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The stability of normal combustion of a gas mixture with respect to 
small hydrodynamic perturbations is examined. An explanation is given 
of the physically contradictory conclusion obtained in [1] regarding 
the destabilizing influence of viscosity. With the aid of the author's 
inverse feedback condition [2] for a flame zone of finite thickness sta- 
bility is investigated with allowance for viscous forces. The results 
show good agreement with well-known experiments [3,4] on the insta- 
bility of spherical flames. 

The p rob lem of the s tab i l i ty  of n o r m a l  combus t ion  
of a v iscous  gas mix ture  with r e spec t  to s m a l l  hydro-  
dynamic  pe r tu rba t ions  is  invest igated below in the 
following scheme.  A plane f lame,  pa ra l l e l  to the y 
axis and propagat ing  in the d i rec t ion  of the negat ive  
x axis ,  has a f ini te  d imens ion  L along this  axis .  To 
the left  and r ight  of the zone L there  a re ,  r e spec t ive ly  
flows of or ig ina l  mix ture  and of combus t ion  products ,  
which a re  assumed  to be cons tant  in the undis turbed  
s ta te .  Within  the f lame zone there  is a continuous 
t r ans i t i on  f rom the p a r a m e t e r s  of the unburn t  gas to 
those of the bu rn t  gas. The s tabi l i ty  of the above com-  
bus t ion  s y s t e m  has prev ious ly  been  analyzed by E in -  
b inde r  [1], who r ep resen ted  solut ions  of the l i nea r i zed  
Navier -S tokes  equations of mot ion of a v i scous  fluid 
and of the cont inui ty equation in the form f(x)  = exp (ihy + 
+ 6t). Because  of the constancy of the p a r a m e t e r s  
for  the regions  of the or ig ina l  mix ture  and the com-  
bus t ion  products ,  the func t ion f (x )  is r ep re sen t ed  
there  as an exponential ,  while,  wi thin  the f lame zone, 
f (x)  f inal ly sa t i s f i es  a f o u r t h - o r d e r  d i f fe ren t ia l  equa-  
t ion which conta ins  the v i scos i ty  ~? as an impor t an t  
p a r a m e t e r .  On the f ront  and r e a r  boundar i e s  of the 
f lame zone four boundary  condit ions a re  formula ted  
for  this equation,  in the fo rm of a smooth junct ion  of 
the per tu rbed  state  of this zone with the bu rn t  and 
unburn t  gas regions .  La te r  on, in  w [1], E inb inder  
makes a t r ans i t i on  to a d iscont inuous  f lame front ,  l e t -  
ting the d imens ion l e s s  thickness  ~flame = hL go to 
zero,  and re ta in ing  the v i scos i ty  effect ~ everywhere  
in the fo rmulas .  As a r e su l t  an equation is obtained 
for de t e rmin ing  the eigenvalue 5 ,  f rom which follows 
the conclus ion rega rd ing  the des tab i l i z ing  influence 
of the v iscos i ty .  The reason  for  this resu l t ,  con t ra -  
dict ing as it does the physical  p ic ture ,  is E inb i nde r ' s  
i ncons i s t en t  passage to the l imi t  ( ~ = 0) in the so lu-  
tions for pe r tu rba t ions  of a f lame of f inite thickness.  
Indeed, as noted in w by Einb inder  h imsel f ,  the "vis -  
cous" th ickness  (~ is densi ty,  and velocity) ,  or, in 
d imens ion l e s s  form,  ~flame = hL ~77. There fo re ,  the 
c o r r e c t  passage  to the l imi t  ~ = 0 (L = 0) in the so lu-  
t ions for pe r tu rba t ions  of the f lame mus t  be accom-  
panied by ~? ~ 0 ,  t e . ,  by d i sca rd ing  the v i scos i ty .  
E inb inde r ,  by taking L= 0 (~= 0), but ~ ~ 0, thus took 
only pa r t i a l  account  of the l i nea r  t e rm in the expan- 

