
INTEGRAL CHARACTERISTICS OF 

WITH NONCONDUCTING BAFFLES 

I. V. Lavrent'ev 

MHD CHANNEL 

The electromagnetic characteristics of an MHD channel with insulated walls, two quite 
long electrodes, and nonconducting baffles are obtained for arbitrary magnetic field dis- 
tr%ution law along the channel~ Some specific cases of magnetic field and baffle location 
specification are examined in detail. 

1. We c o n s i d e r  a f l a t  channe l  [ x l  <% 0 <y  <H with  two s e m i - i n f i n i t e  e l e c t r o d e s  # < x  < ~,  y =0 and 
y =H.  Into the  channe l  t h e r e  a r e  i n t r o d u c e d  n - 1  in f in i t e ly  th in  nonconduc t ing  ba f f l e s  whose  l e f t  ends  e x -  
t end  to  inf ini ty ,  and the  c o o r d i n a t e s  of t he  r i g h t  ends  a r e  (0, k H / n )  ( k = l  . . . . .  n - l )  (F ig .  l a ) .  

We a s s u m e  tha t  the  e l e c t r i c a l  conduc t i v i t y  of the  m e d i u m  is  cons t an t ,  the  v e l o c i t y  d i s t r i b u t i o n  i s  
g iven  in t he  f o r m  V = (V, 0, 0) (V = cons t ) ,  and the  m a g n e t i c  f i e l d  i s  e x p r e s s e d  by  the  r e l a t i o n  

B = (0, 0, - - B  (x)) (1 .1 )  

B (x)  = Bob  (x) ,  b (x)  ~ 0 for x - ~  - -  

w h e r e  B 0 is  the  m a g n e t i c  f i e l d  m a g n i t u d e  c h a r a c t e r i z i n g  the  p r o b l e m .  Then,  f o r  s m a l l  m a g n e t i c  R e y n o l d s  
n u m b e r s  we m u s t  s o l v e  the  fo l lowing  s y s t e m  of equa t ions  and b o u n d a r y  cond i t i ons  t o  f ind  the  e l e c t r i c a l  
c h a r a c t e r i s t i c s  of t he  channe l  [1]: 

0cp 0~ ]~:=--~-~, ]~=--a~+zVB(x), Wq~=O 

O ~ / O x = O f o r  Ix  l-->~176 Oq~/ag=O for x = - -  co (1.2) 

q) =1/~ U for y = H, p. < x < c~ 

O~lOg = U / H  for x = o o ,  
q0 = 1 / ~  U for y = 0 ,  I.t ~ x  ~ ~o, 

Ogv/0y=VB(x)  on the  i n s u l a t e d  w a l l s  and b a f f l e s .  
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H e r e  j is  the  c u r r e n t  dens i t y ,  ~ i s  the  e l e c t r i c  po t e n t i a l ,  and U is  the  v o l t a g e  on the  e l e c t r o d e s .  

If we now i n t r o d u c e  the  a n a l y t i c  func t ion  

0(p .0q) 
/ (z) = p + iq = ~yy + ~ ~-x (1.3) 

the  p r o b l e m  (1.2) r e d u c e s  to f ind ing  th i s  funct ion ,  s a t i s f y i n g  the  b o u n d a r y  cond i t i ons :  q =0 at  the  e l e c t r o d e s ;  
p =VB(x) at  the  i n s u l a t e d  ba f f l e s  and w a l l s .  To s o l v e  the  p o s e d  p r o b l e m  we m a p  c o n f o r m a l l y  the  s t r i p  
I x I <0% 0 <y <H with  cu t s  a long the  ba f f l e s  onto the  u p p e r  h a f t - p l a n e  of t he  t = T + iv p l a n e  (F ig .  lb )  with 

the  a id  of the  f o r m u l a  [2] 

z = H/n~ In T~ (t), T~ (t) = 1/2 [(t + ~--~-T~ t)  n ~ (t - -  V~t2 ~ - ~  n] ;, (1.4) 

