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Diffusion burning of nonpremixed gases in a system of two-dimensional 
turbulent jets is examined. The problem is solved with the aid of a 
numerical method. Analytical results obtained for a hydrogen jet 
in a jet of air are given in the form of graphs. 

H e a t -  and  m a s s - t r a n s f e r  p r o c e s s e s  in  t u r b u l e n t  j e t s  
in  t he  p r e s e n c e  of c h e m i c a l  r e a c t i o n s  a r e  of c o n s i d e r -  
ab l e  s c i e n t i f i c  and p r a c t i c a l  i n t e r e s t .  

U n f o r t u n a t e l y ,  t he  s tudy  of s u c h  p r o c e s s e s  is  a s s o -  
c i a t e d  wi th  g r e a t  d i f f i c u l t i e s .  T h e s e  d i f f i c u l t i e s  a r e  
c a u s e d ,  on  the  one  hand ,  by  o u r  i n s u f f i c i e n t  knowledge  
of the  k i n e t i c s  of c h e m i c a l  p r o c e s s e s  of p r a c t i c a l  i n -  
t e r e s t  and,  o n  the  o t h e r  hand ,  by  the  c o m p l e t e  a b s e n c e  
of a r a t i o n a l l y  s u b s t a n t i a t e d  t h e o r y  of t u r b u l e n t  t r a n s -  
f e r  p r o c e s s e s .  C o n s e q u e n t l y ,  a l l  e x i s t i n g  m e t h o d s  of 
c M c u l a t i n g  j e t  f lows  in the  p r e s e n c e  of h e a t -  and m a s s -  
t r a n s f e r  and  c h e m i c a l  p r o c e s s e s  [1-51  a r e  b a s e d  on  
the  e x t e n s i o n  of c l a s s i c a l  s e m i e m p i r i e a l  t h e o r i e s  of 
f r e e  t u r b u l e n c e  to i n c l u d e  t h e s e  m o r e  c o m p l e x  f lows .  

The  p r e s e n t  w o r k ,  wh ich  in  t h i s  s e n s e  is  no e x e e p -  
t i on  a m o n g  the  p a p e r s  c i t ed ,  i s  d e d i c a t e d  to t he  s tudy  
of m o t i o n s  in a n  in f in i t e  s y s t e m  of t w o - d i m e n s i o n a l  
t u r b u l e n t  j e t s  in  the  p r e s e n c e  of d i f f u s i o n  b u r n i n g .  

We e x a m i n e  the  f low wh ich  f o r m s  in the  m i x i n g  zone  
of an  i n f i n i t e  s y s t e m  of t u r b u l e n t  j e t s  [10] e x p e l l e d  
f r o m  t w o - d i m e n s i o n a l  n o z z l e s  of a w i d t h  of 2a (F ig .  1). 
The  w a l l s  b e t w e e n  the  j e t s  a r e  a s s u m e d  i n f i n i t e l y  

th in .  A s s u m e  tha t  one  of the n o z z l e s  (1) e x p e l s  a n  o x i -  
d i z e r  w h i l e  the  n e i g h b o r i n g  n o z z l e  (2) e x p e l s  a fue l .  
T h e  c o n d i t i o n s  a t  the  n o z z l e  o u t l e t  a r e  t a k e n  as  h o -  
m o g e n e o u s ,  s u c h  t h a t  in  the  e n t i r e  r i g h t  h a l f - p l a n e ,  
t h e r e  o c c u r s  a p e r i o d i c  f l o w - - w i t h  p e r i o d  4 a - - t h a t  is  
s y m m e t r i c a l  wi th  r e s p e c t  to  the  a x i s  of an  a r b i t r a r y  

je t .  I t  i s  t h e r e f o r e  s u f f i c i e n t  to s tudy  the  c h a n n e l  b e -  
t w e e n  any  two n e i g h b o r i n g  c e n t r a l  a x e s - - f o r  e x a m p l e ,  
b e t w e e n  the  a x e s  y = 0 and y = 2a, w h i c h  c o n s t i t u t e  
s t r e a m l i n e s .  The  a x i s  y = 0 wi l l  b e  t a k e n  as  the  z e r o  
s t r e a m l i n e .  