s ion of the solut ion for pe r tu rba t ions  of the f lame with 
r e spec t  to v i scos i ty  ~?, which inva l ida tes  the physica l ly  

incons i s t en t  r e s u l t  that he obtained.  Moreover ,  we 
have a r e m a r k  apropos the t r ans i t i on  to a d i scon t inu-  
ous front:  the behav io r  of a s t rong  d iscont inui ty  is 
cont ro l led ,  in genera l ,  not by the d i f ferent ia l  equa- 
t ions,  but  by the phys ica l  laws of conse rva t ion  of m a s s  
flow and momen tum flow ac ros s  the d iscont inui ty .  With 
the object ive of explaining the v iscous  effect, we u n d e r -  
take below to inves t iga te  the s tab i l i ty  of a n o r m a l  f lame 
f lame (on the model  desc r ibed  above) on the ba s i s  of the 
the i nve r se  feedback equation p rev ious ly  descr ibed  in 
[2], bringing in also the general theorems of the me- 

chanics of continua [5] in order to join the burnt and 
unburnt gas regions across the flame zone: these theo- 

rems are the momentum and conservation of mass 

theorems. 

In a coordinate system fixed relative to a flame 

propagating in the undisturbed state, let the chemical 

reaction of combustion be concluded at time t on the 
y axis, in such a way that the flame zone occupies 

the interval -L _<x -< 0, and the gas flow proceeds in 

the direction of the positive x axis. We denote the 

parameters p, p, v, T, ~?, X of the flow with subscripts 
I, 2, and 3 relating to the regions: original mixture 

(x > 0), combus t ion  products  (x > 0), and f lame ( - L  < 
< x < 0). F o r  gases ,  the dependence of v i scos i ty  on 
t e mpe r a t u r e  o rd ina r i l y  [5] has the fo rm 

I]T -m = const (0.5 ~ m .<'. 1). (1) 

The sma l l  veloci ty  of n o r m a l  combus t ion  p e r m i t s  us 
to a s s u m e  that the medium i n c o m p r e s s i b l e .  Because  
of the s t rong  dependence of the ra te  of the chemica l  
r eac t ion  on t e m p e r a t u r e ,  the l a t t e r  takes place in a 
na r row range of t e m p e r a t u r e ,  such that the r eac t ion  
zone c o m p r i s e s  a re la t ive ly  sma l l  par t  of the total 
width L of the f lame.  Also,  as noted in [2], the lack 
of dependence,  in the f r amework  of an i n c o m p r e s s i b l e  
medium,  of the s t r uc t u r e  of the r eac t ion  zone on hy-  
d rodynamic  pe r tu rba t ions  allows us to exclude i t ,  in  
genera l ,  f rom examina t ion  and to model  the f lame by 
a t he rma l  wave ahead of the heated plane x = 0. F o l -  
lowing [2], to s impl i fy  the in t e rna l  s t r u c t u r e  of the 
f lame zone, we rep lace  the cont inuously  changing 
flow of gas in this reg ion  by a cons tan t  s t r e a m  with 
value of the p a r a m e t e r s  averaged over  i ts  th ickness  

v3 Pt T:~ q . . . . . .  - -  --~-- a - -  
Vl 9:~ Tl 

['1"2 ~) 1 _l(a__1), a ' " t .  ( 2 )  
e ~31 ,oz 

Leaving as ide  the change in thicl~mss of the f lame zone, 
we may a s s u m e  that a sma l l  r andom per tu rba t ion  
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of the combus t ion  p r o c e s s e s  l eads  to an iden t i ca l  
d i s p l a c e m e n t  of i t s  f ront  and r e a r  b o u n d a r i e s  and may  
be r e p r e s e n t e d  in the f o r m  of t r a v e l i n g  wave of length 

r ( y , t ) = C % = C e x p ( i h g - - i m l ) ,  h=2~:Z .  (3) 

