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The contact between a thermal ly  nonequilibrium dense p lasma and the emit ter  electrode in 
a subsonic MHD genera tor  channel is considered.  Only the th ree -par t i c le  recombinat ion 
reac t ion  is t rea ted ,  in the absence of any magnetic field. The electrode l ayer  is divided 
into two regions  - quasineutral  and space -cha rge  areas .  The equations which descr ibe the 
e lect rophysical  p rocesses  in these regions are  solved numer ica l ly  on a Bt~SM-6 computer .  
The resul t s  are  presented  in the fo rm of v o l t a g e - c u r r e n t  curves for the electrode boundary 
layer  at various t empera tu re  values for the wall, main flow, and electrons.  

The operating charac te r i s t i c s  of MHD devices depend on the e lect r ical  conductivity of the plasma,  
and it is therefore  important  to know how to increase  this quantity within the l imits  set by the materials  
employed. 

The interact ion between the p lasma and e lec t r ic  field usually produces a state where the e lectron 
tempera tu re  is different f rom that of the ions and neutra ls ,  and since the p lasma conductivity depends on 
the electrontemperatare, this nonequilibrium ionization in the plasma is of special interest. An attempt 
has been made in [1-3] to show theoretically and experimentally that nonequilibrium ionization occurs in 
an argon plasma with potassium seeding. Similar nonequilibrium conditions have been studied for rare 
gases with alkali-metal seeding [4, 5]. 

The effect of an increased electron temperature near the surface of an insulating wall has been con- 
.sidered in [6, 7] on the assumption that the electron density is in equilibrium across the boundary layer. 
The density was determined from the Saha equation at the given electron temperature. A similar assump- 
tion is valid for an electrode wall in the main flow and in some part of the boundary layer. Near the wall 
itself the electron densities will be determined by the finite recombination rates [8], and if the nonequilib- 
rium ionization extends into a sufficiently large region of the boundary layer (l sh "~ 0 (5 T)), it is necessary 
to take into account the interaction between the boundary and electrode layers because the temperature of 
the heavy particles (ions), the seeding atoms, and the main gas will differ from that of the conducting-wall 
surface. 
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In this paper  we study an e lec t rode  boundary l aye r  with allowance for the diffusion, ionization, and 
recombina t ion  of the charged  par t i c les  for given t e m p e r a t u r e  and veloci ty  dis t r ibut ions in the main gas.  
We consider  a dense p l a s m a  at a p r e s s u r e  of 1 ) =1 a im so that the t e m p e r a t u r e s  of the ions and main gas 
may be taken to be equal. In its genera l  f o r m  the p rob l em r equ i r e s  the s imul taneous  solution of the diffu- 
sion and Po i s son  equations together  with the magnetogasdynamic  equations for the boundary layer ' .  For  a 
smal l  degree  of ionization and a smal l  magne t ic - in te rac t ion  p a r a m e t e r ,  however ,  the equations for de t e r -  
mining the veloci ty  and t e m p e r a t u r e  of the main gas s epa ra t e  and can be solved independently. 

We introduce the following assumpt ions :  1) The p l a sma  is quasineutra l  (except in the e lec t rode 
layer ) ;  2) all the p l a s m a  components  (except the e lec t rons)  a re  in t he rma l  equi l ibr ium; 3) the e lec t rode s u r -  
faces  abso rb  charged  paxt ic les  moving towards  them. The su r faces  produces  thermoionic  and t h e r m o e l e c -  
t ronic  emiss ion;  4) the Debye radius  is much g r e a t e r  than the e lec t ron  mean f ree  path; 5) there  is no mag-  
netic field; 6) only t h r e e - p a r t i c l e  recombina t ion  need be considered;  7) radia t ion effects  can be neglected;  
8) the e lec t ron  t e m p e r a t u r e  is constant;  9) we can neglect  the var ia t ion  of all  quantit ies along an e lect rode.  

The e lec t rode  l aye r  can now be divided into th ree  reg ions  [8] in which the cha rged -pa r t i c l e  density,  
the e lec t r ic  field, and the par t i c le  fluxes a re  desc r ibed  by the following d imensionless  equations. 

