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Abstract  

I n  e a r l y  s t u d i e s  of  t h e  na tu re  of 
e l e c t r i c a l  conduction i n  an ionized f l u i d  
i n  segmented e lec t rode  MHD genera tor  
s t r u c t u r e s  (1 -6 ) .  a t t e n t i o n  was d i r e c t e d  
t o  t h e  electrodynamic aspect  of t h e  prob- 
lem based on t h e  assumption t h a t  the f l u i d  
was a  ,medium of  uniform e l e c t r i c a l  conduc- 
t i v i t y .  The c u r r e n t s  were then r e l a t e d  t o  
t h e  e l e c t r i c  f i e l d  by a simple "Ohm's Law" 
and t h e  problem could be t r e a t e d  a s  a 
c l a s s i c a i  problem i n  p o t e n t i a l  theory.  

Recently, however, a t t empts  t o  understand 
t h e  r e s u l t s  of experiments wi th  segmented 
e lec t rode  MHD generator  conf igurat ions  have 
s t imulated i n t e r e s t  i n  t h e  e f f e c t s  i n  t h e  
conduction process  which a r e  p e c u l i a r l y  due 
t o  non-uniformities i n  t h e  f l u i d  (7-9) . 
Because of  t h e  f i n i t e  s i z e  of segmented 
e lec t rodes  and the  H a l l  e f f e c t ,  the  cur ren t  
d i s t r i b u t i o n  i n  such s t r u c t u r e s  i s  non-
uniform and hence produces non-uniform 
Joulean hea t ing .  The r e s u l t i n g  non-uniform 
e l e c t r o n  temperature l eads  t o  a  non-uniform 
e l e c t r i c a l  conduc t iv i ty  which i n  t u r n  
inf luences  the  d i s t r i b u t i o n  of cu r ren t .  
Other mechanisms a r e  p resen t  which may 
p lay  a  r o l e  i n  determining t h e  e l e c t r o n  
temperature,  conduct iv i ty ,  p o t e n t i a l ,  and 
cur ren t  d i s t r i b u t i o n s ,  and t h e i r  import-
ance must s t i l l  be assessed.  Among t h e s e  
a r e  convect ion,  conduct ion,  and i n e l a s t i c  
c o l l i s i o n  e f f e c t s  i n  t h e  energy equation,  
d i f f u s i o n  of e l e c t r o n s  due t o  e l e c t r o n  
pressure  and temperature g r a d i e n t s ,  d i f f u -
s ion of  ions ,  f i n i t e  r a t e  i o n i z a t i o n  and 
recombination, and sheath  and emission- 
absorpt ion e f f e c t s  a t  t h e  e l e c t r o d e  and 
i n s u l a t o r  su r faces .  The important i n -
e l a s t i c  c o l l i s i o n  e f f e c t s  appear t o  be 
i o n i z a t i o n  and atomic e x c i t a t i o n  wi th  
subsequent r a d i a t i o n .  

For two dimensional c u r r e n t  flow i n  t h e  

(x,y) p lane ,  t h e  c u r r e n t  d i s t r i b u t i o n  

J ( J  , J ) r e s u l t i n g  from a  p o t e n t i a l  

d i sEr ib8 t ion  b ( x ,  y) i s  descr ibed by t h e  

equations:  


V. J = 0 ) 

where f o r  n e g l i g i b l e  d i f f u s i o n  of  e l e c t r o n s  
due t o  e l e c t r o n  p ressure  and temperature 
g rad ien t s  and f o r  n e g l i g i b l e  d i f f u s i o n  
of ions ,  

12 

and @(x,y) i s  d e f i n e d  by 

b = $ - f u ( < )  B d c  -

The q u a n t i t y  u  (y) i s  t h e  f l u i d  mass 
ve loc i ty  assumed t o  be known and t o  flow 
i n  t h e  x -d i rec t ion ,  and B i s  t h e  app l i ed  
magnetic induct  ion  assumed t o  be  constant  
and t o  l i e  along t h e  z-axis.  The q u a n t i t y  
p i s  t h e  Ha l l  parameter.  The e l e c t r i c a l  
conduct iv i ty  o- (x, y )  i s  given by t h e  
simple free-path r e s u l t  

2
ne(x,  Y)e 


0- (x,Y) = me J e  


where n (x,  y) i s  t h e  e l e c t r o n  number 
density: -e the  e l e c t r o n  charge,  m t h e  
e l e c t r o n  mass, and de t h e  averageeelec- 
t r o n  c o l l i s i o n  frequency f o r  momentum 
interchange.  The c o n d u c t i v i t y  d i s t r i b u t i o n  
u- ( x , y )  i s  determined from n  (x ,y )  and i n  
an exact  c a l c u l a t i o n ,  n (x, y? f s  determined 
by solving the  appropr i%te  f l u l d  s p e c i e s  
conservat ion equa t ions .  

