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We examine  unsteady p l a n e - s y m m e t r i c  and a x i s y m m e t r i c  mot ions  of a t he rma l ly  conductive gas of 
finite conductivity in a magnet ic  field normal  to the di rect ion of motion of the med ium.  

We seek  a solution with ve loc i ty  field having a l inear  dependence on the space  coordinate .  The 
resu l t ing  s y s t e m  of equations is solved by separa t ion  of va r i ab l e s .  

Some numer ica l  calculat ions a r e  p resen ted  for  the p rob lem of p l a n e - s y m m e t r i c  expansion of a con-  
ducting gas in a magnet ic  f ield in the case  in which the e l ec t r i c  and the rmal  conductivi t ies depend only on 
the t empera tu re~  Dis t r ibut ions  of the t e m p e r a t u r e ,  densi ty,  and magnet ic  field a c r o s s  the l a y e r  sect ion 
a r e  p resen ted  as a function of magnet ic  Reynolds number  and d imens ionless  the rma l  conductivity.  

We examine  one-d imens ional  p l a n e - s y m m e t r i c  and a x i s y m m e t r i c  expansions of a conducting gas in 
a magnet ic  field d i rec ted  along the Z axis (perpendicular  to the d i rec t ion of gas motion).  At the initial 
t ime  t = 0 the gas occupies  the space  - a 0  ~ x -<a0 between two planes (in the p l a n e - s y m m e t r i c  case) or is 
a cyl indrical  column of rad ius  a0, infinite along the Z axis .  

The following assumpt ions  a r e  made .  

1) The gas sa t i s f ies  the ideal gas equation of s ta te  and the v i scos i ty  is ze ro .  

2) The d i sp lacement  cu r ren t s  a r e  negligibly sma l l .  The magnet ic  field a t  the outer  edge of the con-  
ducting gas can be specif ied without examining the in vacuo wave p r o c e s s e s  (quasis ta t ionary e l e c t r o -  
magnet ic  field).  

2) The e l ec t r i c  conductivity cr~ and the rma l  conductivity ~1 of the gas depend on the t e m p e r a t u r e  and 
densi ty following power - law re la t ions  

(1) 

4) We examine  uni form expansion with the veloci ty  Vx = xa '  (t)/a (t), which depends l inear ly  on the 
space  coordinate .  Here  a(t) is the unknown law of motion of the gas boundary.  

Under these  assumpt ions  the d imens ion less  MttD equations in Lagrang ian  coordinates  (~, "1") have the 
f o r m  
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H e r e  R m i s  the  m a g n e t i c  R e y n o l d s  n u m b e r  

f l  ~ 8~,otoRTo __ 8g (n --  t) ~oTo 
a~Ho~cv voaoHo ~ 

The  d i m e n s i o n l e s s  p r e s s u r e  p and d e n s i t y  p a r e  ob t a ined  b y  r e f e r r i n g  the d i m e n s i o n a l  quan t i t i e s  to 
the s c a l e s  

Ho ~ Po __ Ho ~ 
po = -~-~-, ~o= RT--~ 8 n R T o  

We take  as  the H0, T o s c a l e s  the m a g n e t i c  f i e ld  i n t e n s i t y  and gas  t e m p e r a t u r e  a t  the  o u t e r  b o u n d a r y  
a t  the  t i m e  t = 0, the c h a r a c t e r i s t i c  v e l o c i t y  v 0 is  the s p e e d  of sound  4 u R T  0 c o r r e s p o n d i n g  to the t e m p e r a -  
t u r e  T o . 

