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P L A S M O I D  IN A N O N U N I F O R M  

1. In the channels  of MHD devices  many phys ica l  effects  a r e  a s s o c i a t e d  with the nonuniformity of  the 
flow and the magnet ic  f ield over  the channel  c r o s s  sect ion.  Inves t iga t ion  of the c u r r e n t s  in a channel with 
nonconducting wal l s  m a k e s  poss ib le  a comple te  study of the  f r inge effect  a s s o c i a t e d  with f ield nonuniformity 
and i ts  dependence on the ve loc i ty  p rof i l e  and the magnet ic  field.  

In [1] Sherc l i f f  inves t iga ted  the effect of f ie ld nonuniformity on the induced emf  r e su l t ing  f rom the 
fo rmat ion  of f r inge  c u r r e n t s  when the e l e c t r o d e s  a r e  insuff ic ient ly  r e m ove d  from the zones of f ield non- 
un i formi ty  and showed that a s t ep - type  nonuniform magnet ic  field affects  the emf  at x / h  1 < 3, where  x i s t h e  
d i s tance  between the e l e c t r o d e s  and the leading edge of the magnet ic  f ie ld and h i is  a d i s tance  c o r r e s p o n d -  
ing to half  the channel height.  

In [2] it  was shown that  the emf  may  differ  f rom the t heo re t i ca l  value as a r e s u l t  of dece l e r a t i on  of the 
flow by the Lorentz  force  in the zone of in te rac t ion  of the f r inge c u r r e n t  and the i n c r e a s i n g  magnet ic  field. 
P l a s m a  dece l e r a t i on  in a nonuniform magnet ic  f ie ld was inves t iga ted  in deta i l  in [3] at an e l ec t ron  densi ty  
n e -< 10 -14 cm -3, and it was shown that  such dece le ra t ion  can be f a i r ly  important~ When the flow is d e c e l e -  
r a t e d  the p l a s m a  p a r a m e t e r s  change, which mus t  be taken into account in MHD channels .  

The development  of MHD devices  with magnet ic  Reynolds numbers  R m -> 1 and magnet ic  f ie lds  non- 
uniform along the channel axis  r e q u i r e s  the exper imenta l  inves t igat ion of the r e l a t ion  between the c h a r a c t e r -  
i s t i c s  of the device and the fr inge effects  in the f ie ld ent rance  and exi t  zones.  

2 .  As a p l a s m a  source  we used the d i s cha rge  tube desc r ibed in  [4]. The p a r a m e t e r s  of the p l a s m a  
flow were  as  follows: ve loc i ty  of the leading front of the p l a smoid  in a sect ion 1 m away from the p l a s m a  
source  v = 2.8,106 c m / s e c ,  the p l a s m a  was a lmos t  comple te ly  s ingly  ionized. The working medium was 
argon,  the M number of the flow was 5, and the s ta t ic  p r e s s u r e  in the p l a smoid  was p -< 0.5 kg/cm2o The 
r ec t angu la r  p las t i c  channel m e a s u r e d  3 • 4 cm 2, The magnet ic  f ie ld was c r e a t e d  by a Helmhol tz  coil  s y s -  
tem,  intowhich a 900 ~ F  capac i to r  band was d i scharged .  The capac i to r  vol tage v a r i e d  f rom 0.5 to 3 kV de -  
pending on the magnet ic  f ield requ i red .  The coil  d i a m e t e r  was 20 cm, and the d i s tance  between co i l s  was 
4 cm. The magnet ic  f ield in the gap at  the cen te r  of the coi l s  was 0.96 Wb/m 2 at  a capac i to r  vol tage of 3 kV 
and fell  to ze ro  at a d i s tance  of 10 cm f rom the center .  The magnet ic  f ield was f a i r l y  uniform only on a 
d i s tance  of about 4 cm in the cen te r  of the magnet .  The d i scha rge  h a l f - p e r i o d  was 3 o 10 -3 sec,  the t ime  
taken by the p l a smoid  to t r a v e l  through the magnet ic  field was ~ 1 . 1 0  -4 SeCo 

To synchronize  the p l a s m a  flow with the magnet ic  f ield we used a t ime de lay  unit. The p lasmoid  
en t e r ed  the reg ion  of the magnet ic  f ie ld  when the f ie ld r e a c he d  its max imum value.  

