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ELECTRON TEMPERATURE DIFFERENCE IN 

OF AN MHD ACCELERATOR CHANNEL 

FLOW CORE 

V .  I .  B e l y k h  UDC 537,529 

The opera t ing c h a r a c t e r i s t i c s  of MHD devices  depend on the e lec t r i ca l  conductivity of the p l a s m a .  Ac-  
cordingly,  it is impor tan t  to know how it can  be inc reased ,  taking into account  the des ign p rope r t i e s  of the 
m a t e r i a l s  used.  

Genera l ly  speaking,  as  a r e su l t  of the in te rac t ion  of the p l a s m a  with the e lec t r ic  field the e lec t ron  t e m -  
p e r a t u r e  is dif ferent  f r o m  that  of the ions and neut ra l s ,  and since the e lec t r i ca l  conductivity of the p l a s m a  
depends on the e l ec t ron  t e m p e r a t u r e ,  the quest ion of nonequi l ibr ium ionizat ion has a roused  cons iderab le  in-  
t e r e s t .  In [1:3] an  a t tempt  was made  to demons t ra t e ,  theore t i ca l ly  and exper imenta l ly ,  the p r e s e n c e  of non- 
equi l ibr ium ionizat ion in an argon p l a s m a  seeded  with po tass ium.  The nonequil ibr ium ionization of noble gases  
seeded with alkali  me ta l  was also inves t igated in [4, 5]. 

In [6, 7] the  effect  of an e levated  e l ec t ron  t e m p e r a t u r e  nea r  the su r face  of an insula tor  wall  was inves -  
t igated on the a s sumpt ion  of equi l ibr ium e l ec t ron  concent ra t ion  a c r o s s  the boundary l aye r .  The equi l ibr ium 
concent ra t ion  was de te rmined  f r o m  the Saha equation. A s i m i l a r  a s sumpt ion  can  be made  in re la t ion  to the 
flow co re ,  i .e . ,  in the undisturbed reg ion  of the p l a s m a .  

We have invest igated the undis turbed reg ion  of the p l a s m a  with al lowance fo r  diffusion and ionization of 
the charged  pa r t i c l e s  at  var ious  concent ra t ions  of the p o t a s s i u m  seed in ni t rogen.  We cons idered  a dense 
p l a s m a  at  a p r e s s u r e  p ~0.1 tech.  a tm,  so that  the ion t e m p e r a t u r e  and the t e m p e r a t u r e  of the bas ic  gas  may  
be taken to be  the  s a m e .  

The following a s sumpt ions  a r e  made:  1) The p l a s m a  is quas ineutra l ;  2) all  the p l a s m a  components ,  
except  fo r  the e lec t rons ,  a r e  in t h e r m a l  equi l ibr ium; 3) t h e r e  is no magnet ic  field; the e lec t ron  t e m p e r a t u r e  
depends on the e lec t r ic  field s t rength  and the c u r r e n t  densi ty .  

Under  these  assumpt ions ,  the e lec t r i c  field s t rength ,  the pa r t i c l e  f luxes,  and the e lec t ron  t e m p e r a t u r e  
a r e  re la ted  as  follows: 

] = (D J %  + D:/~)G~ G = - -]eTJDe,  ]i == - - ]JceDi /qDe ,  ] ---- is - -  ie, (1) 
% = ~ -t- c%C"-/v, 

where m e, ~i '  Je, Ji, De, Di are the temperatures, fluxes, and diffusion coefficients of the electrons and ions, 
respectively, 

_t/2 (m ~,/2 _,/2 
De ~ ~e " �9 ~i , 

NsQes ~ NsQis 

and G, a0, and u a r e  the e lec t r i c  field s t rength,  tlae e l ec t r i ca l  conductivity,  and the e lec t ron  col l i s ion f requency 

[8]. 

We will use  the co l l i s ion  c r o s s  sec t ions  obtained for  ni t rogen seeded with po t a s s ium [9]. The charged  
pa r t i c l e  concen t ra t ion  is found f rom the Saha equat ion using the e lec t ron  t e m p e r a t u r e :  

Zhukovskii .  T rans l a t ed  f r o m  Zhurnal  Pr ikladnoi  Mekhaniki i Tekhnicheskoi  Fiziki ,  No. 6, pp. 10-12, 
N o v e m b e r - D e c e m b e r ,  1977. Original  a r t i c l e  submit ted  October  25, 1976. 

744 0021-8944/77/1806-0744507.50 �9 1978 Plenum Publishing Corpora t ion  



! ~ , 

; o , o ~ 4 / ' / I  I ! i 
' i i i / /  , I 

i / /  ! ' i 
~ - i t " 2 !  V I i _  I 

o io 20 Jo 4'0 6o 

Tel ~ 

SO00 I " 

JO00 

�9 ,~ 0 0 0  

T o = 4 0 0 0 ' ~  

y ,  
! 

r 0 r r 

i = 

1o 2 F~ V/cm 

E V/cm 

i i!:l 
6 0  1 

1 

:m2 

{----I 
i 1 40 i " 

i '  i ~=4ooQ*K 

2oi  i ~- l.~.,'-r~--J 
o < 2 J 4 ~,% 

Fig.-1 Fig. 2 Fig. 3 

( ' ,) (2) 

Using (2), we solved re la t ions  (1) on a Bl~SM-6 compute r .  The computat ion p r o c e d u r e  reduced to the 
following: We specif ied the e lec t ron  flux and se lec ted  the e lec t ron  t e m p e r a t u r e  sat isfying the e lec t ron  energy 
balance .  The r e su l t s  a r e  p resen ted  in Figs.  1-3 {T is the stat ic  ni t rogen t e m p e r a t u r e ,  e is the seed p e r c e n t -  
age):  As may  be seen  f rom the g raphs ,  the e lec t r i c  field s t rength  in the undisturbed region of the p l a s m a  is 
smal l  even at  cu r r en t  dens i t ies  ~50 A/e ra  2. It follows that  in MHD devices  with an e lec t rode  spacing on the 
o rde r  of 1 c m  the potent ial  drop in the l aye r s  adjacent  to the  e lec t rodes  cons iderab ly  exceeds the potential  
drop in the undis turbed region.  

F r o m  the e lec t r i c  field s t rength  ve r sus  cu r r en t  density re la t ions  it follows that  at constant  cu r ren t  
densi ty as  the seed pe rcen t age  d e c r e a s e s  the e lec t r ic  field s t rength  f i r s t  r ema ins  constant  and then begins 
to inc rease ,  whe reas  the e lec t ron  t e m p e r a t u r e  s teadi ly  i nc rea se s  with dec r ea se  in seed pe rcen tage .  It is 
reasonable  to a s s u m e  that  the opt imum seed concent ra t ion  l ies  between 0.5 and 2.5%. 

As follows f r o m  the g raphs ,  on the cu r r en t  density range  cons idered  (up to 50 A / c m  2) at a nea r -op t ima l  
seed concent ra t ion  the b reakaway  of the e l ec t ron  t e m p e r a t u r e  f rom the t e m p e r a t u r e  of the basic  gas does not 
exceed 2000~ 
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