F o r  a t u r b u l e n t  L e w i s  n u m b e r  of un i ty ,  t he  b a s i c  
e q u a t i o n s  wh ich  d e s c r i b e  the  m e a n  s t a t i o n a r y  m o t i o n  
and the  t r a n s p o r t  p r o c e s s e s  c an  b e  w r i t t e n  in the  f o r m  

Pu-~-x + o r  0v Ox +--~y p~ ; 

o (o u) + 0 (o v) = 0; 
Ox ay 

;( 02) PU~-x +PV Oy Pr pe - -  

Oc~ ac~ I 0 ( act) 
pU~-x- + P r a y  -Sc  OV P ~ - V  +w~; 

N 
_ _  ( X  ~ ci V ~ P = p r o  T; m = ~ z . ~ - ]  , 
/7"/ t = I  I ; r  i 

(1) 

where 

N 
U 2 

H = c. T +  ~ c,h;' + - - .  

i=1 2 
(2) 

The system of equations (1) must be solved for the 
following boundary conditions: 

....... I y 

LI -, I 

2 . . . . .  

3 

Fig .  1. F low  in an  in f in i t e  s y s t e m  of t w o - d i m e n s i o n a l  j e t s  in  the  
p r e s e n c e  of a d i f f u s i o n  f l a m e  f r o n t :  1) Yl(X): 2) y2(x), 3) y . ( x ) .  
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in the in i t i a l  c r o s s  s ec t ion  fo r  x = 0 

u = u _ ;  H = H _ ;  (cO=(q)_; 9 = 9 - ,  O . ~ y < a ;  

u = u + ;  H = H + ;  (c i )=(q)+;  9 = 9 + ,  a < y ~ 2 a ,  (3) 

in any c r o s s  s ec t ion  y = 0; 2a 

OH Oc i 
au __ v -  - - o .  
Oy Oy O v (4) 

In add i t ion  to (3) and (4), i t  is  n e c e s s a r y  to s a t i s fy  
the  fo l lowing  i n t e g r a l  condi t ions  of m a s s  c o n s e r v a t i o n ,  
to ta l  m o m e n t u m  c o n s e r v a t i o n ,  and en tha lpy  of the m i x -  
t u re  c o n s e r v a t i o n :  

2a 

j' 9 udy = M0 = const = a (9+ u+ + 9- u_), (5) 
0 

2a 

I (P + P u ~) dv = Io = const, (6) 6' 

2a 

] H 9 udy = Ho = const. (7) 
0 

In the fo l lowing,  f o r  conven i ence ,  we t r e a t  a gas  
m i x t u r e  in the m i x i n g  zone as a f o u r - c o m p o n e n t  m i x -  
t u re  c o n s i s t i n g  of the o x i d i z e r  ( s u b s c r i p t  1), the fuel  
( subsc r ip t  2), the  p roduc t  ( subsc r ip t  3), and an i ne r t  
gas  ( subsc r ip t  4). 

With  the aid of a s t o i c h i o m e t r i c  r e l a t i o n  b e t w e e n  
the amoun t s  of b u r n e d - u p  s u b s t a n c e s  

wh v3m3 + w3 % mh = 0, (8) 

w h e r e  v k is  the n u m b e r  of m o l e c u l e s  of the k - t h  c o m -  
ponent  p a r t i c i p a t i n g  in the  r e a c t i o n ,  f r o m  the f o u r t h  
equa t ion  in s y s t e m  (1) i t  m a y  be  found that  

aq ac~ 1 a ( aq~, (9) 
9 -~x + g o ~ v v  - Sc av 9~ av) 

w h e r e  

Ck--~-qv3m3+c3vhm k, k =  1; 2. (10) 

It should be noted that  w 3 and w k a r e  of d i f f e r en t  

s ign.  
F o r  i n c o m p r e s s i b l e  f lu id  j e t s ,  a c c o r d i n g  to the new 

P r a n d t l  t heory ,  the k i n e m a t i c  c o e f f i c i e n t  of t u rbu l en t  
v i s c o s i t y ,  s, has  the f o r m  

s (x) = ~ b (x) (u d - -  ub). (11) 

We a s sume '  that  f o r m u l a  (11) holds  a l so  in ou r  ca se ,  
w h e r e  b(x) = yl(x) - y2(x) fo r  x -< x i and b(x) = 2a = 
= cons t  fo r  x > x i (F ig .  1). 