In the p l a n e - s y m m e t r i c  c a s e  y = 0, in  the  c y l i n d r i c a l  c a s e  y = 1. F r o m  (2.1) 

(~) (3) (~, ~)-- ~+~ (~) 

A f t e r  s u b s t i t u t i n g  (3) and  c o n v e r t i n g  to the  new func t ions  

h (~, ~) = ~+~1 (~, ~), o.(~, ~) = ~(~+~)(~-~)o~ (~, ~) (4) 

the  r e m a i n i n g  equa t ions  (2) t ake  the  f o r m  

" 0 [ h2(~, ~) ] Oh ~t(Y+l)[n(x 1)+r]-2 0 [ ~'f Oh] 

0r ~ o ~  TM \ -~ -1  U r  (~) ~ 

�9 (~) 

We s e e k  the p a r t i c u l a r  so lu t ion  of (5) by  s e p a r a t i o n  of v a r i a b l e s ,  a n a l o g o u s  to [1]. 

In [2] t h i s  a p p r o a c h  was  u s e d  to ob t a in  the  so lu t i on  of the s u b j e c t  p r o b l e m  wi thou t  a c c o u n t  fo r  t h e r m a l  
conduc t i v i t y .  Th i s  s o l u t i o n  was  c h a r a c t e r i z e d  by  the r e q u i r e m e n t  fo r  e x i s t e n c e  of  an  e x t e r n a l  b a c k p r e s s u r e  
p r o p o r t i o n a l  to the  m a g n e t i c  p r e s s u r e .  The  so lu t i on  wi thout  b a c k p r e s s u r e ,  i . e . , e x p a n s i o n  into a v a c u u m ,  
could  no t  e x i s t  b e c a u s e  of f in i te  Jou le  h e a t  r e l e a s e  a t  the  o u t e r  b o u n d a r y  (the c onduc t i v i t y  depended  only  
on the t e m p e r a t u r e )  fo r  z e r o  d e n s i t y  of the  m e d i u m ,  t h e r e f o r e  in  the  a b s e n c e  of t h e r m a l  conduc t iv i t y  the  
t e m p e r a t u r e  cou ld  not  be bounded  a t  the o u t e r  b o u n d a r y .  A c c o u n t  f o r  t h e r m a l  c onduc t i v i t y  m a k e s  i t  p o s s i b l e  
to ob ta in  the  s o l u t i o n  f o r  the c a s e  of e x p a n s i o n  into a v a c u u m  as  w e l l .  

L e t  
(~, ~) = ~ ( ~ ) ' z  (~), 0 (~, ~) = v (~) x (~) 

Then  f r o m  (5.4) 

Subs t i tu t ion  of (6) into (5) y i e l d s  

~• (v+~)-v~t" __ t r 
v(~) ~ r  (~) [(r q 

v(~) 

p (~, ~) = a) (~) x (~) i~(.,+ o (~) 

G~ (v) ~(~ 1)(• ] vn ('g) J [ ] 
V (~) (ZD' G' (~) _ U ' ' G ('0 l~(v,])[r+n(z-~)]-2 Rra~ vZ ~ Z' 

V'(T) iff. (v+1)[1-7,:-~.(• 2 ( •  G~(v)~.Cv+l)[(n+m)(~:-l) +r+k+• (Z')~ -}- ~ (XmOgk~vX') ' 
v(m+I)(T) Rm V n+m+l (I:) X Xn+l(T)r+l ~?(~X 

(6) 

(7) 

Here  the  l e f t  s i d e s  of the equa t ions  depend  only  on the v a r i a b l e  ~, the  r i g h t  s i d e s  of (7.1) and  (7.3) 
con ta in  m i x e d  t e r m s .  The func t ions  ~(~), G(T), V0-),  5($) ,  X(~), Z ($) t a k e n  t o g e t h e r  w i l l  s a t i s f y  (7) ff the  
func t ions  of 7 and the func t ions  of ~ i n d i v i d u a l l y  s a t i s f y  the  fo l lowing  s y s t e m s  of equa t ions  

~(v+l)-v (~)v-1 (~) ~. = N1, 6 ~ (~) V -I (~) I ~(v+l)(~-~) = i 

G-~ (~) V ~ (~) ~-(v+l)[r+~(~-l)] G' (~) = N~, V-(~+l)(~) ~2 (v+l)[~-k-m(~-l)] V, (V) = N~ (8) 

G~ (~) V -(~ ~+1) ~(v~ ~)[(~ ~)(x-~)~r+t~+• = 1, (OX)' + (Z~-) ' = --  N~• (~) 
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zr~J / / 

! / / 

F i g .  I 

g. 