3o To inves t iga te  the emf induced by the motion of the p l a s m a  through an ex te rna l  t r a n s v e r s e  m a g -  
netic f ie ld we used tungsten e l e c t r o d e s  0ol cm in d i ame te r .  The d i s tance  between the f lat  working su r f aces  
v a r i e d  f rom 4 cm, when the e l e c t r o d e s  w e r e  mounted flush with the channel wal l s ,  to 0.5 cm, when each 
e l ec t rode  p ro j ec t ed  1.75 cm into the flow. The i n t e r e l e c t r o d e  gap was inves t iga ted  e v e r y  0.5 cm. The m a g -  
netic  f ield v a r i e d  f rom 0.16 to 0.96 Wb/m2o To m e a s u r e  the e m f w e  connected to the e l e c t r ode s  an ex te rna l  
r e s i s t a n c e  of 106 ohm, the s ignal  f rom which was fed to the p la tes  of an OK17M osc i l lograph .  In ca lcula t ing  
the emf, we took as  the flow veloc i ty  the ve loc i ty  of the leading  front  of the p l a smoid  before  it en t e r ed  the 
magne t ic  field,  v = 2.8 ~ 10 ~ c m / s e c .  
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The  d e p e n d e n c e  of the  e m f  on the  m a g n e t i c  f i e ld  for  v a r i o u s  i n t e r e l e c t r o d e  d i s t a n c e s  i s  shown in Fig .  
i~ The  e m f  was  d e t e r m i n e d  f r o m  the  o s c i l l o g r a m s  10 p s e c  a f t e r  the  a p p e a r a n c e  of a s i g n a l a t t h e  r e s i s t a n c e ,  
a t  a poin t  c o r r e s p o n d i n g  to the  m a x i m u m .  

In [5] in connec t ion  with  the i n v e s t i g a t i o n  of  p l a s m o i d s  o b t a i n e d  by m e a n s  of d i s c h a r g e  t u b e s  i t  was  
shown tha t  a c o n s i d e r a b l e  p a r t  of t he  p l a s m o i d  has  a v e l o c i t y  equa l  to the  v e l o c i t y  of  the  l e a d ing  f ront .  An 
e x p e r i m e n t a l  i n v e s t i g a t i o n  showed  tha t  a t  any  i n t e r e l e c t r o d e  d i s t a n c e  (h) the  e m f  v a r i e s  n o n l i n e a r l y  wi th  
i n c r e a s e  in the  a p p l i e d  m a g n e t i c  f i e ld  and,  fo r  e x a m p l e ,  a t  h = 2 cm,  B = 0.96 Wb/m2 , the  e x p e r i m e n t a l  va lue  
of the e m f  i s  ha l f  the  t h e o r e t i c a l  va lue .  A s i m i l a r  p i c t u r e  is  a l so  o b s e r v e d  a t  o t h e r  i n t e r e l e e t r o d e  d i s t a n c e s .  

I t  i s  c l e a r  f r o m  Fig~ 1 tha t  the  d i f f e r e n c e  be tween  the  e x p e r i m e n t a l  and  t h e o r e t i c a l  v a l u e s  of the  e m f  
i n c r e a s e s  with i n c r e a s e  in  the  m a g n e t i c  f ie ld .  

In [1] i t  was  shown tha t  the  m e a s u r e d  p o t e n t i a l  d i f f e r e n c e  be tween  open e l e c t r o d e s  m a y  be l e s s  than  
the  t h e o r e t i c a l  emf ,  if  the  po in t  e l e c t r o d e s  a r e  l o c a t e d  c l o s e  to the  zones  of n o n u n i f o r m i t y  of  the  m a g n e t i c  
f i e ld .  F o r  a s tep  f i e l d  the  s e n s i t i v i t y ,  i . e . ,  the  r a t i o  of  the  m e a s u r e d  to the  t h e o r e t i c a l  emf ,  i s  l e s s  than 
uni ty  a t  x / h  1 -< 3. As  x / h  1 d e c r e a s e s ,  the  s e n s i t i v i t y  f a l l s  s h a r p l y .  If  the  m a g n e t i c  f i e ld  is  c u r v e d ,  the  s e n -  
s i t i v i t y  can  be  c a l c u l a t e d  f r o m  the fo l lowing equa t ion :  

4 r t B expk~hT-~ )d  ~ -  ~Bh] 

n : l  0 

H e r e ,  S i s  the  s e n s i t i v i t y ,  and n i s  an odd numbe r .  

