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Invest igat ion r e s u l t s  a r e  p resen ted  of one dimensional  d is turbances  of no rma l  f l ame  of e l ec -  
t r i ca l ly  conductive gas  in a magnetic  field; higher combust ion s tabi l i ty  is es tabl i shed due to 
a s tabi l iz ing effect  of the f ield.  

In [1] one d imensional  s tabi l i ty  was invest igated of gas combust ion in which the effect  has been  taken 
into account of the in ternal  s t ruc tu re  of the f lame on the combustion p r o c e s s .  It was shown that in this 
case  the compres s ib i l i t y  of gases  has a stabil izing effect  on the combust ion p r o c e s s .  The effect  of magnet ic  
field on the combust ion of e l ec t r i ca l ly  conductive gas  gives r i s e  to specif ic  magneto-hydrodynamic  effects  
which a re  not only re la ted  to the internal  f lame s t ruc tu re  but a l so  to the intensi ty of the magnet ic  field.  

In this a r t i c l e  the one dimensional  combust ion stabi l i ty  is t he re fo re  cons idered  by taking into account 
the compres s ib i l i t y  as well  as the effect of the magnet ic  field.  S imi la r ly  as in [1] the internal  s t ruc tu re  of 
the f lame is a lso  cons idered  (there is only one dimension in the p rob l em,  namely  the width L of the f lame 
zone). 

Let  a s t a t iona ry  two dimensional  f lame of an ideal  gas  be contained between the planes x = - L  and 
x = 0. A constant  magnet ic  f ie ld is applied para l l e l  to these  p lanes .  The gas moving in the posi t ive  d i r e c -  
t ion of the x - ax i s  p a s s e s  through three  regions:  1) the region of the r e f e r e n c e  hot mixture  (x - -L) ;  2) 
the region of the combust ion products  (x > 0); 3) the combust ion region ( - L  -< x -< 0). In our subsequent  
considerat ions  al l  the flow p a r a m e t e r s  c a r r y  subsc r ip t s  depending on these  reg ions .  Average  quanti t ies 
over  its width a r e  adopted as constant p a r a m e t e r s  in the 3rd region.  

In the 1st region the gas  is not e lec t r i ca l ly  conductive the re fo re  the magnetic  f ield has no effect  on 
the gas .  

In the region o f t h e r e a c t i o n p r o d u c t s  and the combust ion zone (zones 2 and 3) the gas  becomes  e l ec -  
t r i c a l l y  conductive if heated  to high t e m p e r a t u r e s .  In these  zones the effect  of magnet ic  field on the gas  
glow is  cons ide rab le .  

If for  any r e a s o n  the f l ame  deflects  f rom its or iginal  posi t ion by  a quantity e = B exp r it will cause  
! ! I 

a dis turbance in the ent i re  gas  in the f o r m  of acoust ic  (Pjk'  Vjk)' magnetoacoust ic  (hik) and ent ropy waves  
(Sl). 

The l inear ized  s y s t e m  of equations of magne to -gas  dynamics  in the regions  2 and 3 is as follows: 

uj ~ t t~j 3s = o ,  

Pl ~ -  + PiUj ~ + 4~ 0 -~ -  = 0, (1) 

�9 t 

. 8v~k ~ It Ohik _t- Ohi~ a 
n o - ~  _ - i - E s  - - - ~  = v ,  

os; os; 
o--F + u j - ~ -  = o .  
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A solution of this sys tem is 

where 

(0  

YP' U j 

Pik 
9jUj 

v j# = Ajk exp {7~h (x + L) + cot} ~ AjkTjk , 

MS h)k = - -  A j h  HoYjk , 
M r + (-- I) '~ V 1 + M~;' ea + Uivjh 

~o M 2. 1 ] 
- -  m l  I 0,) '" 

Ajh~jk 1 + ~JkUJ M2 1 ~ 7ikU3 j 

S~. = Dj~jn, 

o~ U j ,  2 He 2 
Tj3 : - - - - ;  M~ : --" Mmj ( / :  2,3; k : 1,2). 

Uj cj 4~pf~ 

For  the 1st region one should consider  the standard sys tem of equations of gas dynamics .  Its solution is 
s imi lar  to that given above, the only difference being as follows: all the quantities Mmj must be set equal 
to zero .  