F i g .  2 

t [ ~ z,]=N~, 2 ( •  ( x m o k r  ' 
R~Vz ~ R~ x.~1~,~1 + ~ Uox --- N, (9) 

H e r e  N1, N2, N 3 a r e  c ons t a n t s ;  on the b a s i s  of (10) the  c o n s t a n t s  in  (8.2) 
and  (9.5) equa l  un i ty .  In (9) the  n u m b e r  of equa t ions  is  equal  to the  n u m b e r  of 
unknowns ,  the s y s t e m  (8) con t a in s  f ive  equa t i ons  fo r  the t h r e e  unknowns # 0 %  
G 0-), V0-); t h e s e  equa t ions  a r e  c o m p a t i b l e  only  fo r  c e r t a i n  l i m i t a t i o n s  i m p o s e d  
on the c o n s t a n t s  NI, N2, N3, and the p h y s i c a l  p a r a m e t e r s  u, n, m,  r ,  k .  We note  
tha t  (8) and  (9) a r e  not  the on ly  p o s s i b l e  s y s t e m s .  S p e c i f i c a l l y ,  f r o m  (7) we can  
o b t a i n  a s y s t e m  of f ive  equa t ions  f o r  the  t h r e e  func t i ons  of ~; in th is  c a s e  a 
s y s t e m  of t h r e e  equa t ions  is  ob ta ined  fo r  the  func t ion  of T. H o w e v e r ,  s tudy  of 
the  r e s u l t i n g  equa t i ons  showed  tha t  t h e i r  c o m p a t i b i l i t y  i s  p o s s i b l e  fo r  l i m i t a t i o n s  
w h i c h  m a k e  the  s o l u t i o n s  t r i v i a l  (for e x a m p l e ,  the s o l u t i o n  wi th  z e r o  m a g n e t i c  
f i e l d  g r a d i e n t ) .  

The  func t ions  #(~), G(T), V(T) m u s t  s a t i s f y  the i n i t i a l  cond i t ions  

(0) = ~, ,~' (0) = ~ M0, ~ (0) = l 

V (0) = t (M0 --  '1 -~ It=0) (10) 

H e r e  M 0 i s  the  Mach n u m b e r  fo r  t = 0. 

T h e  func t ions  4)(~), X(~), Z (~) m u s t  s a t i s f y  the  b o u n d a r y  cond i t i ons  

z ' (0 )=0 ,  o ( l ) = 0 ,  x ( t ) = t ,  z O ) = l ,  xmokX'l.~=l----0 (11) 

The  cond i t ions  (11.2) and  (11.5) c o r r e s p o n d  to the  p r o b l e m  of e x p a n s i o n  o r  c o n t r a c t i o n  of a l a y e r  in 
v a c u u m ,  when the d e n s i t y  of the m e d i u m  and the t h e r m a l  f lux a t  the o u t e r  b o u n d a r y  equal  z e r o  ( r a d i a t i o n  
i s  not  c o n s i d e r e d ) .  

T u r n i n g  to the  s tudy  of  (8), we m u s t  e x a m i n e  s e v e r a l  c a s e s  s e p a r a t e l y .  

A .  Case  N 3 = N 2 = 0. Th i s  c a s e  c o r r e s p o n d s  to 0 h / 0 r  = 0, 00/0T = 0 in (5). In th i s  c a s e ,  n a t u r a l l y ,  

ah.__s ~ O, ool 4:0 
0~ 0T 

The c o m p a t i b i l i t y  cond i t i ons  fo r  (8) wi th  N 2 = N 3 = 0 i m p o s e  two l i m i t a t i o n s  on the p h y s i c a l  c o n s t a n t s  
u ,  n, m,  r ,  k 

•  n § 2 4 7  (12) 

