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Similari ty c r i t e r i a  are  derived for an arc moving in a t r ansve r se  magnetic field when the 
length of the arc is large enough not to enter  into the sys tem of determining (limiting) 
pa rame te r s .  An analysis of experimental  data is presented in t e rms  of these c r i t e r i a .  

In studying the behavior of an arc in a magnetic field grea tes t  s t r e s s  is at the present  t ime laid upon 
experimental  work, the corresponding theory having been insufficiently extensively developed. Published 
data relating to such charac te r i s t i cs  of arcs  in magnetic fields as velocity and e lec t r ic  field strength were 
obtained in two types of apparatus: 

1) i n  a rai lotron,  in which the arc  moved in a direct ion normal  to its axis under the influence of a 
magnetic field, and a balance was established between the aerodynamic and magnetic forces ,  when the arc  
had accelera ted to the equilibrium velocity; 2) in an apparatus in which the arc  was held between fixed e lec -  
t rodes  in a t r ansve r se  gas flow by means of a magnetic field. 

In o rder  to general ize experimental  data relating to the proper t ies  of an arc in a rai lotron,  s imi lar i ty  
c r i t e r i a  in which the electrode gap was taken as charac te r i s t ic  dimension were proposed in [1]. However, 
it is quite c lear  that,  as the gap between the e lectrodes  of the ra i lo t ron increases ,  and the phenomena close 
to the e lectrodes  have less  and less  effect on the proper t ies  of the main part  of the arc  column, the extent 
of the gap should have less  and less  effect on the arc  pa ramete r s  being studied. The only dimension which 
would be real ly  charac te r i s t i c  of the problem at hand would be one related to the c ros s  section of the arc 
column, but this in turn would have to be a determinable pa ramete r .  In order  to descr ibe  the phenomena in 
question we must  therefore  introduce other s imi lar i ty  c r i te r ia  not containing the charac te r i s t i c  dimension. 

For  s teady-s ta te  motion (neglecting radiation and the induced e lec t r ic  field) we may derive a number 
of c r i t e r i a  by using the momentum, energy,  and Maxwell 's  equations and Ohm's  law. Regarding the p a r a m -  
e te rs  E (electric field), V (arc velocity), and D ( transverse dimension of the arc) as determined pa ramete r s ,  
we may find three complexes 
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These will be functions of a fourth 
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Here B is the magnetic induction, I is the current ,  p, ~, and h are the charac te r i s t i c  values of the 
density, e lect r ical  conductivity, and enthalpy, # e is the magnetic permeabil i ty .  It is also assumed that, to 
a cer ta in  approximation, the effect of the Mach and Reynolds numbers  on the proper t ies  of the arc may  be 
neglected. 

Figure 1 shows the resul ts  of a generalization of experimental  data relating to the velocity of an air  
arc in a magnetic field obtained in a rai lotron with copper electrodes [2-5], and the velocity of the flow p a s s -  
ing around an are held s ta t ionary in the flow by means of a magnetic field [6]. The f i rs t  data are  divided 
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in to  two g r o u p s ,  depend ing  on the  m a n n e r  of supp ly ing  a c u r r e n t  to the  a r c .  In  the  e x p e r i m e n t s  of [2-4],  and 
to  s o m e  ex t en t  in  t h o s e  of [5], the  c u r r e n t  was  fed u n i l a t e r a l l y  to  the  r a i l s  (points 1, 2, 3 in  F ig .  1), and,  
quite a p a r t  f r o m  the  e x t e r n a l  f i e ld ,  the  m a g n e t i c  f i e ld  due to  the  c u r r e n t  p a s s i n g  t h rough  the e l e c t r o d e s  a l so  
a f f ec t ed  the  m o t i o n  of the  a r c .  In the  e x p e r i m e n t s  of [5, 6], wi th  b i l a t e r a l  f eed ing  of the  c u r r e n t  to the  r a i l  
(points 4 - 9  in F i g .  1), t h e r e  was  no such  e x t r a  e f f ec t .  We s e e  f r o m  F i g .  1 tha t  the  c o r r e s p o n d i n g  two g r o u p s  
of po in t s  a r e  wel l  s e p a r a t e d .  

