
EXPERIMENTAL STUDY OF AN ELECTRIC ARC 

MOVING IN AN ANNULAR VENTILATING GAP- BY 

THE ACTION OF ELECTROMAGNETIC FORCES 

L.  I .  S h a r a k h o v s k i i  UDC 537.523 

Formulas  are  derived for calculating the velocity of an electr ic  arc  in an annular ventilating 
gap under a tmospher ic  p res su re  when an external magnetic field is applied, also for ca l -  
culating the air  density in front of the moving are .  

A formula  for calculating the velocity of an are  in a magnetic field was proposed in [1]. After con-  
vers ion  to IS units, this formula  becomes  

v o = 21.5.10 -a , (1) 
CxPo 

where C x = I + 0.I08H ~ This and several other formulas in [3, 4] were obtained for the motion of an arc 
along a straight trajectory between parallel electrodes under conditions approaching those which prevail in 

arc quenching components of commutators. 

Calculating the velocity of an arc in a coaxial plasmatron by formula (I) results, apparently, in a 
large error - the velocity of an arc in an annular interelectrode gap of a coaxial plasmatron may exceed 
the calculated value 2-3 t imes.  Such a difference in velocit ies is due to different conditions under which 
an arc  moves in a p lasmatron  and between parallel  electrodes.  The most  important  difference is that in a 
p lasmat ron  the arc  moves along a closed t ra jec tory ,  pass ing many t imes through the same location in 
space. At a sufficiently high velocity, every time the arc  completes another turn in air  already heated up 
during the preceding turns,  the density of that air  has been reduced relative to the density of the oncoming 
unperturbed air s t ream,  and this resul ts  in an arc  velocity higher than calculated by formula  (1). 

Indeed, there are  also other special conditions which prevail in the discharge chamber of a p lasma-  
tron. F i r s t  of all, driven by the shunting mechanism, the arc  moves along the chamber  axis simultaneously 
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Fig. 1. Schematic diagram of the apparatus with seg-  
mented electrodes  (a) and with solid e lect rodes  (b): 1) 
outer electrode;  2) phototransmit ter ;  3) inner e lec -  
trode; 4) air  inlet hole. 
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Fig .  2. C i r c u l a r  v e l o c i t y  of a r c  a s  a f u n e t i o n o f  
ax ia l  v e l o c i t y  of a i r .  Da ta  o b t a i n e d  u s i n g  s o l i d  
e l e c t r o d e s  a r e  m a r k e d  by  s y m b o l s  f i l l e d  in 
d a r k .  D a s h e d  l i n e s  i n d i c a t e  a r c  v e l o c i t i e s  c a l -  
c u l a t e d  a c c o r d i n g  to f o r m u l a  (1). The  i n n e r  
e l e c t r o d e  w a s  p o s i t i v e ,  the o u t e r  e l e c t r o d e  w a s  
n e g a t i v e .  H = 1 .06.105 A / m ,  I = 280 A,  h = 3 
r a m ( l ) ;  5 m m  (2}; 7 m m  (3); I = 833 A, h = 3 
m m  (4); 5 m m  (5); 7 m m  (6}; I = 1330 A,  h = 5 
m m  (7}; 7 m m  (8); H = 7 .5 .10  ~ A / m ;  I = 745 A; 
h = 5 m m  ( 9 ) ; H  = 1 7 . 1 0 5 A / m ; I  = 7 5 6  A ; h  = 5  

a s  i t  m o v e s  a r o u n d  a c i r c l e .  B e c a u s e  of a p o w e r -  
ful c o n s t r i c t i o n  of  the gas  s t r e a m  in the a r c  zone ,  
f u r t h e r m o r e ,  t h e r e  i s  a p o s s i b i l i t y  of  gas  f lowing 
in the r a d i a l  d i r e c t i o n .  T h e s e  c i r c u m s t a n c e s  a r e  
l e s s  s i g n i f i c a n t ,  h o w e v e r ,  than  the b a s i c  r e a s o n  fo r  
the d i s c r e p a n c y  b e t w e e n  f o r m u l a  (1) and e x p e r i -  
men ta l  r e s u l t s  unde r  p l a s m a t r o n  cond i t i ons ,  n a m e l y  
the d i f f e r e n c e  b e t w e e n  the ac tua l  g a s  d e n s i t y  in 
f ron t  of the a r c  and the gas  d e n s i t y  in an u n p e r t u r b e d  
s t r e a m .  