The  c o n s t a n t  NI i s  a r b i t r a r y .  F o r  the func t ions  G (~) and V 0-) we ob t a in  the  so lu t i ons  

a (~) _= t, v (z) ~ i (13) 

F o r  #0") we ob t a in  the  s e c o n d - o r d e r  d i f f e r e n t i a l  equa t ion  bt 2+ Y~t, = 1~1, which  can  be i n t e g r a t e d  once  
and  wi th  a c c o u n t  fo r  the  cond i t i ons  (10) can  be  w r i t t e n  in the f o r m  

The n a t u r e  of the s o l u t i o n  #0") a s  a func t ion  of the c o n s t a n t  N l and  the i n i t i a l  v e l o c i t y  #T (0) can be  
i n v e s t i g a t e d  i m m e d i a t e l y  f r o m  th i s  equa t i on .  

If N 1 > 0, pT (0) = M 0 > 0, then  #0-) i n c r e a s e s  m o n o t o n i c a l l y ,  and  

(M* = ]/ Moe § 2N1/ (1 +.;)) (15) 

F o r  N l > 0, ~(0) = -- M 0 < 0 the  func t ion  #(v) i n i t i a l l y  d e c r e a s e s ;  upon r e a c h i n g  the v a l u e  Pmin 

' l+v _ 2N1 ~ i )  
0 ~ ~tmirt (i § ~') M0 ~ § 2N1 

the  v e l o c i t y  P~ (7) b e c o m e s  equa l  to z e r o  and t h e r e a f t e r  #(q-) b e g i n s  to i n c r e a s e  m o n o t o n i c a l l y ,  and  the 
v e l o c i t y  #T ('r) a p p r o a c h e s  a s y m p t o t i c a l l y  the  s a m e  m a g n i t u d e  #Vma x = M* as  in the  c a s e  N 1 > 0, #T (0) = M 0" 
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~,o,~ z ~ ~ ~ '  

; /  
---'---": / 

o.z o 

F i g .  3 

L e t  N~ < 0 and the quan t i ty  1V[o 2 + 2N 1/(1 + ~) < 0. if in th i s  c a s e  #' (0) = 
M 0 > 0, #(~) i s  a m o n o t o n i c a l l y  i n c r e a s i n g  func t ion  and #' (~') ~ M* < M 0 as  
~" ~ ~ .  H o w e v e r ,  if  P' (0) = - M 0 < 0, # i f )  d e c r e a s e s  m o n o t o n i c a l l y  and  r e a c h e s  
the  va lue  # = 0 fo r  which  #' (~-) = - ~ .  F o r  m o r e  c l a r i t y  the a p p r o x i m a t e  n a t u r e  
of  the c u r v e s  #(v) fo r  the  c a s e s  b e i n g  c o n s i d e r e d  i s  shown in F i g .  1. H e r e  the  
r e l a t i o n s  fo r  Nl < 0 a r e  shown da she d ,  t hose  fo r  the c a s e  N l > 0 a r e  shown by 
the cont inuous  c u r v e s .  The n a t u r e  of the  c u r v e s  f o r  the  c a s e  Nl < 0, Mo 2 + 
2N1/(1 +2/) < 0 i s  shown in F i g .  2. 

Hence  we s e e  tha t  fo r  g' (0) = M 0 > 0 the quan t i t y  #(~') f i r s t  i n c r e a s e s ,  
r e a c h e s  the m a x i m a l  va lue  #max ,  then  f a l l s  to z e r o ,  and  

I ~---~-w~ 

!_~~..,~--~-~~-~i~ =~ ~ - - - - - ~  . . . .  ~ 
i , i 

o ~ 

F i g .  4 

I 

I 

_ 2Ni 
~l~ax (1 + 7) [Mo ~ + 2N~/(I + "~)] > t 

F o r  the  c a s e  of mo t ion  wi th  ax i a l  s y m m e t r y ,  i~ f o r  ~/= 1, (14) can  be  
i n t e g r a t e d .  We ob ta in  

(, Ni q- [MOMo 2-~ (M~ Nid- Ni) ~]2 ,,~/~) (~) 

H e r e  the  plus sign corresponds to a p o s i t i v e  i n i t i a l  v e l o c i t y  #' (o) = M 0 > 0, 
the  minus  s i g n  c o r r e s p o n d s  to the c a s e  #' (0) = - M 0 < 0. 