The  e x p e r i m e n t a l  po in t s  of [5] ( b i l a t e r a l  f eed ing  of c u r r e n t  to the  r a i l )  a r e  to a c e r t a i n  e x t e n t  s p l i t  up 
into  l a y e r s ,  depend ing  on the  gap  be tween  the  e l e c t r o d e s ,  but  f o r  f a i r l y  l a r g e  gaps  (over  2 cm) t h e y  i n t e r -  
m i n g l e ,  c o n f i r m i n g  the  e a r l i e r  c o m m e n t s  as  to  the  e f fec t  of i n t e r e l e c t r o d e  d i s t a n c e  on the  p r o p e r t i e s  of the 
a r c .  The a r c  v e l o c i t i e s  ob ta ined  in [5] for  l a r g e  gaps  wi th  b i l a t e r a l  f eed ing  a g r e e  wi th  the  r e s u l t s  of [6], 
and a r e  d e s c r i b e d  by the p o w e r  r e l a t i o n  

A V : 4.7A%27 

o r ,  fo r  u n i l a t e r a l  f eed ing ,  

A v, = 9.6 A ~176 

In  the  c a l c u l a t i o n  the  fo l lowing  v a l u e s  w e r e  t a k e n  f o r  the  c h a r a c t e r i s t i c  quan t i t i e s :  

(1) 

(2) 

Fe = 4 n'tO-7 h /m h = 3,t0 ~ J/kg ~ = tO0~rnho/mp = 't t8 kg/m 3. 

F i g u r e  2 shows the r e s u l t s  of a g e n e r a l i z a t i o n  of the  e x p e r i m e n t a l  da t a  ob ta ined  in [2, 3, 5, 6] r e g a r d -  
ing the  e l e c t r i c  f i e ld  s t r e n g t h ,  c a l c u l a t e d  f r o m  the f o r m u l a  

u - -  u ~ .  

E =  - - Z - -  

H e r e  L i s  the  d i s t a n c e  b e t w e e n  the  e l e c t r o d e s ,  u+ = 24 V is  the  s u m  of the  e l e c t r o d e  po ten t i a l  d r o p s  
in  an a i r  a r c  [2]. The  e n u m e r a t i o n  of the  e x p e r i m e n t a l  da t a  in F i g .  2 i s  the  s a m e  as  in  F i g .  1. 

The  g e n e r a l i z i n g  r e l a t i o n s h i p s  t ake  the fo l lowing  f o r m  for  the  u n i l a t e r a l  inf low of c u r r e n t :  

A~ = 3.7 A -~176 (3) 

and fo r  the  b i l a t e r a l  inf low,  wi th  l a r g e  gaps  b e t w e e n  the e l e c t r o d e s ,  

A E = 3.25 A -~ (4) 

The  r e s u l t s  of [6] e v i d e n t l y  d i f f e r e d  f r o m  those  of [5] b e c a u s e  of the  w e a k n e s s  of the  m a g n e t i c  f i e ld  in  
[6], l e a d i n g  to a s m a l l e r  i n c r e a s e  in  e l e c t r i c  f i e ld  than  tha t  ob t a ined  in  the c a s e  of a f r e e l y  bu rn ing  a r c .  

On c o m p a r i n g  Eqs .  (1)-(4),  we see  tha t  the r e l a t i o n s h i p  be tw e e n  the  e l e c t r i c  f i e ld  and the a r c  v e l o c i t y  
fo r  the u n i l a t e r a l  inf low of c u r r e n t  t a k e s  the f o r m  

(in a g r e e m e n t  wi th  [2, 3]), and fo r  the  b i l a t e r a l  inf low 

~ ( v V ~ 3 v  ~ 
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