The e f f ec t  which  a d i s p l a c e m e n t  of  the a r c  
b e a r i n g s  due to shunt ing  has  on the p e r i p h e r a l  v e l o c -  
i ty of  the a r c  w a s  e s t a b l i s h e d  e x p e r i m e n t a l l y .  F o r  
th i s  p u r p o s e ,  the c i r c u l a r  v e l o c i t y  of an a r c  w a s  
m e a s u r e d  f i r s t  in a s y s t e m  wi thou t  shunt ing ,  the 
l a t t e r  hav ing  been  e l i m i n a t e d  by the r e t e n t i o n  of  both 
a r e  b e a r i n g s  on n a r r o w  r i n g  s e c t i o n s  (2.7 m m  wide)  
by m e a n s  of  i n s u l a t i o n  (F ig .  l a ) ,  and then  in a s y s -  
t e m  w h e r e  shunt ing  took p l a c e  owing to v e r y  wide  
e l e c t r o d e s  (axia l  width  of the o u t e r  e l e c t r o d e  150 
ram,  of  the i n n e r  e l e c t r o d e  15 ram) (F ig .  l b ) .  The 
e x p e r i m e n t  d id  not  r e v e a l  any s i g n i f i c a n t  d i f f e r e n c e  
in the a r c  v e l o c i t y  u n d e r  those  two cond i t i ons  ( F i g s .  
2, 3), e x c e p t  t h a t w i t h  wide  e l e c t r o d e s  the  c i r c u l a r  
m o t i o n  of the a r e  b e c a m e  l e s s  u n i f o r m  in t ime  
- even  though the a v e r a g e  v e l o c i t i e s  d u r i n g  the t ime  
of  r e c o r d i n g  (0 .04-0 .05  see} r e m a i n e d  a p p r o x i m a t e l y  
the s a m e .  

m m  (10). The  a r c  v e l o c i t y  was  m e a s u r e d  wi th  a p h o t o -  
t r a n s m i t t e r  con t a in ing  an FD-1  photod iode  [7]. 

E l e c t r i c  p u l s e s  g e n e r a t e d  by  the a r c  a p p e a r i n g  in the t r a n s m i t t e r  f i e ld  of  v i s i o n  one e v e r y  t u rn  w e r e  r e -  
c o r d e d  on a loop o s c i l l o g r a p h  with the loop  o p e r a t i n g  at  a f r e q u e n c y  of 17 kHz,  and a t  a sweep  r a t e  of  10 
m / s e e  the a r e  v e l o c i t y  w a s  d e t e r m i n e d  a s  an a v e r a g e  o v e r  the r e c o r d i n g  t i m e .  

