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We present the resultsof calculation on an M-20 computer of the 
laminar compressible boundary layer at the insulation wall in the 
channel of an MHD generator for the ease of conductivity anisotropy 
and for a variablh coefficient of electromagnetic load .along the 
length of the channel. 

The coef f ic ien t  K of e l e c t r o m a g n e t i c  load  is  not g e n e r -  
a l ly  cons tan t  in so lu t ions  of the equat ions  for  the  bounda ry  
l a y e r  a t  the insu la t ion  wal l  in the channel  of an MHD 
g e n e r a t o r ,  but  v a r i e s  o v e r  the length of the channel  8s 
a r e s u l t  of changes  in e l e c t r i c - f i e l d  s t r e n g t h  Ey ~nd 
in the flow v e l o c i t y  u~ in the co re .  

The s y s t e m  of equat ions  fo r  the ca l cu la t ion  of the 
bounda ry  l a y e r  at  the insu la t ion  wal l  [1], c o r r e s p o n d i n g  
to a coef f i c ien t  of e l e c t r o m a g n e t i c  load cons tan t  a long 
the channel  length,  can be mod i f i ed  for  the g e n e r a l  
c a s e  of a v a r i a b l e  K by in t roduc t ion  of the fo l lowing 
e x p r e s s i o n s  : 

K K, - -  + a ( 8 ~ ) ,  (I) 
K - - I  K ,  - -  1 

1 1 + c(80,  (II) 
K K, 

*Addition to a r t i c l e  [ 1]. 

l l 
~C --~ -- K, --~ + d (80, (Ill) 

where K, is the coefficient of electromagnetic load at 
the in i t i a l  c r o s s  sec t ion ;  a, c, and d a r e  coef f i c ien t s  
whose  va lues  a r e  d e t e r m i n e d  through  solut ion of Eqs.  
( I ) - ( I I I ) .  The  function r e p r e s e n t i n g  the change in K 
along the channel  length and used  in the solut ion of 
Eqs.  ( I ) - ( I I I )  is  found f rom the s y s t e m  of equat ions  
fo r  the flow c o r e .  

With c o n s i d e r a t i o n  of ( I ) - ( I I I ) ,  a s s u m i n g  

p |  du= _ ]v~.Ev, (11 d) 
dx  

iv| = o ~  (u|  z - -  Ey), (23 d) 

the  s y s t e m  of equa t ions  sub jec t  to so lu t ion  i s  w r i t t e n  
in the f o r m :  

1) fo r  the equat ion of mot ion  in the longi tud ina l  
d i r e c t i o n  

f; + fdCg ----0, (24) 

f~ + M ; -  2fo f; + 3g h = - co + 

0~ {1 - - / /  [ ( K , K ~ *  1 ) -F  (25) 
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F i g .  1. Change in f r i c t i o n  coef f i c ien t  TW as  funct ion of Hal l  
p a r a m e t e r  at v a r i o u s  wa l l  t e m p e r a t u r e s  and load  coe f f i c i en t s ;  
(1) fie ~ = 0; 2) 1.0;  3) 2.5): a) ~W = Fl(0w);  ~ = 0.05; K ,  = 0.5; 

b) T w = F I (K , ) ;  ~ = 0.05; 0 w = 0.6. 
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Fig.  2. Change in coefficient_ Nux- as a funct ion of Hall p a r a m -  
e te r  (See Fig.  1); a) Nu~ = F2(0w); } = 0.05; K,  = 0.5; b) Nu~-= 

= F2(K,); ~ = 0.05; 0 w =  0.6. 
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F ig .  3. Change in cu r ren t  of 

out f low l o v e r  as a funct ion of 
wm[[ t empe ra tu re  for  condft fons 

= 0.05; K ,  = 0,5 (See F ig .  1). 
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1 

,25, 
(cont'd) 

f~ + fof~:--4fo/" 2 -F5~t, = 

= 2 , ; ' - 3 , , F , -  (o, + - ~ ) ( , - ~ , ) -  

- )+0: .#]  (o,+ 
K,  

2 16 - -  I~,- + A (,0, 
2) for the equation of motion in the t ransverse  di- 

rection 

r"~ + f~r;--2rvf'o = 

K ,  

+ 1 

n{[ 
r~ + hr~ - -  4for s = 2qf; --3fxr; + - ~ ,  ~, .  - -  

K, e~ ]  (o, i x 

0 o 17 

3) for  the equation of energy 

t Oo + foOo = _ ~, f ; , ,  Pr, 

(28 d) 

(29) 

l 

Pr, 

= -  3oo f, - p, 

- -  o[ + to o ; - 2 t o  o, = 

[tot; t; + 3t;, tY, + tot; ~ - 

- -  2f' o' f; + 2~ ~ + y; t~' + iF to] + 

K. ~ 

(K, --1) 2 

1 

l - -  o; + h o; -4f~ o, = 
Pr, 

ffi2O, f ; - -30; i t - -50of  , + [~, [4fo'f ~ +4/0 f;'-- 
- 5to fgot, - 3t 'g~"  tg; t'2 - tot; t[ --3~ tY; - 

