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Model represen ta t ions  of the mechanics  of combustion a re  used extensively in analyzing turbulent com-  
bustion. Two limit cases  of combustion corresponding to the charac te r i s t i c  scales  of turbulence L, which is 
much grea te r  or much less compared to the thickness of the normal  laminar combustion front  in the fuel mix-  
ture  under considerat ion bn, a re  distinguished [1]. In the f i r s t  case  (L>> bn) combustion occu r s  in thin fronts ,  
s trongly curved because of the turbulent motion of the medium (surface mechanism of combustion). The com-  
bustion sur face  is hence often represen ted  as an ordinary  laminar flame front  being propagated at the velocity 
Un re la t ive  to the fuel mixture (from s imi lar i ty  considerat ions,  i ts thickness is bn ~ a/un, in order  of magni-  
tade, where a is the molecular  coefficient of the rmal  diffusivity). In the second case (L <<bn), the action of 
turbulence reduces  to just  an increase  in the t ransfer  coefficients in the combustion zone (volume mechanism 
of combustion). A qualitative investigation of combustion in this case  reduces  to the analysis  of the laminar 
front with the rep lacement  of the molecular  by turbulent t ransfer  coeff icients:  

In the case of large  turbulence Reynolds numbers  Re t=u 'L /v>> 1 (u' is the roo t -mean - squa re  value of the 
velocity pulsations charac te r iz ing  the turbulence energy,  L is the charac te r i s t i c  size of the energy containing 
vortexes,  usually taken equal to the integral  of the turbulence scale; and v is the kinematic coefficient of molec -  
ular  viscosi ty) ,  a continuous turbulence spec t rum is charac te r i s t i c ,  consequently, a developed turbulence m i c r o -  
s t ruc ture  with vor t ices  less  than b n can exist  in the flow for L >>b n, which will exer t  substantial influence on the s t ruc -  
ture of the instantaneous combustion f ront  and can intensify the t r anspor t  p rocesses .  This resu l t s  in a need to 
examine an in termediate  model  conserving the feakt res  of both limit cases ,  in which a s t rongly curved flame 
front exists  in the combustion zone, which is thin in compar ison to the average  width of the heat l iberation 
zone (this f ront  is considered as a random surface  below). However, the thickness of such an instantaneous 
combustion front  and its propagation velocity relat ive to f r e sh  mixtures  a re  much g rea te r  than for the normal  
laminar f lame f ront  [2]. 

Such a combustion model is examined below, the domain of the aurbulence p a r a m e t e r s  where it is valid 
is found, and the dependence of the turbulent combustion veloci ty ut on the turbulence pa rame te r s  and physico-  
chemica l  cha rac t e r i s t i c s  of the fuel mixture is determined.  This analysis  uses  dimensional analysis  consid-  
era t ions  contained in the known I I  theorem [3] in addition to resu l t s  following f rom kinematic  regular i t ies  of 
the model  taken. 

Let us consider a one-dimensional  combustion zone (the average  pa rame te r s  depend on one space 
coordinate along which the combustion wave is propagated) which is developed after  it has been se t  in contact 
with a f resh  cold mixture and hot combustion products  after a cer ta in  initial time. Here the quantity u t is de-  
fined as the mean volume of the f r e sh  mixture  which burns per unit t ime per unit surface  of a plane perpendic-  
ular  to the di rect ion of f lame propagation. In the general  case,  because of nonstat ionari ty of the average  
width of such a one-dimensional  combustion zone, ut does not agree  with the propagation velocity of its leading 
front,  which is ord inar i ly  determined in experiments .  

