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Resu l t s  a r e  shown of an expe r imen ta l  study concern ing  the beginning and buildup of f luc tua-  
t ions in a f l ame  which t r a v e l s  through a hor izonta l  semiopen  duct f i l led with a m e t h a n e - a i r  
m ix tu r e .  The n e c e s s a r y  condit ions a r e  es tab l i shed  under  which the f l ame  f luctuat ions b e -  
come ampl i f ied .  T e s t  r e s u l t s  a r e  c o m p a r e d  with theore t ica l  conclusions .  

The authors  have studied the va r i a t ions  in shape and su r face  a r e a  of a f lame front  dur ing v i b r a t o r y  
combust ion  of p r e p a r e d  r eac t an t  m i x t u r e s  in ducts.  

The t e s t s  we re  p e r f o r m e d  in a hor izonta l  square  duct 3.6 • 3.6 cm 2 in c r o s s  sec t ion  and 69 cm long, 
made  of grade AG-4s  g lass  p las t ic .  Into the wal ls  at  the en t rance  and at  the exi t  we had insta l led p l ane -  
pa ra l l e l  panes  of optical  grade  g lass  for  viewing the en t i re  duct sec t ion  21 cm deep.  A hot mix tu re  of 10% 
methane  and 90% a i r  was  ignited at  the open end of the duct. The f lame front  was  examined  by the T e p l e r  
method.  The f l ame  t r ave l  was  r e c o r d e d  with a model  SKS-1 h igh- speed  c a m e r a  at  a r a t e  of  3000-3500 
f r a m e s / s e c .  In o r d e r  to sca le  up the image somewhat ,  we used  an object ive  with a focal length of 9.5 cm.  

An evaluat ion of the r e c o r d e d  fi lm s t r i p s  has  shown that  through the f i r s t  th i rd  of the duct length a 
f lame t r a v e l s  a t  a constant  veloci ty .  The shape and the su r face  a r e a  of the f l ame  front  r e m a i n  unchanged 
dur ing this s tage of the f luctuation buildup. Af te r  that ,  the re  begin dis t inct  f luctuat ions accompan ied  by 
changes  in the shape of the f lame front .  These  changes cause  changes  in the d is tance  H between the l e ad -  
ing and the t ra i l ing  edge of the f lame front  (in the f lame front  elongation) as  well  as  in the length l of the 
f lame boundary line r e c o r d e d  on a t h e r m o g r a m .  In view of the s e r ious  diff icul t ies  with m e a s u r i n g  the s u r -  
face a r e a  of a f l ame ,  we ana lyzed  the va r ious  p r o c e s s  s t ages  on the bas i s  of d imens ions  H and l ,  which 
could be eas i ly  m e a s u r e d  and which provided suff icient  in format ion  about the changes in the f l ame  su r face  
at  va r ious  s t ages  of the f luctuat ion buildup. During the per iod  of uni form f lame propaga t ion  H and l r e -  
mained  constant .  The beginning of f l ame  fluctuations was accompanied  by per iod ic  va r i a t i ons  in these  
quant i t ies  at  an app rox ima te ly  190 Hz f requency of f l ame  f luctuat ions and by a per iod ic  va r i a t i on  in the i r  
m e a n  va lues  at  a much  lower  f requency.  

In  Fig. 1 a r e  shown H / H  0 (curve I) and l / l  o (curve II) as  functions of t ime  during the initial  s t ages  
of the f luctuat ion buildup. Both H 0 and l 0 c h a r a c t e r i z e  an unper tu rbed  f lame front  t r ave l ing  at  a constant  
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Fig. i. Variation in H/H o (curve I) 
and l / l  0 (curve II) with t ime  t (see). 

veloci ty .  The t ime  is counted f rom the ins tant  the mix tu r e  
has been  ignited. The mean  f l ame  ve loc i ty  within the t e s t  
per iod v a r i e s  exact ly  as  H m e a n / H  0 and l m e a n / l o ;  it f i r s t  d e -  
c r e a s e s  to a m in imum and then i n c r e a s e s  again.  L a t e r  in the 
p r o c e s s  both H m e a n / H  0 and l m e a n / l  o again  d e c r e a s e .  How-  
eve r ,  those l a t e r  s tages  of the f luctuat ion buildup w e r e  not 
cons ide red  in our  study. The per iod  of f luctuat ion buildup 
c h a r a c t e r i z e d  by a d e c r e a s e  in Hmean /H0  and l m e a n / l o  as  
well  as  in the m e a n  f l ame  veloc i ty  wi l lbe  cal led the f i r s t  s tage,  
while the following pe r iod  c h a r a c t e r i z e d  by an i n c r e a s e  in these  
quant i t ies  will be cal led the second s tage.  

T h e r m o g r a m s  of the f l ame  f ront  indicate that  the l a t t e r  
r e m a i n s  smooth  and men i sco id  in shape dur ing the f i r s t  s tage,  
Changes in the f l ame  su r face  occur  not within the na r row  
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boundary layer  but, as assumed by the authors  of [1-3], over  the en t i re  duct 
sect ion.  The mean  veloci ty  of the f lame front  is a l inea r  function of both 
H m e a n / H  0 and l m e a n / l  o. The amplitude of f lame front  fluctuations in-  
c r e a s e s  ve ry  insignificantly. Moreover ,  H / H  0 and l / l  o fluctuate at an a l -  
mos t  constant  amplitude.  Since the mean  values  of these  quanti t ies de -  
c r ea se  with t ime,  however ,  thei r  re la t ive  var ia t ions  increase .  