The c i r c u l a r  v e l o c i t y  of the a r e  w a s  r e c o r d e d  with  the p h o t o t r a n s m i t t e r  a s  a func t ion  of  the ax ia l  a i r  
v e l o c i t y ,  of the c u r r e n t ,  of  the m a g n e t i c  f i e ld  i n t e n s i t y ,  and of  the i n t e r e l e e t r o d e  gap ( F i g s .  2, 3}. At  a 
c o n s t a n t  c u r r e n t  and m a g n e t i c  i nduc t ion ,  the c i r c u l a r  v e l o c i t y  a p p e a r s  to v a r y  by  a f a c t o r  of  up to 2 -3  a s  
the ax ia l  a i r  v e l o c i t y  c h a n g e s .  M o r e o v e r ,  a t  high v a l u e s  of v a the a r c  v e l o c i t y  i s  a l m o s t  a s  c a l c u l a t e d  by  
f o r m u l a  (1}, w h i l e  a t  l o w e r  v a l u e s  of  v a the a r e  v e l o c i t y  i n c r e a s e s  r a t h e r  f a s t .  An e x p l a n a t i o n  fo r  t h i s  
cou ld  be  tha t  a t  high v a l u e s  of v a the a r e  a c t u a l l y  m o v e s  in  co ld  a i r ,  s i nce  a l l  the a i r  a round  the a r c  o r b i t  
h a s  t i m e  to be  fu l ly  r e p l a c e d  d u r i n g  one t u r n  of the a r e ,  wh i l e  a t  low v a l u e s  of  v a the a r c  e n t e r s  a r e g i o n  
of  a i r  a l r e a d y  h e a t e d  up d u r i n g  the p r e c e d i n g  t u r n s  of the a r e  and thus  hav ing  a l o w e r  d e n s i t y .  A r e d u c e d  
a i r  d e n s i t y  in f r o n t  of an a r c  c a u s e s  the a r e  v e l o c i t y  to i n c r e a s e .  
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Fig .  3. C i r c u l a r  v e l o c i t y  of  the a r c  a s  
a func t ion  of the m a g n e t i c  f i e ld  i n t e n s i t y  
a t  I = 850 A,  v a = 5.28 m / s e e ,  h = 5 
ram;  i n n e r  e l e c t r o d e  p o s i t i v e :  a} s e g -  
m e n t e d  e l e c t r o d e s ;  2) so l id  e l e c t r o d e s .  
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F i g .  4. D i m e n s i o n l e s s  gas  d e n s i t y  ahead  of  the 
a r c ,  a s  a func t ion  of  the ax i a l  a i r  v e l o c i t y  to c i r -  
c u l a r  v e l o c i t y  of a r c  r a t i o .  The s y m b o l s  f i l l e d  
in b l a c k  c o r r e s p o n d  to a nega t ive  i n n e r  e l e c -  
t r o d e ,  the  b l ank  s y m b o l s  c o r r e s p o n d  to a p o s i -  
t ive  i n n e r  e l e c t r o d e .  H = 1.06.105 A / m ,  s e g -  
m e n t e d  e l e c t r o d e s :  h =  5 m m :  1) v a = 5.28 m 
/ s e e ,  I = 150-1500 A; 2) v a = 0 .5-18  m / s e e ,  
I = 845 A; 3) v a = 0 .5-15  m / s e e ,  I = 285 A; 4) 
v a = 1 - 1 7 m / s e e , I  = 1320 A ; h  = 3 r a m :  5)Va 
= 0 .7 -14 .5  m / s e c , I  = 295A;  6) v a = 0 .8 -17 .5  m 
/ s e c , I  = 1327 A; 7 )v  a = 0 .7 -17 .5  m / s e c , I  = 826 
A; s o l i d e l e o t r o d e s : h  = 5 m m ;  8) v a = 0 .6 -17 .5  
m / s e e ,  I = 845 A; 9) v a = 0 .6-12  m / s e e ,  I 
= 1330 A; s e g m e n t e d  e l e c t r o d e s :  10) H = 7.5 
�9 10 s A / m , h  = 5 m m ,  v = 0 . 6 - 3 1 m / s e c ,  I 
= 802 A; 11) H = 1 7 " 1 0 ~ A / m ,  h = 5 r am,  v a 
= 1 .2 -35  m / s e e ,  I = 760 A. 