Let us note that there  exist  adherents  of the volume model for L>> b n and Ret>> 1. One of the arguments  
is analyzed in the following express ions  in [4]: "By re turning to f ine-sca le  turbulence, we reca l l  the discussion 
found in the l i tera ture  which is t r ans fo rmed  into a good example of sophis t ry when it is not accompanied by 
quantitative es t imates .  The discussion is the following. F ine-sca le  turbulence, which is always present  in 
the spec t rum of sca les ,  extends the no rma l  f lame combustion zone. Coarse r  scales  become smal l  re la t ive  to 
the expanded zone. By falling into the  combustion zone, they extend it st i l l  more ,  etc. All the scales  gradually 
a re  drawn into the combustion zone. Hence, there  is no sense in compar ing turbulence scales  to the width of 
the normal  combustion zone, which is not and cannot be in a turbulent f lame."  
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The es t imates  in [4] and exper iments  do not conf i rm the possibil i ty of the exis tence  of a volume com-  
bustion mechan ism in r ea l  cases .  Thus, a d i r ec t  exper imenta l  investigation of the s t ruc tu re  of a homogeneous 
combustion zone for  a g a s o l i n e - a i r  mix tu re  at 2 0 - 2 5 - m / s e c v e l o c i t i e s  for  a 0 .4 -m-d iame te r  burne r  by mea-  
suring the instantaneous t e m p e r a t u r e s  with a low-iner t ia l  t he rmomete r  showed that finite probabil i t ies  for  
the t e m p e r a t n r e  of the ini t ial  mixture  and the t em p e ra tu r e  of the combustion products  exis t  in the combustion 
zone while the probabi l i ty  of in te rmedia te  t e m p e r a t u r e s  is  low, i .e . ,  the sur face  combust ion mechanism holds 
[5]. Never the less ,  in a theore t ica l  analysis  the quest ion of the physical  r ea son  for  the absence of such a 
sequential  involvement  of a l l  the c o a r s e r  vor t i ces  in the combustion f ront  r ema ins  and the need a r i s e s  for  an 
es t imat ion of the l imit  thickness  of the combustion f ront  bn.t (by which the instantaneous zone separat ing the 
f r e sh  fuel  mix tu re  and the combustion products  is  to be understood) and its propagation veloci ty over the fuel 
mix ture  un. t. 

1. Le t  us examine such turbulence p a r a m e t e r s  and physicochemical  cha rac t e r i s t i c s  of the mixture  for 
which vor t i ces  with a s ize  on the o rde r  of the thickness of the expanded combustion f ront  bn.t and governing 
the intensi ty of the p roces s  in the f ron t  a r e  r e f e r r e d  to the iner t ia l  in te rva l  of the turbulence spect rum:  

L >> be. t >> ~1 = val4s-i/~ N LRe-~ a/~, (1.1) 

where  ~? is  the Kolmogorov s c a l e , w h i c h a g r e e s ,  in o rde r  of magnitude, with the s ize  of the minima[  vor t i ces  
exist ing in the turbulent  flow, e is  the r a t e  of dissipat ion of turbulence energy governed by the energy content 
of the vo r t i ces  and equal  to e N u ' 3 / L  f r o m  dimensional  analysis  ([6], for  instance).  

The pulsation energy  spec t rum in the domain of the iner t ia l  interval ,  which is  independent of v iscos i ty  
and governs  the r a t e  of dissipat ion f r o m  dimensional  considerat ions ,  will have the f o r m  [6] 

E (k) N 8~nie-s/L 

Here  k is  the wave number ,  the cor responding  vor t ex  s ize  equals 1/k in o rde r  of magnitude. The r o o t - m e a n -  
square  magnitude of the veloci ty  pulsations u~. t ,  which is de termined  by vo r t i ces  contained in a layer  of thick-  
ness  bn. t and their  in tegra ted  scale  Ln. t, a r e w r i t t e n  in t e rm s  of the energy spec t rum on the basis of ord inary  
express ions :  

T j: "* E (k) die ,'.-" e 21362/a Un. t ' " l / b .  t ~.t ,  Ln'tN i/ .t k - ~ E  (ie) dtep/bn.t E (k) dk  ~ bn. t. (1.2) 

f r o m  which the coeff icient  of turbulent  t he rma l  diffusivity in the front  will  be 

an.t ~ Un.tLn.t ~' et/'%t~/3"a.t" (1.3) 

The express ion  (1.3) also follows d i rec t ly  f r o m  dimensional  analysis  s ince an. t  for  the iner t ia l  in terval  should 
be independent of the molecu la r  v i scos i ty  and is  defined by ~ and bn.t. Substituting the express ion  bn.t 
following f r o m  (1.3) into the r igh t  side of the inequality (1.1), we obtain (a is the coeff icient  of molecular  
the rma l  diffusivity) 

an a/~ >> v a/4 N a ~14, (1.4) 
. t  "~ 

i .e . ,  the contr ibution of the molecu la r  p r o c e s s e s  to the intensi ty of t r ans fe r  in the combustion f ron t  is insig- 
nificant.  

