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The familiar Paschen law on electrical breakdown, which is a result of the application of the methods of 

similarity and dimensionality theory to electrical discharges in a stationary gas, has been of major importance in 
generalizing the experimental data on electrical breakdown [I]. Recently, these methods have been ~pplied to 
generalizing the results obtained from experimental studies on electric arcs [2-5]. In this article, a very simple 

similarity criterion is proposed; this criterion can be applied to various forms of electrical discharges in a channel 

with a gas stream. 

N O M E N C L A T U R E  
G--is  the gas mass  flow ra te  in the channel per  second; 
I-- is  the d ischarge  current ;  
e - - i s  the absolute value of the charge  on an electron; 
n-- is  the par t ic le  density; 
m-- i s  the par t ic le  mass;  
ez- - i s  the charge  on an ion; 
p- - i s  the p res su re ;  
v- - is  the par t ic le  di rected velocity; 
U--is the are  voltage; 
V-- is  the gas mass  velocity; 
d and s - a r e  the d iameter  and a rea  of the channel c r o s s  section; 
Us-- is  the breakdown potential between the are  column and the e lec t rode-channel  

The subscr ip ts  e, i, and a apply, respect ively ,  to e lectrons,  ions, and molecules  in the initial gas; n applies 
to the projec t ion of the velocity on the normal  to an element of a r ea  ds. 

1. Consider  a channel with a gas s t ream;  an e l ec t r i ca l -d i scha rge  cur ren t  of any form flows along the axis of 
this channel. As an example, an e lec t r ic  a rc  is one such type of d ischarge .  Assume that the flow ra te  of the gas 
through the channel is such that we cannot ignore its effect on discharge.  This effect can be descr ibed by using" 
severa l  s imi la r i ty  c r i t e r ia .  One of them is the c r i t e r ion  we have proposed:  

= ,~, r / ~G. (1. i) 

Let us explain the physical meaning of this criterion. For simplicity, assume that the radial-current component 
is zero. Then the electric current is defined as the flow of charge through the channel cross section: 

(i. 2) 

F r o m  (1.2) we obtain 

J 

It is clear from (I. 3) that I/e constitutes the flow of charge through an area s. If the plasma is neutral and the 
directed velocity is the same for all ions and close to the plasma mass velocity, i.e., 

~z.2zni (z) : n , ,  ~'~n :: Vn 
Z 

the expression for I/e becomes much simpler and is written as 
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It is now c lear  that in the last  case  I / e  is the e lectron flow through an a rea  equal to s and moving together with 
the gas of heavy p lasma components (since m e is small  in compar i son  withthe m a s s  of other par t ic les ,  the e lectron 
contribution to the p lasma mass  veloci ty can be ignored). 

The flow of molecules  of the inital gas until interact ion with d i scharge  is given by 

f na~:'~nds " 17"1, a 
s 

Thus, (1.1) is the ra t io  of the flow of charges  of magnitude e and ini t ia l -gas  molecules  through the channel 
c r o s s  section. We should note that II r ep resen t s  very  important  physical  p r o c e s s e s  in e lec t r ica l  d ischarges .  In 
par t icu la r ,  for  an e lec t r ic  a rc ,  ne, na, and v e a re  fundamental p a r a m e t e r s  which determine the cur rent  density,  
e lec t r ic - f ie ld  strength,  and, consequently,  the density of the generated Joule  heat. In addition, the flow of neutral  
par t i c les  not only cha rac t e r i ze s  mass  t ranspor t ,  but also convective heat t r ans fe r  at a given tempera ture .  Thus, the 
energy balance of the a rc  column in the gas s t r e a m  depends on II. Moreover ,  the quantities making up II also have a 
considerable  effect on thermodyanmie  and t r anspor t  p roper t i es  of the are  p lasma,  excitation p roces ses ,  ionization, 
radiat ion,  etc. 

The physical  constants in the c r i t e r ion  such as rna, me, etc. can be d iscarded when comparing d ischarge  
in gases  with the same initial composit ion.  The dimensional  complexes obtained in this manner make up the var iable  
par t s  of the cor responding  s imi la r i ty  c r i t e r i a  and are  more  convenient to use f rom the viewpoint of minimizing 
calculations of p rocess ing  the experimental  data and using the obtained general ized cha rac te r i s t i c s .  In this case ,  
I /G, which coincides with the var iable  par t  of one of the c r i t e r i a  in [4], is such a dimensional complex. 

The effect of e lec t r ica l  d i scharge  on the motion and p roper t i e s  of the gas is often an important  pa ramete r .  This 
si tuation occu r s  in p lasmot rons ,  arc-ext inguishing devices,  etc. Clear ly ,  we can also use the proposed c r i t e r ion  
in consider ing the gas dynamic (and other) p roper t i es  of a gas s t r eam when it interacts  with an e lectr ic  d ischarge.  

2. Since any power combination of c r i t e r i a  is also a s imi la r i ty  cr i ter ion,  it is possible to give these c r i t e r i a  
different fo rms .  Therefore ,  the experimental  data can be p rocessed  in var ious  c r i t e r i a  sys tems  or dimensional 
complexes .  Thus, the p rocess ing  of the vo l t - ampere  cha rac t e r i s t i c s  of a s teady-s ta te  arc ,  using various sys tems ,  
leads to the approximate  formulas  

Udl ._ 1170~_C3_ ) (#)o., , (2.1) 

u e  ( L V  ~.~ ~.'~ (. I, V ~  -o.~ 
[ __ 1t70, G / (Pd)'~t' I =t170 \ - - ~ f /  - (pd )  ~ . 

Here 30 < I < t70 A; 2 < G < 25 g / sec ;  I < d < 3.5 cm; V / d  < i0 g / s e c  am; 10 < p < 30 N/cm 2 U is in volts; the 
working medium is air;  the channel wall se rves  a s the  anode; the inner face of the electrode is the cathode. 

Using (2.1), we can draw some conclusions.  As is c lear ,  only by concerning ourse lves  with some par t icu lar  
sys t em of c r i t e r i a  is it possible  to speak of the magnitude of the effect for the c r i t e r ion  (or its var iable  part) on any 
d ischarge  p roper ty  (in this case ,  on the a rc  voltage). Thus, for example, the dependence of the a rc  voltage on the 
complex G/d when var ious  sys t ems  a re  employed var ies .  Therefore ,  the impor tance  of the c r i t e r ion  will r emain  
constant  only when a complete  set of c r i t e r i a  descr ib ing the d i scharge  is specified. 

The second concIusion concerns  the breakdown potential between the are  column and the electrode channel. As 
is known [3], the voltage of a s teady-s ta te  arc is determined by breakdown, i . e . ,  by the quantity U s . Therefore ,  
allowing for the dependence of U on I /G, G/d, and pd, we can state that U s also depends on these complexes:  

U d (x  G ) 
x = ;  G ' c~ 'Pd (2.2) 

Thus, in contrast to the Paschen law on breakdown, in the presence of an arc and a gas flow, Us depends not only 
on pd but also on I/G and G/d as  well. 
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