I Y 

P e r t u r b e d  s t a t e  of the f l ame zone 

The r e s u l t  is  a p e r t u r b e d  s t a t e  of flow d e s c r i b e d  by 
the N a v i e r - S t o k e s  equat ions  l i n e a r i z e d  in the n e i g h b o r -  
hood of the unpe r tu rbed  s t a t e  

Ova..,. &'sx l o p s  
- -  + v s - -  -4 v s b Vs.,., 

Ot dx f's Ox 

'r - -0 ,  
Ox d!l 

�9 I ap~ Ov.'s, _- % &'s:, + v s A ' "  
Ot Oy 9s Oy ~'sy, 

~ls 
Vs= - - ,  S =  1,2,3,  

Ps 
(4)  

where  the p r i m e s  indica te  c o r r e s p o n d i n g  p e r t u r b a t i o n s  
of the ve loc i ty  and p r e s s u r e  componen t s .  Solut ions of 
this  l a s t  s y s t e m ,  s a t i s fy ing  the na tu ra l  r e q u i r e m e n t  
of be ing  f in i te  when Ix I ~r a r e  r e p r e s e n t e d ,  in con-  
f o r m i t y  with (3), in the fol lowing manner :  

V s . , . = A s g s + B s g s ,  Vs:, i ( - - I )  s (--Asx~s-~-YsBsgs),  

p ~  [ l + ( _ l ) S _ ,  z ] 
r,, s vs - ~ As gPs, 

i (o h v s 
z - I~.~ = 2 - -  , (5) 

h v i vs 

~'s = : q',, exp (- -  1) s - '  hx. q's = % exp (h Ys x). 

y s = ~  l - i - ( - -  1) s I , /  1-4-213.s. ,.~- , -: 

(when S = 3, c~ S - I  should be r e p l a c e d  by q). 
The  f i r s t  t e r m s  (S a r e  the pe r t u rba t i ons  of p r e s s u r e -  

ve loc i ty  (the l imi t ing  va lues  of the acous t i c  waves  
within the f r a m e w o r k  of an i n c o m p r e s s i b l e  medium) ,  
whi le  the second t e r m s  JS a r e  tu rbu len t  p e r t u r b a t i o n s  
which,  in c o n t r a s t  with the ideal  e a s e  of [2], in the 
v i scous  mix tu re  s cheme  that we have a s s u m e d  a r e  not 
only c a r r i e d  by the s t r e a m  f rom the f lame into the 
o r ig ina l  m ix tu r e  and ins ide  the f l ame zone.  t t owcver ,  
i t  i s  not d i f f icul t  to ve r i fy  that the p e r t u r b a t i o n  s9 tin 

r eg ion  1 may be  neg lec ted  in c o m p a r i s o n  with the 
o the r  p e r t u r b a t i o n s ,  s ince  i t  d i m i n i s h e s  e x t r e m e l y  
r a p id ly  with x~ In fac t ,  for  gases  in o r d i n a r y  cond i -  
t ions  [5], ul -~1.5 o 10 -5 c m a / s e e ,  whi le  the n o r m a l  
combus t ion  ve loc i ty ,  vl ~ 1 m / s e c .  Hence kT1 - v l /v ,  ~ 