Thus  we s e e  tha t  the  n a t u r e  of the  mo t ion  of the  conduc t ing  p l a s m a  b o u n d -  
a r y  v a r i e s  o v e r  qu i te  wide  l i m i t s ,  depend ing  on the a r b i t r a r y  c o n s t a n t s  N l and 
the magn i tude  of the  i n i t i a l  v e l o c i t y  #' (0) = =L M0. It  i s  e a s y  to s e e  f r o m  (3), (4), 
(6), and  (13) tha t  the  t i m e  v a r i a t i o n  of the  dens i t y ,  t e m p e r a t u r e ,  and  m a g n e t i c  

f i e l d  i n t e n s i t y  a r e  d e t e r m i n e d  by  the func t ion  #(~-); wi th  i n c r e a s e  of p(T) a l l  t h e s e  p a r a m e t e r s  d e c r e a s e ,  
wi th  d e c r e a s e  of #(~-) t hey  i n c r e a s e .  S p e c i f i c a l l y ,  the  r e g i o n  of c o l l a p s e  of the  o r i g i n a l  s tug  to z e r o  d i m e n -  
s i o n s  c o r r e s p o n d s  to i n c r e a s e  of the  e x t e r n a l  m a g n e t i c  f i e l d  to infinity;, in th i s  c a s e  t h e t e m p e r a t u r e  and 
d e n s i t y  of the  m e d i u m  a l s o  i n c r e a s e  to in f in i ty .  We note  tha t  the  Mach  n u m b e r ,  b a s e d  on the  b o u n d a r y  
v e l o c i t y  and t e m p e r a t u r e  a s  fo l lows  

da / dt ~" (T) 
M ]/r:+:--R-T(~ = t) ] + r ~  = IX' (T) ]ff~(w 1) (V) , 

a p p r o a c h e s  in f in i ty  wi th  in f in i t e  e x p a n s i o n  of  the  s l u g  r e g a r d l e s s  of the i n i t i a l  va lue  of M 0. 

We t u r n  to the equa t ion  (9) f o r  the func t ions  of ~ in the  c o n s i d e r e d  c a s e  (A) N 2 = N 3 = 0. In th i s  c a s e  
the  equa t ions  (9.2) and (9.3) can  be i n t e g r a t e d  once 

~ 2c1 z (16) XnOr Z" ~ C1, ~- ~XmO~'~X ' ~ C~ 

H e r e  C 1, C2 a r e  c o n s t a n t s  of i n t e g r a t i o n .  

F u r t h e r  i n t e g r a t i o n  of (9.1), (16) f o r  a r b i t r a r y  p a r a m e t e r s  n, m,  r ,  k,  u ,  % s a t i s f y i n g  the cond i t ions  
(12) i s  d i f f i cu l t .  Below we  c o n s i d e r  a s  an  e x a m p l e  one of the  p a r t i c u l a r  c a s e s  n = 1, m = k = r = 0, ~/= 0. 

F r o m  the equa t ions  (9.1), (16) and the b o u n d a r y  cond i t ions  (11) 

x(~) = sin 1/2 uL z(~)= 1 - - V % ~ R m c o s l / 2 a  ~ 

e~n~1(~) i i ~d8 (17) (I)(~)=~ ] / i - ~ R  m sinl/2~ [ i -  V'i/----~mcos~/+.n~]e~Nd(~)d~ , ](~)= sin~/2~ 