The combustion disturbance takes place in the combustion region itseff; therefore  in the region j = 1 
acoust ic  waves a re  admitted which escape upwards (k = 1), and in the region j = 2 one admits acoust ic  waves 
and disturbances of magnetic field which escape downwards {k = 2). 

A r e v e r s e  effect on the combustion p rocess  of the disturbances takes place by the interaction of the 
acoustic wave (p'.,_, v]u) and the internal s t ruc ture  of the combustion region j = 3; it is descr ibed by the 
feedback equationJ~bt~t~ned in [1] Here the effect of the magnetic field is taken into account via the equation 
of e lect romagnet ic  induction. The feedback equation is given by 

t 
vil~-_L-- d~ [" or'3 

, _ - ~  = qUx J - -  d ( .  (2)  
O X  I x = U ~ ( t ' - - t )  

t - - T  

In the above z denotes the charac te r i s t i c  combustion time; q = Ua/U 1 = a - ( ~ -  l /e ) ;  a = Uz/U i = Pl/P2; UaT 
= L and the velocit ies in the 1st and 3rd regions a re  obtained as follows: 

2 

k=l 

"The sewing together" of the disturbed states in the 1st and 3rd regions is ca r r i ed  out using the con-  
servat ion of mass  law in its l inearized fo rm:  

9~u8 cp3 / . ~  L 91U1 "~' } x=-z " (3) 

In this case the law of mass conservat ion is identical with a s imi lar  law in s tandard gas dynamics [1, 
2]. Moreover ,  the conservat ion law of impulse is also used.  One l inear izes  it and one obtains 

M 2 h'3U~ pl 
P'-~3 ( I + M ~ ) - - U ~ s ; +  M~ He + 2 v ; = 2 v ; +  p~--(l~-M~). (4) 

93U3 Cp3 3 

The conservation of energy law in its l inear ized form applied to disruption plane x = - L  leads to the fo l low- 
ing expression:  

M2 S; Us( 1 h~U 3 (54,.312 _ p; 

The joining together of the disturbed states in the 1st and 2nd regions is obtained by using the con-  
tinuity laws of the flow of mass ,  of impulse and of energy during the passage through the f lame.  These  
laws can easi ly be expressed  in the same way as the formulas  (3)-(5). In the equations of mass  and energy 
flow one should take the relat ive gas velocity relat ive to the f lame instead of the disturbance velocity v'. 
that is, v~-d~/dt. Bearing this in mind we have: J' 
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a) the c o n s e r v a t i o n  law of the m a s s  flow 

[ ,  d8 P~ ~A2-t = I v :  d8 P2 M2 U~S~I . (6) 

b) the c o n s e r v a t i o n  law of the i m p u l s e  f low 

' ]~ r n2  

�9 " P----~-~ ( I  -}-, M~)  2v; + -p~U~- - -  @2 M~ H o . z=o' 20, + 0~u~ ~ = - ~ =  A (1 + Mg) u~: s~ + - -  o - (7) 

c) the c o n s e r v a t i o n  law of the e n e r g y  flow 

1 [ ,  de p~ -- [vs _l_ P; (1 - -  Mrne) + S~ 1 /  1 2~  h,2U 2 (JVim2)2] 
-~[~ ~ ' ,o~u~ " c,~'~(,~TZi-1-Mm~) + 2 ~ T ~ [ / 3 ~ - = 0 "  (s) 

We have  thus  ob ta ined  the homogeneous  s y s t e m  (2), (3)-(8) to d e t e r m i n e  the funct ion w = f(Mj,  Mmj , 
U,) One se t s  the  d e t e r m i n a n t  of the s y s t e m  equal  to ze ro  so  that  aU the cons tan t s  a p p e a r i n g  in the so lu t ion ,  j �9 
n a m e l y  All  , A~.2, A~I , A~2 , B,  D2, D 3, be  d i f fe ren t  f r o m  z e r o .  Th i s  l eads  to the fol lowing c h a r a c t e r i s t i c  e q u a -  
t ion 

