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By analyzing the behavior of one-dimensional perturbations imposed 
on a normal flame in gases we have established an intensive sta- 
bility of combustion entirely attributable to the stabilization effect 
of compressibility. 

The hydrodynamic  ins tab i l i ty  of a n o r m a l  gas f l ame  
to r e l a t ive ly  sma l l  two-d imens iona l  p e r t u r b a t i o n s  
d i s to r t ing  the d i scon t inu i ty  f ront  of the f lame was f i r s t  
noted by L. D. Landau [1] with the a s sumpt ion  that the 
med ium was i n c o m p r e s s i b l e .  Subsequent ly ,  the va r ious  
aspec ts  of this  p rob l em were  deal t  with in s i m i l a r  
m a n n e r  by other  authors  (for example,  [2-5])�9 How- 
ever ,  the inves t iga t ion  of f lame s tab i l i ty  with r e spe c t  
to o n e - d i m e n s i o n a l  p e r t u r b a t i o n s  which do not a l t e r  
i ts  geomet r i c  shape cannot  be c a r r i e d  out within the 
f r amework  of an i n c o m p r e s s i b l e  med ium,  s ince  the 
absence  of de format ion  of the med ium total ly excludes  
the poss ib i l i t y  of any of the p e r t u r b a t i o n s  having any 
effect.  

La te r  on we will  the re fo re  t r ea t  the o n e - d i m e n s i o n a l  
s tab i l i ty  of combus t ion  with cons ide ra t ion  of the m e d i -  
u m ' s  c o m p r e s s i b i l i t y .  The ex i s tence  of only a s ingle  
c h a r a c t e r i s t i c  l i n e a r  d imens ion - - the  width L of the 
f l ame  z o n e - - r e q u i r e s  the manda to ry  cons ide ra t i on  of 
the i n t e r n a l  s t r u c t u r e  of the f ront ,  in con t r a s t  to the 
two-d imens iona l  ease  in which it would be poss ib le  
to neglect  L, as in [1], as sma l l  in c o m p a r i s o n  with 
the p e r t u r b a t i o n  wavelength X along the f lame.  

Let a s teady two-d imens iona l  f l ame  be enc losed  
between the planes  x = - L  and x = 0. The gas f lowing 
in the posi t ive  d i r ec t i on  of the x -ax i s  will  then pass  
s u c c e s s i v e l y  through three  reg ions  occupied by the 
in i t i a l  combus t ib le  mix tu re  "1" (x -< - L ) ,  the e ombus -  
, ion  p roce s s  "3" ( - L  -< x -< 0), and the product  of 
combus t ion  "2" (x -> 0). The gasdynamic  p a r a m e t e r s  
p, p, v, c, S, ~ ,  and Cp are  m a r k e d  with n u m e r i c a l  
subsc r ip t s  for  these  r eg ions ,  choosing the c o n s t a n t  
p a r a m e t e r s  of reg ion  "3" as the average  quant i t ies  
through the width. If the f lame is d isplaced e = Bexpcct 
as a r e s u l t  of any random i n t e r n a l  f ac to r s ,  it wil l  
s e rve  as the source  of a pe r t u rbed  state  of the m e d i u m  
�9 . f , , 
m the f o r m  of acous tm (Pjk, Vjk) and en t ropy  (Sj) 
waves  which a re  desc r ibed ,  in analogy with [6], by the 
fol lowing solut ions  of l i nea r i zed  gasdynamic  equat ions 
(the Euler  equat ion,  the equat ion of cont inui ty ,  and 
the ent ropy equation):  
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Since the only cause  of the pe r t u r ba t i ons  l ies  within 
the combus t ion  p r o c e s s ,  in the reg ions  of the or ig ina l  
mix tu re  (j = 1) and in the reg ions  of the products  of 
combus t ion  (j = 2) we should c onc e r n  o u r s e l v e s  only 
with the acoust ic  waves rad ia ted  by the f l ame  u p s t r e a m  
(k = 1) and downs t ream ( k = 2); however ,  the ent ropy 
wave t r a n spo r t e d  by the flow i t se l f  wil l  not be p r e s e n t  
in the in i t ia l  m i x t u r e  (j = 1). 

The r e v e r s e  effect of the r e su l t i ng  p e r t u r b a t i o n s  
on the p r oc e s s  of combus t ion  wil l  make i tself  felt  
through the i n t e r ac t i on  of the acoust ic  wave (pj, v j )  

and the i n t e rna l  s t r u c t u r e  of the f l ame  reg ion  j = 3, 
and i t  wil l  be desc r ibed  by the f ie ldback equat ion which 
we der ived  [4] with an accuracy  to O(M2): 

t 

dt -- qvl dt', L = v 3x, 

q = vz/vz = ~ "-- a --____ll> I, ct = vz/ol = Pl/P~. > t .  (2) 
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W e c a n  b r ing  the pe r tu rbed  s ta tes  of reg ions  "1" 
and "3" into contact  at the leading edge x = - L  of the 
f l ame  (in analogy with [5]) by means  of the laws of 
conse rva t ion  of m a s s ,  m o m e n t u m ,  and energy  on 
t r a n s i t i o n  through the inf ini te ly  sma l l  c i r c u m f e r e n c e  
of this  edge e n t i r e l y  conta in ing the p e r t u r b e d  pos i t ion  
of the f lame.  L inea r i za t i on  of these  laws for  x = - L  
wil l  yield : 
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We can b r ing  the p e r t u r b e d  s ta tes  of reg ions  "1" and 
"2" into contact  by me a ns  of the laws of cont inui ty  for 
flows of m a s s ,  m o m e n t u m ,  and energy  on t r a n s i t i o n  
through the f l ame ,  and in our  case ,  in analogy with 
[6], these laws have the fo rm 
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Thus ,  condi t ions  (2)-(4)  fo r  the cons tan t s  B, Al l ,  
A22, A31, Azz, D 3, and D 2, which p lay  a ro l e  in e and 
in so lu t ions  (1), l ead  to a s y s t e m  with the fo l lowing 
c h a r a c t e r i s t i c  d e t e r m i n a n t  to f ind the e igenva lue  of w: 
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At the l i m i t ,  on changing to an i n c o m p r e s s i b l e  m e d i u m ,  
when M = 0, the p e r t u r b a t i o n s  of p '  and v '  should  no 
longe r  be funct ions  of x, b e c a u s e  the cont inu i ty  equa-  