Tn(t) a r e  the  C h e b y s h e v  p o l y n o m i a l s .  In th i s  c a s e  the  po in t s  B k and D m of the  z p l a n e  wi l l  c o r r e s p o n d  to 
the  po in ts  (v k, 0) and (~'m, 0) of t he  t p l ane ,  w h e r e  

g k g  
�9 ~ = cos Ok, 02 = - -  2s + -4-' T~ (%) = 0 (k = t . . . . .  n) (1.5) 

, , m ~  d T n ( ' r m ' )  0 ( t n : ~ , . .  n - - ~ )  
T m = C O S O m "  , 0 m n ' d~ " '  

The c o r r e s p o n d e n c e  of the  o t h e r  po in t s  i s  c l e a r  f r o m  F ig .  1, and the  quan t i t y  a is  found f r o m  the  
equa t ion  

T~ (a) = exp (~n~ / H) (1.6) 

The  a n a l y t i c  func t ion  f ( z )  (1.3) in the  r e g i o n  of t he  c o m p l e x  v a r i a b l e  t b e c o m e s  the  a n a l y t i c  func t ion  

/~ (t) = p~ -F iq~ (1.7) 

s a t i s f y i n g  the  b o u n d a r y  cond i t ions  
/1 (~k) = 0, /~ (~o) = U I / /  

Pl = VB (T) on A_A+, - - a  ~ �9 ~ a, ql = 0on C A  and A.C ,  a ~ I ~ [ ~ c~ (1.8) 

Thus  we obta in  a m i x e d  b o u n d a r y  v a l u e  p r o b l e m  f o r  the  h a r m o n i c  f u n c t i o n f i  , w h e r e f l  m u s t  have  
s i n g u l a r i t i e s  of the  po le  t y p e  at t he  po in t s  r~n , c o r r e s p o n d i n g  to the  ends  of the  b a f f l e s ,  s i n c e  at  t h e s e  
po in t s  the  c u r r e n t  d e n s i t y  b e c o m e s  in f in i te  (q = ~,  whi le  p =VB(x) r e m a i n s  f in i te ) .  As  is  done in [3] in 
d e r i v i n g  the  K e l d y s h - S e d o v  f o r m u l a ,  i t  can  be  shown tha t  the  p o s e d  p r o b l e m  is  so lved  by  the  f o r m u l a  

i ( ' f  VBo g (~) b (~:) cl, U VBo 7,~ (1.9) 
l l ( t ) = ~ _ ~  ~ - t  + H - - ~ ) + h - ~  ~'o+ = t-----~' 

g ( t ) - - ] / ( t - - a ) / ( t  + a ) ,  i H ( t ) = - ] f ( t - - a ) ( t + a )  

H e r e  we e x a m i n e  tha t  b r a n c h  of the  r o o t  which i s  p o s i t i v e  on the s e g m e n t  (a, <) .  I t  fo l lows  f r o m  the  
condi t ion  f l ( ~ ' k )  = 0 tha t  the  c o n s t a n t s  Y0, Ym s a t i s f y  the  s y s t e m  of equa t ions  

(1.10) 

J =  b(0) dff, F ~ - -  0~ ~ b (if) ctg (~ - -  O~) dt~ (1.11) 
o 0 

K =  U / E , E = H B o V  ~ e o s t ~ = ~  la ,  e o s ~ = ' ~ J a ,  b(~)  -~ b [ x ( ~ ) l  

H e r e  K is  t he  load  coe f f i c i en t .  In d e r i v i n g  the  f o r m u l a  fo r  F k ,  we u s e d  the  i den t i t y  

i 1 ctg -[- ctg ~ ( 1 . 1 2 )  
cos ~ - -  cos X 2 s i n  X 

Using  the  s y m m e t r y  of the  l o c a t i o n  of t he  po in t s  ~'k and *Jn r e l a t i v e  to  ~ =0 ( see  (1.5)), and a l so  the  
the  e q u a l i t y  Fk('C k) = - F  ( -" rk) ,  we can  show e a s i l y  tha t  

