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Distr ibut ion of p a r a m e t e r s  in the reg ion  of d is turbance  of a p l a s m a  near  the sur face  of an e lec -  
t rode  is cons ide red  based  on diffusion equations.  The rmoe lec t ron i c  and the rmion ic  emi s s ion  
f r o m  the e lec t rode  su r face ,  the Schottky effect ,  and volume ionization and recombina t ion  a re  
borne  in mind. Two regions  a re  a s sumed  in the solution, namely ,  the region of ambtpo la r  dif- 
fusion and the region of the space  charge .  A compara t ive ly  s imple  geome t ry  for the d ischarge  
gap, given in the f o r m  of two infinite p l ane -pa r a l l e l  e l ec t rodes ,  is considered.  A compar i son  
is c a r r i e d  out with calculat ions for a t he rma l ly  ba lanced  region of a p l a s m a  dis turbance .  

Much attention has r ecen t ly  been paid to the study of n e a r - e l e c t r o d e  p r o c e s s e s  in a p l a s m a  due to the 
development  of methods for d i rec t ly  t r a n s f o r m i n g  ene rgy  (kinetic into e lec t r i ca l  and converse ly) ,  while the 
ana lys i s  of n e a r - e l e c t r o d e  phenomena has been based  on the supposit ion that  e lec t ron  t e m p e r a t u r e  is constant  
[1-3]. 

In this work ,  a model  of the n e a r - e l e c t r o d e  l ayer  is studied that takes into account  diffusion, ionization, 
and recombinat ion ,  and in which the hypothesis  that  e lec t ron  t e m p e r a t u r e  is constant is r emoved .  Elec t ron  
t e m p e r a t u r e  is de te rmined  f r o m  the ene rgy  balance of the e lec t ron  gas,  desc r ibed  in the f o r m  

3 6 n e k v ( T e - -  Tg). (1) 

We a s s u m e  that  the p l a s m a  is a mixture  of a gas with high ionization potent ial  whose p r e s s u r e  is suff iciently 
high ( p g ~ l  atm),  and of vapors  of art alkali  meta l  seed (Pa "10~2 atm).  It is a lso  a s sumed  that  ion and neu-  
t ron  t e m p e r a t u r e s  coincide and a re  equal to the e lec t rode  t e m p e r a t u r e  (T i =Tg=Tw) .  
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Under these  hypotheses ,  the n e a r - e l e c t r o d e  l ayer  divides into th ree  reg ions  [1], in which the concen-  
t r a t ion  of charged  p a r t i c l e s ,  e l ec t r i c  field s t rength ,  and pa r t i c l e  fluxes a re  descr ibed  by the following 
d imens ion less  equations:  

for the region of the space  charge  

d N  i 
' d y  = N ~ G  - -  ] i D (  - l ,  

dNe  , D - I  
d-'~ " = -  N e G ' ~ ' l - - l e  e , 

d]i d i e _ _ O ,  dG 
dy - -  - ~  : -~y = N i - ,V ~ ; 

for  the quasineutra l  reg ion  (N i =N e =N) 

d;V ]iDz( -i -~ ]ereD~ -1 

d--y- = d"~" = a,N [ ,~-::~-- iNto - -  (1 -[-- "~,) A l --  N*/, 

c = ( J ? T ' -  J .o7  ~) ~, . •  
l -k t e N ' 

for the reg ion  of undis turbed p l a s m a  

(2) 

(3) 

Ni = N e l l ,  (4) 

G = ( i~ DT I  - -  i~DCi )  ~" 

i ~ - X  e 

Variab les  such as  the diffusion coefficients  of the ions D i and e lec t rons  De, the recombina t ion  coef-  
f icient a r ,  seed  p r e s s u r e  Pa, and equi l ib r ium e lec t ron  concentrat ion N* e, which a re  de te rmined  f r o m  the 
following equat ions,  a lso  occur  in Eqs. (2)-(4). The diffusion coefficient  is given by: 

the recombina t ion  coeff icient  [4] by 

the Saha equation [5] is 

0~ r : ,1~'-$'765; 

* 3]2 e q ) i  , 

and the equation of s ta te  is given by 

p - -  ~ , p , = k Z n T , .  
s s 

In this work  we will  use col l is ion c r o s s  sec t ions  that  have been p rev ious ly  obtained [6-8], 
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Qek= 4-10 - '8 ,  

Qe~, = 4,5565 �9 i0 -2~ + 2.81786.10 -23 Te --  4.99704 . l0 -27 T~'~ + 3.30643 �9 i0 -3~ T~, 
_(1.756"10--5Tg50.5) 

Qiu, = 2.39 �9 10 -17 l'g 
~ I  e' l ] z  

Q~i = - f  4aeo ]~e lnA, 

A = 3~D[~'~]kT~, 

-= a0 s kTs ' 

where  Qek, QeN 2, and QiN 2 a r e  in m 2, while t e m p e r a t u r e  is in ~ 

The boundary conditions on the e lec t rode  su r face ,  i .e . ,  for the s y s t e m  (2), a r e  given by 

Niw = -- 2]~w "+" 41~em__ ' 
v i 

- -  2Jew @ 4/eem 
New = U 6 

where  J iem and Jeem a re  the t he rm a l  emiss ion  densi t ies ,  

h~m = Ar~  exp [-- ~ (q)a-- V e - - - ~  ) / ] r  

Exact  analyt ic  solution of Eqs. (1)-(3) is imposs ib le ,  so they were  in tegra ted  on a computer  using 
the R a n g e - K u t t a m e t h o d .  The computat ion p rocedu re  r educes  to finding a solution sat is fying matching con- 
ditions for the solution of the s y s t e m s  of equations (2), (3) 

( dN~ dNe~ l /dN  i dNeM 

I( N~--Ne)/( N~ + Ne)I~ 61 

on the boundary of the quasineutral region and the region of the space charge and 

dy 

on the boundary of the quasineutral region and the region of undisturbed plasma. This solution is given 
for definite values of the electrode temperature and the electric field strength at the electrode surface by 
varying the boundary values of the densities of the ion and electron fluxes. 