By i n t r o d u c i n g  a s t r e a m  func t ion  r def ined  by the  
e q u a l i t i e s  

O ,  O ,  (12) 9 u ~  ~-y , 9 v - - -  
Or'  

we s a t i s f y  i d e n t i c a l l y  the cont inui ty  equat ion .  
F u r t h e r ,  in the in i t i a l  s y s t e m  of equa t ions  (1), we 

t r a n s f o r m  to the  d i m e n s i o n l e s s  v a r i a b l e s  

u , p H T, = _T_T 
u'  = - - ,  p = , H ' =  

u+ p+ H + '  7"+' 

p , _  P y , _  Y x , =  x~ 
9+ u2+ ' 2a ' 2a 

and f r o m  the v a r i a b l e s  x ' ,  y ' ,  to the g e n e r a l i z e d  Mise s  
v a r i a b l e s  [6] 

x '  

~, _ 4 •  ~* ( 1 3 )  ( l + ~ u , )  ~'~ b' [u'~-- u'~l dx'. 
0 

A f t e r  s i m p l e  t r a n s f o r m a t i o n s ,  we get  fo r  (1) the f o l -  
lowing s y s t e m :  

, 0 +0[ 0.] 
0~' p 'u '  0~'  0~ '  p '2u'  0 , '  ' 

OH' 1 O [ OH' ] 
0~' - Pr 0~ '  P'2u' 

u~ [ 1 ] 0 [ 2 20u' ] 

a t ' .  Sc 0~ '  9'2u' ' 

P . . . .  RoT+ 9' T' (14) 
u~ m 

Condi t ions  (3) and (4) r e d u c e ,  r e s p e c t i v e l y ,  to the 
f o r m :  

u' = u'_, H' = t-15, O' = 9"-, 

P'_ u 
C = 1 0 - ~ . , ' <  l + 9 - u ' _  ' 

u ' = l ,  H ' = I ,  9 '=1 ,  C = O  

p'_ u" 
1-[- 9-u'__ < * ' ' ~  1, (15) 

Ou' OH' -- -OC = 0 f o r  # '  = 0; 1. (16) 
0 , '  o , '  0 , '  

In s y s t e m  (14), we have in t roduced  the nota t ion  

C- (Ch)+--Ck (17) 
(Ck)+ -- (ch)_ 

From formula (I0), it follows that in the last relation 

in (17) 

(cl)+ = (cl)+ ~.~ m.~; (Cl)- = o; 

(Co)+ = 0; (C~)_ = (c~)_ va rn3. 

It can be r e a d i l y  seen  that  the equa t ion  fo r  d e t e r -  
m in ing  the i n e r t  gas  c o n c e n t r a t i o n  (w 4 = 0) r e d u c e s  
to the f o r m  of the th i rd  equa t ion  in s y s t e m  (14). The  
bounda ry  condi t ions  fo r  the c o m p l e x  ((c4) + - e4)/((ca) + - 
- (c4)_) a r e  the s a m e  as  the c o r r e s p o n d i n g  condi t ions  
(15) and (16) fo r  the c o m p l e x  denoted  by C( 4 ' ,  ~b') ( equa l -  
i ty  (17)). Consequen t l y  