The veloci ty  of combustion f ron t  propagation and its thickness a r e  functions of an. t  and the cha rac t e r i s t i c  
t ime of chemica l  r eac t ion  in the front  tc,  f r o m  which we obtain analogously to the case  of L~:minar combust ion 
by using dimensional  analys is  considerat ions:  

~h.t~ (an.d:tO ~/2, t,~.t,-, (an.tt~)~2. (1.5) 

I t  follows f r o m  (1.3) and (1.5) that 

ufi. t N u" ( teJ t t ) l/~, bn.t ... L (re/it) a/~, an "t "" at (to/tt) 2, (1.6) 

where  a t , ~ u ' L  is  the coeff icient  of turbulent  t he rma l  diffusivity, and tt,~ L /u '  is the cha rac t e r i s t i c  t ime of the 
turbulent  pulsat ions.  

The re la t ionships  (1.5) a r e  the actual  conditions of the fact  that in a coordinate  sys t em where  the com-  
bustion f ron t  is  fixed, the fleet f luxes in the f ront  because of heat  conduction and convection, and heat l iberat ion 
because of chemica l  r eac t ion  have one o rde r  of magnitude, i .e . ,  

CvPOn.t "AT/bn.  t ~ c~pua, t AT ~ Q- w. bn.t, (1.7) 
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where  AT is  the t e m p e r a t u r e  i n c r e m e n t  in the front;  w, the mean  r a t e  of r eac t ion  of the fuel;  and Q, the 
t h e r m a l  ef fec t  of the reac t ion .  Indeed 

Qco~pcnAT, tc~co/W , 

where  c 0 i s  the ini t ia l  fuel  concentra t ion.  

The re l a t ionsh ips  (1.5) foRowdi rec t ly  f r o m  (1.7). The re fo re ,  the expansion of file corabust~on f ron t  
and involvement  of m o r e  and m o r e  c o a r s e  v o r t i c e s  occu r s  un~I  equi l ibr ium is  es tab l i shed  beWceen the con-  
vect ion,  hea t  conduction, and chemica l  r eac t i on  p r o c e s s e s ,  as occu r s  even in the case  of laminar  combust ion 
when [2] 

t c ~ ~ ,  b n ~  (atc):/~. (1.8) 
"rt 

Let  us hencefor th  a s s u m e  that the chemica l  r eac t ion  t ime t c is  ident ical  for  l aminar  and turbulent  
combust ion,  then accord ing  to (1.6) and (1.8) 

"n., - , , r .  , o . . , ~ L  ' 

Compar ing  (1.5) and (1.8) and taking account  of (1.4) r e s u l t s  in 

~_.t ">:> an, bn.t >> bn: 

I t  should be noted that  the assumpt ion  of invar iabi l i ty  of the reac t ion  t ime  t o during laminar  and turbu"  
lent  combust ion,  which ho~ds, for  ins tance ,  for  an identical  functional f o r m  of the t e m p e r a t u r e  dis tr ibut ion 
a c r o s s  the ins tantaneous  combust ion f ron t  and in the absence  of not iceable  t e m p e r a t u r e  pulsat ions the re in  
fo r  turbulent  combust ion T"/@~<<I, is  sttfficiently s t rong  in both ca se s  (| is  the c h a r a c t e r i s t i c  t e m p e r a t u r e  
range  of the chemica l  react ion) .  The fact  is that  in conformi ty  with (1.2), the c h a r a c t e r i s t i c  sca le  of the 
vo r t i c e s  in the ins tantaneous combust ion f ront  is  c o m m e n s u r a t e  with i ts  width, which can r e s u l t  in a high 
pulsat ion level.  An e s t i m a t e  of the t e m p e r a t u r e  pulsation intensi ty  r e q u i r e s  the r e l i ance  on balance equations 
for  the t e m p e r a t n r e  pulsat ions ~,2 in the coordinate  s y s t e m  in which the instantaneous combust ion f ront  is  
fixed. Equating the convect ive  t r a n s f e r ,  the genera t ion  a s soc ia t ed  with the mean t e m p e r a 0 i r e  gradient ,  the 
diffusion and d iss ipa t ion  ~.,2 which can be e s t ima ted  r e spec t i ve ly  as 

d~" ~"  (d7 ~ Ar 2 

l].t 

T Ull, t 

r d--~-.: bn.t u.t 

in o rde r  of magnitude,  and using (1.2) and (1.6), we obtrdn T" / (AT)2~  1. 

