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T h e  r e s u l t s  a r e  g i v e n  of a c o m p u t e r  c a l c u l a t i o n  of  the N a v i e r - S t o k e s  e q u a t i o n s  f o r  the f low of a v i s c o u s  
i n c o m p r e s s i b l e  c o n d u c t i n g  f lu id ,  a r i s i n g  when  a f l a t  l a m i n a r  j e t  f lows into a channe l  of f in i t e  width  under  the i n f luence  
of  a m a g n e t i c  f i e l d  ( f o r ' R  m << 1). 

T h e  p r o b l e m  r e d u c e s  to the fo l lowing .  A j e t  of f lu id  f lows into a f la t  channe l  wi th  a t r a n s v e r s e  d i m e n s i o n  of 
uni ty ,  t h rough  a s l i t  w h o s e  width  is  o n e - t e n t h  of the channe l  width.  An e x t e r n a l  u n i f o r m  m a g n e t i c  f i e ld  (the c a s e  of 
s m a l l  v a l u e s  of  the m a g n e t i c  R e y n o l d s '  n u m b e r  R m << 1) i s  in the d i r e c t i o n  t r a n s v e r s e  to the  channe l .  T h e  induced  
c u r r e n t s  a r e  a s s u m e d  to be s h o r t  c i r c u i t e d  th rough  e l e c t r o d e s  (the s ide  w a l l s  of  the channe l ) .  T h e  in i t i a l  v e l o c i t y  
p r o f i l e  is t aken  to be u n i f o r m  (the v a l u e  of  the  v e l o c i t y  at the e n t r a n c e  is  equa l  to unity) .  In the  c a l c u l a t i o n s  the  
p o s i t i o n  of the  s l i t  on the end wa l l  of  the  channe l  is v a r i e d  r e l a t i v e  to i t s  ax i s ,  and the v a l u e s  of the R e y n o l d s '  n u m b e r  
R and H a r t m a n n  n u m b e r  H a r e  a l s o  v a r i e d .  

C o n c r e t e  c a l c u l a t i o n s  ( for  R = 50) c a r r i e d  out  fo r  v a r i o u s  v a l u e s  of the  d i m e n s i o n l e s s  d i s t a n c e  of the s l i t  ax i s  
f r o m  the  channe l  ax i s  ~ = 0, 0 . 1 ,  0.2, 0.3, 0.4, 0.45) and s e v e r a l  v a l u e s  of the R e y n o l d s '  and H a r t m a n n  n u m b e r s .  

T h e  in i t i a l  e q u a t i o n s  fo r  n o n s t e a d y  f low a r e  

g[ ' ~, Or. & - - O y 2  

Ou ~_ Ov ~ , ~ = o .  

I n t r o d u c i n g  the  s t r e a m  func t ion  u = o ~ / O y ,  v : - -  &p/Ox we ob ta in  

~x~, = % (1 )  

T h e  e q u a t i o n s  a r e  w r i t t e n  in d i m e n s i o n l e s s  f o r m ;  the  v e l o c i t y  and d i m e n s i o n  s c a l e s  a r e ,  r e s p e c t i v e l y ,  the  
v e l o c i t y  at  the e x i t  f r o m  the  s l i t  and the  width  of the s l i t  unde r  c o n s i d e r a t i o n .  

In the f i n i t e - d i f f e r e n c e  r e p r e s e n t a t i o n  E q s .  (1) h a v e  the f o r m  
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(3) 

T h e  f i n i t e - d i f f e r e n c e  e q u a t i o n s  w e r e  s o l v e d  on an e l e c t r o n i c  c o m p u t e r  by the m e t h o d  e m p l o y e d  in the p a p e r s  of 
S imuni*  [1, 2]. 

T h e  b o u n d a r y  condi t ions,  fo r  the func t ions  r and ~ in f i n i t e - d i f f e r e n c e  r e p r e s e n t a t i o n  m a y  be e x p r e s s e d  as  
fo l lows .  

T h e  b o u n d a r y  c o n t o u r  c o n s i s t s  of the t h r e e  channe l  w a l l s  (with the  s l i t  on the  end wall)  and the  n o r m a l  p l ane  to 

*We wish to thank L. M. Simuni for advice and help in carrying out the present work. 
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the channel axis downstream. The latter is chosen in the region of steady-state Hartmann flow. As usual in this case 

the velocity vector is equal to zero for a viscous fluid at the solid walls, while the velocity profile within the limits of 

the slit is uniform and varies in time according to the law V = 1 - e -kt (k is a constant). Finally, a Hartmann flow 

velocity profile is assumed for the downstream boundary with a fluid flow rate varying with time. This profile was 

found graphically from the solution of the finite-difference equations for uniform flow. These conditions specify the 

distribution of the stream function in time over the whole bounding contour. 

The boundary conditions for the function (~, in accordance with [I], are determined from the formula 

~b(n) _ ib(n) 

(ayp 

Here ~w and r a re  the va lues  of the s t r e a m  funct ions at the wall and in the adjacent  ( removed by one step) layer ,  

respec t ive ly .  