(c~)+--c, = c(~', ,'); (18) 
(c,)+--(c& 

hence  

c4 = (c4)+ - -  [(c4)+ - -  (c4)_] C (~'. ~'). (19) 
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We a s s u m e  f u r t h e r  that  we a r e  dea l ing  wi th  d i f fus ion 
burn ing ,  i . e . ,  that  the c h e m i c a l  r e a c t i o n  t akes  p l a c e  
s o l e l y  on an in f in i te ly  thin s u r f a c e  ( f lame f ront ) ,  w h e r e  
the s t o i c h i o m e t r i c  r e l a t i o n s  (8) a r e  fu l f i l l ed  and w h e r e  
the e n t i r e  amount  of fuel  and o x i d i z e r  suppl ied  b u r n s  
up. Hence ,  on one s ide  of the f l a m e  f ron t ,  we have a 
z e r o  o x i d i z e r  c o n c e n t r a t i o n ,  and on i ts  o t h e r  s ide  a 
z e r o  fue l  c o n c e n t r a t i o n .  

In the a r e a  be tween  the f l a m e  f ron t  and the channel  
bounda ry  (0 -< ~' -< r cl  = 0, while  f r o m  r e l a t i o n s  
(10) and (17) it m a y  be  found that 

c2= [ (c2)- + %m2 (Q)+ ] C(~'' H ' ) -vem~ (C1)+'' ml v3. m~ 

~3/Tta  
ca = (cl)+[1--C(~',  H')I. (21) 

u m l  

In the a r e a  be tween  the f l a m e  f r o n t  and the o the r  chan -  
nel  bounda ry  (r -< r -< 1), the fue l  c o n c e n t r a t i o n  is  
z e r o  (c 2 = 0). F r o m  r e l a t i o n s  (10) and (17), the o x i -  
d i z e r  and r e a c t i o n - p r o d u c t  c o n c e n t r a t i o n s  a r e  d e t e r -  
m i n e d  as  

- (c,)+- r (c,)+ + m, I c , , ) ,  Cl (22) 
k J 

~3 fn3 ca = (c2)- C (~, H'). (23) 
~2 m2 

At the f l a m e - f r o n t  s u r f a c e ,  the fuel  and o x i d i z e r  
c o n c e n t r a t i o n s  a r e  ze ro .  Making use  of th is  condi t ion,  
we find that  at the f l a m e  f ron t  

(C1), = (ca), ~ rnl; (C2), = (ca). %m~.. (24) 

With the aid of t he se  r e l a t i o n s ,  f r o m  (17), we d e t e r -  
m i n e  the  va lue  of C at the f l a m e  f ront :  

C ,  - % m 2  ( q ) +  . ( 2 5 )  

P o i n t s  on the p lane  (~ ', r at which the condi t ion  C(~ ', r = 
= C*, is  fu l f i l l ed  f o r m  the s u r f a c e  of the f l a m e  f ron t .  
It should be  noted that  fo r  g iven  fuel  and o x i d i z e r  p a r a m -  
e t e r s ,  the  va lue  of C ,  is  def ined s o l e l y  by the in i t ia l  
fuel  and o x i d i z e r  c o n c e n t r a t i o n s .  

F r o m  the equa t ion  of s t a te ,  a r e l a t i o n  fo r  d e t e r m i n -  
ing the dens i ty  can be  obta ined  in the fo l lowing  f o r m :  

U~_ r a p '  

9 '  - -  RoT+ T ' '  (26) 

w h e r e  T '  is  d e t e r m i n e d  f r o m  the e x p r e s s i o n  fo r  the 
en tha lpy  (2) 

T' =-(cv)+[H'--~,c~h[_ ____u~ ..~,z ] �9 (27) 
Cp i= l I-f+ 

The s y s t e m  of equa t ions  (14) wil l  be so lved  by the 
ne twork  method .  To th is  end,  we d iv ide  the p lane  (~ ' , r  
into r e c t a n g l e s  by m e a n s  of the s t r a i g h t  l i nes  ~ = ih, 
~j = j l  (i = 0, 1 ,2  . . . . .  j = 0, 1 ,2  . . . . .  n). F o r  each  
i n t e r n a l  po in t  (~e~, r Eq.  (14) wi l l  be r e p l a c e d  by a 
s y s t e m  of f i n i t e - d i f f e r e n c e  equa t ions  [7]: 

u;, i - -  u;_,.i _ 1 P; ~ P;-x " 1 
- -  + - ~ - •  

h (p' u')~3 h 

[ Ai0+l U;']+l--U;'] Ai,] u; , i - -u[d- ' ]  (28) x l - l ; 

t f[]--hHi-"i  _ prl ll fAt'J+l H;'i+l --l H;'i 

- a t ,  l ] 

