. (2). F o r  each cr 0 t h e r e  wi l l  be s p e c i f i c  v a l -  
ue s  of the  c u r r e n t  I and the  e l e c t r i c - f i e l d  s t r e n g t h  E. 
To obta in  the v o l t - a m p e r e  c h a r a c t e r i s t i c  i t  i s  n e c e s -  
s a r y  to c a r r y  out s e v e r a l  a p p r o x i m a t i o n s ,  m a k i n g  the 
c a l c u l a t i o n  m o r e  complex .  In th i s  connect ion ,  i t  is  
i m p o r t a n t  to deve lop  a me thod  fo r  d e t e r m i n i n g  t h e s e  
p a r a m e t e r s  of the a r c  with a s ing le  l i n e a r  a p p r o x i m a -  
t ion of (7 f r o m  S, wi th  an a c c u r a c y  s u i t a b l e  fo r  p r a c -  
t i c a l  app l i ca t i ons .  

Unl ike  the  M a e c k e r  m e t h o d  a c c o r d i n g  to which the 
t e m p e r a t u r e  d i s t r i b u t i o n  in the a r c  i s  d e t e r m i n e d  f r o m  

i t s  ax i s  to the  p e r i p h e r y ,  we wi l l  c a l c u l a t e  th i s  d i s t r i -  
but ion  in the  oppos i t e  d i r ec t i on .  Th is  is  n e c e s s a r y  to 
avoid  having to spec i fy  the  t e m p e r a t u r e  on the ax i s  of 
the a r e  and to d e r i v e  s i m p l e r  f o r m u l a s  fo r  the d e t e r -  

ru ina t ion  of i t s  p a r a m e t e r s .  M o r e o v e r ,  th is  me thod  
m a y  be  use fu l  f o r  the  r e s e a r c h e r s  engaged  in m e a s u r -  
ing the  t e m p e r a t u r e s  in the  p e r i p h e r a l  zones  of the a r c  
and d e s i r o u s  of e m p l o y i n g  t h e s e  m e a s u r e m e n t s  fo r  a 
t h e o r e t i c a l  d e t e r m i n a t i o n  of the t e m p e r a t u r e  wi th in  the 
c e n t r a l  zones  of the  a r c  and on i t s  ax i s .  

In the  p e r i p h e r a l  zone of the  a r c ,  w h e r e  no hea t  l i b -  
e r a t i o n  t a k e s  p l ace ,  we take  the  e n e r g y  equat ion  in 

i t s  s i m p l e s t  f o r m  

1 d ( r d S  ~ 
dr \ --dr--] = o (3) 

with the  b o u n d a r y  cond i t ions  

S (R) = 0, S (ri~ = S,. (4) 

A so lu t ion  fo r  Eq, (3) with bounda ry  condi t ions  (4) 

i s  
r 

I n - -  
S(r)=S,--  R (5) 

In r-AL 
R 

F o r  the boundary  condi t ions of Eq. (2) we take the fo l -  
lowing express ions :  

S~ (n) = o, S~, (q) = s ,  1 (6) 
q l n  

The r i g h t - h a n d  m e m b e r  of the  l a s t  e x p r e s s i o n  r e p r e -  
s e n t s  the magn i tude  of the d e r i v a t i v e  funct ion (5) when 

r = r  1. 
When E = cons t ,  we have the B e s s e l  equat ion  (2); 

t h e r e f o r e ,  one of i t s  s o l u t i o n s - - h a v i n g  p h y s i c a l  s e n s e  
and s a t i s f y i n g  bounda ry  condi t ions  (6)--wil l  be the f u n c -  

t ion 

S~ (r) = S,  (7) 
PJI(P) In R R_" 

q 

The quant i ty  E in  th i s  me thod  i s  a s s o c i a t e d  with r 1 
by the e x p r e s s i o n  

aE 2 P- ~ - o ,  (s) 

which i s  d e r i v e d  f r o m  (2) a f t e r  subs t i t u t i on  i n t o t h e  l a t -  
t e r  of func t ion  (7). We c a l c u l a t e  the  e l e c t r i c  c u r r e n t  
wi th  the f o r m u l a  

f l  

I = 2~aE I' Sl(r)rdr. (9) 
0 
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Fig.  1. Change in t e m p e r a t u r e  r ad ius  of a re  in  a rgon  (I = 60 A): 
1) t heo re t i ca l  curve  2R = 0.6 cm (E = 6.7 V / c m ;  1') e x p e r i m e n t a l  
cu rve  2R = 0.6 cm (E = 6.7 V/em) ;  2) theore t i ca l  curve ,  2R = 0.5 
cm (E = 9 V/era) ;  2') e x p e r i m e n t a l  curve ,  2R = 0.5 cm (E = 8.1 
V/cm) ;  3) t heo re t i ca l  curve ,  2R = 0.4 cm (E = 12 V/cm) ;  3') e x -  

p e r i m e n t a l  curve ,  2R = 0.4 cm (E = 11.2 V/cm) .  