~o = (d - -  K)a (1.13) 
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2. To d e t e r m i n e  the  e l e c t r i c a l  c h a r a c t e r i s t i c s  of the  channel  we m u s t  know the e l e c t r o m a g n e t i c  
power  developed in the  channel  and the  c u r r e n t  f lowing to the  e l e c t r o d e s .  Since in our  ea se  the e l ec t rodes  
a r e  cons ide red  to be  inf ini tely long, these  quant i t ies  will  a lso  be inf ini tely l a rge .  On the o ther  hand, such 
a channel  can be  r e p r e s e n t e d  as haf t  of a channel  with f ini te  (length 2X) but v e r y  long e l ec t rodes ,  the c u r -  
r en t  I of wh ich  equals  I =2I  x, whe re  I x is the  c u r r e n t  to the pa r t  of the  e l ec t rode  of length X of the subject  
channel  ( segment  A+A'  in F ig .  la)  fo r  suf f ic ient ly  l a r g e  h a l .  Now let us find the c u r r e n t  I x as Xa l  ~ ~o. 
F r o m  (1.2), (1.3), and (1.7), we have  

z - - - ~ y @ V B  d x - -  VBo b(x) dx---~-~ p~( '~ ,O)dlnr~U~;  (2.1) 
p. ~ a 

the quantity A is found from the equation 

T~ (A) = exp [()~ @ tx)n~ / H] (A ~ oo for 

It fol lows f r o m  (1.9) that  

- - a  

With account  fo r  (1.13), (2.3) can be r e w r i t t e n  as  

p~ (~, O) _ i [ 
BoY V~c_ ~ ( f  --  J) �9 + 

~/H -~ ~ )  (2.2) 

n--I 

/ , (2.3) 
1 i~.o+ ~ ~ m ' ,  

-{- g a  ~ (T / a) - -  COS 
m=l O 

"r~' -- (J --  K)"% 
Z "Ok -- Trn' 

rt--1 
~, Tin" F~ 

m = l  T k - - 7 ~ r a '  - -  

(2.5) 

(2.6) 

Let  us show that  the  e x p r e s s i o n  in the b r a c k e t s  in (2.4) can be wr i t t en  in the  f o r m  

Actua l ly  

[ ] = (K - -  r~ nTn (*) 
~ J Tn, (~) 

n--1 
t 

[ ] = ( K - - J )  I11n(~) 1-[ ~__~, ,  

(2.7) 

whe re  Mn(~-) is a po lynomia l  of d e g r e e  n, sa t i s fy ing  in a c c o r d a n c e  with (2.5) the condit ion Mn(~- k) = 0. 
Consequen t ly  Mn(~)=  21-nTn(T ),and s ince  

n--1  

dT,~ (~) _ n2,~-i [ I  ('~ - -  "%~') 
d'c 

(2.7) is p roved .  

Subst i tut ing (2.4) into (2.1) with account  f o r  (2.7) we obtain 

2zx 2 b (x) dz ~z = O0 (y - -  K) --  11 - - /2  § -~- 
t~ 

(2.8) 

whe re  

n--1 a i 2 i i ]/-~2-~dlaTn('~) 2 X-] ,, (* d In Tn (~c) 2 dr I~ = d~b (#) 
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F o r  l a rge  va lues  of X/H 

( I ) = C 2 - a n  , ,~  21n2 . 29 2 2L , = ~ -p -~- ---~- In a, c = --~-- (2.9) 