C o n s i d e r i n g  that  

and  i n t r o d u c i n g  the  no ta t ion  

we f i n a l l y  ob ta in  

co t - - n ~ x  _ _  ~ In l~-exp(--~x/2hl)  
~,  --n- exp 2 h ~  2 ~ -- exp (-- ~x / 2hi) 

z ~ x /  h i , ]  (z) ~ B / B r a n  x 

co oo 
z dz  

o 0 0 

We c a l c u l a t e d  a s e r i e s  of v a l u e s  o f  S fo r  z = 1-10.  The  i n t e g r a l s  w e r e  e v a l u a t e d  in a c c o r d a n c e  with  
S i m p s o n ' s  r u l e  (n = 20). 

The  s e n s i t i v i t y  was  c a l c u l a t e d  on the  a s s u m p t i o n  of  c o n s t a n c y  of  the  v e l o c i t y  p r o f i l e  and the e l e c t r i c a l  
c o n d u c t i v i t y  o v e r  the  channe l  c r o s s  s e c t i o n .  In [6] i t  was  shown tha t  for  l a r g e  z (z -> 1o9) the  s e n s i t i v i t i e s  
for  h o m o g e n e o u s  and P o i s e u i l l e  v e l o c i t y  p r o f i l e s  a l m o s t  c o i n c i d e ,  the d i f f e r e n c e  in s e n s i t i v i t y  not e x c e e d i n g  
1%. C a l c u l a t i o n s  showed  tha t  a t  h i = 2 cm,  x = 10 cm,  and z = 5, the  s e n s i t i v i t y  S = 0.98, i . e . ,  t h e r e  shou ld  
not  be any s i g n i f i c a n t  d e c r e a s e  in e m f  due to the  f r i n g e  c u r r e n t .  

In  [1] to r e d u c e  e m f  l o s s e s ,  in the  even t  tha t  the  e l e c t r o d e s  w e r e  not su f f i c i e n t l y  r e m o v e d  f r o m  the  
f r i n g e  c u r r e n t  z o n e s ,  i t  w a s  p r o p o s e d  to i n t r o d u c e  th in  i n s u l a t e d  ba f f l e s  o r i e n t e d  a long the f low into the 
channe l  in the  zone  of m a g n e t i c  f i e ld  nonun i fo rmi ty .  T h e s e  ba f f l e s  r e d u c e  the  e f f e c t i v e n e s s  of the  f r i nge  
c u r r e n t s  and  t h e r e b y  r e d u c e  c h a r g e  l o s s e s .  To v e r i f y  the  a c c u r a c y  of  the  c a l c u l a t i o n s  p l a s t i c  p l a t e s  0.1 
c m  t h i c k  with  a s h a r p  l e ad ing  edge  w e r e  i n t r o d u c e d  into the  channe l .  T h e i r  l ength  X v a r i e d  f r o m  2 to 15 
cm.  T h e  p l a t e  d i v i d e d  the  channe l  into two p a r t s  of equal  he igh t  and  cou ld  be i n s t a l l e d  both in f ron t  of  and 
behind  the  e l e c t r o d e s .  The  e f f ec t  of the  p l a t e  was  i n v e s t i g a t e d  at  on ly  one i n t e r e l e c t r o d e  d i s t a n c e ,  h = 2 
cm.  When the p l a t e  was  l o c a t e d  in f ron t  of  the  e l e c t r o d e s ,  i t s  t r a i l i n g  edge  e x t e n d e d  to the  e l e c t r o d e  ax i s ,  
w h e r e a s  when it  was  m o u n t e d  beh ind  the  e l e c t r o d e s ,  the  s h a r p  l e a d ing  edge  touched  the  e l e c t r o d e  ax is .  