F o r  p r a c t i c a l  p l a s m a t r o n  d e s i g n  c a l c u l a t i o n s  
i t  i s  v e r y  i m p o r t a n t  to s tudy the a r c  in  mo t ion  
p a t t e r n  w h e r e  i t  e n t e r s  i t s  own h e a t  t r a i l ,  s i nce  
p r e c i s e l y  th i s  i s  wha t  c h a r a c t e r i z e s  the o p e r a t i n g  
mode  of c o a x i a l  p l a s m a t r o n s .  Th i s  e n s u r e s  the 
a t t a i n m e n t  of the m a x i m u m  m e a n - m a s s - t e m p e r a -  
t u r e  in a p l a s m a t r o n  s t r e a m  and o f f e r s  the m o s t  
f a v o r a b l e  cond i t i ons  fo r  a r e l i a b l e  p e r f o r m a n c e  of 
the e l e c t r o d e s  w h i l e ,  on the o t h e r  hand ,  a t  high a i r  
v e l o c i t i e s  v a one o b s e r v e s  tha t  the a r c  i s  "blown 
off" t o w a r d  the end p o r t i o n  of the i n n e r  e l e c t r o d e  
of ten c a u s i n g  i t  to b u r n  up. A coax ia l  p l a s m a t r o n  
can  o p e r a t e  r e l i a b l y  at  high a i r  v e l o c i t i e s  only  when 
s p e c i a l  a r r a n g e m e n t s  a r e  m a d e  fo r  r e t a i n i n g  the a r c  
in the i n t e r e l e c t r o d e  gap.  

In the  e x p e r i m e n t s  d e s c r i b e d  h e r e  the ax i a l  
a i r  v e l o c i t y  w a s  c a l c u l a t e d  f r o m  the equa t ion  of  flow 
r a t e ,  in t e r m s  of  d e n s i t y ,  a t  the in le t  to the d i s c h a r g e  
c h a m b e r  and f r o m  the a r e a  of  the i n t e r e l e c t r o d e  
gap .  The r a t e  of a i r  flow w a s  m e a s u r e d  with c r i t i c a l  
f l o w m e t e r s ,  the p r e s s u r e  in the d i s c h a r g e  c h a m b e r  
w a s  a p p r o x i m a t e l y  740 m m  Hg, and the a i r  t e m p e r a -  
tu re  at  the i n l e t  w a s  10~ The a i r  d e n s i t y  w a s  
a s s u m e d  1.22 k g / m  3 u n d e r  these  cond i t i ons .  

The c i r c u l a r  v e l o c i t y  of the a r c  w a s  c a l c u l a t e d  
f r o m  the n u m b e r  of t u r n s  p e r  s econd  and the m e a n  
d i a m e t e r  of the a n n u l a r  i n t e r e l e c t r o d e  gap:  

v ---- ~Dm[ , (2) 

w h e r e  D m = (Do + D a ) / 2 .  

Not only the a r c  v e l o c i t y  bu t  a l so  the vo l t age  
d r o p  a c r o s s  the a r c  w a s  m e a s u r e d  in  a l l  e x p e r i -  
m e n t s .  I t  w a s  d i s c o v e r e d  h e r e  tha t ,  a t  a f ixed  a r c  
l eng th ,  the vo l t age  d r o p  a c r o s s  the a r c  c ha nges  v e r y  
s l i g h t l y  a s  the ax i a l  a i r  v e l o c i t y  v a r i e s  o v e r  a wide  
r a n g e  (0-20 m / s e e )  wh i l e  the a r c  c u r r e n t  and the 
m a g n e t i c  f i e ld  i n t e n s i t y  r e m a i n  cons t an t .  Th is  