Br ie f ly  the o rder  of the ca lcu la t ions  r educes  to the following. The value of the function ~,~ is found via Eq. (2) 

f rom the known va lues*~  and ~ ~,~ '~,~,. for the p reced ing  instant .  The value ,~,~1 is then found by in tegra t ing  Eq. (3). The 

ca lcula t ions  were  cont inued unti l  s teady s ta te  flow was obtained. 

As r e g a r d s  choice of step length we note that the ca lcula t ions  showed that a step of Ax = Ay = 5 .10  -3 was 
sufficient .  The t ime step length At and the cons tan t  k were  chosen so as to ensu re  that the var ia t ion  of the functions 

was suff ic ient ly  smooth.  

The r e su l t s  of one of the s e r i e s  of ca lcu la t ions  is given in Fig. l a - f  for the values  R = 50, H = 0, which 
co r r e sponds  to developed flow with c i r c u l a t o r y  zones in the c o r n e r s  of the channel .  The solid l ines  on the f igures  
r e p r e s e n t  the s t r e a m l i n e s  while the ve loc i ty  prof i les  at s eve ra l  t r a n s v e r s e  c ros s  sec t ions  are  given by the dashed 

l ines .  
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Fig. 1 

It is clear from the graphs that as the axis of the slit is displaced from the channel axis (Fig. in) in the 

direction of the upper wall the lower vortex increases noticeably, while the upper vortex suffers a corresponding rapid 

decrease (in Fig. id-f it is absent altogether). 

Some data are given in Fig. 2 characterizing the intensity of the circulatory motion in the stagnation zones, in 

the corners of the channel for various positions of the slit. The solid line shows the relative flow rate of fluid 

circulating in the stagnation zone (Q0, the flow rate of fluid flowing into the channel through the slit is taken as the 
scale). The dashed line shows the variation of the geometrical characteristics of the stagnation zone (the area bounded 
by the zero or the maximum streamline) measured relative to an arbitrary unit area (a square with a side equal to the 

channel width). 

741 



Fig. 
These  cu rves  provide an addit ional  v isua l  i l l u s t r a t ion  of the a s y m m e t r y  of the flow, which is a l ready  c l ea r  f rom 

1. 

L < ~ \  I IX i 1 

f 

Fig. 2 

The flow p ic ture  for the values  R = 200, H = 0 is given in Fig. 3a for a s y m m e t r i c a l  s l i t  posi t ion.  In this case  
(compared wi th / low for R = 50) the re la t ive  d imens ions  of the s tagnation zones and the in tens i ty  of the c i r cu la t ion  in 
them i n c r e a s e  equally. For  sma l l  va lues  of R {roughly up to R ~- 20) the s tagnat ion  zones a r e  absent ,  and the flow 
around the c o r n e r s  is a lmos t  smooth. 
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Let us see how this p ic ture  changes  under  the influence of an applied t r a n s v e r s e  magnet ic  field. Applying a 
t r a n s v e r s e  magnet ic  field d e c r e a s e s  the d imens ions  and in tens i ty  of the c i r cu l a to ry  zones,  until  they d i sappear  
completely.  In all  ca ses  ( symmet r i c  or a s y m m e t r i c  flow) this effect is more  s t rongly  marked  for l a r g e r  values  of the 
Har tmann  number  and s m a l l e r  values  of the Reynolds '  number .  

As an example  Fig. l c  and Fig.  3b, e show the s t r e a m l i n e s  for the case of a s y m m e t r i c  s l i t  posi t ion.  The 
data given in Fig. l c  and Fig.  3b, c, r e f e r  to R = 50 and va lues  of H = 0.10 and 50. It is c l e a r  that the l e s s e r  
c i r cu l a to ry  zone is damped at f i r s t  (in the upper c o r n e r  of the channel  in Fig. 3b), and subsequent ly  as the n u m b e r  H 
i n c r e a s e s  fur ther  the lower  zone also d i sappears .  

Thus the t r a n s v e r s e  field which r e t a r d s  the flow leads to a dec rease  of r e v e r s e  flow in the c o r n e r s  of the 
channel ,  and eventual ly  to smooth mot ion  without detachment .  As opposed to this a longi tudinal  field i n c r e a s e s  the 
c i r cu l a to ry  zones but a not iceable  effect is observed for cons iderab ly  l a rge r  va lues  of the Hartmarm number .  

These  effects should be p r e se rved  qual i ta t ive ly  for tu rbu len t  motion.  On the whole the data obtained enables  us 
to cons t ruc t  an intui t ive k inemat ic  p ic ture  of the flow under  cons idera t ion .  Without going into detai ls  we note that the 
format ion  of s tagnat ion and c i r cu l a to ry  zones in the c o r n e r s  of the channel  (which r e m a i n  for tu rbulen t  flow) and the 
poss ib i l i ty  of inf luencing them act ively  have an impor tan t  s ignif icance for some appl ica t ions ,  such as the s tabi l iza t ion  
of f lames ,  etc. 
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