Here  c is the channel  c h a r a c t e r i s t i c  ra t io ,  and �9 is the i n v e r s e  of the d i m e n s i o n l e s s  in tegra l  r e -  
s i s t ance  of the channel  in the  case  in which the fluid is at r e s t ,  which fol lows f r o m  (2.8) if we set  V =0. 
The dependence  of ~n  on p / H ,  c ons t ruc t e d  us ing  (2.9), is shown in F ig .  2 fo r  the va lues  n = l ,  2, 3, 5, 15. 
Now let us examine  the in t eg ra l  I1. Since 

d~ 
dlnT,~O: ) = ~, ~ : _ ~  (2.10) 

then 
;: n n--1 A 

2 , ~ d~ 

~=~ ~ = t  ( ~ - -  %~ ) (~ - -  % / V ~  ~ -  a~ 

n A 

This  fol lows f r o m  (2.6) and the r e l a t ions  
n 

- -  ~ ~ = 0 

Taking the in teg ra l  and subst i tu t ing the value  of F k f r o m  (1.11), we obtain 

2 ! b (8)  dO (2.11) 
1 1 = ~  ~ (~--9~)sin~ cos ~k __ cos ~ 

k ~ l  0 

We obtain the e x p r e s s i o n  fo r  12 s i m i l a r l y :  

k--~l b (8) d~ (2.12) 2 (~ -- t~) sin t% (t}) db 2 ~, ( n - - { } k ) s i n ~  cos{}k_c0s ~ 
I~ = YCP @ n~-- ~ cos ~ - -  cos ~ - -  n~ ~ 

" 0 k ~ l  0 

Substi tut ing (2.11) and (2.12) into (2.8) with aceount  fo r  (1.23), we find the  f inal  e x p r e s s i o n  fo r  the 
c u r r e n t  taken f r o m  the  e l ee t rodes  

I = cG1 --K(I)'-}- ~I, G1 = ~-1 b(x)dx (2.13) 
~E 

a 

~ = ~ I arc sin ~a b (I:) d l~ (2.14) 
0 

3. Now let us find the  e l e c t r o m a g n e t i c  power  developed in the  channel  

P 2 = 2  I d x l d y ( B x j )  V = 2 z V ' B ~  S b2(x)dx 
- - ~  0 - - c o  

--  2z VBoU ~ b (x) dx + 2z VBo Is b (x) (p (x) dx (3.1) 

H e r e  the index S denotes  in tegra t ion  over  the insula ted  wal ls  and both s ides  of the  baff les ,  and q~(x) 
in this  in t eg ra l  is found f r o m  the r e l a t ion  

r 

(x) - u H i z n~ ql(~, 0) d In Tn(~) (3.2) 
(x) 

Subst i tut ing (3.2) into (3.1), we can obtain 

( HWBo ( b ,) = ~ ,3 (e)  J (~) d in T~, (~), 
S o 

(3.3) 
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w h e r e  

J ( ~ ) =  i q~(~,0) d l n T ~ ( v )  
a COS 

BoV y~-~--__~ + ~ ~ - - a ~ #  
0 

n - - 1  

t "~m 

U s i n g  (2 .5 ) - (2 .7 ) ,  we h a v e  

t l ) i  sb@~'--) @s (3.4) n-~ ~. d In T n (~) ~ sin ff d In Tn (ff co - -  ~' J ( ~ ) = n ( J - - K ) e - -  ~ %(' ~ - - - -  
~=,  cos ~ (*--*~')  Va'---'~ = a 0 0 

J u s t  a s  wa s  done  wi th  t h e  i n t e g r a l  I t of S e c t i o n  2, it  c an  b e  shown  tha t  t h e  s e c o n d  t e r m  in  the  r i g h t  
s i d e  of the  e x p r e s s i o n  f o r  J(d) e q u a l s  

f ind  

n 8 

F~ I d{}' ' 
-W- "cos t~' ~cos ~ 

~=I 0 

Using (2.10), the last term in (3.4) together with the expression n~J can be represented as 

--~ dO dt~'b (~')  t + (cos ~ - -  cos ~') (cos e - -  cos ~ )  
0 0 

The  e x p r e s s i o n  in  the  b r a c k e t s  in  (3.5) m a y  b e  w r i t t e n  as  

sin ~ ~' sin'Z ~k 
[ ] = (cos ~' - -  cos ~ )  (cos ~ ~ cos o~') - -  (cos ~' - -  cos ~ )  (cos ~ - -  cos ~ )  