3vj 0x = In o t h e r  w o r d s  a c -  t ion t akes  the f o r m  ' /  0. 
c o rd ing  to ( 1 ) , y ~  0 as  M - - 0 .  T h e r e f o r e ,  z M 3 / q ~  0 
as  M s ~ 0 and, expanding exp %k L into a power  s e r i e s ,  
we can p r e s e n t  Eq. ( 5 ) - - accu ra t e  to zM~--in the f o r m  

( ~ )  (2a - -1 )Mt+M.~  1 (6) 
exp - -  = :  ( ~ - ~ - ~  ~M--~" 

Hence i t  fo l lows that  Rez < 0 (Reco < 0), b e c a u s e  the 
M n u m b e r s  fo r  slow combus t ion  a r e  e x c e s s i v e l y  s m a l l .  
In o the r  w o r d s ,  the f l a m e  in a gas  m i x t u r e  is  s t ab le  
wi th  r e s p e c t  to o n e - d i m e n s i o n a l  p e r t u r b a t i o n s ,  i . e . ,  
the c o m p r e s s i b i l i t y  e x e r t s  an e x t r e m e l y  in t ens ive  
(the modulus  of Re w is  l a rge )  s t a b i l i z i n g  effect ,  l e ad -  
ing to  Re co < 0 (as opposed  to the i n d e t e r m i n a t e  con-  
c lus ion  of co = 0 within the f r a m e w o r k  of the hypo thes i s  
of i n c o m p r e s s i b i l i t y  [1]). 

This  r e s u l t  is  in a g r e e m e n t  with the t h e o r y  of un- 
s t ab le  combus t ion  deve loped  by Landau [1] on the 
b a s i s  of an i n c o m p r e s s i b l e  m e d i u m  with r e s p e c t  to 
t w o - d i m e n s i o n a l  p e r t u r b a t i o n s .  Indeed,  i t  fo l lows 
f r o m  this  t heo ry  that  co ~ 1/~,  o r  the in t ens i ty  of 
i n c r e a s i n g  p e r t u r b a t i o n s  with t i m e  d i m i n i s h e s  as t h e i r  
wave leng ths  k i n c r e a s e ,  so that  when k = ~o we should 

expec t  a t r a n s i t i o n  to s t ab i l i t y .  It is  p r e c i s e l y  th is  
fac t  that  has  been  o b s e r v e d  in th is  s tudy in which we 
c o n s i d e r e d  the effect  of c o m p r e s s i b i l i t y .  Thus ,  the  
wavelength  of the uns tab le  p e r t u r b a t i o n s ,  m o r e  exac t ly  
~ / L ,  should be bounded f r o m  above by an e x t r e m e l y  
l a r g e  quanti ty.  

On the o the r  hand,  v i scous  d i s s i p a t i o n ,  which is  
a lways  p r e s e n t  under  ac tua l  cond i t ions ,  wi l l  s t a b i l i z e  
the mos t  in tense  shor twave  p e r t u r b a t i o n s ,  s ince  these  
a r e  a s s o c i a t e d  with the g r e a t e s t  g r a d i e n t s  a c r o s s  a 
flow. The r e l a t i v e  wave length  ~ / L  of uns tab le  p e r -  
t u rba t i ons  mus t  t h e r e f o r e  a l so  be bounded f r o m  below.  
Hence,  in the e x p e r i m e n t s  we should a l so  expec t  the 
a p p e a r a n c e  of uns tab le  p e r t u r b a t i o n s  with a spec i f i c  
value  fo r  ~ . / L .  This  s t a t e m e n t  is  in comple t e  a g r e e -  
men t  with the da ta  known f r o m  the e x p e r i m e n t s  in 
[7 ,8] .  The ca l cu la t ion  [5] which we c a r r i e d  out on 
v i scous  s t a b i l i z a t i o n  shows a l a r g e  magni tude  for  
~ . , /L .  

NOTATION 

p is  the p r e s s u r e ;  v is  the ve loc i ty ;  p is  the dens i ty ;  
S is  the en t ropy;  x is  the h e a t - c a p a c i t y  ra t io ;  c is  the 
speed  of sound; ep is  the heat  capac i ty ;  co is  the  e igen -  
value;  L is the width of the f l a m e  front ;  )~ is  the w a v e -  
length  of the f l ame  d i s t u r b a n c e  fo r  the t w o - d i m e n -  
s iona l  ca se ;  e is  the d i s p l a c e m e n t  of the f l ame  f ron t ,  
p r i m e  m e a n s  d i s t u r b a n c e ,  s y m b o l s  1, 2, 3 c o r r e s p o n d  
to in i t i a l  m i x t u r e ,  the p roduc t s  of combus t ion ,  and the 
f l a m e  r eg ions ;  M is  the Mach numbe r .  
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