The  d e p e n d e n c e  of the  e m f  on the  m a g n e t i c  f i e ld  i s  shown in F i g .  2 for  a channe l  wi th  and wi thout  
p l a t e s  a t  an  i n t e r e l e c t r o d e  d i s t a n c e  h = 2 cm.  I t  shou ld  be noted  tha t  in a l l  the  e x p e r i m e n t s  the  p l a s m a  
p a r a m e t e r s  a t  the  e n t r a n c e  to the m a g n e t i c  f i e ld  w e r e  the  s a m e  (v = 2.8" 10 ~ c m / s e c ,  ~ ~ 100 m h o / c m ,  
M = 5). I t  was  found tha t ,  i r r e s p e c t i v e  of the  length  of the  p l a t e  (X = 2-15 cm),  when i t  was  l o c a t e d  behind 
the e l e c t r o d e s  the  g r a p h s  of e m f  v e r s u s  m a g n e t i c  f i e ld  c o i n c i d e d  with  each  o t h e r  and with  t h e  de pe n dence  
E = f ( B )  fo r  t he  c a s e  wi thout  p l a t e s .  The  s c a t t e r  of  the  po in t s  d id  not  e x c e e d  5%. 
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Fig. io Electromotive force as a function of the trans- 

verse magnetic field for various interelectrode distances 

(h): I) h=0.5 cm; 2) h=icm;3) h=2 cm; 4) h=3 cm; 

5) h = 4 cm; 2') theoretical emf for h = 1 cm; 5') for 

h = 4 cm.  

F ig .  2. E l e c t r o m o t i v e  f o r c e  a s  a funct ion  of  the  m a g -  
net ic  f i e ld  in the  p r e s e n c e  of p l a t e s  in the  channe l :  1) 
wi thout  p l a t e s ;  2) p l a t e s  2 c m  long in f ron t  of e l e c t r o d e s ;  
3) p l a t e  15 c m  long in f ron t  of e l e c t r o d e s .  
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Fig. 3 Fig~ 4 

Fig .  3, E l e c t r o m o t i v e  f o r c e  a s  a funct ion  of  the  i n t e r e l e c t r o d e  d i s -  
t a n c e  for  v a r i o u s  v a l u e s  of  the  t r a n s v e r s e  m a g n e t i c  f ie ld :  1) B = 
0.16 Wb/m2;  2) B = 0.32 Wb/m2;  3) B = 0.48 Wb/m2;  4) B = 0.64 
Wb/m2;  5) B = 0.80 Wb/m2;  6) B = 0.96 Wb/m2.  

F ig .  4. O s c i l l o g r a m s  of  p r o b e  m e a s u r e m e n t s  of the  v e l o c i t y  of the  
l e a d i n g  f ron t  of  the  p l a s m o i d  a s  a func t ion  of the  m a g n e t i c  f i e ld  
( c e n t e r  of m a g n e t ) :  a) B = 0; b) B = 0.48 Wb/m2;  c) B = 0 .96Wb/m2.  

Thus, the experiments with a plate in the decay zone of the magnetic field confirm the calculations, 
ioeo, for the given field and channel configuration the charge losses due to fringe currents are in fact small. 
C o m p l e t e l y  d i f f e r e n t  r e s u l t s  w e r e  o b t a i n e d  in the  c a s e  of p l a t e s  m o u n t e d  in f ron t  of t h e  e l e c t r o d e s .  I f  the  
p l a t e  was  s h o r t  (X = 2 cm) ,  then  the e m f  w a s  l e s s  than  in the c a s e  wi thout  p l a t e s  ( s e e  F ig .  2, c u r v e  2), which  
i s  a t t r i b u t a b l e  to the  fac t  tha t  a s h o r t  p l a t e  i n t r o d u c e d  into a s u p e r s o n i c  f low in the  un i fo rm  f i e ld  zone r e -  
d u c e s  the  channe l  c r o s s  s e c t i o n  fo r  the  p a s s a g e  of  g a s  on accoun t  of the  t h i c k n e s s  of the  p l a t e  and the bound-  
a r y  l a y e r  on it .  
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Fig ,  5. V e l o c i t y  of  l e ad ing  
f ron t  of p l a s m o i d  as  a f u n c -  
t ion  of t he  d i s t a n c e  f r o m  the 
c e n t e r  of  t he  m a g n e t i c  f ie ld :  
a) channel ;  b) g e o m e t r y  of 
t r a n s v e r s e  m a g n e t i c  f i e l d B ;  
c) v e l o c i t y  of  l e a d i n g  f ron t  a s  
a funct ion  of d i s t a n c e  f r o m  
c e n t e r  of magne t :  1) B = 0; 
2) B = 0 . 1 6  Wb/mZ; 3) B = 