Figures 1-5 illustrate the results of the calculation. The working mixture was nitrogen at atmos- 
pheric pressure containing 1% potassium. The distribution of charged-particle concentration as well as 
the electron and ion concentration distributions, calculated using the Saha method, is depicted in Fig. I; 
Fig. 2 depicts the distributions of the electron temperature and ion and neutron concentrations calculated 

using the Saha method; Fig. 3 depicts the distributions of ion and electron concentrations in the region of 
the space charge. Curves 1 in Figs. 1-3 correspond to a current density of 78.64 A/rn 2, while i = -14.29 
A/m 2 for curves 2, [ = -1190 A/m 2 for curves 3, and i = -3273 A/m 2 for curves 4. The distribution of 
concentrations in the near-electrode layer and in the region of the space charge, respectively, as a current 
of density [ = -3273 A/m 2 passes is depicted in Figs. 4 and 5 for comparison in the cases of a constant and 
a variable electron temperature. The unbroken curves correspond to constant electron temperature equal 
to the electrode temperature, while the dashed-dot curves correspond to variable electron temperature. 
The temperature of the electrodes was set equal to 2400~ for all the computational results. The poten- 
tial drop ~,q~ in the near-electrode layer was 1.2 V in the case of a constant electron temperature and 
4.35 V in the case of a variable electron temperature. 
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E X I S T E N C E  R E G I O N  F O R  A R C I N G  C O N D I T I O N S  W I T H  

N E G A T I V E  A N O D E  P O T E N T I A L  D R O P  

N. S. M e r n i o v  a n d  V. A.  P e t r o s o v  UDC 533.932:621.3.036.6 

Conditions for ignition of a h igh-cur ren t  a rc  with negative anode potential  drop U a is inves-  
t igated,  and the region within which these  conditions exis t  and causes  for  a t rans i t ion into 
conditions with posi t ive U a are  studied. It is noted that a r eg ime  with negative U a is most  
p re fe rab le  for  most  p lasma units. 

Two r eg imes  are  observed  in working with different  p lasma units (MHD genera tors ,  p lasmotrons ,  p lasma 
acce l e r a to r s ,  etc.) when investigating and using h igh-cur ren t  a rcs ,  namely,  r eg imes  with posi t ive and with 
negative anode potential  drop U a [1]. Though these two reg imes  are  often encountered when working with the 
same unit (one reg ime  may pass  into the other) ,  they posses s  a number of distinctive p roper t i e s .  

The discharge is p rac t i ca l ly  always uniformly dis tr ibuted throughout the surface  of the e lec t rode in the 
r eg ime  of negative Ua, while it is t ightened into a bra id  and contracted with posit ive U a. Discharge cur ren t  
i n c r e a s e s  with minimal  voltage increase  for a negative U a (we are  speaking here  of a highly developed high- 
cur ren t  arc) ,  while a smal l  increase  in cu r ren t  is accompanied by a significant increase  of voltage for pos i -  
t ive Ua, a large  par t  of the voltage increment  falling within the nea r - e l ec t rode  zone [1, 2 ]. The cur ren t  d ens i t y  
through the e lec t rode  and the total heat r e l e a se  with posi t ive U a is g rea te r  than with negative Ua, other condi- 
t ions being equal. Moreover ,  this r e f e r s  to the specif ic  heat flow in the anode spot. A number of studies have 
r ecen t ly  appeared (for example ,  [3-5]) inwhichi t  was d i scovered  that heat r e l e a se  on the anode is less  than 
that calculated for  a rc ing  with negative Ua, which is apparent ly  due to an increase  in the effective work func- 
tion of the anode mate r i a l  in contact  with the p lasma  [5-7]. No such effect  is observed  with positive U a. 

It is well known that a r eg ime  with posi t ive U a occurs  in many p lasma units (this has been proposed by 
invest igators) .  For  example ,  the anode drop is posi t ive in h igh-cur ren t  p lasma acce le ra to r s .  The opinion that 
a tmospher ic  a rcs  burn with posi t ive U a has been widespread.  

At the same t ime,  a compar ison  of these p rope r t i e s  of the two reg imes  implies that the reg ime  with 
negative U a is more  p re fe rab le  (from the point of view of decreas ing  energy  losses  in the construct ion,  solv- 
ing e lec t rode-coo l ing  p rob lems ,  optimally organizing the working p ro ce s s  in the unit, etc.).  There fo re  an in- 
vestigation into the ignition reg ime  for a h igh-cur ren t  a rc  with negative anode drop, a study of the regionwithin  
which this r eg ime  exis ts ,  and an explanation of the causes and conditions for a t ransi t ion into a reg ime  with 
posi t ive U a consti tute the most  important  p rob lems .  
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