l0  s l / m ,  so  that ,  fo r  even x ~ - 1 0  -4 m, which does  
not exceed the width of the f l a m e  zone o b s e r v e d  in the 
e x p e r i m e n t ,  i t  fol lows that exp (hTlx) ~ 10 -s ,  or  that  
the t e r m  BI~0t may  be neg lec ted .  To s i m p l i f y  the a n a l y -  
s i s ,  we sha l l  a l so  d i s c a r d  the p e r t u r b a t i o n  Ba~03 in the 
f l ame  zone. Of c o u r s e ,  by neg lec t ing  in th is  way the 
d i f fus ion  of tu rbu lence  f rom the c h e m i c a l  r e a c t i o n  
zone wi thin  the f l ame ,  we have lowered  somewhat ,  a 
p r i o r i ,  the s t ab l i z ing  effect  of v i s cous  d i s s i p a t i o n  
wi th in  the f l ame  zone,  which cannot  p lay  an i m p o r t a n t  
r o l e  in the subsequent  inves t iga t ion  s ince  we sha l l  be 
i n t e r e s t e d  in the v e r y  s m a l l  r e l a t i v e  th i ckness  L/X Of 
this  zone. Af t e r  exc luding  f rom c o n s i d e r a t i o n  t e r m s  
with BI and B3~ the p e r t u r b a t i o n s  (5) in r eg ions  1 and 
3 co inc ide  with those  for  the idea l  c a s e  [2], which  
p e r m i t s  us to apply  the a p p r o p r i a t e  i n v e r s e  f eedback  
equat ion obtained in [2]. The l a t t e r  which d e s c r i b e s  
the  i n t e r a c t i o n  of hyd rodyna mic  p e r t u r b a t i o n s  with 
the in t e rna l  s t r u c t u r e  of the f l a m e  zone,  o r ,  m o r e  
p r e c i s e l y ,  e x p r e s s e s  the change of n o r m a l  combus t ion  
ve loc i ty  under  the inf luence of these  p e r t u r b a t i o n s ,  
has  the fo rm 

t 
�9 0 e ~ Ova~ 

Vlx - -  0-7- = va ,J Ox dt' , L = va'~. (6) 
x = - - L  t-- '-  x=t'a (t --t  

F o r  an e x p r e s s i o n  of the p e r t u r b a t i o n s  in the in te rna l  
r eg ion  of the f l ame ,  3, in t e r m s  of those in the o r i g i -  
nal mix tu re  reg ion ,  1, we make  use  of L o i t s y a n s k i i ' s  
m a s s  change theo rem [5]. F o r  this  we take the e l e -  
m e n t a r y  r e c t a n g l e  abed ( see  f igure)  as a con t ro l  s u r -  
face ,  occupying a s m a l l  r eg ion  about x = - L ,  and 
fo rmed  by the coord ina t e  l ines  in such a way that the 
f ron t  boundary  AB of the p e r t u r b e d  f l ame  a lways  s t ays  
ins ide  it. Then,  l i n e a r i z a t i o n  of the above theo rem in 
the neighborhood of the und is tu rbed  s t a t e  f inal ly  g ives  
V~x = qv,x,  i . e . ,  A 3 = qA1. 

The mechan ica l  condi t ions  for  jo in ing  the s t r e a m s  
of burn t  and unburnt  gas  through the f l ame  zone may  
be obtained with the aid of the t h e o r e m s  r e l a t i n g  to 
change of m a s s  and momentum [5]. As  a con t ro l  s u r -  
face  we choose  the e l e m e n t a r y  e u r v i l i n e a r  q u a d r i l a t -  
e r a l  A B e D  (shaded in f igure)  fo rmed  by l ines  AB and 
CD p a r a l l e l  to the x axis  and by s m a l l  s e g m e n t s  of the 
f ron t  and r e a r  b o u n d a r i e s  of the p e r t u r b e d  f l ame  zone.  
The above t h e o r e m s  may be w r i t t e n  in the fo rm [5] 