T h e n  (3.5) t a k e s  t h e  f o r m  

.9, ~ n # 

--y d~ + cos ~ - -  cos t%' --g- cos ~' - -  cos t~ 
0 0 k=l 0 

T h u s  we o b t a i n  fo r  g@) 

l I b (~') sin 0" d In T n (b') 
J (~) =- - -  nK@ @ -~ d@ cos t~ - -  cos t%' 

0 0 

S u b s t i t u t i n g  (3.6) in to  (3.3) wi th  a c c o u n t  f o r  (1.12),  (2.14) and  a l t e r i n g  t he  o r d e r  of i n t e g r a t i o n ,  we 

(3.5) 

(3.6) 

S o ~' o 

S u b s t i t u t i n g  t h i s  e x p r e s s i o n  in to  (3.1),  we o b t a i n  t he  f i n a l  f o r m u l a  f o r  t he  p o w e r  d e v e l o p e d :  

P~ = aN ~ [c (G~ - -  KG1) - -  K~I q- ~1 

G I =  ~---Xi~b(x)dx, G 2 = t X i ~ b ~ ( x ) d x  (3.7) 
U. P" 

- - ~  0 # 0 

W e  n o t e  t h a t  a s i n g u l a r  i n t e g r a l  wi th  H i I b e r t  k e r n e l  a p p e a r s  in  t he  e x p r e s s i o n  f o r  f~ 2. T h i s  i n t e g r a l  
c a n  be  c a l c u l a t e d  fo r  an  a r b i t r a r y  f u n c t i o n  b( l /2d)  b y  e x p a n d i n g  t he  f u n c t i o n  

(I) dlnTn('~/2) 

871 



0.3 ~='~ 

0.! I 
o l  B3 o.~ 

UII 

Z 
I ~//:: 

B7 

0.8 

0.:4 

02 

0 

/ 
i 

7=:I: 

/ztH 
~' 0.8 LZ L6 

Fig.  3 

BZ 

: 8 9 

Fig.  4 

we o b t a i n  

n 

into a F o u r i e r  s e r i e s .  Noting that  f (v )  is an odd funct ion of ~, we have 

(3 .s)  

Subst i tut ing (3.8) into (3.7) and p e r f o r m i n g  the in tegra t ion ,  us ing  the 
r e l a t ion  [2] 

f sin m~' ctg ~ d~'  = 2~ cos mO 
0 

i l l ~ l  
(3.9) 

w h e r e  

C m I b (~) sin 2m~ d In Ts (~) 
o 

In c e r t a i n  p a r t i c u l a r  ca se s  of magne t i c  f ield b(x) spec i f ica t ion ,  the  s ingu la r  i n t eg ra l  in f12 can be  
ca lcu la ted  d i r e c t l y  (see Section 6). Now let us examine  s o m e  p a r t i c u l a r  e a s e s  of baff le  loca t ion  and m a g -  
net ic  f ield d i s t r ibu t ion  d o w n s t r e a m  of the e l e c t r o d e s .  

4. If the channel  has  no baf f les  (n = 1), then (2.9), (2.14), (3.9) take  the f o r m  
i]~ Ti 

_ _  4 I b(r (4.1) (I)-~c-t- 21n2 , 131= ~ -  

0 

b ($) ~ b [z(~)], s i n ~ = e x p ( ~ x / H )  

F o r m u l a s  (4.1) co inc ide  with the c o r r e s p o n d i n g  f o r m u l a s  of [4], obtained by mapping  the  upper  ha l f -  
plane u > 0 onto a r ec t ang l e  and subsequent  solut ion of the p r o b l e m  by the F o u r i e r  method .  F o r  a channel  
with a s ingle  pa i r  of baf f les  (n = 2), the f o r m u l a s  f o r  fl 1 and fl 2 co inc ide  with the c o r r e s p o n d i n g  f o r m u l a s  
of [51. 

