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In view of the i nc r ea s ing  use being made of a rc  
hea te r s  ( "p[asmat rons")  for obtaining h i g h - t e m p e r a -  
tu re  gas flows, the p rob lem of the re la t ion  between 
the heated gas, the e l ec t r i c  a rc  and the hea te r  walls  
is one of cons ide rab le  topical  i n t e re s t .  Most r e s e a r c h  
so far  has been exper imenta l ,  owing to the diff icult ies 
a ssoc ia ted  with theore t ica l  s tudies ,  which mus t  b e  
based on the i n t e r r e l a t e d  equat ions of magne togas -  
dynamics  with var ious  in i t ia l  and boundary  condi t ions;  
phys icochemica l  changes and radia t ive  heat t r a n s f e r  
fu r the r  complicate  the s t r uc tu r e  of these equat ions 
and add to the i r  number .  

The r e su l t s  of a t tempts  to es tab l i sh  d imens ion l e s s  
s i m i l a r i t y  c r i t e r i a  and to genera l i ze  the expe r imen ta l  
data with the help of s i m i l a r i t y  theory [1] and d imen-  
s ional  ana lys i s  [2] provide a bas i s  for the fu r the r  de-  
velopment  of model ing  p rob lems  and for the r e p r e s e n -  
tat ion of the expe r imen ta l  d imens ion l e s s  c h a r a c t e r i s -  
t ics  of a rc  hea te r s  in the form of e m p i r i c a l  c r i t e r i a l  
r e l a t i ons .  

There  is l i t t le  to be found in the l i t e r a t u r e  on the 
theore t ica l  de t e rmina t ion  of the c h a r a c t e r i s t i c s  of 
e l ec t r i c  a rc  hea t e r s  [3-5]  ( re fe rence  [5] incorpora te s  
the r e su l t s  of [4]). These  papers  a re  concerned  with the 
a re  hea t ing  of a gas in a cy l indr i ca l  tube of c i r c u l a r  
c r o s s  sect ion (problem of posi t ive  a rc  column in a 
gas s t r e a m  in a c i r c u l a r  tube) in the case  of l a m i n a r  
flow without a l lowance for rad ia t ion .  

Apar t  f rom these s tudies ,  there  have a lso  been 
theore t ica l  inves t iga t ions  of a cy l indr i ca l  are,  in p a r -  
t i cu la r ,  the recent  inves t iga t ion  [6] of the effect of 
rad ia t ion  on the c h a r a c t e r i s t i c s  of an a rc  in a rgon .  

In o r d e r  to obtain an exact  solut ion of a rc  heat ing 
p rob l ems  it is obviously  n e c e s s a r y  to develop co r -  
r e spond ing  n u m e r i c a l  methods and improve  methods 
of d e t e r m i n i n g  the t r a n s p o r t  coeff ic ients  at high t e m -  
pera tureso  

Also useful  a re  s imple  approx imate  theore t ica l  
ana lyses  that give an e s sen t i a l l y  c o r r e c t  ref lec t ion  
of the p r o c e s s e s  involved without y ie ld ing  such exact  
r e s u l t s .  

This  paper  p r e s e n t s  the r e su l t s  of a theore t i ca l  
s tudy of the a rc  hea t ing  of a gas in a c i r c u l a r  tube.  
An approx imate  re la t ion  between the heat  flow to the 
wal ls  and e l ec t r i c  f ield in tensi ty ,  tube radius ,  the 

axial  value of the e l e c t r i c a l  conductivi ty,  and the 
values of the heat  conduct ivi ty  function at the axis  
and the wal ls  is given for cases  of s t ab i l i zed  heat ing 
and absence  of a flow in the tube. The accu racy  of 
this r e l a t i on  is e s t ima ted  on the bas i s  of ca lcu la ted  
and e x p e r i m e n t a l  data.  

1. We shal l  cons ide r  a posi t ive  a r e  column in a 
cy l ind r i ca l  tube of c i r c u l a r  c r o s s  sect ion through 

which flows a gas heated by the e l ec t r i ca l  energy 
supplied to the a rc .  The outside of the tube is cooled, 
so that the sur face  washed by the hot gas has a c e r -  
tain definite t e m p e r a t u r e .  

The approximate  continuity,  momen tum and energs'  
equat ions for s t eady-s ta te  l a m i n a r  flow and no r ad i a -  
t ion were  wr i t ten  for this  case in [5], The c o r r e -  
sponding equations for tu rbulen t  flow can be obtained 
f rom these equat ions by the method desc r ibed  in [7] in 
connect ion  with the plane problem of the boundary 
l ayer  of a h igh - t empera tu r e  gas.  In this case the form 
of the equat ions r e m a i n s  the same  as for l a m i n a r  flow, 
but the coefficient  of v iscosi ty  # and the heat con-  
duct ivi ty  X a r e  replaced  by the quant i t ies  e + # and 

+ ko, where a and ~~ are  the tu rbulen t  coefficient  of 
v iscos i ty  and heat conductivi ty.  

We shal l  wri te  these equations in the form 

v OVz r2 dp 0xp 0A (1.1) 
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Here  s is  the heat  conduct ivi ty  function, h ethalpy, ~ 
e l ee t r i e a l  conductivity,  and r the s t r e a m  function (the 
cont inui ty  equation is sat isf ied) .  

The boundary  condi t ions  a re  

v r = 0 ,  vz=0,  h = h ~  at r = r ~ .  (1.3) 

The subsc r ip t s  w and 0 denote the p a r a m e t e r s  at 
the wall  and at t h e a x i s  of the tube. 