This e s t i m a t e  shows tha t  the expanded combust ion f ron t  d i f fers  in s t ruc tu re  f r o m  the extended ln minar  
f ront  zone which holds for  L<< bn and m o r e  often co r r e sponds  to the mic rovo lume  combust ion model  [2], which 
is  c h a r a c t e r i z e d  by a high level  of t e m p e r a t u r e  pulsat ions  in the instantaneous combust ion zone, resu l t ing  in 
an i nc r ea se  in the r e l a t i ve  width of the subs tant ia l  heat  Liberation zone in the f ront  as compared  with the 
laminar  combust ion case .  

The condition for  the exis tence  of a s t rongly  expanded combust ion  f ron t  (the r igh t  side of (1.1)) becomes  
a f te r  (1.6) and (1.8) have been used  

( [ ~ a 1 2  

Using the expres s ion  for  s in t e r m s  of the turbulence  m i c r o s c a l e  X:~-----15vu'~[~ 2, we obtain (u'/~)a/~>> (u~/a)aZa 
f r o m  (1.10), which is p rac t i ca l ly  in a g r e e m e n t  with the condition for the s t rong  influence of turbulence on the 
laminar  f l a m e  f ron t  u'/~ >u~n/a, proposed  in [7]. By using the express ion  for  ~ in t e r m s  of s f r o m  (1.1) the 
inequali ty (1.10) is  conver ted  into the f o r m  ~13<< a~/u~, i .e . ,  at  l ea s t  the re  should bo ~ < bn, Which a g r e e s  phys i -  
cal ly  with the ini t ia l  hypotheses  of the model .  Let  us a lso  note that  (1.10) y ie lds  an upper  bound on Ret,  or 
Re t  <<(u'/un) 3, for  f ixed u ~ and Un, which can be spoi led for  too la rge  L. 

The left  side of (1.1) becomes  a f te r  (1.6) and (1.8) have been used  

(F <<, ,, .  : , ,  
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It  follows f rom condition (1.11) that the r e s idence  t ime of the substance i n t h e  f ront  t f ~  bn.t/Un, t (which 
also c h a r a c t e r i z e s  the buildup t ime  of the s ta t ionary values o fbn .  t and Un. t) equal to t f ~ t c ,  according to 
(1.9), should also be much less  than the dissipat ion t ime t d ..- u"/8~.L/u'  ~ t t. This inequality as the condition 
for  the ex is tence  of a sur face  combustion mechanism is mentioned in [4]. 

2. The turbulent  combustion veloci ty  ut can be r ep r e sen t ed  in the fo rm 

ut = un. ~ �9 (2.1) 

H e re  6S is  the a r e a  of the combustion f ron t  sur face  e lement ,  6S o the a rea  of the project ion on this e lement  on 
a plane perpendicular  to the direct ion of f lame propagation, and the upper bar is  the averaging symbol. 

Let  us consider  that at  each instant  the sur face  of the f ron t  is  a unique random function of the t r a n s -  
v e r s e  coordinate  x=h(y ,  z), which is  apparent ly  admiss ible  for  quali tat ive es t imates  since the probabil i ty  of 
meet ing a f ront  ambiguity does not exceed  0.1-0.2 [5] according to exper imenta l  r e su l t s  (x is the coordinate 
along which the reac t ion  wave is  propagated).  Then 

(-~Sv) (1 " tOh~" lOh~2'~t/2 IS)ll2 _~ - ? (~ )  ~ - ( ~ ) )  = ( l + [ g r a d h  �9 

In the case  of the combustion sur face  mechan i sm we a re  i n t e re s t ed  in (GS/6Sc,) >> 1 

(~$so)~.lgradhl,..,([gradh[~fe :~ =. .~ ,  (2.2) 

where  Z' = (x --  x)~; A is  the m i c r o s c a l e  of the length of the random f ron t  sur face  in se r t ed  by analogy with the 
case  of a r andom function of one var iable ,  in the f o r m  

A=Y./] gradh I. 

For  the case  of a random function of one var iab le  ~(t), ~ ( t ) = 0  ,the usual definition of m ic ro sca l e  has the fo rm  

. i(dtl" 
The coeff icient  of propor t ional i ty  in (2.2), which equals one in o rde r  of magnitude, is  calculated d i rec t ly  

in the ease  of a no rma l  (Gaassian) law for  the probabi l i ty  density of ins tan taneousva lues  of ]grad hi: 

= _  V2~j gradh[ - - ' ' - ~ e x p  2 J grad h jz 

Taking ~ ~  L for the es t imate ,  i t  follows f r o m  (2.2) that h <<L for  the sur face  combustion mechanism.  