0,48 Wb/m2;  4) B = 0.96 W b / m  2. 

C a l c u l a t i o n s  show that  the  flow d e c e l e r a t i o n  c a u s e d  by the  p l a t e  is  
6-7%. The  e m f  i s  ch i e f ly  a f f e c t e d  by the d i s c o n t i n u i t y  of  the  v e l o c i t y  
p r o f i l e  n e a r  t he  channe l  ax i s  due to the  p l a t e  and the b o u n d a r y  l a y e r .  I t  
was  a s s u m e d  tha t  a p l a t e  15 c m  long in f ron t  of the  e l e c t r o d e s  c o m p l e t e l y  
i n t e r s e c t s  the  r e g i o n  of  nonun i fo rm m a g n e t i c  f ie ld .  In  th i s  c a s e  the m e a -  
s u r e d  emf  ( c u r v e  3 in F ig .  2) i s  g r e a t e r  than  the e m f  fo r  the  c a s e  of  a 
s h o r t  p l a t e .  The  c a l c u l a t i o n s  m a d e  above  showed  tha t  the  c h a r g e  l o s s e s  
should  not  e x c e e d  a few p e r c e n t .  If the  p l a t e  in f ront  of the e l e c t r o d e s  
d id  not c r e a t e  add i t i ona l  h y d r o d y n a m i c  l o s s e s  in the  channe l  and  d id  not 
d i s t u r b  the  v e l o c i t y  p r o f i l e  on the  channe l  ax i s ,  then,  a c c o r d i n g  to the  
c a l c u l a t i o n s ,  the  m e a s u r e d  e m f  would  e x c e e d  300 V a t  B = 0.96 W b / m  2 
and h = 2 cm,  which  i s  much  g r e a t e r  than  for  the  c a s e  o f  a channe l  w i t h -  
out a p l a t e .  

T h e  d e p e n d e n c e  of the e m f  on the  i n t e r e l e c t r o d e  d i s t a n c e  h i s  shown 
in F ig .  3 for  v a r i o u s  v a l u e s  of the  m a g n e t i c  f ie ld .  I t  was  found tha t  a t  
h > 2 c m  the d e p e n d e n c e  E = f (h )  b e c o m e s  n o n l i n e a r .  At  h > 2 c m  the  
end s u r f a c e s  of the  e l e c t r o d e s  e n t e r  the  bounda ry  l a y e r  on the  channe l  
w a l l s .  At  h -< 2 cm the e m f  v a r i e s  l i n e a r l y  for  a l l  v a l u e s  of  the  m a g n e t i c  
f ie ld .  At  a channe l  he igh t  of 4 cm,  when h = 2 c m  or  l e s s  each  e l e c t r o d e  
p r o j e c t s  1 c m  or  m o r e  into t h e  flow and i s  s i t u a t e d  ou t s i de  the b o u n d a r y  
l a y e r .  By m e a n s  of the  g r a p h  in Fig .  3 we c o n s t r u c t e d  the  po ten t i a l  d i s -  
t r i b u t i o n  o v e r  the  he ight  of  the  channe l  and  the v e l o c i t y  p r o f i l e s ,  s i n c e  
for  a nonun i fo rm v e l o c i t y  p r o f i l e  

h 

B=const, E ~ B I  vdy 
o 

I t  w a s  found tha t  the  v e l o c i t y  p r o f i l e  c o r r e s p o n d s  to a l a m i n a r  flow and does  not depend  on the e x -  
t e r n a l  m a g n e t i c  f ie ld :  