s u g g e s t s  tha t  a change  in ax i a l  a i r  v e l o c i t y  and,  t h e r e f o r e ,  in the gas  t e m p e r a t u r e  ahead  of  the a r c  h a s  
a l m o s t  no e f fec t  on the d i a m e t e r  of the a r c  co lumn  and on the e l e c t r i c  f i e ld  i n t e n s i t y  wi th in  i t .  An e x p l a n a -  
t ion  fo r  t h i s  i s ,  ev iden t ly ,  tha t  any d e c r e a s e  of the  h e a t  d i s s i p a t i o n  due to h i g h e r  t e m p e r a t u r e s  of the 
s u r r o u n d i n g  a i r  i s  c o m p e n s a t e d  by  an i n c r e a s e  due to h i g h e r  a i r  v e l o c i t y .  W e  wi l l  note tha t  in c oa x i a l  
p l a s m a t r o n s ,  w h e r e  the a r e  length  i s  a d j u s t a b l e ,  the vo l t a ge  d rop  a c r o s s  i t  i n c r e a s e s  a s  the a i r  v e l o c i t y  
v a i n c r e a s e s ,  but  th i s  i n c r e a s e  i s  a p p a r e n t l y  due to an i n c r e a s e  of  the m e a n  a r c  length  a s  a r e s u l t  of the 
ax ia l  d i s p l a c e m e n t  d u r i n g  shunt ing .  

When  the mo t ion  of  the a r c  h a s  b e c o m e  s t a b l e ,  the r e s i s t a n c e  f o r c e  i s  equal  to the d r i v i n g  f o r c e .  The 
d r i v i n g  f o r c e  i s  e x p r e s s e d  by the p r o d u c t  I x B, whi l e  the a e r o d y n a m i c  r e s i s t a n c e  m a y  be e v a l u a t e d  by the 
f o r m u l a :  

FR=C,d  PV* , (3) 
2 

i f  the a r c  i s  t r e a t e d  as  a so l id  b e a m .  Th i s  i s  e n t i r e l y  v a l i d  at  p r e s s u r e s  equal  to o r  h i g h e r  than a t m o -  
s p h e r i c ,  s i n c e  the gas  in the c o l u m n  wi l l  now hea t  up to 10- ]2 ,000~  t e m p e r a t u r e s  and i t s  v i s c o s i t y  w i l l  be 
many  t i m e s  h i g h e r  than tha t  of the s u r r o u n d i n g  a i r  a t  a few h u n d r e d  to 1-2000~ t e m p e r a t u r e .  Equa t ion  
(1) w a s  d e r i v e d  by G. A. Kukekov unde r  th i s  a s s u m p t i o n .  P r e c i s e l y  the s a m e  a p p r o a c h  to a n a l y z i n g  the 
mot ion  of an a r c  w a s  taken  in [5]. 
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I f  the m a g n i t u d e s  of I and B a r e  m a i n t a i n e d  cons t an t ,  then the d r i v i n g  f o r c e  r e m a i n s  cons t an t  too and,  

t h e r e f o r e ,  the equal  to i t  a e r o d y n a m i c  r e s i s t a n c e  does  not  change .  F o r  two m o d e s  of  a r c  mot ion  with d i f -  

f e r e n t  a i r  v e l o c i t i e s  v a but  the s a m e  I and B we can  thus  w r i t e  

Cxidi Plv~t = Cx~d~ p~v~ (4) 
2 

If  the va lue  of  v a h a s  no e f fec t  on the a r c  d i a m e t e r ,  then 

Piv~ = t~2v22 (5) 

wi th  the add i t i ona l  a s s u m p t i o n  tha t  C m = Cx2 = cons t .  

The r a t i o  of a i r  d e n s i t i e s  in f r o n t  of  the a r e  for  any two m o d e s  of a r c  mot ion  with  d i f f e r e n t  a i r  v e -  
l o c i t i e s  can thus ,  a t  c o n s t a n t  I and B, be  e x p r e s s e d  by the r a t i o  of a r e  v e l o c i t i e s .  

If mo t ion  of  the a r c  in an u n p e r t u r b e d  a i r  s t r e a m  is  c h o s e n  a s  one of these  two m o d e s ,  then (5) can 

be r e w r i t t e n  as  

pv~ = 9oV~ (6) 

o r  

P0/P ---- (V/Vo) z" (7) 

R e l a t i o n  (7) a l l o w s  one to c a l c u l a t e  the gas  d e n s i t y  ahead  of the a r c  on the b a s i s  of i t s  m e a s u r e d  v e -  

Locity (the v a l u e s  of v 0 and P0 m u s t  be  known h e r e ) .  