)1 I H+ ~ - -  1 At'J+* ui,/+l Ui'i+ll-- ui'/- - -  

�9 , ] 
--n z iU~ ] Ui'i'--Ui'i--I (29) 

' , I ; 

Ct3--C~-a,J ~ 1 1 x 
h Sc 1 

[ r" - - C t i  Ct,i--Ci.]-~ 1 X '~i,1+1 ' At,i+I__Aij (30) 
l ' l ' 

where 

At ~ (P[] + 9;,i_i) 2 u[i + u;.i_, 
' 4 2 

Condi t ions  (16) wi l l  be  e x p r e s s e d  a l so  in f i n i t e - d i f -  
f e r e n c e  f o r m ,  

' ' - 0; 
i,0 l 

Zt,,~-l~Zt 
0 H ]i,n l 

w h e r e  Z = u ' ,  H ~, C. 
An i t e r a t i v e  t echn ique  is appl ied  to the so lu t ion  of 

the obta ined s y s t e m  of n o n l i n e a r  equa t ions .  To obta in  
the i t e r a t i o n s  u'iS j ,  s y s t e m  (28) is  wr i t t en  in the f o r m  

[ 4 ( . ~ - 1  . . . .  l , ]  ,s h AS_ 1 u" s - -  1 -{- ~z~-i,i+l'W2ki,] )J Ui, ] "I- l ~  t,]@I i,]@l 

h s-l P /  - -P[-1 , (32) 
+ ~ -  Aci-1, -- el'.] u?. ut- t ']  

S y s t e m s  (29) and (30) can be wr i t t en  in a s i m i l a r  
m a n n e r .  F i r s t ,  we fix the p r e s s u r e ,  a s s u m i n g  that  

f P = P i - i  " As the z e r o  a p p r o x i m a t i o n  f o r  P~,/'~-l' ut.i'~-t , 
we take  t h e i r  v a l u e s  f r o m  the p r e c e d i n g  l a y e r ,  and 
then e v a l u a t e  the f i r s t  a p p r o x i m a t i o n  fo r  a l l  the  v a l u e s  
to be d e t e r m i n e d  (for f ixed p r e s s u r e ) .  F o r  e v a l u a t i n g  

�9 ~ - i  = (u;o i + ,i the second  a p p r o x i m a t i o n ,  we a s s u m e  u~,j Uc]) 
P ,s--I ,0 ,l &,i)/2 , and fo r th .  Solu t ions  to (32) /2; c: = ( O r , i +  so 

and s i m i l a r  equa t ions  fo r  d e t e r m i n i n g  H~,j, Ci,  j f o r  
condi t ions  (16) and (31) w e r e  obta ined  by a b r u t e  f o r c e  
t echn ique  [7]. The  condi t ions  fo r  which the i t e r a t i o n  
p r o c e s s  c e a s e d  to c o n v e r g e  have  the f o r m  

,s ,s--I ,s max !ut. ] - u t ,  / I< s~ ;  maxIoci--p'~-l~.i < % .  (33) 

A f t e r  fu l f i l l ing  condi t ions  (33) wi th  r e s p e c t  to the o b -  
ta ined  v a l u e s  of p ' and u ' ,  we checked  the  inequa l i ty  

! ~ ea, i + o : u -  t, 1 
2 J g ' u  

0 

(34) 

which fo l lows  f r o m  condi t ions  (5) fo r  m a s s  c o n s e r v a -  
t ion and the f i r s t  r e l a t i o n  in s y s t e m  (12). The  s e l e c t e d  
va lue  fo r  the p r e s s u r e  was  c o n s i d e r e d  c o r r e c t  if (34) 
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,t was  fu l f i l l ed .  O t h e r w i s e ,  the va lue  of P i  was  changed,  

t ' -  . The depending  on the va lue  of the i n t e g r a l  d~ '  
�9 p ' U '  
o 

ca l cu l a t i ons  w e r e  then r e p e a t e d  unti l  cond i t ions  (33) 
and (34) w e r e  fu l f i l l ed .  When this  was  a c c o m p l i s h e d ,  
we tu rned  to the nex t  l a y e r ,  and so  fo r th .  