5. Baff les  a r e  in se r t ed  r igh t  up to the  e l ec t rode  zone (# = 0). In this  c a s e  it fo l lows f r o m  (2.9) that  

~ - -  c -t- 21n2 ~ (5.1) 

This  co inc ides  with the  c o r r e s p o n d i n g  e x p r e s s i o n  of [6]. Since in th is  c a s e  b(n0) has  the per iod  
~r/n(Tn(0) = c o s  nO ), it fol lows f r o m  (2.14) tha t  

,/, ~ 1/.  

n• 2 J I V  - -  O b (nO) tg (nO) d (nO)= b (~p) ~p cgg ~p dip -- l~,0n 
0 0 

(5.2) 
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Simi la r ly ,  f r o m  (3.9) 

132 = ~2o / n (5.3) 

H e r e  /310 and/32o a r e  the c o r r e s p o n d i n g  coef f ic ien ts  fo r  the channel  without baff les  of width H / n .  This  
r e s u l t  is obvious.  In fact ,  just  as was  done in [6] f o r  the c a s e  V = 0 ,  it can  be shown that  the e l ec t r i c  f ield 
d i s t r ibu t ion  pa t t e rn  has the  p e r i o d  H / n  in y and the  s t r a igh t  l ines  connect ing  the  r igh t  ends of the  l e f t -  
hand baf f les  with the  left ends of the  c o r r e s p o n d i n g  r i gh t -hand  baf f les  a r e  equipotent ia ls  which divide the 
en t i r e  channel  into n ident ica l  subchanne ls  of width H / n ,  connec ted  in s e r i e s  e l e c t r i c a l l y ;  hence  (5.2) and 
(5.3) follow. 

6. Let  us c o n s i d e r  as  an e x a m p l e t h e  s imp le s t  c a s e  of magne t i c  f ield spec i f i ca t ion  d o w n s t r e a m  of 
the e l e c t r o d e s  

b (x) = {i0 for 0 < x < :  p~ 
for w<O (6.1) 

F r o m  (2.14) a f te r  in tegra t ion  by p a r t s  we obtain 
0 

(6.2) 
H r t~2 ,] ~, a ] 

0 

F u r t h e r ,  us ing  the known f o r m u l a s  f o r  the ca lcu la t ion  of the l imit ing va lues  of the Cauchy  type  in-  
t eg ra l ,  we obtain f r o m  (3.7) 

0 n 0 

~--~'21z ~2 arcsin t ' ~ - (  i - H  zt a ~2 arcs]n+)~1 q _ ~ 4  V'~;ln'Tn(~)da~.,~a2cos2~_iq_ 4 ~ FIc r InTn(")d ,  (6.3) 
- ~  J cose--cos~ 

0 k~1 0 

F i g u r e  3a, b shows the coef f ic ien ts  /31 and/32 as a funct ion of p / H  fo r  d i f ferent  va lues  of n, ca lcu la ted  
us ing (6.2) and (6.3). 

7. F r o m  (6.2) and (6.3) we can obtain the  e x p r e s s i o n  fo r  the Joule  l o s se s  Q in the case  in which all  
the channel  walls  a r e  insulated,  pa s s ing  to the  l imit  as p / H - "  ~ ( a ~  ~) .  In this  c a s e  

Q = oE~l~ (7.1) 

where  

1 1 

4 ~ln ~T n(x -1) dx 8 i .~= lim (~-.--~j)= n.-#~T~j ~ - s  .n--~--~ z Sn(x) lnTn(x-1)dx 
p. / H--~r 

~.~ o 

n 
S n (x) ~--- ~ ]'t/~] Arcth[ ~ I -x (7.2) 

~ --x'V k 

The va lues  of T k a r e  given by (1.5). F i g u r e  4 shows [3 as a funct ion of the n u m b e r  of baff les ,  ca l -  
cula ted us ing (7.2). F o r  l a rge  v a l u e s o f n  (n > 15)/3 =2 In 2/nTr. We note that  f o r  n = l  and n = 2  (7.2) c o -  
inc ides  with the c o r r e s p o n d i n g  e x p r e s s i o n s  obtained in [7, 8], with the sole  d i f f e rence  that  the value  of/3 
f r o m  (7.2) is twice  as  l a rge  as  the value  of [7, 8], s ince  the to ta l  l o s s e s  at the inlet to and exit  f r o m  the 
magne t i c  field w e r e  taken into account .  

