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The plasma is inviscid, cool, and not thermally conducting; it flows in 
a cl~annel of constant cross section. The solution ts derived by the small- 
parameter method, for which purpose the magnetic interaction N is 
used. There have been previous studies of the transient-state flow of an 
inviscid and thermally nonconducting plasma in crossed electric and 
magnetic fields [1-3]. A plasma of infinite conductivity has been con- 
sidered [1], as well as flow involving entropy change in an MHD system 
with strong electromagnetic fields [2, 3]. 

Cons ide r  the o n e - d i m e n s i o n a l  nons t a t i ona ry  flow of 
an inv i sc id  p l a s m a  that conducts e l e c t r i c i t y  but not 
heat ,  which has a sma l l  magne t i c  Reynolds n u m b e r  
(R m << 1), in a channel  of cons tan t  c ro s s  sec t ion  in an 
MHD conve r t e r .  
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The sys t em of d imens ion l e s s  equat ions for magne t ic  
gasdynamics  takes the form 

op o (pv) O, ov o~ op N ] B  , 

o k p + _ ~ _  = o k p §  + p v - ~  k - - i  p 
P -~  k - - 1  o 

p = p ( x ) ,  v = v ( x ) ,  p = p ( x )  for  t = 0 ,  

Op 
= ~ - - N i U ,  

] = z ( v B - - U ) ,  ~ = z ( p ,  p), N=z0LB0~/p0v0, (1) 

in which N is the p a r a m e t e r  for  the magne t i c  i n t e r -  
action.  The d imens ion le s s  quant i t ies  in ( 1 ) a r e  i n -  
t roduced via  the following re la t ions  : 

z' Y' = 1 ,  b =  b' r x = - L - - '  Y=--L- -L-' l = - z - '  

v" __ P" l a' t'vo 
v = - -  , P - ~ 7  ' P = ~ t = - -  i,'o 90v02 ' L 

~ t  ~, 

B = -~o , z = - ~ o  , T =  T ' I T o ,  

] = ]'/ZovoBo, U -=- U ' / L B o v o ,  R = R ' z o L  , (2) 

in which R is the r e s i s t a n c e  of the load, while the 
other  symbols  a re  as usual .  The s u b s c r i p t  0 denotes 
quant i t ies  at the en t r ance  to the channel .  

In the genera l  case ,  sy s t em (1) m u s t  be supp le -  
men ted  by re la t ionsh ips  for the c o m p r e s s o r ,  the exit  
s y s t e m ,  and the total  c u r r e n t  I as a function of load 
voltage.  

Here  we c o n s i d e r  only (1), with the fol lowing in i t ia l  
and boundary  condi t ions:  

p = F x ( t ) ,  p = F a ( t )  for  ~=0,  

p = F 3 ( t )  f o r z = l ,  (3) 

in wh ich  p(x), v(x), and p(x)are  solut ions  to the  s t eady-  
s ta te  p rob l em,  while Fl(t) ,  F2(t), and F3(t ) a re  given 
funct ions .  * 

If B = cons t ,  the voltage U for  continuous e lec t rodes  
is a funct ion of t ime  only, U = U(t); b u t i f B  = B(t), we 
cannot  have U( t ) a s  an a r b i t r a r y  t ime funct ion,  s ince  it 
is dependent  on 13 and on the load r e s i s t a n c e  R. 

We use  the equat ion of mot ion  to t r a n s f o r m  the 
energy  equat ion and also use Ohm's  law to e l imina te  
the c u r r e n t  dens i ty  from (1). Then 

0p 0~ Op 
a--/- -4- p ~ -  -k- v -g-~z = 0, 

Ov Ov , Op - -  N o B  ( v B  - -  U)  p -5/- -t- pv 0~- -t- -~- = 

v ~ . - { - O P  k p o p  k p v Op 
~ -  ~ - ~ - . . ~  T ~  = 

= N ( k - - I ) z ( v B - - U )  2, z = z ( p ,  p). (4) 