It should be noted that the r ad ius  r 1 of the c u r r e n t -  
conduct ing zone of the a rc  i s  not d e t e r m i n e d  e x p e r i -  
men ta l l y ,  but  se lec ted  a r b i t r a r i l y  f rom the in t e rva I  
0 < r I < R. Here  a given speci f ic  va lue  of r i f r om Eqs. 
(8) and (9) is  used  to ca lcu la te  I and E which a re  used  
to cons t ruc t  the v o l t - a m p e r e  c h a r a c t e r i s t i c .  This  l a s t  
i s  c o m p a r e d  with the v o l t - a m p e r e  c h a r a c t e r i s t i c  de -  
r i ved  expe r imen t a l l y .  
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Fig. 2. V o l t - c u r r e n t  
c h a r a c t e r i s t i c  of an 
a rc :  1 and 1') t h e o r e -  
t i ca l  and e x p e r i m e n -  
tal  c u r v e s  for  2R = 
= 0 . 6 c m ;  2 and 2') 
t heo re t i ca l  and e x p e r -  
i m e n t a l  c u r v e s  for  2R = 
= 0 . 5  cm;  3 and 3') 
t heo re t i ca l  and e x p e r -  
i m e n t a l  c u r v e s  for  2R = 

= 0.4 cm. 

However,  the r ad ius  r 1 can be e l imina t ed  f rom Eqs. 
(8) and (9), so that for  I w e o b t a i n  the fol lowing e x p r e s -  
s ion:  

I = 2n S. (10) 
Eln  REI/-a 

P 

The va lue  of E in  th is  case  is  r e g a r d e d  as given,  
with r I be ing  the sought quanti ty.  To d e t e r m i n e  S(r) 
f rom (5) and (7) we m u s t  know the magn i tude  of r I which 
is  d e t e r m i n e d  f r o m  the va lue  of E in  f o r m u l a  (8). 

We find the t e m p e r a t u r e  T(r) on the b a s i s  of S(r) 
f r o m  the S(T) curve  which is  d e t e r m i n e d  by the i n t e -  
g ra t i on  of k(T) with r e spe c t  to T wi th in  l im i t s  f rom T o 
to T. 

Let us  examine  s e v e r a l  v a r i a n t s  for  the d e t e r m i n a -  
t ion  of the coeff ic ients  a and S.  and let us a s c e r t a i n  the 
f eas ib i l i t y  of u s ing  these  with the given method.  

I .  If the coeff ic ients  a and S,  a r e  d e t e r m i n e d  by the 
e q u a l - a r e a  law [5], then in  a ca l cu l a t i on - - acco rd ing  to 
the p roposed  method- - the  quant i ty  % m u s t  be located 
on the d i scha rge  axis. This  is  poss ib le  only af ter  s e -  
l ec t ion  of s e v e r a l  va lues  of 2r 1 (or s e ve r a l  va lues  of E, 
with I defined accord ing  to Eq. (10)). In this  case  we 
obta in  only a s ing le  point  on the v o l t - a m p e r e  c h a r a c t e -  
r i s t i c .  We note that this  p rob lem is  analogous to the 
Maecker  p rob lem,  but c a r r i e d  out in  the opposite d i -  
rec t ion .  We have to repea t  the Maecker  p rob lem in 
r e v e r s e  sequence  for  be t t e r  c l a r i f i ca t ion  of the d i s -  
t inc t ion  be tween  the p roposed  method and that of 
Maecker ,  as welt  as to d e m o n s t r a t e  that this  d i f fe rence  
is  mean ingfu l  for  the f u r t h e r  development  of the method 
to ca lcu la te  the a rc  p a r a m e t e r s .  