During the second stage the amplitude of f lame front  fluctuations in-  
c r ea se s .  At the f lame front  there  appear  per turbat ions  f i r s t  r e co rded  on 
photographs in the fo rm of per iodica l ly  br ightening and fading nodes.  At 
the same t ime,  one obse rves  an increase  in the mean  f lame veloci ty  at  a l -  
mos t  constant H / H  0 and l / l  o. Inasmuch as  the mean f lame veloci ty  is uni-  
quely re la ted  to the f lame surface  a rea ,  one may assume that the nodes r e -  
p resen t  a l a rge  c lus te r  of smal l  per turba t ions  not individually dist inguishable 
with available ins t ruments .  The amplitude of f lame front  fluctuations at  the 
beginning of the per turbat ions  is 2 to 3 ram. The gas veloci ty  is he re  ap-  
proximate ly  3 m / s e c  and its acce le ra t ion  is  (3 to 4)- 103 m / s e c  2. The bui ld-  
up and the amplif icat ion of the per turba t ions  is i l lus t ra ted  by the s e r i e s  of 
photographs shown in Fig.  2. The per turba t ions  appear  initially at the f la t -  
t e s t  pa r t  of the f lame front  nea r  the top wall of the duet, and then gradually 
encompass  its en t i re  sur face .  It  can be seen c l ea r ly  on the photographs 
how the per turbat ions  inc rease  and dec r ea se  per iodical ly ,  resul t ing  in a 
per iodic  var ia t ion  of the f lame front  elongation. At the same t ime,  the 
f lame front  continues to per iodica l ly  elongate and flat ten,  just  as  during the 
f i r s t  stage of the fluctuation buildup. The continuously vary ing  f lame front  
elongation makes  it impossible  to t r ack  the d isplacement  of fixed points on 
the f lame front.  Some notion about the cha r ac t e r  of the developing p e r t u r -  
bations can be gained by record ing  the d isp lacements  ~x  of those points on 
the f lame front  whose excurs ions  a re  la rges t .  A var ia t ion in Ax with t ime 

Fig.  2. Development of for  the given case  is shown in Fig. 3, where  Ax is expres sed  in mi l l ime te r s .  
wave format ion  on the It is evident he r e  that var ious  points on the front  osc i l la te  in phase but with 
flame sur face .  d i f ferent  ampli tudes.  This  indicates standing waves on the f lame sur face .  
In some cases  (Fig. 3) the number  of these  waves r ema ined  constant over  seve ra l  per iods  of f lame front  
fluctuation, but the i r  lengths var ied  with t ime at double the per iod  of the f lame front  fluctuation. In o ther  
cases  the number  of waves on the f lame surface  var ied  at double the per iod of f lame front  fluctuation. The 
increase  in the amplitude of f lame front  fluctuation during the second stage of the fluctuation buildup is r e -  
la ted to an increase  in the amplitude of f lame sur face  fluctuation due to the simultaneous effects  of a p e r -  
iodically vary ing  flame f ront  elongation and of the wave format ion  on the flame f ront  sur face .  The ef fec t  

of the f i r s t  of these  fac tors  was not cons idered  in [5]. 
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Fig. 3. Variation of L~x (10 -3 m) with time t (see): 
curves  I,  II, HI, IV co r re spond  to four respec t ive  
standing waves on the f lame sur face .  
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Fig. 4. Wavelength ~ (10 -3 m) 
as a function of the amplitude of 
flame front fluctuations h 0 (10 -3 
m). 

The process  of wave formation on the flame front may be r e -  
garded as a manifestation of a Taylor  instability [6], which occurs  
at the interface between two liquids or  two gases of different den- 
sities during an accelerat ion from the thinner toward the denser side. 
During vibratory combustion this accelerat ion var ies  periodically as 
a resul t  of acoustic vibrations of the gas enclosed in the duct. The 
amplitude of the accelerat ion variations depends on the amplitude of 
flame front fluctuations. It has been shown in [4] that a wave begins 
to form most  likely when 

0 .91~4n  h_~0 Pi - -P~ ~7.5.  (1) 
Pl + P~ 

It follows from (1) that for the limits of the said instability in- 
terval  the relation between ;~ and h 0 is 

i % ~ =  4n Pl--P~ ho ' 
0.91 Pi ~ P~ 

4n (2) 

7.5 
Pi - -  P~ ho" 
Pi % P~ 

The straight lines in Fig. 4 represent  the boundaries of the instability region (2), and the points represent  
test values of ~ as a function of h 0 (both ~ and h 0 are  expressed here in mil l imeters) .  The test  points fall 
well within the calculated boundaries. According to theory, the period of flame front shape fluctuation does 
not exceed the instability time interval (1) and is twice as long as the period of flame front fluctuations. 
The test  data shown here Confirm this theoretical conclusion. 

We note, in conclusion, that the variation in l / l  o, which occurs at the frequency of flame front fluc- 
tuations, is always in phase with those fluctuations during the f i rs t  stage of fluctuation buildup. During the 
second stage, in some cases the phase shift between l / l  o variations and the flame front displacement is 
close to ~ /2 .  

N O T A T I O N  

H is the distance between the leading point and the trailing point of a perturbed flame front; 
H 0 is the distance between the leading point and the trailing point of an unperturbed flame front; 
l is the length of the boundary line of a perturbed flame front, as recorded by the TSpler method; 
I 0 is the length of the boundary line of an unperturbed flame front, as recorded by the TSpler method; 
zkx is the displacement of a point on the front along a standing wave; 
h 0 is the amplitude of flame front fluctuations; 

is the length of waves forming on the flame surface;  
Pl is the density of a fresh reactant  mixture; 
P2 is the density of react ion products. 
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