% 

w h e r e  6 i s  the  t h i c k n e s s  of t h e  b o u n d a r y  l a y e r  and voo i s  the  v e l o c i t y  in t he  flow c o r e .  The  a b s o l u t e  v a l u e  
of  the  v e l o c i t y  on the  channe l  ax i s  f a l l s  a s  the m a g n e t i c  f i e ld  i n c r e a s e s .  F o r  e x a m p l e ,  i f  the  v e l o c i t y  on 
the  ax i s  a t  B = 0 .16  W b / m  2 i s  t a k e n  a s  1 (v ~ = 1), then  a t  B = 0.48 W b / m  2 v ~ = 0.62 and a t  B = 0.96 W b / m  2 
v ~ = 0.45, i . e . ,  a s  the  m a g n e t i c  f i e ld  i n c r e a s e s  by a f ac to r  of 6 the  flow v e l o c i t y  on the  channe l  ax i s  i s  a p -  
p r o x i m a t e l y  ha lved .  The d e c e l e r a t i o n  of  the  flow is  r e l a t e d  wi th  the  L o r e n t z  f o r c e  that  a p p e a r s  in the  zone 
of  m a g n e t i c  f i e ld  nonun i fo rmi ty  a s  a r e s u l t  of the  i n t e r a c t i o n  be tween  the  f r i nge  c u r r e n t  and  the g r o w i n g  
m a g n e t i c  f ie ld ,  i . e . ,  on accoun t  of the  f o r c e  F = c - ~  • B , w h e r e  j i s  the  f r i nge  c u r r e n t  d e n s i t y  v e c t o r .  

To e x p l a i n  the  nondependence  of the  v e l o c i t y  p r o f i l e  on the e x t e r n a l  m a g n e t i c  f i e ld  we c a l c u l a t e d  the  

p o s s i b i l i t y  of  t r a n s i t i o n  f r o m  P o i s e u i l l e  f low to c o m p l e t e l y  d e v e l o p e d  H a r t m a n n  f low on a m a g n e t i c  f i e ld  
length  of  10 cm.  

The  d i s t a n c e  t r a v e l e d  by the  p l a s m a  in the  r e g i o n  of  the  m a g n e t i c  f i e ld  up to the  e s t a b l i s h m e n t  of a 
c o m p l e t e l y  d e v e l o p e d  H a r t m a n n  flow, the  s o - c a l l e d  e n t r a n c e  length  L, was  d e t e r m i n e d  f r o m  the equa t ion  
L / h  = R / H ,  w h e r e  R i s  the  R e y n o l d s  n u m b e r  f o r  c o m p l e t e l y  i on i z e d  a rgon ,  and  H is  the  H a r t m a n n  n u m b e r  
fo r  the  s a m e  cond i t i ons .  I t  was  found tha t  t r a n s i t i o n  f r o m  a P o i s e u i l l e  to a H a r t m a n n  v e l o c i t y  p r o f i l e  a t  
]3 = 1 W b / m  2 r e q u i r e s  an e n t r a n c e  length  of  about  10 m.  A c c o r d i n g l y ,  under  the  c ond i t i ons  in q u e s t i o n  t h e r e  
was  no a p p r e c i a b l e  d e f o r m a t i o n  of the  v e l o c i t y  p r o f i l e .  