Let  us examine the case  when Un.t<<u '. If (1.6) and (1.8) a r e  used, this condition takes the fo rm 

Li/S>>'n.t ~ tt ) N ~u" ~ 1  <<1, (2.3) 

i .e . ,  i s  s t r onge r  than the inequali ty (1.11). In this case ,  in the t ime  r ange  

L/u" ~ t  <<,L]un.t (2.4) 

the combustion f ron t  can be cons idered  to cons is t  approximately  of the same fluid pa r t i c l e s  (since the d is-  
p lacement  of the f ront  r e l a t i ve  to the medium is much less  than L during this t ime),  and ~z is  subject  to the 
cus tomary  turbulent  diffusion re la t ionship  

Z2,,,u,Lt. (2.5) 

The value of h is  a function of L, u ' ,  bn.t, Un.t, and t. On the basis of a dimensional  analysis  theorem,  
this functional  re la t ion  can be wri t ten  in the following dimensionless  f o rm  

hlbn.t = ~1 (u't/b~.t, u'/~.t ,  L/bn.t ). 

Taking into account  the re la t ion  between u,/Un, t and L/bn.  t that follows f ro m  (1.6), and using the condi- 
tion of s ta t ionar i ty  of u t accord ing  to (2.1), we obtain for  the validity of (2.5) 

Al.bn. t = (u't[bn.t.) z/~G:(L/b~t ). (2.6) 
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According  to (2.3), the a rgumen t  of the function G 2 is  la rge .  Let  us  p r e sen t  r ea son ing  that hence G z = 
c o n s t ~  1. Indeed, if  this  is so, then bn.t<<A <<L upon compl iance  with (2.4). Hence, vo r t i c e s  of the s ize  L 
t r an s f e r  pe r tu rba t ions  on the o rder  of A as  a whole to the f ront  and A cannot depend explici t ly on L, 
i .e . ,  G2=const .  It  follows f r o m  (2.2), (2.5), and (2.6) that  

(6S/~t-----~o) .~. ( L / b ~ t )  Ii2. (2.7) 

The exp re s s ions  (1.6), which a r e  val id when the width of the extended combust ion f ron t  co r r e sponds  to the 
domain of the ine r t i a l  in te rva l  of the ene rgy  spec t rum,  were  used in obtaining (2.7). I f  this  is not so, p a r t i c -  
u l a r ly  for  the exis tence  of l aminar  combust ion f ronts ,  then (2.7) does not hold. 

Let  us emphas i ze  that the s ta t ionar i ty  of the combust ion f ront  a r e a  does not cont radic t  the nonsta t ionar i ty  
of the width of the a v e r a g e  combust ion zone s ince the quantity Z is  de te rmined  p r i m a r i l y  by vo r t i ce s  in which 
the o rde r  of the pulsat ions  is  u '  and the s ize  is L, while the a r e a  is  de te rmined  by much fewer  vo r t i ce s  in 
which the pulsa t ions  a r e  c o m m e n s u r a t e  With the value of the f ront  veloci ty  Un. t (the dependence of ( 6 S ~  0) 
on L does not cont rad ic t  this  because  of the exis tence  of equi l ib r ium between the turbulence m a c r o -  and 
m i c r o s t r u c t u r e ) .  This r e s u l t s  in s ta t ic  equi l ibr ium between the i nc rea se  in the su r face  a r e a  of the f ron t  
because  of turbulent  pulsat ions  and i ts  diminution because  of d i sp lacement  of the combust ion f ront  re la t ive  to 
the medium,  the buildup t ime  of a constant  value of a r e a  is hence much  less  than L / u ' .  The i n c r e a s e  in 
Z is  a s soc ia t ed  with the fac t  that equi l ibr ium between the expansion of the mean  combust ion zone because  of 
turbulent  diffusion and i ts  na r rowing  because  of f ront  d i sp lacement  r e l a t ive  to the med ium is not achieved a t  
the t imes  (2.4). Such equi l ibr ium can be achieved for t ~ L/Un. t- 

Let  us note that  some  cons idera t ions  f r o m  dimensional  ana lys i s  y ie ld  only 

(6818So)  ~-- H ( L lbn . t  ) . (2.8) 

I t  fol lows f r o m  (2.7) and (2.8) that  the function H does not tend to a constant  as  the a rgument  i n c r e a s e s .  
Physica l ly  this is  conceivable  s ince the a r e a  of an infinitely thin m a t e r i a l  su r face  i n c r e a s e s  monotonical ly 
with t ime in turbulent  flows. Hence,  as bn.t (and thereby  Un. t) tends to zero ,  the s ta t ionary  magnitude of the 
a r e a  can be a r b i t r a r i l y  large.  The power - l aw dependence in (2.7) is  acl~aUy a manifes ta t ion  of s e l f - s i m i l a r i t y  
of the second kind examined  in [9, 10], however ,  i t  follows he re  f r o m  a qual i ta t ive analys is  r a t he r  than f r o m  
the exact  equations of the p r o b l e m  (which a r e  not in the approach  under considerat ion) .  