8. If the  c o n s t a n t - m a g n i t u d e  magne t i c  f ield is r e m o v e d  to the d i s tance  p + Ap d o w n s t r e a m  f r o m  the 
e l ec t rodes ,  where  A# > 1.3 H/n ,  and then the f ield decays ,  fol lowing any law, the va lues  of the coef f ic ien t s  
/31 and/32 a r e  feund as fo l lows.  To find the coeff ic ient  /31 we can a s s u m e  that  the f ield is cons tant  along 
the en t i r e  channel ;  then, as  shown in [6], the e x p r e s s i o n  fo r  the d i m e n s i o n l e s s  c u r r e n t  has  the f o r m :  
(1 -K)~ .  C o m p a r i n g  this  las t  e x p r e s s i o n  with (1.26), we find that  in the  p r e s e n t  case /31  = 4 , - c .  The c o -  
eff icient  

82 = q~ - -  c § n~o 

is found s i m i l a r l y .  

H e r e  fi 0 a r e  the d i m e n s i o n l e s s  Joule  l o s s e s  in the  subchannel  of width H/n  with insula ted wai ls  in 
the reg ion  of  magne t i c  f ield va r i a t ion  (at the d i s t ance  p + Ap d o w n s t r e a m  f r o m t h e  e l e e t r o d e s ) , w h i c h (  ~nbe 
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found using the formulas  obtained in [9]. Thus, f rom the viewpoint of obtaining the maximal  removable  
power and maximaI  efficiency the following channel and magnetic field geometry  will be optimal: p > 1.3H, 

p. > 1.3 H/n. In this case the end zones make maximal  contribution to the removable power, and the Joule 
losses in the zone of nonuniformity of the magnetic field are  minimal.  (The lat ter  statement is vaIid only 
within the f ramework  of two-dimensional  theory.  As shown in [11], in acconnting for  the th ree -d imen-  
sional nature of the problem, there  ar ise  additional JouIe losses  which increase  with increase  of the mag-  
netic field removal  downstream f rom the e lectrodes ,  which is associated with c losure  of the currents  through 
the boundary layer  in the plane of the channel c ross  section.) 

Thus we obtain the following expressions for  the power Pl =UI, which can be taken f rom the electrodes 
and is developed in a channel of e lect romagnet ic  power 192 and e lect romagnet ic  efficiency 77: 

P l  --" crE~K [cG1 - -  K ~  .-}- ~51], P2 = erE2 [c (G2 - -  KG1) - -  K ~ I  -l- ~ ]  

P, ~R(eOI "b ~i) 

Here R is the load res is tance .  Expressions (2.14) and (3.9) for the coefficients /31 and/32 are  only 
valid, s t r ic t ly  speaking, for the channel with infinitely long electrodes .  However, in pract ice  these fo rmu-  
las can be used to calculate the end effect in channels with finite but quite long electrodes,  when the mutual 
influence of the p rocesses  at the entrance to and exit f rom the channel can be neglected. For  channels 
without baffles this holds for  any c > 1 [4]. Moreover ,  introduction of baffles into the channel reduces the 
scale of the e lectr ic  field nonnniformity zone at the entrance to and exit f rom the channel, and therefore  
we can assume that the formulas  obtained for/31 and/32 are  c lear ly  valid for channels with c > 1. 

In conclusion, we note that all the formulas  obtained above are  valid for the channel operating in 
other (pump, decelerator)  regimes ,  as well as in the genera tor  reg ime [10]. 
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