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A calculation is made of the wavelength at the surface of a flame in 
vibratory combustion in a tube, allowing for preheating of the fuel 
mixture through heat conduction ahead of the ignition front. 

In a previous  paper  [11, the author r ep r e se n t e d  the 
mechan i sm  of v ib ra to ry  combust ion  of gas mix tu re s  
in tubes as resu l t ing  f rom in te rac t ion  of the se l f -  
osc i l l a t ions  of the gas column (fuel m i x t u r e - c o m b u s -  
t ion produets)  in the tube with osc i l la t ions  produced 
by hydrodynamic  ins tab i l i ty  of the f lame front. F rom 
the posi t ions  of r e sonance  coincidence of f requenc ies  
of the above osc i l l a t ions  we have der ived  a s imple  
theore t i ca l  fo rmula  for de t e rmin ing  the wavelength 
X of the d i s tu rbance  p reva i l ing  at the f lame front ,  
which was a s sumed  to be an oblique expansion shock: 

?~ = vicos e/~n. (1) 

Here v; is the ra te  of propagat ion of bu rn ing  in the 
d i rec t ion  of the tube axis,  c~ is  the m e a n  angle of i n -  
e l ina t ion  of the f lame sur face  to the tube axis,  and 
C0niS the f requency  of the s e l f -o sc i l l a t i ons  of the gas 
in the tube. The exper imen t s  conducted in [1] on 
bu rn ing  of CO-a i r  m ix tu re s  in tubes with f lame p rop-  
agation f rom an open end to a c losed one gave va lues  
for the wavelength X at the igni t ion f ront  approximate ly  
th ree  t imes  l a r g e r  than given by (1). The chief cause 
of lack of ag reemen t  be tween theory  and expe r imen t  
l ies  in  the fact that in the expe r imen t s  the m e a n  ra te  
of propagat ion  of the f lame re la t ive  to the tube was 
m e a s u r e d ,  this be ing the veloci ty  of the burn ing  zone 
along the tube axis re la t ive  to the or ig ina l  fuel m i x -  
ture.  This,  as will  now be shown, Aeads to a r e d u c -  
t ion of the t rue  value of the bu rn ing  ra te  r e l a t ive  to 
the or ig ina l  gas. Indeed, in the one -d imens io na l  
case the s t a t i ona ry  f l ame  is  a zone of a c e r t a i n  width 
L, lying be tween x = - L  and x = 0, if the coordina te  
s y s t e m  is r e l a t ed  to the f lame in such a way that the 
l a t t e r  is at r e s t ,  while the gas flows into it and out 
of it. Fuel  m ix tu r e  with p a r a m e t e r s  Pl, vl, T1 f low- 
ing into this  zone f rom the left t u rns  into combus t ion  
products  with p a r a m e t e r s  02, va, T2 flowing out into 
the reg ion  x > 0. Then,  as it en t e r s  the f lame zone, 
the mix tu r e  is f i r s t  heated due to the heat  flux from 
the incandescen t  eombus t ion  products ,  and af ter  i t  
reaches  a high enough t e m p e r a t u r e ,  an ene rge t i c  
chemica l  r eac t ion  rapidly takes place to t r a n s f o r m  
it into combus t ion  products .  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 chemica l  r eac t ion  zone is a r e l a -  
t ively sma l l  par t  of the f lame width. Then, neglec t ing  

the s ize  of the chemica l  t r a n s f o r m a t i o n  zone, we may 

r e p r e s e n t  the f lame [2] by a t he r ma l  wave in the i n i -  
t ia l  m ix tu re  ahead of the sur face  x = 0 heated to t e rn -  
pe r a tu r e  T 2. The r e su l t  is the following boundary value 
problem in the theory of steady heat conduction [2]: 

dT d=T , x - O  when T = T >  x : - - o o  when T=T1 
vl -~x = X~ clx-- 7 

with solut ion 

T = T ,  q-(T.---T1)exp (V~ x )  . (2) 

The width of the f lame is unders tood  [3] to be  only 
that of the sec t ion  of effective t e m p e r a t u r e  i nc rea se ,  
ca lcula ted f rom d imens iona l  cons ide ra t ions  in the 
form L = X 1/vl �9 There fo re ,  us ing  the d iscont inuous  
f lame front  model  in the theore t i ca l  ca lcu la t ions  in 
which (1) was obtained,  we m u s t  take into account that,  
because  of the low n o r m a l  burn ing  rate ,  the f lame is 
able to heat  the or ig ina l  mix tu re  ahead of it. In fact,  
t he re fo re ,  it is propagat ing  in  a gas with h igher  t e m -  
pe ra tu r e  T , .  In o rde r  to evaluate  this heat ing,  we 
shal l  a s s u m e  T .  to be the mean  in tegra l  f rom (2) in  
the sec t ion  of uni t  width of f lame zone L d i rec t ly  ahead 
of it, i . e . ,  in  the range  (x = - 2 L ) - ( x  = - L ) .  We then 

have 

r~, = r ,  + ( r ~ . -  r , )  1 - -  7- --~ . 

The gas d i rec t ly  in f ront  of the f lame expands and 
is  set  in mot ion  when heated. For  combus t ion  p ropa -  
gat ing f rom the open to the c losed end of a tube,  as 
occu r r ed  in our  tes t s  [1], the above mot ion  of the fuel 
m i x t u r e  can only be toward  the f lame (toward the open 
end of the tube). This produces  an i n c r e a s e  of the t rue  
value of vl in  (1) up to v . ,  i. e . ,  up to the veloci ty  of 
propagat ion  of the f lame re la t ive  to the o r ig ina l  m i x -  
tu re ,  compared  to the veloci ty  of propagat ion  of the 
combus t ion  f ront  r e l a t ive  to the tube m e a s u r e d  in the 
expe r imen t s .  To find th is  t rue  ve loc i ty  v , ,  we use  (3) 
in  the equat ions  of cont inui ty  and s ta te  for  a slow c o m -  

bus t ion  p roces s  

9*v*=P,  ut, 9* T* : :  ,"I TI 

Hence at once we obtain 

v, = v, [1-1- (T../T~ - 1)(e-- l)/cal. (4) 

which g ives ,  for example ,  v ,  = 2.2v I for T2/T ~ = 6. 
The re fo re ,  subs t i tu t ing  v ,  in (1) in place of vl,  we have 
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). v~cosao)n I I _ [ _ ( ~ T 2 - - 1 )  ~ 1  ] (5) 

which  a l r e a d y  g ives  v e r y  good a g r e e m e n t  wi th  the e x -  
p e r i m e n t a l  r e l a t i o n .  The d i s c r e p a n c y  b e t w e e n  (5) and 
the e x p e r i m e n t a l  r e s u l t s  [1] is  about  20 -25% i n s t e a d  
of a f ac to r  of 3. 

NOTATION 

k--wavelength of disturbance at flame front; COn-~equency of 
self-oscillations of gas in tube; h--mean burning rate; 01, Tl--mean 
density and temperature of original mixture; P2, T2--density and 
temperature of combustion products; v ,- t rue burning rate; 9,, r , - -  
true density and temperature immediately ahead of flame; • 
fusivity of original mixture; L--flame width; a - m e a n  angle of in- 
clination of flame to tube axis. 
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