Cond i t ions  (6) fo r  to ta l  m o m e n t u m  c o n s e r v a t i o n  and 
fo r  c o n s e r v a t i o n  of the en tha lp i e s  (7) w e r e  used  to 
check  the obta ined  so lu t ions .  Compu ta t i ons  showed that  
t h e s e  cond i t ions  w e r e  fu l f i l l ed  with the s a m e  d e g r e e  
of a c c u r a c y  as r e l a t i o n  (34). Hence ,  i n t h e p l a n e  (~ ' ,  $ ' ) ,  
the  p r o b l e m  can be  fo l lowed th rough  to the end. 

T r a n s i t i o n  to the phys i ca l  p lane  (x' ,  y') was ach i eved  
with the aid of the fo l lowing  f o r m u l a s :  

, l+p-u'__ ,~ d~' (35) 
g 2 p' u' ' 

4• jb'  (~')  [ ,~ ( 5 )  - -  u;  (~')]' 
o 

which  d e r i v e  f r o m  the  f i r s t  r e l a t i o n s  in (12) and (13), 
r e s p e c t i v e l y .  

On the b a s i s  of the s c h e m e  deve loped  above,  b u r n -  
ing  of hydrogen  in a i r  was  c a l c u l a t e d  on a 2M h igh-  
speed  c o m p u t e r  f o r  P r  = Sc = 0.5. The  condi t ions  at 
the ou t le t  a r e  as  fo l lows:  u+ = 70 m / s e c ,  u L = 0.534; 
T+ = 1000 ~  T'_ = 1; io+= P0= 1 a tm,  p =p0  = l a t m ;  
(cl) + = 0.2, (c2)_ = 0.05; (cr = 0.8, (c4) - = 0.95; (c~)+= 
= 0, (c3) - = 0. The e x c e s s  oxidant  r a t i o  is  c~ = 1.58. 

F i g u r e  2 shows the p r o f i l e s  of 1) o x i d i z e r  c o n c e n t r a -  
t ion,  2) fuel  c o n c e n t r a t i o n ,  3) p roduc t  c o n c e n t r a t i o n ,  
and 4) t e m p e r a t u r e ,  in two c r o s s  s e c t i o n s ,  t o g e t h e r  
with the f l a m e - f r o n t  shape 5). F r o m  the f i g u r e ,  it can 
be  seen  that  the f l a m e  f r o n t  c l o s e s  at  the axis  of the 
fue l  je t  ( acco rd ing  to expec t a t i ons ,  b e c a u s e  of the c o n -  
di t ion c~ > 1), whi le  at  the s u r f a c e  of the f l a m e  f ron t ,  
the p r o d u c t  c o n c e n t r a t i o n  and m i x t u r e  t e m p e r a t u r e  
have  m a x i m u m  cons tan t  va lues .  

F i g u r e  3 shows v e l o c i t y  and dens i t y  p r o f i l e s  which  
r e v e a l  that  f o r  p a r a l l e l - j e t  m i x i n g  and d i f fus ion  b u r n -  
ing, the v e l o c i t y  p r o f i l e s  can  p o s s e s s  a m a x i m u m  not 
at the b o u n d a r i e s  of but  in s ide  the m i x i n g  zone.  T h i s  

I '\I 
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Fig. 2. Profiles of 1) oxidizer concentration, 21 fuel 

concentration, 3) product concentration, 4) tempera- 
ture, in two cross sections of the jet (4' = 0.01; ~' = 

= 0.16); 5) shape of flame front. 
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Fig .  3. V e l o c i t y  p r o f i l e s  in the c r o s s  
s e c t i o n s  ~'  = 0.01 (1), 4 '  = 0.05 (2), 

' = 0.1 (3), and the dens i ty  p r o f i l e  
f o r  4 '  = 0.05. 

m a y  be a t t r i bu t ed  to the low dens i ty  of the m i x t u r e  in 
the zone ad jacen t  to the f l a m e  f r o n t  and to the ac t ion  
of a f a v o r a b l e  p r e s s u r e  g rad ien t .  