- f ~  I~-V; t; -V; f; - t ; ' -  2fi, f;-t 'o" t'~] + 

+ 41h [2,? to - ,Kfo - , ; '  - "KI + 

"-( 1 ~'" "~176176 - K - - / ~ -  1,] 2 ,o 

( ' )  
[ ~ 1 7 6  1 ] x - p , .  o ~ + - ~ - g ~ , , . o ' o " - , ,  Oo- 

x - -  + - ~ - 6 - - + p , ~ ,  n 

In these equations we have denoted: 

00 AOI) =W/ /  

+ ~ og + ~ 

B ( n ) =  ~ a ---~- 

+ 2p~ r p,~o - -  ~ P,,| og + 

" ~176 

We are  not repeating the equations of [1 ] here, since 
these are  retained without change. The equations differ-  
ing from those in [1] are indicated by the subscript  "d." 

The changes in the notation of the equations relative 
to those appearing in [1] are a result  of the introduction 
of the variable K, as well as of the typographical 
e r ro r s  occurr ing in [1] in connection with the mathe-  
matical signs appearing before the current  te rms in 
Eqs. (11)and (23). The notation of Eqs. (11)and 
(23)-(31), presented in [1], with consideration of 
these typographical e r ro r s ,  must correspond to Eqs. 
(l ld) and (23d)-(31 d) of this addition. 

We can see that additional terms which take into 
consideration the change in K along the length of the 
channel appear in the equations for  the second approx- 
imation (26d), (28d), and (31d). 
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The s y s t e m  of equat ions (24d)-(31d) was solved on 

an M-20 c o m p u t e r  (the p r o g r a m m i n g  and ca lcu la t ion  

of the p r o b l e m  w e r e  c a r r i e d  out at the compu te r  r e -  
s e a r c h  d e p a r t m e n t  of the Mozhaiski i  LVIKA by T. S. 

Kuzniehenkova)  for  a change in wall  t e m p e r a t u r e  
within the r ange  0 w = 0 .4 -0 .9 ,  for  a change in the 
e l e c t r o m a g n e t i c - l o a d  coe f f i c i en t  within the l imi t s  K, = 

= 0.2 - 0 .8 ,  and fo r  a change in the Hall p a r a m e t e r  
p,~=o+5. 

The equat ions  w e r e  so lved  by wel l -known methods  
fo r  the fo l lowing condi t ions :  p l a s m a - - h e l i u m  + 1.5% 
po ta s s ium by weight ;  ; / =  1.67;)~ = 7 .5;  P r ,  = 0 .7 ;  m = 
=0.1 ;  P ,  = 12.10*N/m2;M, =0.9 ;  T. = 2400~ = 2 T ;  

b =  2.2.10-em; a =0.42; ~1 =0.164; d =0 .4 ;  c=0 .62 .  

F i g u r e s  1 - 3  show c h a n g e s  in the f r ic t ionaI  s t r e s s e s  
"Tw, in the Nusse l t  n u m b e r  Nu~, and in the total o v e r -  

flow c u r r e n t  I o v e r  as a function of the wall  t e m p e r -  

a tu re  and of the loading f ac to r  at the inlet  fo r  

t h r ee  va lues  of the Hall p a r a m e t e r .  The quant i t ies  
TW, Nffx, and Iove r  a r e  ca l cu l a t ed  f r o m  the equat ions  

~w ~ T w  

2 

I 
_ 2  -2- 

1 . . . } ,  • { Oo (o) - -  (8~) o, (o) i-(8~)* o~ (o) - -  

]0 0 0 fl b--6~. 
v e r  ~ x b 

0 0 

where  S is  the p a r a m e t e r  of e l e c t r o m a g n e t i c  i n t e r -  

act ion;  b is the channel  height;  o.~ = ~=/r ly| = 
jy=/~, u, Bz,; /~ --= P/P,. 
We should note that in the equation fo r  "Jw, the 

contr ibut ion  f rom the g rad ien t  of the t r a n s v e r s e  ve lo -  

ci ty component  is neg lec ted  because  of its s m a I l n e s s .  
The  examina t ion  of the ca lcu la t ion  v a r i a n t s  makes  

it poss ib l e  to draw eoneIus ions  as to the r e l a t i v e l y  
sma l l  va lues  for  the over f low c u r r e n t s  o v e r  the en t i r e  

subjec t  range  of wall  t e m p e r a t u r e s  0 w = 0 .4 -0 .9 ,  
even fo r  sma l l  d imens ions  of the MHD channel ,  fo r  
no t i ceab le  changes  in the f r i e t ionaI  s t r e s s  and in the 

Nusse l t  n u m b e r  with an i n c r e a s e  in the Hall  p a r a m -  
e t e r ,  as wel l  as making  it  poss ib l e  to draw con-  
clusions__regarding the subs tan t ia l  e f fec t  exe r t ed  on 
7r w and Nu~ by the coef f i c i en t  of e l e c t r o m a g n e t i c  loading.  

1/ [ f; (o) - (8~) fi (o) + (8~) ~ f; (o) - . . .  ], 
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