We s e e  f r o m  (17) tha t  fo r  g~/2 ~Hm > 1 the  m a g n e t i c  f i e ld  n e a r  the  p l ane  of  s y m m e t r y  h a s  a d i r e c t i o n  
o p p o s i t e  tha t  of the  e x t e r n a l  f i e ld .  The  d e n s i t y  in the  p l a n e  of s y m m e t r y  i s  in f in i t e  and  �9 (~) > 0 only f o r  
v a l u e s  of ~ / /2~Rm,  not  e x c e e d i n g  the  c r i t i c a l  v a l u e .  F o r  N i = 0, i . e . ,  fo r  mo t ion  wi th  c o n s t a n t  v e l o c i t y ,  
we s e e  e a s i l y  f r o m  (17.3) tha t  the  c r i t i c a l  v a l u e  equa l s  two.  

This  m e a n s  tha t  the r e s u l t i n g  so lu t i on  i s  p h y s i c a l l y  mean ingfu l  only  fo r  0 < ~/t/2~R m < 2. We a l s o  
note  tha t  th is  s o l u t i o n  i s  c h a r a c t e r i z e d  by  the  p r e s e n c e  of h e a t  r e m o v a l  in the  p l a n e  of s y m m e t r y ,  w h o s e  
i n t e n s i t y  i s  de f ined  by  the quan t i ty  
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B. Case  N 2 r 0, N 3 ;~ 0, n + m ~ 0. In  th i s  c a s e  the s i m u l t a n e o u s  s o l u t i o n  
of (8), s a t i s fy ing  the condit ions (10), has the f o r m  

Ix (~) = [f -I- I l '  (0) s'~] 11~ (s = 2 -t- (~ H- i) [n (k - -  i) --mr]~ 
, n + m - )  

O (v) = [1~ (v)] <Y*~)(~+~r+~-~)/2(~+~), V (v)=[l~ (~)l (~-~ ~)[(~+-0(• ~1t( ....... ) (18) 

F o r  c o m p a t i b i l i t y  of the  s y s t e m  (8) the p h y s i c a l  c o n s t a n t s  n, m,  k ,  r ,  u ,  
% m u s t  s a t i s f y  the r e l a t i o n  

(7 -t- I R r  -t- k - -  I -I- 2 [n (k - -  i) - -  mr]) -~ 2 (n -i- m) = 0 (19) 

The  c o n s t a n t s  N1, N2, N 3 a r e  de f ined  un ique ly  in  t e r m s  of n, m,  k ,  r ,  ~<, % Ix' (0) 

N ~ =  ( T - i - i ) ( n - ~ - m ' p ' r - i - k - t )  ll" (O ) 
2 (n -~- m) 

N s =  (7 -~- l)  [(n -~- m) (u - -  t )  -~ r -~ k - -  t ]  ~ ' ( 0 )  
n A - m  (20) 

We note  tha t  i f  NI = 0, (20.1) y i e l d s  the  connec t ion  b e t w e e n  the p h y s i c a l  c o n s t a n t s  n, m,  k ,  r ,  7, in 
th i s  c a s e  the  need  f o r  the cond i t ion  (]9) d i s a p p e a r s .  

The  s y s t e m  of equa t ions  (9) wi th  the  c ond i t i ons  (11) can  be i n t e g r a t e d  n u m e r i c a l l y  on a c o m p u t e r .  
The  n u m e r i c a l  r e s u l t s  p r e s e n t e d  b e l o w w e r e  ob t a ined  f o r  the  p l a n e  s y m m e t r i c  c a s e  (~ =" 0) f o r  k = r = 0, 
m = 1/2, n = 3/2 ( i .e . ,  cr ~ T 3/2, X NT1/2),  ~ = 5/3 [ these  c o n s t a n t s  s a t i s f y  the condi t ion(19)] .  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 v a r i e s  f r o m  1 to 10, the p a r a m e t e r  rl c h a r a c t e r i z i n g  the  t h e r m a l  conduc t iv i t y  t a k e s  
the  v a l u e s  0.1 and 0.5. 