2. If the coeff ic ients  a and S. a re  defined accord ing  
to the law of l ea s t  squa r e s  [6, 7], we a re  not bound in  
the ca lcu la t ion  based  on the proposed method to s p e c i -  
fy % on the d i s cha rge  axis.  F o r  each va lue  of the d i a -  
m e t e r  2r  1 (or for  one value  of E) we the re fo re  obtain a 
uniquely  def ined va lue  for the c u r r e n t  I. Schmietz  [7] 
solved the p r ob l e m e a r l i e r  with this  approximat ion,  
but he, as did Maeeker ,  d id the  c a l c u l a t i o n f r o m  the 
axis  of the a rc  to i t s  pe r iphe ry .  

3. In addi t ion to the above-c i ted  methods  of l i n e a r -  
iz ing  the n o n l i n e a r  energ3r-balance for  the arc ,  we f r e -  
quent ly  employ n u m e r i c a l  methods  for  i t s  so lu t ion  
[4]. The d i f fe ren t ia l  equat ion is  t r a n s f o r m e d  into an 
i n t eg ra l  equat ion and is  solved by the method of s u c -  
c e s s i ve  approx imat ions ,  with g iven r ad ius  of the a re  
and gas t e m p e r a t u r e  on the axis.  Among the s h o r t -  
comings  of this  method is  the fact  that theore t i ca l  f o r -  
m u l a s  cannot  be der ived,  and the actual  so lut ion is  
p r e s e n t e d  in  the fo rm of curves .  This is  a c u m b e r s o m e  
method and not cons ide red  he re  for  that r eason .  

The indica ted  methods  of d e t e r m i n i n g  the coeff ic ients  
a and S,  a re  l abor ious  and these  coeff ic ients  a re  t h e r e -  
fo re  mos t  s i m p l y  found graphica l ly ,  a s s u m i n g  the ac -  
c u r a r y  needed for  the ca lcu la t ions ,  not exceeding 10%. 
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Fig .  3. C i r c u i t  fo r  m e a s u r i n g  a r c  t e m p e r a t u r e :  1) f i l a -  
men t  l amp  S I -6 -100 ;  2) l ens ;  3) a r c ;  4) lens ;  5) s p e c t r o -  
g r a p h  ISP-5 ;  6 ) c a t h o d e ;  7 ) a n o d e ;  8) t h e r m o c o u p l e .  

The a r c  p a r a m e t e r s  w e r e  c a l c u l a t e d  in a c c o r d a n c e  
with the  p r o p o s e d  me thod .  The r e s u l t s  of the c a l c u l a -  
t ion a r e  g iven  in F i g s .  1 and 2 (with e x p e r i m e n t a l d a t a  
shown h e r e  as  wel l ) ,  and we can  s e e  f r o m  t h e s e  that  
the  d i v e r g e n c e  in the  r e s u l t s  i s  v e r y  s m a l l .  This  l a s t  
f ac t  i s  s i g n i f i c a n t  and c o n f i r m s  the f e a s i b i l i t y  of doing 
the c a l c u l a t i o n s  by  the s i m p l e r  method .  

The e x p e r i m e n t s  w e r e  c a r r i e d  out on an i n s t a l l a -  
t ion whose  b a s i c  d e s i g n  i s  shown in F ig .  3. The a r c  
t e m p e r a t u r e  was  m e a s u r e d  f r o m  add i t ions  of hyd rogen  
(the Hfi l ine)  and f r o m  the abso lu t e  i n t e n s i t i e s  of the 
4300 a n g s t r o m  unit  Ar  l ine.  The g r a p h s  show the d i a -  
m e t e r s  and c o m b u s t i o n  r e g i m e s  fo r  the  a r c s ,  wi th  a 
gas  flow r a t e  not e x c e e d i n g  0 . 0 0 1 g / s e c .  

The t h e o r e t i c a l  s e c t i o n  was  deve loped  by V. E. Ionin; 
the  e x p e r i m e n t s  w e r e  c a r r i e d  out by N. G. S h e s t e r k i n  
and V. S. Popenko.  

NOTATION 

k(T) is the thermal conductivity; o-(T) is the electri- 

cal conductivity; r is the instantaneous radius; R is the 
channel radius; r I is the radius of current-conducting 
channel; E is the intensity of the electric field; S. is 
the value of the heat-conduction function at T = T.; 

T O i s  the wa l l  t e m p e r a t u r e  of a channel  having r a d i u s  
R; T ,  i s  the  va lue  of the  t e m p e r a t u r e  fo r  a m 0; a is  
the  p r o p o r t i o n a l i t y  f a c t o r  fo r  the l i n e a r  funct ion cr (S); 
p = 2.403 i s  the l e a s t  roo t  of the equat ion  J0(x) = 0, 
J 1 (p) = 0.521. 
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