F i g u r e  4 shows (1) the r e l a t i o n  be tween  the v a r i -  
ab le s  z x '  and ~' ,  (2) the changes  in v e l o c i t i e s  u ' (~ ' ,  1), 
(3) u ' (~ ' ,  0), (4) the m a x i m u m  v e l o c i t y  U'd, as  we l l  
as  (5) the changes  in the p r e s s u r e  d i f f e r e n c e  a long  the 
ax is .  The p h e n o m e n o n  we have poin ted  out r e s e m b l e s  
in m a n y  ways  the known phenomenon  in tubes  [8, 9], 
w h e r e  in the c a s e  of e x t e r n a l  heat  input to the tube 
wal l ,  a subson i c  f low within the tube is  a c c e l e r a t e d  
while  the p r e s s u r e  a long the  tube d e c r e a s e s .  

In the  c a l c u l a t i o n s  fo r  point  ~' = 0, r  = ( p ' u ' _ ) /  
/ ( 1 +  p'..u'..), i t  was a s s u m e d  that  u '  = 1 + uL) /2 ,  p '  = 
= (1 + p [ } / 2 ,  H '  = (1 + H'_)/2, and C = 0.5; in f o r m u l a  
(36), we have  b '(0)  = 2l  when p a s s i n g  to the p lane  x ' ,  
y ' .  The  v a l u e s  e m p l o y e d  f o r  e i w e r e  e 1 = e 2 = 0.001, 
and e 3 = 0.01. 

NOTATION 

x, y and u, v a r e  the longi tudina l  and t r a n s v e r s e  
c o o r d i n a t e s  and v e l o c i t i e s ,  r e s p e c t i v e l y ;  p is  p r e s s u r e ;  
m is  the m o l e c u l a r  weight ;  Cp is  the s p e c i f i c  hea t  at 
cons t an t  p r e s s u r e ;  H is  the to ta l  en tha lpy  of m i x t u r e ;  

u "  r A 

z5 Po-P' 

1.25 0...r 

O.75 

" / 

az t.: 
Fig .  4. (1) r e l a t i o n  b e t w e e n  the v a r i a b l e s  u x '  
and ~ ', (2) b e h a v i o r  of v e l o c i t y  u'(~ ', 1), (3) 
b e h a v i o r  of v e l o c i t y  u ' (~ ' ,  0), (4) b e h a v i o r  of 
m a x i m u m  v e l o c i t y  u~t(~'), and (5) changes  in 
the  p r e s s u r e  d i f f e r e n c e  a long the ax is .  



e is the k inemat ic  coeff ic ient  of turbulent  v iscosi ty ;  
P r  and Sc are  the turbulent Prandt l  and Schmidt num- 
bers ;  ci, w i, hi*, and epi, a re  the m a s s  concen t ra -  
tion, m a s s - f o r m a t i o n  ra te ,  heat of format ion,  speci f ic  
heat at constant  p r e s s u r e  of the i - th  component, m i 
is the molecu la r  weight of the i - th  component,  r e s p e c -  
tively; R 0 is the un iversa l  gas constant; T is the abso-  
lute t empera tu re ;  N is the number  of components;  P0 is 
the initial p r e s s u r e ;  u is the empi r i ca l  turbulence con-  
stant; b(x) is the width of mixing zone; a is the excess  
ox id ize r  rat io;  x i is the absc i s sa  of initial c ro s s  s e c -  
tion of main zone. Subscripts:  d is for  the maximum 
value of a function; b is for  the min imum value of a 
function; (+} is for  the init ial  value for  nozzle 1; (-) is 
fo r  the init ial  value for  nozzle 2; ( , )  is for  the value of 
a function at the f lame front.  A bar  denotes d imen-  
s ionless  values .  
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