The re la t ionsh ips  (2.1), (2.7), (1.6), and (1.8) yie ld  the final r e s u l t  

. ,3/~, .il2=-il~ r 1/4 u' ( ~ t l/~', ~ = A ,  ~ ~ ,. N (2.9) 
\to / 

which holds upon compl iance wi th  the inequal i t ies (1.10), (2.3), and (2.4), where A is an emp i r i ca l  parameter  
of the o rder  of one. 

Because  of the s m a l l n e s s  of the value of the exponent ( t t / t c ) l / ~ e o n s t ~ l ( f o r  ins tance,  k/to 102(tt/tc) l/4 
~3 in (2.9)the approx ima te  express ion  u t ~ u ' ,  r e l a t ive  to (2.9), follows, which a g r e e s  with the r e s u l t  obtained 
on the basis  of s imp le  g e o m e t r i c  cons idera t ions  in [4]. 

If (2.9) is  r ewr i t t en  in the f o r m  ut, 'u'  ~ ( L / u ' .  u2n/a) ~/4 and (2.3) is  taken into account,  we obtain that u t >u ' .  
An e s t ima t e  for ~. in the t ime  range  (2.4) follows f r o m  (2.4) and (2.5), and can be cons idered  as the c h a r -  
a c t e r i s t i c  width of the turbulent  combust ion zone: 

/ ) 1/2 
it (2. i0) " ~ ' ! L ' < < ( u ' % ' u ~ l a ) ' / 2 - -  Yc " 

Let us again emphas ize  that he re  we unders tand ut to be the mean volume combust ion veloci ty  which is 
cons idered  during the combust ion t ime when the ave r age  width of the one-d imens iona l  r eac t ion  wave i n c r e a s e s  
accord ing  to the law of turbulent  diffusion. The veloci ty  of i ts  fo rward  boundary, de te rmined  by instantaneous 
eject ions of the combust ion products  into the cold mix ture ,  can exceed  the qtmntity ut substant ia l ly ,  where  in 
subs tance  the propagat ion  veloci ty  of such single e ject ions is  not r e l a t ed  to tit. 

I t  can be r e p r e s e n t e d  that  the width of the one-d imens iona l  zone r e a c h e s  s ta t ionary  values for  much 
g r e a t e r  combust ion  t i m es ,  and the values  of the fo rward  boundary veloci ty  and of u t will  be equal. In this  case  
u t will be de te rmined  by the propagat ion  ve loc i ty  over  the cold mix tu re  of incendiary loci being propagated  
because  of the r e l a t ive ly  s c a r c e ,  but s ignif icant ,  e ject ions  of combust ion products  into the f r e sh  mix ture ,  and 
the known nrapid" m e c h a n i s m  of combust ion propagat ion will  be rea l ized .  The instantaneous combust ion s t i r -  
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f ace  will  au tomat ica l ly  be r ead jus t ed  so that the re la t ionsh ip  (2.1) would be sa t i s f ied  for  this value of the c o m -  
bustion propaga t ion  veloci ty .  The quantity Un. t and the mean  spacing between such e ject ions  will  affect  the 
va lue  of the s t a t i o n a r y  a v e r a g e  width along the reac t ion .  

