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The criterial relations presented can be used to generalize the char- 
acteristics of various types of electric arcs--ares in transverse and 
longitudinal flows, arcs in magnetic fields, free-burning arcs. The 
form of the criteria varies with the given primary quantities. 

Re fe rences  [1-4] desc r ibe  the bas ic  p r o c e s s e s  and 
p re sen t  c r i t e r i a l  r e l a t ions  for gene ra l i z ing  the c h a r -  
a c t e r i s t i c s  of ce r t a in  types of e l ec t r i c  a r c s .  However,  
they do not cover  all  the cases  of p rac t i ca l  impor t ance ,  
although ungene ra l i zed  expe r imen ta l  data  are  ava i l -  
able. The r e a s o n  for  this is ,  apparent ly ,  the lack of 
sui table  c r i t e r i a .  These  c r i t e r i a  can be obtained by 
the methods of the theory  of s i m i l a r i t y .  The difficulty 
is  that the complexi ty  of the phenomenon impl i e s  a 
l a rge  n u m b e r  of poss ib le  d imens ion l e s s  complexes .  In 
p rac t i ce  i t  is  de s i r ab l e  t ouse  only some of them, t r e a t -  
ing the s i m i l a r i t y  as approximate .  

The mos t  impor t an t  p r o c e s s e s  can be se lec ted  by m a k -  
ing a n u m e r i c a l  evaluat ion  of the di f ferent ia l  equat ions 
us ing c h a r a c t e r i s t i c  va lues  of the p r i m a r y  quant i t i es .  
Calcula t ions  made for a h e a v y - c u r r e n t  a rc  burn ing  in 
an a i r  s t r e a m  at a tmosphe r i c  p r e s s u r e  have r evea led  
the des i r ab i l i t y  of the expe r imen ta l  ve r i f i ca t ion  of a 
l imi t ed  n u m b e r  of c r i t e r i a ,  The r e c o m m e n d e d  d i m e n -  
s ion le s s  r e l a t i ons  for va r i ous  types of a r c s  a re  p r e -  
sented in the table .  The c r i t e r i a  a re  a r r a n g e d  in o rder  
of the i r  probable  s igni f icance .  

Of cou r se ,  the table  covers  only the more  i m p o r -  
tant  cases .  The f i r s t  four types r e l a t e  to r a i l  guns. 
They i l l u s t r a t e  how the form and n u m b e r  of the c r i -  
t e r i a  va ry  with the given condi t ions .  Coaxial a rc  he a t -  
e r s  a re  r e p r e s e n t e d  by only one type with different  
solenoid suppl ies .  S imi la r  fo rmulas  a re  obtained for  
hea t e r s  with annu la r  e lec t rodes .  

L inea r  p l a sma  gene ra to r s  a re  r e p r e s e n t e d  by s imple  
and complex  conf igura t ions .  F r o m  these examples ,  
however ,  it is  easy  to cons t ruc t  f o r m u l a s  for any type 
of d i scharge  chamber .  In this  case  it  i s  impor t an t  that 
the length of the a rc  can be fixed or depends on the d i s -  
charge  condi t ions .  In the l a t t e r  ins tance  the Kn n u m b e r  
may play a c e r t a i n  ro le .  The Reynolds n u m b e r  is  i n -  
f luent ia l  only at v e r y  smal l  gas flow r a t e s ,  but in p r a c -  
t ice i t  cannot  be d is t inguished  f rom the Pec le t  number ,  
which for e l ec t r i c  a r c s  is evident ly  more  impor t an t .  

In f r e e - b u r n i n g  a r c s  the c r i t e r i a  r e f l ec t ing  f ree  
convect ion and heat conduction a re  a s s u m e d  to be the 
mos t  impor t an t .  However,  the magnet ic  se l f - f i e ld  and 
the rad ia t ion  a re  also taken into account  in  the fo r -  
mu la  in o rde r  to show what c r i t e r i a  may,  under  ce r t a in  
condi t ions ,  be r e spons ib l e  for the d i v e r g e n c e  of the 

characteristics when the first two generalized argu- 
ments are insufficient. In the case of a stationary arc 
in a flow a formula of type 2 is suitable, but the cri- 

terion W2/gL should be kept in mind, since the gravi- 

tational forces may be commensurable with the aero- 
dynamic and electromagnetic ones. In other types of 

arcs the gravitational forces are unimportant, but the 

volume radiation and heat conduction may sometimes 

be appreciable despite the considerable turbulence. In 
such cases the criteria cr0QoL4/I 2 and ~0T0cr0L2/I 2 must 

also be taken into account. 