. 0 9  
t - r  t P v , , d a = O ,  

h l i,, 

' d ' - {' 
I - d ;  (p~')dV+ t p u ' v d ~  1 p ~ d o ,  (7) 

where o- is the area of the entire control surface, and 

V is the volume bounded by it.  The ve loc i ty  vec to r  V, 
i ts  n o r m a l  component  v n, and the s t r e s s  P-n must  be 
ca lcu la ted  r e l a t i v e  to this  f ixed cont ro l  su r face ,  i .  e . ,  
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r e l a t i v e  to the p e r t u r b e d  s t a t e  of the f l ame  zone, if  
we depar t ,  in a c c o r d a n c e  with our  model ,  f r om a 
change in i t s  t h i c k n e s s .  F u r t h e r ,  we l i n e a r i z e  (7) in 
the ne ighborhood  of the  u n p e r t u r b e d  s t a t e .  Then, f rom 
the f i r s t  equat ion of (7), under  the a s s u m p t i o n  that  the 
med ium is  i n c o m p r e s s i b l e ,  we obtain 

0 

{v" - -  Oe'~ l 1 f Or; u = ~ ~ - ~ 1 1  ~ d x .  (8 )  
\ / }x=--c q Oy 

--L 

In the l i nea r i za t i on ,  the second  equat ion of (7) i s  p r o -  
j e t t e d  along the n o r m a l  and the tangent  to the f l a m e  
zone boundary  AB(CD) ; He re  the p e r t u r b a t i o n  of the  

s t r e s s  Pn = Pnideal  + Pnvisc  is  c o m p o s e d  of the  p e r t u r -  
ba t ion  of the p r e s s u r e  of the idea l  m e d i u m  and the 
v i scous  s t r e s s ,  e x p r e s s e d  acco rd ing  to wel l -known 
f o r m u l a s  [5] in t e r m s  of the  p e r t u r b e d  v e l o c i t i e s .  The  
r e s u l t  i s  tha t  f r o m  (7) we have,  for  the n o r m a l  and 
t angen t i a l  d i r e c t i o n s  r e s p e c t i v e l y  

P; + 2 & -  2 - -  & -  ~ - 

0 

--L 

= v'.s + v, Oy v~ v;~ - -  W ~- 

0 oo; ii ;ix o ( 
--L 

+-Off ~ - - 2 - - - -  dx .  (9) va OY 2 

Substituting the solutions (5) and (3) into the condi- 
tions (6), (8), and (9) for joining the flows of burnt 
and unburnt gas through the flame zone, we come to a 
linear system of homogeneous equations relating to 
the cons tan t s  A p  A 2, 132, C, for  which the d e t e r m i -  
nant  g ives  an equat ion for  f inding the  e igenva lue  z: 

Fj F2 -- F:, F, = 0, 

1 
F, = -~- (y..-- 1) a"  ~ , - -  1, 

F. = - -  2z (z -~- a -?- a "+~ 6,) exp (~) + 

,,-;) -'- [{~z  -I- 1 4- [I, + ( a - -  1) + 
t ) [ 1], 

+ 2 z +  1 }-z[~, u"' (2(t . . . .  - 7  f ,  

F:, = w" fi,, 

F 4 = { 1  + q [ e x p ( ~ ) - - l l } z + a e x p ( ~ ) z  

- - f i l z  { 1 + [exp ( D - -  11 qm.1) + [  [(1 

1 + ~lam) z-t  - 1 - - a - - ~ z  @ - ~  z~a(1 

~ = 1  z/qq [exp ( ~ ) - - e x p  l 

L = hL = 2~ - -  . 

(1 -q- ~la")  - -  

- -  a )  (I  + 

+ 
(10) 

F r o m  the fac t  that  the P r a nd t l  n u m b e r  is  cons tan t  
fo r  g a s e s ,  we d e r i v e  [5] a r e l a t i o n  be tween  the t h e r m a l  
d i f fus iv i ty  and the v i s c o s i t y  X 1 -~ ul. Hence the v i s c o u s  
and the t h e r m a l  t h i c k n e s s e s  of the n o r m a l  f l a m e  a r e  
of the s a m e  o r d e r ,  th is  be ing  e x p r e s s e d ,  as  is  w e l l -  
known [11, in the f o r m  of L - ? ( i / v i .  T h e r e f o r e ,  fo r  
the p a r a m e t e r  fl i which depends  on v i s c o s i t y  and ap -  
p e a r s  in (10), we have fl - 2~. E x p e r i m e n t s  wi th  
s p h e r i c a l  f l a m e s  have  shown [3 ,4]  that  i n s t ab i l i t y  of 
n o r m a l  combus t ion  beg ins  to a p p e a r  only at  v e r y  s m a l l  
~. T h e r e f o r e ,  a so lu t ion  of (10) may  be  sought  in the 
fo rm of the  expans ion  z = z0+ zi~ + . . . .  