3. Le t  us  ana lyze  the condition for  compl iance  with (1.10) and (2.3) in expe r imen t s  and the cor re la t ion  
between the re la t ionsh ips  (2.9) and (2.10) for  ut and Z with exper imen ta l  r e su l t s .  Let  us examine the follow- 
ing c h a r a c t e r i s t i c  mode: the combust ion of a s to ich iomet r i c  mix tu re  of hydrocarbon  fuel  at no rma l  p r e s s u r e  
and a 300~ init ial  fuel  mix tu re  t e m p e r a t u r e  in a 0 . 2 - m - d i a m e t e r  pipe a t the  mean  veloci ty  100 m / s e c ,  a = 
0.2 mZ/sec ,  Un=0.4 m / s e c ,  u ' = 5  m / s e c ,  L = 1 cm,  v=0.15  c m ' / s e c .  Substitution of these values  in the in-  
equal i t ies  (1.4) and (2.3) y ie lds  8>> 1 (i.e.,  the Kolmogorov  dimension is half  the thickness  of the no rma l  c o m -  
bustion front)  and 0.3 << 1, r e spec t ive ly .  Because  of the asympto t ic  nature  of the combust ion model  developed,  
i t  is admis s ib l e  to consider  the exis tence  conditions for  the models  to be sa t i s f ied  in tes ts .  

Since u n grows with the r i s e  in the ini t ial  mix tu re  t e m p e r a t u r e  (for T O =300~ we have Un ~ 1.5 m / s e c  
and unN3 m / s e c  for  T0=600~ a sufficiently high veloci ty  pulsat ion level  and sufficiently large turbulence 
s ca l e s  a r e  needed to comply with conditions (1.10) and (2.3), which can be achieved in h igh-speed  flows 
in l a r g e - s c a l e  ins ta l la t ions  when using turbul iz ing gra t ings  with large pe r fo ra t ions .  I t  follows f r o m  an ana lys i s  
of (1.10) and (2.3) that the r e s u l t s  a r e  made inappl icable  to desc r ibe  combust ion in low-speed flows and for 
a low pulsat ion intensi ty  level  (u' ~Un), as  well  as for  too sma l l  in tegra ted  turbulence sca l e s  L (Un.t~ut) or 
fo r  too high turbulence  sca l e s  and in tens i t ies  (it i s  apparent ly  difficult to r e a l i z e  this  la t ter  case  in prac t ice) .  
Hence,  the r e s u l t s  obtained, pa r t i cu l a r ly  (2.9), a r e  val id to desc r ibe  the turbulence combust ion p r o c e s s  in 
r a m j e t  c h a m b e r s  and in la rge  indus t r ia l  ins ta l la t ions.  The re  is less  foundation for  their  application in sma l l  
l abora to ry  ins ta l la t ions  with low-flow speeds  although, as  often turns  out in appl icat ions,  such re la t ionships  
based on asympto t i c  e s t i m a t e s  can turn out to be appl icable  to desc r ibe  expe r imen t s  and in a broader  range  
of p a r a m e t e r s  than was  a s s u m e d  in obtaining them. 

Let  us  p r e s e n t  some c o m p a r i s o n s  between the deductions obtained and expe r imen ta l  r e su l t s  for  which a 
s y s t e m a t i c  su rvey  can be found, e.g. ,  in [2, 10, 11]. The exponenet in the re la t ionsh ip  between the turbulent  
combust ion ve loc i ty  and the mix tu re  veloci ty  pulsat ions ,  equal  to 0.7-0.8,  which co r r e sponds  to (2.9), is  p r e -  
sented in [2]. The re la t ion  to the p r e s s u r e  can be obtained if the p r e s s u r e  dependence for  u n and a is  taken 
into account.  Since a N p - l ,  and Un~ p -  (0.2-0.3) for  p ropane ,  we find u t ~ p0.10-0.15 f r o m  (2.9), which co r re sponds  
to t e s t  r e s u l t s  [12], where  u t ~ p  ~ Analogous re la t ionsh ips  a r e  a lso  obtained in [13]. There  a r e  s e v e r a l  
d i f ferent  dependences of the turbulent  combust ion  veloci ty  on the p r e s s u r e  p re sen ted  in [2], but the turbulence 
p a r a m e t e r s  va r i ed  with the change in p r e s s u r e  in these  pape r s ,  in con t r a s t  to [12] in which turbutizing g r a t -  
ings conse rv ing  a constant  value of u '  we re  se lec ted  every  t ime  as  the p r e s s u r e  changed. 

An e m p i r i c a l  f o rm u l a  for  the turbulent  combust ion ve loc i ty  u t ~ L ~ which is  quite s imi l a r  to (2.9), is 
p r e sen t ed  in [14]. Analogously,  s ince u n ~  T~, a ~ T~, the re la t ion  between the turbulent  combust ion veloci ty  
and the ini t ia l  t e m p e r a t u r e  has  the f o r m  ut ~ T ~ which is c lose  to the exper imen ta l  dependence u ~ T~ "4 [15]. 