System (4) conta ins  the p a r a m e t e r  N, which is 
s m a l l  (N < 1) in many  cases  of p r a c t i c a l  i n t e re s t .  We 
there fore  seek the solut ion as s e r i e s  expansions  of 
the unknown funct ions in powers  of N [4]: 

z = Zo (x, t) + Nz l  (x, t) + NSz~ (x,  t) + . . . .  (5) 

in which z i s p ,  p, o r v ,  z 1 i s  p], Pl, o r v l ,  . . . ,  and 
z 0(x, t) is the solut ion of the nons t a t i ona r y  p rob lem for 
ze ro  field. 
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* The form of the boundary  condit ions is dependent  
on the p rob lem;  for example ,  we ma y  be given thegns  
flow rate  G = G(t), i . e . ,  the r e l a t ion  of veloci ty  to 
densi ty ,  or  a l t e rna t ive ly ,  the r e l a t ion  between the 
p r e s s u r e ,  veloci ty ,  and densi ty ,  or  other  r e l a t ions  
between the p a r a m e t e r s  of the gas at the in le t  and 
outlet .  
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C o n s i d e r  t he  f low in a c h a n n e l  w h e n  t he  g a s  p a r a m -  

e t e r s  a t  i n l e t  and  o u t l e t  a r e  no t  d e p e n d e n t  on t i m e ,  

i . e . ,  F~, F~, a n d  Fa in ( 3 ) a r e  c o n s t a n t s .  T h e n  

Po (x, t) = Po = const,  

p0(x, t ) = l ,  Vo(Z, t ) = t .  

S u b s t i t u t i o n  of (5) i n t o  (4) and  m a t c h i n g  of c o e f f i -  
c i e n t s  f o r  i d e n t i c a l  p o w e r s  of  N g i v e s  us a s e t  of 

l i n e a r  s y s t e m s  of  f i r s t - o r d e r  d i f f e r e n t i a l  e q u a t i o n s  

f o r  the  f u n c t i o n s  z l ,  z2, . . . ,  z n.  F o r  t h e  z l w e h a v e  

Opl Op~ Ovl __ 

o~ - + ~ - +  o ,  - - - '  

Ovl Ov~ _a Op~ ~B (B -- U) 
Ot + ~ - -  Oz - -  

O • F  (Pl -- kpopl) + " 

0 
+ -~- (p~ - -  kpop~) = z (k - -  1) (B - -  U) ~, 

= ~ ( p ,  p ) .  (6) 

F o r  t he  z n w e  m a y  d e r i v e  an  a n a l o g o u s  s y s t e m  in 

w h o s e  r i g h t - h a n d  p a r t  U and  B a r e  a c c o m p a n i e d  b y  

z~, . . . ,  Zn-1 a n d  d e r i v a t i v e s  of t h e s e ,  s o  t he  s y s t e m s  

m a y  b e  s o l v e d  s u c c e s s i v e l y .  
L i n e a r  t r a n s f o r m a t i o n  of t he  u n k n o w n  f u n c t i o n s  [5]  

g i v e s  

Pl = ao (u,~ - -  uh) ,  v~ = w~ + wl, 

p l  = ao -r  (we - -  w O  - -  ao-~wa , (7) 

and  t he  s y s t e m  of e q u a t i o n s  a c q u i r e s  t h e  c a n o n i c a l  

f o r m  

Ow~/Ot§ ~ O w ~ / O x =  A ( i = t ,  2, 3), 

z ( B - - U )  k-- ' l  B], 
Ir = i [-~-o (B -- u) + 

h = ~ ( B -  e [ k - . ~  (B - u)  - B] ,  
2 L ao 

Ia = O ( k - -  i ) ( B - -  U) ~ , ~1 = t - -  a0, 

~ = l + ao, X~ = f (ao = t f k p o ) ,  (8)  

in w h i c h  a o i s  t h e  s p e e d  of s o u n d  a t  t he  e n t r y  to the  

c h a n n e l .  As  a l l  t h e  X i a r e  r e a l  n u m b e r s ,  s y s t e m  (8) 

is  a h y p e r b o l i c  one ,  and  t h r o u g h  e a c h  p o i n t  in t he  x t -  
p l a n e  p a s s  t h e  t h r e e  r e a l  c h a r a c t e r i s t i c s  (F ig .  1) 

d e f i n e d  b y  

dx/dt = i - -  ao (CO, 

dx/dt = t q- ao (C2), dx/dt = i (C3). (9) 

S y s t e m  (8) i s  e q u i v a l e n t  [6] to  a s y s t e m  of  i n t e g r a l  

e q u a t i o n s  

wi(x ,  t) = wi(x~, 0) + f ]idt (10) 
C i 

o r  

w i ( x , t ) = w ~ ( O , t  d +  I A d t '  
o i 

in w h i c h  Ci is t h e  p a r t  of  t h e  c o r r e s p o n d i n g  c h a r -  
a c t e r i s t i c  f r o m  (x, t )  to  t h e  i n t e r s e c t i o n  a t  (xi,  0) o r  
( 0 , t i )  w i t h  t h e  x -  o r  t - a x i s ,  r e s p e c t i v e l y  (F ig .  1). 