Existing generalizations of the experimental data 

for certain types of arcs show that three or four cri- 
teria are usually sufficient for practical formulas. 

However, in certain cases, especially for discharge 

chambers with a complex configuration, this number 
may be insufficient. Accordingly, in the table the num- 

ber of criteria is sometimes given "with a reserve." 

The most important of them must be selected by gen- 

eralizing the experimental data. 

At the same time, the table does not include certain 

criteria, common to all types of arcs, that are impor- 

tant under certain conditions. For example, in the 
presence of a considerable variation of the temperature 

or composition of the medium it is necessary to in- 
troduce the parametric criterion T/T0 (or h/h0). When 
the discharge chamber has a complex geometric con- 

figuration, it is desirable to use the criterion Li/L0, 
and in the case of the heating of different gases sup- 

plied to the chamber at several points the parameters 

Gi/G , Pi/P, Wi/W , etc. Type 8 is presented as an 
example of this situation. 

The characteristic values of the physical proper- 

ties at constant gas composition and fixed initial tem- 

perature may be disregarded and the generalization 
based on the corresponding dimensional complexes. 
Otherwise the reference scales of the physical prop- 

erties can be taken from [5] or found by another suit- 
able method. 

It is sometimes desirable to use combinations of 

the dimensionless complexes, which frequently leads 
to a simplification of the calculations. Thus, instead 
of the above-mentioned generalizations of the functions 
it is possible to take any combination of them with gen- 

eralized a r gume n t s  and also to use  combinat ions  of 
gene ra l i zed  a r g u m e n t s .  Thus,  for example,  in an a rc  
of type 5 ins tead  of P0wL3/G; ULa0/I; %Ga/p~L3I 2 one 
can use p0wZL~/IB; UI/h0G; G2/P~h0 L4, r e spec t ive ly ,  
and so on. 
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T a b l e  

C r i t e r i a l  R e l a t i o n s  f o r  G e n e r a l i z i n g  t h e  C h a r a c t e r i s t i c s  o f  E l e c t r i c  A r c s  
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Known, 
I , B , W , L  
To be determined, 
V , U  

Known, 
I , W , L  
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V , U  

Known~ 
I , B , L  
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V , U  

Known, 
I , L  
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V , U  

1. Known, 1, G, B, L, L1 
To be determined, ~), U 

2, Solenoid supplied from independent 
current source, 

l. Known, 1, G, L1, L 
To be determined, 0~, U 

2. Solenoid connected in series with 
arc 

1. Known, I ,  G, L,  L1 
To be determined, l ,  U 

2. Solenoid supplied from independent 
current source, 

l. Known, 
I, Oi, Pi,W~,B, Li 

To be determined, U 
2. Solenoid supplied from independent 

current source, 

Known, I ,  L,  P 
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Known, l ,  L 
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A more detailed justification of the selection of cri- 

teria will be published shortly. 

NOTATION 

B is the magnetic induction; E is the electric field 

strength; I is the current; L is the dimension; U is 
the voltage; V is the arc velocity; W is the gas veloc- 
ity;/ is the length of the arc; o-is the electrical con- 
ductivity; ~ is the thermal conductivity; Q is the in- 

tegral radiant emittance per unit volume; h is the 
enthalpy; p is the density of the gas; tz 0 is the perme- 
ability of the free space; h is the mean free path; co 

is the rate of rotation of the arc; P is the gas pres- 

sure; T is the temperature; G is the mass flow rate 

of the gas; g is the free-fall acceleration. Subscripts: 

0--characteristic value; i--ordinal number. 
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