4. The d e p e n d e n c e  of t he  v e l o c i t y  o f  the  l e a d i n g  f ron t  of the  p l a s m o i d  on the  e x t e r n a l  m a g n e t i c  f i e ld  
was  s t u d i e d  e x p e r i m e n t a l l y .  The  v e l o c i t y  was  m e a s u r e d  with  p r o b e s .  P r e v i o u s  work  on the s i m u l t a n e o u s  
m e a s u r e m e n t  of  the  v e l o c i t y  by m e a n s  of  p r o b e s  and F E U - 1 9  p h o t o m u l t i p l i e r s  a t  the  s a m e  po in t s  a long the 
channe l  gave  good a g r e e m e n t  be tween  the  r e s u l t s .  S tee l  p r o b e s  0.05 c m  in d i a m e t e r  w e r e  i n t r o d u c e d  1.5 
c m  into the  f low on one s ide .  The  d i s t a n c e  be tween  the w o r k i n g  s u r f a c e s  of the  p r o b e s  was  1 cm.  The  
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en t i r e  l a t e r a l  su r face  of the p robes  was covered  with insulat ion.  To each pa i r  of p robes  in a plane p e r p e n -  
d icu la r  to the ve loc i ty  vec tor  we appl ied  a vol tage  of 100 V f rom a 0 .1-~F capac i to r  a c r o s s  an ex te rna l  
r e s i s t a n c e  R = 1 ki lohm. The s ignal  f rom the ex te rna l  r e s i s t a n c e  of each p a i r  of p robes  was fed to the 
p la tes  of an OK17M osc i l lograph .  The ve loc i ty  of the leading front of the p l a smoid  was de t e rmined  f rom the 
dis tance  between the p a i r s  of p robes  and the t ime taken by the leading front  to t r a v e r s e  that  d is tance  
m e a s u r e d  on the o s c i l l o g r a m s  (Fig.  4). 

Nine p a i r s  of p robes  with an in te rva l  of 3 cm between p a i r s  were  mounted in the channel in o r d e r  to 
cover  the en t i r e  reg ion  of the magnet ic  f ield.  Four  p a i r s  were  loca ted  in front  of the e l ec t rodes ,  i .e . ,  in 
front of the cen te r  of the magnet ic  field,  four p a i r s  behind the cen te r  of the magnet ic  field,  and one pa i r  at  
the cen te r  of the field. As a check we m e a s u r e d  the ve loc i ty  with only two p a i r s  of p robes  3 cm apar t ,  but 
d isp lac ing  the magnet  along the channel axis  with an in terva l  of 3 cm, in o r d e r  to r e p e a t  the m e a s u r e m e n t s  
a t  the same points  but with l e s s  d i s to r t ion  of the flow by the probes .  

In Fig.  5 the ve loc i ty  of the leading front of the p l a smoid  is shown as a function of the magnet ic  f ield 
along the channel axis  for va lues  of the magnet ic  field at  the cen te r  of the magnet  equal to 0, 0.16, 0.48, and 
0.96 Wb/m 2, r e spec t ive ly .  

Clear ly ,  the ve loc i ty  of the leading front of the p l a smoid  fal ls  depending on the d i s tance  f rom the cen -  
t e r  of the magnet ic  field,  the f i r s t  ve loc i ty  jump beginning at a d i s tance  of 8 cm f rom the cen te r  of the m a g -  
net and ending at a d i s tance  of 5 cm from the cen te r .  Then comes  a r eg ion  with a sma l l  fall  in ve loc i ty  e x -  
tending to the center  of the magnet ,  and a sharp  fall  in ve loc i ty  begins again on a channel length of 4 Cmo 
The zone of the second ve loc i ty  g rad ien t  is followed by an a c c e l e r a t i o n  zone. The degree  of a c c e l e r a t i o n  of 
the leading front of the p l a smoid  is somewhat  g r e a t e r  than the degree  of dece l e ra t ion  in the region of growth 
of the magnet ic  field. 

Af te r  s e v e r a l  d i s cha rges  a spot (see  Fig.  5a), a s s oc i a t e d  with the i n c r e a s e  in the t e m p e r a t u r e  and 
p r e s s u r e  of the p l a s m a  in the f r inge c u r r e n t  zones,  fo rms  on the l a t e r a l  t r a n s p a r e n t  wal l s  of the channel,  
i .e . ,  the wal l s  pe rpend icu la r  to the magnet ic  field. The spot is not s y m m e t r i c a l  r e l a t i v e  to the cen te r  of the 
magnet ;  it  extends 8 cm u p s t r e a m  and 5 cm downstream.  It should be noted that  the zone of the f i r s t  v e l o c -  
i ty g rad ien t  co inc ides  with the beginning of the spot on the channel wall .  The boundary of the spot and the 
m e a s u r e d  ve loc i ty  show that at  these  points  the magnet ic  f ie ld  in t e rac t s  with the f r inge c u r r e n t s  in the zones 
of magnet ic  f ie ld nonuniformity.  