T h e  f u n c t i o n s  w i ( x i ,  0) o r  w i ( 0 , t i )  a r e  d e d u c e d  f r o m  
the  i n i t i a l  o r  b o u n d a r y  c o n d i t i o n s .  
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F ig .  3 

K t h e  e l e c t r i c a l  c o n d u c t i v i t y  cr = c o n s t ,  w h i l e  U(t) 

i s  a n  a n a l y t i c  f u n c t i o n ,  t h e n  s y s t e m  (10)  c a n  b e  

i n t e g r a t e d ,  w h i c h  s o l v e s  t he  p r o b l e m ,  b e c a u s e  p, p, 

a n d  v a r e  found  v i a  (7) and  (5). 
ff  t h e  c h a n g e  in  c o n d u c t i v i t y  c a n n o t  b e  n e g l e c t e d ,  

s y s t e m  (10) i s  s o l v e d  b y  s u c c e s s i v e  a p p r o x i m a t i o n ,  

w i t h  t h e  z e r o t h  a p p r o x i m a t i o n  t a k e n  as  a ( x ) ,  t he  r e s u l t  

f o r  t he  s t e a d y - s t a t e  p r o b l e m .  T h e  m e t h o d  of f i n i t e  

d i f f e r e n c e s  [51 m a y  a l s o  b e  u s e d  to s o l v e  s y s t e m  (8). 

As an example we consider the case in which B and o are constant, 
while 

U : U o+at. ( I i )  

We assume that the p~essure and density (temperature) at the inlet 
are constant, while at the exit there is a constant pressure equal to the 
pressure p. for U = U0. 

We use the boundary conditions of (3) and expansion (5) with 

p* = p --R 1/3 py2 ( t  ~- 1/~, pvi / kp) (12) 

to get the boundary conditions for this problem as 

P l =  0, P l =  0 for x =  0, 

P~, = ~ P l +  6P l+Yv l  for x =  l ,  

Px=Pl (X) ,  v l =  vl(x), Pl = Pl(x) for t = 0 (13) 

in which Pl(X), Pl(X), and vl(x ) are derived from the solution to the 
steady-state problem for U = U0, while 

t t t t 
= l - - 8 a d p ~ ,  5 = - g - +  4ao~, ~ ' = 1 + ~ .  

It follows from (7) that 

t i / , gl~ 

w8 = pl - -  a0=p1 . (14) 

Then system (13) allows us to derive the initial and boundary con- 
ditiom for w s as well as the initial conditions for w I and w 2. It is more 
complicated to derive the boundary conditions for w i and w 2. Figure 2 
shows the regions formed by families C I and C 2 of characteristics inthe 
xt-plane. 
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The function wz(xi, 0) is derived via the initial conditions in inte- 
grating (10) in regions 1-3; wl(x i, 0) in regions 1-2 is derived similarly. 
The boundary conditions at x = 0 for w2(0, ti) in regions 2, 4, and 5 are 
derived via (7) and (13) together with the known values of w I in region 
1-2 with x = 0. The boundary conditions at x = l for w 1 in regions 3, 
4, and 6 are derived similarly, and so on. 

After integration of (10) throughout the region of interest via (5)and 
(7), we derive v(x, t), p(x, t), and p(x, t) and calculate the total current, 
the load resistance, and the gas flow rate from 

I (t) = b I i (~, t) d~, a (z, t) = p (~, t) v (z, t ) ,  
o 

l - 1  

R (t) = U (t) {b I [v (z, t) - -  g (t)] d~ t . 
o 

Figure 3 shows results for two modes of variation of U with U 0 = 0. 5: 

l) a I = 0.003, 2) a z = -0 .  004. The characteristic parameters used in 
(2) were 

L =  0.05m,  b ' =  0.05m, l '  = 3mr, 

V0' = 434 m / s e c ,  T 0" = 3023 ~ K, B0' = i.5 Wb/m z, 

n 0' = i00 ohm'* /m "1, p ' =  10 e N/m 2, 

Uo' = 16.2 V, N = 0.0225. 

It is clear that a linear variation in U requires essentially nonlinear 
variation in R, and the variation in G is also nonlinear. The results show 
that there is hysteresis in linear variation from U0 to U and return from 

U to U 0 by the same law, i . e . ,  to a given voltage there correspond 
different values of the velocity, pressure, gas flow rate, and drawn 
power. 
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