The effect ive  coeff icient  of t h e r m a l  diffusivity a in the d imensional  re la t ionsh ips  of the theory of a 
Is m i n a r  f l a m e  f ron t  m u s t  be known to de t e rmine  the influence of the fuel mix tu re  composi t ion.  Analys i s  of the 
e x p e r i m e n t a l  data  and some  theore t i ca l  cons idera t ions  about the influence of ~diffusion s t ra t i f ica t ion  ~ p r e -  
sented in [16] showed that  the effect ive  coeff ic ient  of t h e r m a l  diffusivity can depend s ignif icant ly  on the m i x -  
tu re  composi t ion.  Analys is  of a s e r i e s  of expe r imen ta l  r e s u l t s  on the influence of the p r e s s u r e  of an a i r -  
gasol ine fuel  mix tu re  (in the p=0o2-4 .5  bar range) ,  the t e m p e r a ~ t r e  (393-793~ the s t r e a m  veloci ty  (u=30-  
100 m / s e c ) ,  the excess  oxidizer  fac tor  (~ =0.6-1.4)  in a square  channel of 50 • 5 0 - m m  sect ion on the turbulent  
combust ion ve loc i ty  (de termined along the fo rward  front),  which has  been obtained in [17] with the dependence 
for  a accord ing  to [16] taken into account,  showed that  the numer i ca l  va lues  for  A in (2.9) lie in the 0.6-1.2 

range.  

Expansion of the a v e r a g e  combust ion zone, which co r r e sponds  approx ima te ly  to expansion of the t u rb u -  
lent  mixing zone for  the s a m e  s t r e a m  turbulence  p a r a m e t e r s ,  is  obse rved  in t e s t s  upon withdrawing f r o m  the 
s i te  of ignition. The turbulent  combust ion veloci ty  along the combust ion zone is  hence approx imate ly  constant  
[2, 10]. In the one -d imens iona l  nonsta t ionary  combust ion zone, this co r r e sponds  to i ts  expansion in t ime with 

the conserva t ion  of the quantity ut. 

The o r d e r  of the r a t i o  Z / L  can be Z / L ~  1-10 because  of inequali ty (2.10). Taking into account  that  the 
combust ion  zone width is  actual ly  bt ~ (4-6)Z, this e s t ima te  explains  that  the l imi t  va lues  of the ave rage  heat  
l iberat ion zone width a re  not de t e rmined  s u c c e s s f u l l y f o r  the organiza t ion  of combust ion in channels (where 
L iD ~ 0.1 and D is  the d iamete r ) ,  and combust ion takes  place in the expanding tongues. 
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Numerica l  values of the exponents in the express ions  for  Un.t, bn.t, an.t ,  and u t in (1.9) and (2.9) a re  
obtained without re ly ing  on any empi r ica l  numer ica l  values and follow f rom quali tat ive considerat ions ,  on 
whose basis the governing p a r a m e t e r s  of the prob lem are  selected.  Hence, not only dimensional  analysis  con- 
s idera t ions  a r e  drawn upon, but also a r ep resen ta t ion  of the instantaneous combustion f ront  as a random 
surface,  which resu l t ed  in an es t imate  for  the a rea  (2.2) which cannot be obtained on the basis of dimensional  
analysis .  Using some s imi la r i ty  reasoning  can re su l t  in l imited resu l t s ,  and par t icu lar ly ,  does not pe rmi t  
de terminat ion of the numer ica l  values of the exponent or  making deductions about the width of the combus-  
tion zone [17]. The proposed analogous power- law dependences for  ut (e.g., see [10]) actually contain empi r i -  
cal p a r a m e t e r s .  

Let  us note that exactly the same express ion  for u t was obtained in [19], a f te r  the presen t  r e s e a r c h  bad 
been pe r f o r me d  (the resu l t s  of which a re  contained in [18 ]), by s tar t ing f rom complete ly  different  represen ta t ion  
of the s ta t ionary width of the average  zone and the laminar  instantaneous fronts  on the basis of a quali tat ive 
analysis  without re ly ing  upon empi r ica l  constants and the equations for the combined probabil i ty density d is -  
tr ibutions of the t empera tu re  and velocity.  

In conclusion,  the author is grateful  to V. A. Sabel'nikov, with whose attention the present  analysis  was 
p e r f o r m e d  and who improved the content of the paper by c r i t i ca l  r e m a r k s  and proposals ,  as well  as to G. I. 
Barenblat t  and V. R. Kuznetsov for  useful discussions.  
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