The in te rva l  with a cce l e r a t i on  of the leading front  of the p l a smoid  indica tes  that  in the given zone the 
magne t ic  field i n t e r ac t s  with the fr inge c u r r e n t s ,  the c u r r e n t  densi ty  vec to r  being opposi te  to the cu r r en t  
dens i ty  vec to r  in the dece l e r a t i on  zones.  The cons ide rab le  a c c e l e r a t i o n  may  be a s s o c i a t e d  with the fact 
that  not al l  the p l a smoid  is a c c e l e r a t e d  to such an extent,  but only a sma l l  pa r t  toge ther  with the leading 
front.  I t  is c l e a r  f rom the graph that  in the zone of constant  magnet ic  field, ioe., for 2 cm on e i the r  s ide  of 
the cen te r  of the magnet ,  the flow ve loc i ty  is  different .  Fo r  example ,  at  B = 0.96 Wb/m 2 for  the sec t ions  
x = -2  cm, x = 0, and x = 2 cm r e l a t i v e  to the center  of the magnet  the flow ve loc i t i e s  a re ,  r e spec t i ve ly ,  
equal to 

(i.5 - i.35 -.- i.2).t0 s [cm/s~c,] 

To check the a c c u r a c y  of the probe m e a s u r e m e n t s  we s u c c e s s i v e l y  set  up the e l e c t r o d e s  at  the ind i -  
cated points  with h = 2 cm. We obtain the following va lues  of the emf at  B = 0.96 Wb/m2: 290, 270, 230 V, 
which is quite c lose  to the ve loc i ty  ra t io  for  the given magnet ic  field. 

5. It was noted above that  the in t roduct ion of a p la te  15 cm long in front  of the e l e c t r o d e s  made  it 
poss ib l e  to i n c r e a s e  the emf, although it was known by ca lcu la t ion  that the charge  l o s s e s  due to the n e a r -  
ness  of the fr inge c u r r e n t s  we re  incons ide rab le .  

To account for  th i s  effect  we made  probe  m e a s u r e m e n t s  of the flow ve loc i ty  over  a p la te  15 cm long in 
front  of the cen te r  of the magnet  as  a function of the magnet ic  field. F ive  p a i r s  of p robes  were  mounted 
over  the pla te  at a d is tance  of 1.5 cm f rom the wall ,  again at i n t e rva l s  of 3 cm. It  was found that  the v e l o c -  
i ty of the leading front of the p l a s m o i d  fa i l s  at  the same points  m o r e  s lowly in the p r e s e n c e  than in the 
absence  of a plate .  F o r  example ,  at  points  x = -1.5 cm ups t r eam from the cen te r  of the magnet  a tB  = 0.96 
Wb/m 2 the ve loc i t i e s  of the leading front  were  1.5.106 and 1.8" l0  G c m / s e c  in the absence  and in the p r e s -  
ence of a plate ,  r e spec t ive ly ,  i .e . ,  a p la te  in front  of the e l ec t rodes ,  by dividing the fr inge c u r r e n t  into two 
loops,  r educes  i ts  o v e r - a l l  e f fec t iveness  and hence the dece le ra t ing  force.  
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Thus, in the channels of MHD devices with a nonuniform t r ansve r se  magnetic field at R m -> 1 as a 
resul t  of the interaction between the fringe cur ren ts  and the magnetic field there will always be a dece le ra -  
tion of the flow that depends on the magnitude of the magnetic field, and to reduce the velocity losses  in the 
channel it is neces sa ry  to introduce a se r i e s  of plates in the magnetic field entrance zone so as to reduce 
the fringe currents ,  despite the additional gas-dynamic  losses  thus introduced. 

In conclusion the author thanks G~ Mo Bam-Zel ikovich andA. B, Vatazhin for their  helpful advice. 
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