R e s t r i c t i n g  o u r s e l v e s  to a l i n e a r  a p p r o x i m a t i o n  
with  r e s p e c t  to ~, we obta in  f r o m  (10) 

) Z0~ use  1 • a +  - - - 1  , z l - = z n + ~ z l - . ,  

' z0-t-1 z 1 1 = - - a q  a - I  a ~ 1 + - ~ -  1 - -  + 

+ Z o [ l +  1 a ,-I-1 ( 2a 1 ) ] 1 ,  (11, 
q 2 a q ( ~ L 1 )  1 a + l  q 

Hence  i t  i s  s e e n  i m m e d i a t e l y  that  fo r  an uns t ab le  roo t  
zo > 0 of the z e r o - o r d e r  a p p r o x i m a t i o n ,  we  a lways  
have  z11, z12 < 0. The  t e r m  z12 r e f l e c t s  the v i s cous  
ef fec t ,  and (11), r e g a r d l e s s  of the e r r o n e o u s  conclu-  
s ion  of E inb inde r  [11, poin ts  to the s t a b i l i z i n g  inf lu-  
enee  of the v i s c ous  f o r c e s ,  in c on fo rmi ty  wi th  the 
p h y s i c a l  na tu r e  of th is  d i s s i p a t i v e  f a c to r .  As  f a r  as  
the o the r  m e c h a n i s m  of ene rgy  d i s s i p a t i o n ,  that  due 
to t h e r m a l  conduct ion,  i s  c o n c e r n e d ,  i t  may  be  v e r i -  
f led ,  by a method s i m i l a r  to the fo rego ing ,  that  i t s  
inf luence is  an effect  of the o r d e r  of the s q u a r e  of the 
N a e h  n u m b e r  of the ma in  f low, which  m e a n s  that  i t  is  
neg l ig ib l e  in the f r a m e w o r k  of the supposed  i n e o m -  
p r e s s i b i l i t y  of the med ium.  

In making  a c o m p a r i s o n  with  e x p e r i m e n t a l  o b s e r v a -  
t ion,  one would expec t  that  p e r t u r b a t i o n s  of m a x i m u m  
in s t ab i l i t y  should f i r s t  be  r e a l i z e d  e x p e r i m e n t a l l y ,  
those  fo r  which the m o s t  r ap id  growth of ampl i t ude  
with t ime  has  been  ach ieved .  Then,  f r o m  an e x t r e m u m  
condi t ion  fo r  the  s ing le  p a r a m e t e r  ava i l ab l e  to us ,  h: 
d( - iw)dh = 0, we find the wave length  of such m a x i m a l l y  
uns tab le  p e r t u r b a t i o n s  of the f l ame :  

},,, = 2~L/Lm = - -  z,./2z,. (12) 

Hence ,  put t ing a ~ 12, and m = 1 for  oxygen m i x t u r e s ,  
fo l lowing ca l cu l a t i ons  a c c o r d i n g  to Eqso (11) and (12), 
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we have the fol lowing expected  wave d i m e n s i o n  fo r  the 
p e r t u r b a t i o n  that  i n c r e a s e s  the mos t  r ap id ly  with 
t ime:  

~m/L ~ 0.7. IO:L 

In [3,4] the r e s u l t s  a r e  p r e s e n t e d  of e x p e r i m e n t s  
which w e r e  p e r f o r m e d  on the p r o p a g a t i o n  of s p h e r i c a l  
f l a m e s  in o r d i n a r y  condi t ions  ins ide  a soap  bubble: 
fo r  a m i x t u r e  of 67.5% oxygen and 32.5% ace ty l ene  
(o~ - 12, a c c o r d i n g  to [6]). I n s t ab i l i t y  of the f l a m e s  
was o b s e r v e d  beginning  with r / L  W 104. 

