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The condition is es tabl i shed under  which the mutual  effect  between wave genera t ion a t  a 
f lame su r face  and per iodic  acce l e ra t ions  in the surrounding medium may  become  an  e s -  
sent ial  feedback mechan i sm in the v ib ra to ry  propagat ion  of the f lame along duets .  

According  to [1], the mutual  effect  between wave genera t ion a t  a f lame su r face  and per iodic  a c c e l e r a -  
tions act ing on that f lame is a s e c o n d - o r d e r  effect  in the case  of smal l  acoust ic  v ibra t ions  and, the re fo re ,  
the f eedback -mechan i sm theory  developed in [2, 3] cannot explain the p r e s e n c e  of a v i b r a t o r y  combust ion 
mode in ducts and for  a fttlly developed v ib ra to ry  combust ion it  becomes  meaning less .  I t  can be shown that 
this theory  appl ies  only to a specif ic  s tage in the v ib ra to ry  propagat ion  of a f lame.  

An ana lys i s  of this p rob lem [1] leads  to differential  equations for  the wave generat ion a t  a f lame s u r -  
face and for  the acous t ic  v ibra t ions :  
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with the following cons t ra in t s  a t  the f lame su r face ;  for the f i r s t  s y s t e m  of equations (1) 
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and for the second s y s t e m  of equations (2) 
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As was shown in [1], conditions (3), (4), (5) a r e  supplemented by two m o r e :  

ho << 2~a8. ' (~x) ~ << 2J...~s , (6) 
(0 /0 

the l a t t e r  ones signifying that the ampl i tudes  of acoust ic  d i sp lacement  and of wave generat ion a t  the f lame 
su r face  a r e  much s m a l t e r  than the wavelength of acous t ic  v ibra t ions .  

Two c i r c u m s t a n c e s  a r e  s ignif icant  he re :  
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a) the two systems of equations (i) and (2) are independent, the interrelation between wave generation 
at the flame surface and acoustic vibrations being defined by condition (4); 

b) as a consequence of linearization, in deriving equations (i) and (2) second-order terms have been 

disregarded including those with the velocity perturbations squared in the first set and those with the acoustic 
velocity squared in the second set, i.e., the assumption is made that 

aSv~ asv~ asv~y aSv~y 

a,: av~ 
v~ ~;- << ~ / - .  (8) 

The l a s t  a s sumpt ion  is equivalent  to v s << a s [4], which coincides with the f i r s t  of conditions (6). 

Fu r the r  ana lys i s  of the p r o b l e m  reduces  to solving the s y s t e m  of equations (1) for the boundary con-  
dit ions (3) and (4). On the r igh t -hand  side of (4) the product  of the acoust ic  acce l e ra t ion  b = h0 w2 cos wt and 

? 
the d i sp l acemen t  5x of the f l ame  f ront  is a quantity of the s a m e  o rde r  of magnitude as v s 6Vsx. In the case  

! 
of smal l  acous t ic  v ib ra t ions ,  when v s and 5Vsx a r e  of the s a m e  o rde r  of magnitude,  the r ight -hand side of 
(4) mus t ,  in acco rdance  with (7), be d i s r ega rded  while the boundary condition for  p r e s s u r e  mus t  be s ta ted 
a s  5pl = 5p2 and the p rob l em  of analyzing the mutual  effect  between wave genera t ion and acoust ic  v ibra t ions  
becomes  mean ing le s s ,  i . e . ,  we a r r i v e  a t  the conclusion s ta ted in [1]. If  5Vsx << v s ,  then with the fulf i l l -  

! 
merit of condition Vs << a s  the said p r o b l e m  is solved en t i re ly  accord ing  to [2, 3]. Indeed, the condition of 
smal l  acous t ic  veloci ty  m a k e s  i t  p e r m i s s i b l e  to ana lyze  the acous t i cs  (2) on the bas i s  of a l inear  a p p r o x i m a -  
tion and condition 6Vsx << v~ sugges t s ,  as  indicated by (4) and (7), that in solving Eqs. (1) the cons t ra in t  on 
p r e s s u r e  should be cons idered  in the fo rm of (4). 

The mutual  ef fec t  between wave genera t ion a t  the f lame sur face  and per iodic  acce l e ra t ions  act ing on 
that  f l ame  may ,  in this way,  p lay the ro le  of an essen t ia l  feedback m e c h a n i s m  at  the t ime  when the v ib ra to ry  
f l ame  propaga t ion  has  a l r e ady  developed and the condition under  which the theory  of this mechan i sm a c c o r d -  
ing to [2, 3] is appl icable  becomes  

~v,~ << v: << a,. (9) 

Expe r imen t s  with v i b r a t o r y  propaga t ion  of C O - a i r  f l ames  through semiopen  duets have conf i rmed 
this point of view in the following manner .  

1. One o b s e r v e s  two succes s ive  s tages  of  v ib ra to ry  f l ame  propagat ion ,  the f i r s t  r e la ted  to v ibra t ions  
of the unper tu rbed  f l ame  front  and the second re la ted  to per iodic  va r ia t ions  on the ent i re  f l ame  sur face .  

2. A transition to the second stage occurs at acoustic velocities on the order of i-3 m/sec, which 

satisfies condition (9). 

3. From :measurements of the vibration amplitude h 0 and the wavelength at the flame surface one 
finds the condition for wave generation to be 3.4 < 16(pl-p2)/(pl + p2)(h0/~) < 8.4, which is in close agree- 

ment with the theoretical one [2, 3]. 

1.4< 16 Pl--P2 h~ ~9. 

I t  is noteworthy that  the lower  l imi t  based  on t e s t  data is 2-2.5 t imes  higher  than the theore t ica l  one, 
but a d i scuss ion  of this d i f ference  and what  causes  it  is beyond the scope of this a r t i c l e .  
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NOTATION 

is the velocity of sound (subscript s = I, 2 refers to the fuel mixture and to the combustion prod- 

ucts respectively); 
is the acoustic acceleration; 
is the amplitude of acoustic displacement in the propagating medium; 
is the wave number; 
is the acoustic pressure; 
is the t ime;  
a r e  the coord ina tes  of the duct,  axial  and t r a n s v e r s e ;  
is the acous t ic  ve loci ty  in the p ropaga t ing  med ium;  
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is the pressure  perturbation; 
a re  the small displacement of the flame front along the x-axis,  and amplitude of wave gene- 
ration at the flame surface; 
a re  the velocity perturbation components; 
is the wavelength at the flame surface; 
is the density; 
is the radian frequency of acoustic vibrations. 
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