T h e r m o c h e m i c a l  equ i l ib r ium is a s sumed .  Then 
the quant i t ies  p, h, p, X, (r for the given gas may be 
a s s u m e d  to be known functions of t e m p e r a t u r e  and 
p r e s s u r e ;  these funct ions take into account  the effects 
of d i s soc ia t ion  and ionizat ion.  

In the absence  of a flow (Vz = 0, ~ = r  0) and for 
s tab i l i zed  a re  heat ing (p, Vz, h, ~), (I, depend only on 
r)  the las t  two t e r m s  in energy  equation (1.2) drop 
out. 

If we set  r = r w in (1.1), (1.2), we a r r i v e  at the 

in tegra l  r e l a t ions  of m o m e n t u m  and energy .  We wil l  
wr i te  out the las t  of these: 

r w 

= __ rw (O~ [ = 2hE ~ zrdr (X .4) 
qw ~arlw' tl 
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2. E q u a t i o n  (1.2) r e d u c e s  to the  f o r m  
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(2.1) 

F r o m  (2 . t )  at  y = 0 we ob ta in  

YW 

9 

or, after i n t e g r a t i o n  by parts, 

E~ [ I 1_ {oe)~ ] _ oo,5 ( 2 . 2 )  g o = s w +  T ( l n y ~ )  ~ _ E  2\Oz ]w] 

whe re 
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On the b a s i s  of (2.2) wi th  a c c o u n t  fo r  (1.4) we ob ta in  

2~rwqw = 2~ (So - -  @o + So8)..  

Since  l n y  = 21n r + ln(EZao/So) c h a n g e s  s ign  in the  
i n t e r v a l  of  i n t e g r a t i o n ,  c o n d i t i o n s  m a y  a r i s e  in wh ich  

the quan t i ty  so5 is  s m a l l  c o m p a r e d  wi th  so - Sw. It is  
then  p o s s i b l e  to u s e  the a p p r o x i m a t e  r e l a t i o n  

2 g r w q w , ~  2n  (so - -  sw) . (2.3) 

In p a r t i c u l a r ,  th is  r e l a t i o n  is a p p l i c a b l e  when  t h e r e  
is  no f low and when  a r c  h e a t i n g  is  s t a b i l i z e d .  Then  

2~rrwq w = EI  and,  by v i r t u e  of  o u r  p r e v i o u s  r e m a r k  
( p a r a g r a p h  1), 

rw  YW 6 

0 0 

The  a c c u r a c y  of  r e l a [ i o n  (2.3) i s  e s t i m a t e d  f o r  

t h e s e  c a s e s  be low.  

F o r  th is  p u r p o s e  we e m p l o y e d  the  r e s u l t s  of c a l -  

c u l a t i o n s  m a d e  t o g e t h e r  wi th  V. I. O k r i m e n k o  in 
1963.  The  c a l c u l a t i o n s  w e r e  m a d e  f o r  a i r  u n d e r  l a m -  
i n a r  c o n d i t i o n s  (without  a c c o u n t  f o r  r a d i a t i o n ) ,  t a k i n g  

p = 1 . 0 1 3 2  ' 10 ~ N / m  2, T w = 9 0 0  ~  r w = 0 . 0 2 m ,  by 

the m e t h o d  of [8]; v a l u e s  of X and cr w e r e  t aken  f r o m  
[9, 10]. 

Values  of  the q u a n t i t i e s  
2~ (so --  %) 

To, so, %, E ,  I ,  W I  = E I ,  W e = .  
la ( ,~E I f  So~7~) ' 

6 = W _ A _ I  
Wa 

a r e  g iven  in the tab le ,  wh ich  a l s o  shows  the  n u m b e r  
of s e g m e n t s  n of the po lygona l  l ine  a p p r o x i m a t i n g  the 
c u r v e  cr = •(s). 

We a l s o  used  the  r e s u l t s  of c a l c u l a t i o n s  fo r  a r g o n  
[61 t o g e t h e r  wi th  add i t i ona l  da t a  on the d e p e n d e n c e  of  

I / r  w on To (in the  a b s e n c e  of  r a d i a t i o n )  at  p = 1.0132 �9 
�9 105 N / m 2 ;  r w = 0.003 m and T O = 9 0 0 0 - 1 4  000 ~ K. 

It was  found that  W1/W 2 v a r i e s  b e t w e e n  1.15 and 1.25o 
F ina l ly ,  we u s e d  e x p e r i m e n t a l  da ta  on a i r  h e a t e d  

by an a r c  in a c i r c u l a r  tube  a t  r w = 0.00317 m,  I = 
= 210 A [11]. In th i s  e a s e  fo r  s t a b i l i z e d  h e a t i n g  E = 
= 1600 V / m  the  m e a n  m a s s  en tha lpy  (h) = 5.82 �9 107 

J, /kg, and h0 = 2 ( h } -  h w = 1.08 �9 10 a J / k g  01 w = 8.13 . 
�9 10 ~ J, /kg),  which  c o r r e s p o n d s  (at p = 1.0132 �9 105 

N / m  2) to T O = 14 700 ~ K [12]. U s i n g  the r e l a t i o n  X = 
= X(T, p), (r = c~(T, p), f r o m  [10, 13], we obta in  cr 0 = 
= 7200 m h o / m ,  s o = 4.47 �9 104 W / r e .  F r o m  t h e s e  da ta  

we f ind W1/W ~ -- 0 .86.  
A c o m p a r i s o n  of  the va lue  of W z d e t e r m i n e d  f rorn  

the a p p r o x i m a t e  f o r m u l a  wi th  W 1 d e t e r m i n e d  f r o m  
e x a c t  c a l c u l a t i o n s  and e x p e r i m e n t a l l y  shows  the a p -  
p l i c a b i l i t y  of  Eq.  (2.3) f o r  e s t i m a t i n g  the  h e a t  f low to 

the h e a t e r  walls. 
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