~I (Ilu+R2)--R"Nu-I-"c~:'--I)[ R a ' t p 2 I ] a R I I ] `  q)'--(Pe (II~--R,)] [ N ~ ( I + 2 N 3  : -~.~]1 I+ ~ - ~ - - 1 1  ( I )]==0, 

w h e r e  

l i+q(, ) 1 ( i )  
R1- -  ~t --~-+ ! ; R ~ = I  M1 (z l +  ~ " 

_ _ 1  ; R4 = __1 ~3R1 (cpl__ (p~)__ Ra; ~j = "Mj ., 
1 - - M  1 2 t" l + M  emj 

M 2 . Nj = m/ - - - ( •  1) -1 (J -- 2,3); II1 - - - - l .  + q ; 
M~ ~q ~-3 

[ ( q)] % = ~}a exp (%aL)--  exp - -  z i1 + ( - -  1)k~sl-X; z = -U~; 

1 cr 
~?3k L z ~a ; H z = +4- t3 2 q (-- I) k+~+ ~3 ~ - - ;  131 ~ My 

R3 = qq% 

I f  Mj << 1 ( i n c o m p r e s s i b l e  gas)  o r  Mmj >> 1 (a s t r o n g  magne t i c  f ield) then the equat ion s i m p l i f i e s ,  b e -  
coming  

(RI--(p~sR3) (c~- I)(I + - 1 )  - - R ~  = O. (9) 

Expanding exp(T3kL) into a power series and retaining only terms up to the order O(zfl~) we find from 
(9) 

m3 exp I~z + aM1 1 ;/ 1 + M 2 = ~ - -  = (10) 
(~,-- O(2qM~+~a)l% I~ ,'% 

I f  Mm3--* 0 then  the we l l -known  r e s u l t  fo l lows as  r e g a r d s  the one d imens iona l  s t ab i l i ty  in s t a n d a r d  
gas  d y n a m i c s  [1]. If  one c o m p a r e s  it wi th  s t anda rd  gas  d y n a m i c s ,  one can  s e e  that  in the c a s e  unde r  c o n -  
s i d e r a t i o n  one can  have  in a c c o r d a n c e  with [1] Rez  < 0 (Rew < 0), and Mj need not n e c e s s a r i l y  be  v e r y  s m a l l .  
Thus  one m a y  be  ab le  in this  c a s e  to a ch i eve  s t ab i l i ty  by  m e a n s  of an ex t e rna l  f a c t o r ,  n a m e l y  the magne t i c  
f ie ld .  Then  

z = - -  q{ln ~ 1 -4- M~3 - -  lnMa} < 0; M,~ > M; (11) 

the l a t t e r  enab les  one to extend the s t ab i l i ty  zone of c o m b u s t i o n  c o m p a r e d  with the nonmagne t i c  c a s e .  

Indeed ,  if s i m i l a r l y  a s  in [1, 2] one a s s u m e s  w ~ 1/k  (the d i s t u r b a n c e  in tens i ty  d e c r e a s e s  wi th  the 
i n c r e a s i n g  wavelength)  then  a c c o r d i n g  to (11) the wave leng th  of uns t ab le  d i s t u r b a n c e s  in the c a s e  unde r  con -  
s t d e r a t i o n ,  o r  m o r e  exac t ly  the va lue  ) , /L  need not be  a v e r y  l a r g e  quant i ty .  Th i s  is due to the fac t  that  
such  d i s t u r b a n c e s  a r e  d a m p e d  by  the magne t i c  f ie ld .  
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NOTATION 

p is the p r e s su re ;  
v is the velocity;  
p is the density; 
S is the entropy; 

is the heat capacity ratio;  
c is the sound velocity;  
Cp is the heat capacity; 
w is the f requency (eigenvalue); 
L is the width of f lame front; 
H 0 is the magnetic f ield intensity; 
;t is the wavelength of f lame dis turbance for  two dimensional case;  
e is the f lame front  displacement .  

P r im e d  quantit ies r e f e r  to the dis turbed state.  

S u b s c r i p t s  

1, 2, 3 

M 

Mm 
-- UJU1; 

q = U3/Ull 
~j : Mj/~/1 § M~mj. 

lo 
2~ 

cor respond  to regions of r e f e r en ce  mixture ,  of combustion products  and of f lame 
respect ively;  
is the Mach number;  
is the "magnetic"  Mach number;  
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