The upper  cu rve  of F ig .  7 of [3] d e s c r i b e s  the d e -  
pendence of the width of an inhomogenei ty  on the f l a m e  
s p h e r e  (this c o r r e s p o n d s  to ), in our  notat ion) on i t s  
r ad iu s  r ,  w h i l e  the mean  l ine  e x p r e s s e s  the ampl i tude  
of t he se  p e r t u r b a t i o n s .  Tak ing  the da ta  f r o m  the g raph  
fo r  the f i r s t  e x p e r i m e n t a l  point ,  i . e . ,  the point  s a t i s -  
fy ing  the l e a s t  ampl i tude  of p e r t u r b a t i o n  on the s p h e r e  
of the f l a m e ,  we have Ax ~ _<4 mm,  r =25  mm.  
Thus,  the r e l a t i o n s h i p  r / ~  - 7  o c c u r s ,  and the p e r t u r -  
ba t ions  o b s e r v e d  in the e x p e r i m e n t s  begin  to exhib i t  
i n s t ab i l i t y  when the i r  wavelength  r e a c h e s  ~ / L  - 1 .4 .  
�9 10 ~. Then the ampl i tude  of the inhomogene i t i e s  on the 
p e r t u r b e d  f l ame  s p h e r e  is  equal  to 2 mm.  As  it d e -  
c r e a s e s ,  r / ~  i n c r e a s e s .  Thus ,  fo r  1 mm,  r / ~ - ~ 1 1  
a l r e a d y ,  so that  the in s t ab i l i t y  beg ins  to a p p e a r  with 
a wavelength  of ~ / L  ~- 0.9 �9 103. The l a t t e r  a g r e e s  wel l  
enough with our  t h e o r e t i c a l  value fo r  the wave length  
~ m / L  = 0.7 �9 l0  s of the m a x i m a l l y  uns tab le  p e r t u r b a -  
t ion,  if we take into account ,  in addi t ion ,  that  we 
lowered  the s t a b i l i z i n g  effect  somewha t  by neg lec t ing  
the d i f fus ion of tu rbu lence  ins ide  the f l ame  zone.  

In conc lus ion  we note that  the va l id i ty  of the c o m -  
p a r i s o n  that  we have made  of a t h e o r e t i c a l  i n v e s t i g a -  

t ion of a p lane f l ame  with an e x p e r i m e n t a l  i n v e s t i g a -  
t ion fo r  a s p h e r i c a l  f l a m e ,  is  based  on the r e s u l t s  of 
Eckhaus  [7], who showed,  that  with r / L  >>1, the 
c u r v a t u r e  of a s p h e r i c a l  f l ame  has  no influence on the 
ve loc i ty  of p ropaga t i on  of combus t ion .  

NOTATION 

p is  the p r e s s u r e ;  p is  the dens i ty ;  v is  the ve loc i ty ;  
T is  the t e m p e r a t u r e ;  ~? is  the v i s c o s i t y ;  ~4is the t h e r -  
mal  dif fusivi ty;  ~ is  the wavelength  of pe r tu rba t i on ;  
w is  the unknown e igenvalue ;  L is the th ickness  of 
f lame;  h is  the wave number ;  e is  the d i s p l a c e m e n t  of 
f lame;  T is the c h a r a c t e r i s t i c  combus t ion  t i m e ;  ot = 
=v~/vl; ~ is  the k inemat i c  v i s cos i t y ;  fll = 2h vt/vL. 
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