I t  wou ld  be m o s t  use fu l  to ob t a in  an  e x p r e s s i o n  r e l a t i n g  the gas  d e n s i t y  ahead  of  the a r c  to the a r c  
v e l o c i t y  v and the a i r  v e l o c i t y  v a.  F o r  th is  p u r p o s e ,  a l l  e x p e r i m e n t a l  da t a  p e r t a i n i n g  to the a r c  v e l o c i t y  
a t  d i f f e r e n t  c o m b i n a t i o n s  of I ,  B, Va, and h v a l u e s  w e r e  p lo t t ed  g r a p h i c a l l y  in t e r m s  of po/p = f(V/Va). As  
i t  t u r n s  out ,  a l l  t e s t  po in t s  l ine  up c o n s i s t e n t l y  enough on the s i ng l e  c u r v e :  

v = l + 2 1 g - ~ .  lg v--~- (8) 

The r a t i o  Po/P w a s  c a l c u l a t e d  as  (v/v0) 2 a c c o r d i n g  to (7). The va lue  of  v 0 was  not  d e t e r m i n e d  by 
s p e c i a l  e x p e r i m e n t s  but  w a s  c a l c u l a t e d  a c c o r d i n g  to Eq. (1), s ince  th i s  equa t ion  y i e l d s  r e l i a b l e  r e s u l t s  
when  the a r c  m o v e s  in  u n p e r t u r b e d  a i r  and s ince  i t  a l r e a d y  has  b e e n  c o n f i r m e d  by n u m e r o u s  e x p e r i m e n t s .  

At  low v e l o c i t i e s ,  h o w e v e r ,  one o b s e r v e s  a c o n s i d e r a b l e  d i s p e r s i o n  of  t e s t  po in t s .  Th i s  can  be 
e x p l a i n e d  by the fac t  tha t  equa l i t y  (8) b e c o m e s  inva l id  when  Va ~ 0, s i nce  then p ~ 0. If now v a i s  r e p l a c e d  
by an e m p i r i c a l  func t ion  of v a,  n a m e l y  by  [1/(1 + Va)] + v a,  then the d i s p e r s i o n  wi l l  b e c o m e  i n s i g n i f i c a n t  

(F ig .  4). 

As  h a s  been  shown by e x p e r i m e n t ,  equa l i t y  

V 
lg 1 

- - - @ V  a 
1 §  

i s  s a t i s f i e d  a l so  a t  v a = 0. E q u a l i t y  can  a l s o  be  w r i t t e n  as  

p = p  1 q-v  a 
V 

= l §  Pc (9) 
P 

§ va ) (1 O) 

E q u a l i t i e s  (9) and (10), when  s u p p l e m e n t e d  by the G. A. Kukekov  Eqs .  (11) and (12) fo r  the d e r i v a t i o n  
of  f o r m u l a  (1), a l low one to ob t a in  an e x p r e s s i o n  fo r  the v e l o c i t y  of  an a r c  mov ing  in an a nnu l a r  gap in an 
ax ia l  aik ~ s t r e a m .  