In the space  charge  reg ion  

d N  i N iG  d N  e NeG 
dy  - -  "ri / i ,  d ' ~ - = - -  r e . . . .  ele 

di~ 
= O, dG = N i  __ Ne  o, 

dy , , y  ~ " 
(1) 

In the quasineutra l  reg ion  (bit =N e =N) 

In the unper turbed p l a s m a  

dN ~ i l  + ~ i e  di--A = N (l -- N ~) 
d'-~ T i + T e ' dy 

die = N (1 -- N~), G = (ii -- e/e) i 

N i = Ne  = t ,  G = (/i  - -  8]e) x ~ e  
T i -t- '~e 

We now introduce the boundary conditions. In the main flow: 

(2) 

(3) 
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L~ the diffusion approximat ion ,  i .e . ,  in a suff icient ly dense gas ,  the cha rged -pa r t i c l e  density on a wall  
Nmw is usual ly taken as zero .  It is c l ea r ,  however ,  that  Nmw must  depend on the diffusion fluxes f r o m  the 
p l a s m a  to the e lec t rode  and a lso  (when t h e r m a l  emi s s ion  occurs)  on a densi ty  of the emi t ted  cur ren t ,  

--27"~w + 4i em --2/ew -F 4/e em (4) 
N ~w - -  '~  ~ ' N e w  @'e '---" 

]e, em e = Al"w~ exp [--e (q~A -- V'e-~w) / K T ~ ]  

f i ,em e ~ B T ~  2 exp [--E a I K T , z ]  �9 

The s y s t e m s  (1) and (2) have been integrated on a BI~SM-6 computer  by the R u n g e - K u t t a  technique. 
The solutions of (1) and (2) we re  found for a ce r t a in  value of e lec t r ic  field at the e lec t rode  su r f ace  , and the 
boundary values of the ion and e l e c t r o n - c u r r e n t  densi t ies  we re  va r i ed  to der ive  a solution which sa t i s f i ed  
the following matching condition for the two s y s t e m s  at the boundary  between the quasineutra l  and s p a c e -  
charge  reg ions :  

I(N(--2q~')I(N~'4-Ne' )I~6 a t  o o  - / V ' , ( 6  �9 

The values of the [on- and electron-diffus[on coefficients, the three-particle recombination coeffi- 
cient, the electron work function, and the diffusion activation energy were taken from [9-11]. As a particu- 
lar example we took the flow of air with a 1% seeding of potassium in a subsonic MHD generator channel. 
We used the temperature distribution for an incompressible laminar boundary layer [12]. 

The results are illustrated in Figs. 1-4. Figure 1 shows the effect of the thickness of the tempera- 
ture boundary layer on the voltage-current curves of the electrode layer for 5 T =0.59.10 -3 and 0.75.10-2m 
(curves 1 and 2, respectively; T0=2400~ T e =2400~ T w =2000~ Fig. 2 gives the effect of temperature 
of the main gas in the flow for T0=2000 , 2500, and 2800~ (curves 1-3, respectively; T e =2800~ Tw = 
2000~ Fig. 3 shows the influence of electron temperature for T e =2400 and 2800~ (curves 1 and 2, re- 
spectively; T0=2400~ T w =2000~ and Fig. 4 gives the effect of the wall temperature for Tw=2000 and 
2400~ (curves 1 and 2, respectively; T0=2500~ T e =2800~ 

The equilibrium electron density calculated from the Saha equation for an electron temperature of 
2400~ and a main flowtemperature of2000~ nep ~- i.I. i02~ m -3, and for nonequilibrium ionization the 
electron density is equal to this value at the boundary of the electrode layer; for a potential drop of 1 V 
across this layer the density falls to a value of new =4.1017 m -3 near the electrode surface. 

The results in Figs. 2-4 were obtained for the same point on the electrode surface (the thickness of 
the temperature boundary layer was taken to be 2.15 �9 10 -3 m for a main flow temperature T0=2400~ a 
wall temperature Tw=2000~ and an electron temperature T e =2800~ 
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