Two cases  have been  considered f o r  t h e  
s tudy of t h e  e f f e c t s  of a non-uniform 
conduct iv i ty .  I n  t h e  f i r s t ,  t h e  e l e c t r i -  
c a l  conduct iv i ty  d i s t r i b u t i o n  i s  assumed, 
and t h e  above equa t ions  a r e  then  solved 
f o r  @(x! y) and J ( x ,y ) . The impl ica t ions  
of particular distributions of conduc-
t i v i t y  wi th  regard  t o  @ (x,y) and J (x ,y) 
may then be examined. I n  t h e  second case ,  
t h e  e l e c t r o n  number d e n s i t y  i s  determined 
by t h e  e l e c t r o n  temperature  i n  the  Saha 
equation assuming t h a t  i o n i z a t i o n  e q u i l i -  
brium preva i l s .  The e l e c t r o n  temperature 
i s  i n  t u r n  determined by t h e  e l e c t r o n  
energ equation.  Hence one considers  
0 = d n  ) and n = n IT ( x . y ) ]  where, i n  
t h e  absgnce of zonvegtio$,  conduction, and 
inelasticcollisioneffects ,  the energy 
equat ion f o r  Te (x,  y )  i s  

where m is  t h e  average heavy p a r t i c l e  , ", 

mass an8 k  i s  t h e  Boltzmann constant .  Pro-
ceeding i n  t h i s  manner, i f  t h e  heavy 
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p a r t i c l e  temperature, T ,  is  assumed References 
known, then equations (1 t o  31, (51, and 
(6) may be solved simultaneously f o r  
@ ( x , y )  and Te ( x , ~ ) .  

The boundary condit ions f o r  both these  
cases a r e  on @ (x,y) and are :  

a t  an e lec t rode 
( i n  t h e  x-z plane) 

a = o o r  @ = constant  
ax 


a t  an insu la to r  
( i n  t h e  x-z plane) 

Solut ions  of the  equations f o r  the 
cases described above have been obtained 
numerically. The e f f e c t s  of a region 
of e i t h e r  high o r  low conduct iv i ty  near 
the  e lec t rodes  r e l a t i v e  t o  t h e  channel 
center  were examined using an assumed 
conductivity p r o f i l e  i n  which the  con-
d u c t i v i t y  e i t h e r  inc reased .o r  decreased 
near the  e lec t rode walls .  It was found 
t h a t  when the  conduct iv i ty  was high near 
the  e lec t rode  wal l ,  t he  concentrat ion of 
current  near the  e lec t rode  edge was in-
creased and t h e  d i f fe rence  i n  voltage 
between successive e lec t rode  p a i r s  (Hal l  
Voltage) was decreased r e l a t i v e  t o  t h e  
uniform conduct iv i ty  case. When the  
conduct iv i ty  near the  e lec t rode  wa l l  was 
low, t h e  cur ren t  d i s t r i b u t i o n  over t h e  
e lec t rode  was more uniform but  the  Hal l  
vol tage  d i f fe rence  between successive 
e lec t rodes  was n e g l i g i b i l y  changed 
r e l a t i v e  t o  the  uniform conduct iv i ty  case.  

When t h e  e l e c t r o n  number d e n s i t y  is de-
termined by t h e  Saha equation a t  the  
e l e c t r o n  temperature, it i s  found t h a t  
s l i g h t  amounts of non-equipart i t ion 
between e l e c t r o n  and gas temperature give 
r i s e  t o  more in tense  cur ren t  concentra-
t i o n s  a t  t h e  e lec t rode  edge and a decreased 
Ha l l  vol tage  between successive e lec t rode  
p a i r s .  The i n t e r n a l  r e s i s t a n c e  of each 
e lec t rode  p a i r  i s  found t o  decrease due 
t o  t h e  enhanced conduct iv i ty ;  but t h i s  
decrease i s  much l e s s  than t h a t  f o r  
i n f i n i t e l y  f i n e  segmented e lec t rode 
s t r u c t u r e s .  
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