F i g u r e s  3, 4, 5 show the s p a t i a l  d i s t r i b u t i o n s  r e s p e c t i v e l y  of the m a g n e t i c  f i e l d  i n t e n s i t y ,  gas  dens i ty ,  
and  t e m p e r a t u r e  f o r  M 0 = 0.5 fo r  d i f f e r e n t  R m and two v a l u e s  of ~7. The  d a s h e d  c u r v e s  a r e  fo r  ~ = 0.1, 
con t inuous  c u r v e s  a r e  fo r  I2 = 0.5.  F o r  R m = 1 the  func t ions  Z(~),  @(~) f o r  ~ = 0.1 and ~ = 0.5 p r a c t i c a l l y  
c o i n c i d e ,  t h e r e f o r e  they  a r e  shown by a s i n g l e  c u r v e  in F i g s .  3 and 4. We s e e  f r o m  F i g .  5 tha t  f o r  R m = 
10 t h e r e  i s  a t e m p e r a t u r e  g r a d i e n t  in the  p l a n e  of  s y m m e t r y ,  and  the t h e r m a l  f lux i s  d i r e c t e d  f r o m  the 
p l ane  of s y m m e t r y .  Thus ,  the  s o l u t i o n  o b t a i n e d  i s  c h a r a c t e r i z e d  by  the p r e s e n c e  of a p l a n a r  hea t  s o u r c e .  
F o r  s m a l l e r  v a l u e s  of R m the  t e m p e r a t u r e  g r a d i e n t  in the  p l ane  of s y m m e t r y  b e c o m e s  so  s m a l l  tha t  i t  
canno t  be  shown in the f i g u r e s .  

C a l c u l a t i o n s  wi th  R m  = 2, ~ = 0.5 fo r  v a l u e s  of M 0 f r o m  0.1 to 2 w e r e  m a d e  to c l a r i f y  the  in f luence  
of M 0 on the  func t ions  Z (4), 4~(~), X(~).  A l l  the c u r v e s  d i f f e r e d  v e r y  l i t t l e  f r o m  those  ob t a ined  fo r  M 0 = 0.5, 
t h e r e f o r e  they  a r e  not p r e s e n t e d  in g r a p h i c a l  f o r m .  

It  i s  not  d i f f i cu l t  to note  t ha t  fo r  a l l  the  p a r a m e t e r  v a l u e s  e x a m i n e d  the t e m p e r a t u r e  had  a m a x i m u m  
a t  the  o u t e r  b o u n d a r y ;  the s a m e  s o r t  of t e m p e r a t u r e  d i s t r i b u t i o n  o c c u r s  in the  a b s e n c e  of t h e r m a l  c o n -  
d u c t i v i t y  [2]. The  o c c u r r e n c e  of  a h i g h - t e m p e r a t u r e  l a y e r  ( T - l a y e r )  was  d i s c o v e r e d  in  [3], and the T - l a y e r  
is  not  n e c e s s a r i l y  l o c a t e d  a t  the  o u t e r  b o u n d a r y  of the  expand ing  s lug .  The  p a r t i c u l a r  s o l u t i o n s  ob t a ined  in 
the  p r e s e n t  s t u d y  a l s o  p e r m i t  h a v i n g  the m a x i m a l  t e m p e r a t u r e  w i th in  the  l a y e r  ( i .e . ,  f o r  ~ < 1); fo r  th is  to 
o c c u r ,  in  p l a c e  of the  cond i t ion  (11.5) fo r  a b s e n c e  of t h e r m a l  f lux  a t  the  o u t e r  b o u n d a r y  i t  i s  n e c e s s a r y  to 
e x a m i n e  the cond i t i on  xm~$ 'X '~  = ~ = q < 0, wh ich  a c c o u n t s  fo r  the  p o s s i b i l i t y  of h e a t  t r a n s f e r  f r o m  the 
o u t e r  b o u n d a r y  ( r ad i a t i on ) .  Th i s  i s  m o s t  r e a d i l y  s e e n i n  c a s e  (A) f r o m  the equa t i ons  (9.1) and  (16). 
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