L e t  us  w r i t e  an equa t ion  which  e x p r e s s e s  the fac t  that  the d r i v i n g  f o r c e  i s  equal  to the a e r o d y n a m i c  
r e s i s t a n c e  a c t i n g  on the a r c :  
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1.256.10 -e IH = C~d pv2 (11) 
2 

and le t  us  add h e r e  the e m p i r i c a l  r e l a t ion  obtained by G. A. Kukekov be tween c u r r e n t  densi ty  in the a r c  and 
ve loc i ty  of the a r c  moving  in a i r  

J = 2v0" 10e (12) 

o r  

2I 
106rid ~ -= ~ (1 3)  

F r o m  the s imul t aneous  solut ion of (6), (10}, (11}, and (13) one can obtain a f o rmu la  for  the a r c  v e -  
loci ty  v in an annular  gap, and one can e x p r e s s  the o the r  unknown quant i t ies  p, d, and v 0 in t e r m s  of the 
known ones  P0, I ,  H, Cx, and Va: 

4 

v = 2,76. ~ ]  ~ /  1 ' (14) 

1 +~---V + ~  
w h e r e  C x = 1 + 0 .108H ~ 

We wil l  note that  the gap width between e l e c t r o d e s  does  not en t e r  into Eq. (14). Expe r imen t s  have 
shown that  the a r c  ve loc i ty  is independent  of the gap width,  if the gap is o v e r  3 m m  wide (Fig. 2). Only at 
v e r y  n a r r o w  (~  1.5 mm) gaps,  not encoun te red  in coaxial  p l a s m a t r o n  des igns ,  does one obse rve  a mild 
ve loc i ty  peak (at H = 1.06.105 A / m ) .  

The c u r v e s  plot ted a c c o r d i n g  to Eq. (14) a re  supe rposed  on the tes t  points  in F igs .  2 and 3. As is 
indica ted  by the d i a g r a m ,  the re  i s  a c lose  a g r e e m e n t  with expe r imen ta l  data  even at  a r c  ve loc i t i e s  up to 
1500 m / s e e  (when v 0 ~- 600 m / s e e ) .  

I f  v 0 is  found f r o m  Eqs .  (6), (10), (11), and (13), t h e n w e  a r r i v e  at the known G. A. Kukekov Eq. (1). 

We will  note that  e x p r e s s i o n  (13) is equivalent  to the O. B. Bron  equat ion for  an a r c  d i a m e t e r  [2, 3]: 

d----0 ,8~/fo-~o.  10 -s. (15) 

F r o m  the given s y s t e m  of equat ions ,  t h e r e f o r e ,  one obtains  the same  e x p r e s s i o n  fo r  the a r e  d i a m e t e r  as  
f r o m  B r o n ' s  Eq. (15) by in se r t i ng  into it G. A. Kukekov ' s  Eq. (1) (P0 = 1.24 kg/mS):  

3/ IC~ a = 5,8.10 -8 1 /  
H 

(16) 

F o r  the gas densi ty  ahead of  the a r c  we have 

l + v  a + va C~ 2/9 

IH 2 
(17) 

Thus ,  at v a = 0.05 m / s e c ,  I = 1500 A, H = 1.06 -105 A / m ,  P = 1 b a r ,  and P0 = 1.24 k g / m  3 we have 
p = 0.16 k g / m  ~, which c o r r e s p o n d s  to a t e m p e r a t u r e  of  about 2200~ 

NOTATION 

v a r c  ve loc i ty ,  m / s e e ;  
v 0 re  ve loc i ty  in an unpe r tu rbed  a i r  s t r e a m ,  m / s e e ;  
v a a x i a l  a i r  ve loc i ty  in the i n t e r e l e c t rode  gap,  m / s e e ;  
I c u r r e n t ,  A; 
j c u r r e n t  dens i ty ,  A/m2;  
B magne t i c  induction,  T; 
H magne t i c  field in tens i ty ,  A / m ;  
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F R aerodynamic  res i s tance ,  N/m; 
C x aerodynamic  res i s tance  coefficient;  
D e cathode d iameter ,  m; 
D a anode d iameter ,  m; 
d arc  d iameter ,  m; 
h in te re lec t rode  gap, m; 
f c i r cu la r  f requency of a rc  motion, sec-1; 
p a i r  density ahead of the a re ,  kg/m3; 
P0 a i r  density in an unperturbed s t ream,  k g /m  3. 

io 
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4. 
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