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The problem of the interaction of a viscous supersonic  s t ream in a flat nozzle with a t r a n s -  
ve rse  gas jet of the same composit ion blown through a slot in one wall of the nozzle is 
examined. The complete N a v i e r -  Stokes equations are  used as the initial equations. The 
s ta tement  of the problem in the case of the absence of blowing coincides with [1]. The con- 
ditions at the blowing cut a re  obtained on the assumption that the flow of the blown ]et up to 
the blowing cut is descr ibed by one-dimensional  equations of ideal gasdynamics .  The 
proposed model of the interact ion is general ized to the case of flow of a multicomponent 
gas mixture in chemical  equilibrium. The exact solutions found in [2] a re  used as the 
boundary conditions at the entrance to the section of the nozzle under considerat ion.  The 
results  of numerical  calculations of the flows of a homogeneous nonreaeting gas and of an 
equilibrium mixture of gases consisting of four components (H2, H20 , CO, CO2) a re  given for  
different values of the pa ramete r s  of the main s t ream and of the blown jet. In the la t te r  
case it is assumed that the effect of the rmo-  and barodiffusion can be neglected. 

1. Much attention has been devoted to the problem of the interaction of a supersonic s t ream with a 
t r a n s v e r s e  gas jet blowing on it. This can be explained by the importance of the pract ical  problems which 
a re  modeled to one degree or  another wfthin the f ramework of this interaction.  

The considerable number  of applications together with the wide range of variation of the cha r ac t e r i s -  
t ics of the interacting s t reams  have given r i se  to a number  of approaches to the study of this problem. 
These studies have had an experimental  nature and have been directed at obtaining s imilar i ty  laws [3], flow 
pat terns [4], and approximate methods of solution [5-8]. 

Let  us examine the flow of a viscous multicomponent mixture of gases in a flat expanding channel 
(Fig. 1). It is assumed that the velocity at the line of symmet ry  in the initial c ross  section ab is supersonic .  
The s trong blowing of a mixture of gases consisting of the same components as in the main s t r eam is 
produced through the slot ddl. The coefficients of v iscosi ty  and diffusion and the Prandtl  number  of the 
gas mixture  are  assumed to depend on the composition of the mixture and the thermodynamic pa ramete r s  
of the flOWo 

The system of equations describing the two-dimensional flows of an m-component  mixture of gases 
consist ing of v chemical elements has the following dimensionless form [2]: 

the continuity equation (1.1) 
V (pV) = 0 

the equations of conservat ion of momentum 

9(VV)V-- ,,M~I V p + ~ t  [--~ V(~VV) + ~ A V +  V(VvV ) -  WX~,-- V • (V~ • V)] 

the equation of conservat ion of energy 

(1o2) 
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F i g .  1 

the equations of chemical equilibrium 

(z--l)~v, p(VV) c~h,~ = VVp 

1 1 
RePr (x - - t )  M2 V (kVT) + ! [_ .! n~ [ 3 ~ (~7V)~ + 

+ ~a (w) - 2~,vv (vv)  + 2~v (v • (v • v)) 

m 

-- ~ (V x V) 2 ] ~ I - -  R ' e ~  (v - -  I) M ~- ~' V (lah~) 

the  equa t ions  of  d i f fus ion  of the  c h e m i c a l  e l e m e n t s  

(1.3) 

(1.4) 

m 

g a ~ . .  , ~ = P  1Fie2, ~ i ,2 ,  . , m - - v  ==~ (1.5) 

~--- Va~" - -  ~ ' ,  a ~ Z b 

T h e  S t e f a n - M a x w e l l  equa t ions  

~_~t .~  ~D~ \ % % ~ V = ~ ~ = 1,2 ..... m - -  I (1.6) 

the  equa t ion  of s t a t e  ~=1 
n t  

p = oT ~, ~ (1.7) 
I = i  

where V, p, p, T, #, and X denote the velocity vector, density, pressure, temperature, and coefficients of 
viscosity and thermal conductivity of the gas mixture, respectively; ca, hc~, Da, fl, and J~ are the concen- 
tration, specific enthalpy, coefficients of binary diffusion, and vector of the diffusional flux density of the 
component a; nfla is the number of atoms of element fl in component ~; vail' (yv~fl,,) are the stoichiometric 
coefficients of component a in the fl-th direct (reverse) reaction; Kpfl is the equilibrium constant of the fl- 
th reaction; V is the Hamilton operator , A= V2; Re, Pr, and Sm are the Reynolds, Prandtl, and Schmidt 
numbers; • is the adiabatic index 

~ = c~ /M~,  j~ = J ~ / M ~  
M a i s  the  m o l e c u l a r  we igh t  of  c o m p o n e n t  ~ .  

In c o n v e r t i n g  to d i m e n s i o n l e s s  v a r i a b l e s  the  c h a r a c t e r i s t i c  v a l u e s  w e r e  t aken  a s  xl ,  ul  = Vx l, Pi, T l ,  
Pl, Xi, ep l ,  Pl = p lRTI ,  and  Dc~fil , equal  to the  c o r r e s p o n d i n g  va lue s  a t  the  l i ne  of s y m m e t r y  in the i n i t i a l  
c r o s s  s e c t i o n  of the channe l  (R is  the  u n i v e r s a l  ga s  cons t an t ,  x~ i s  the  a b s c i s s a  of the  i n i t i a l  c r o s s  s e c t i o n  
and  V x is  the  c o m p o n e n t  of the  v e l o c i t y  v e c t o r  a long  the x a x i s ) .  

The  d e p e n d e n c e s  Kpfl(T), h a ( T ) ,  Cp~(T) ,  #(T),  ~ (T), Dc~, fl (p, T) c l o s e  to the  s y s t e m  of equa t ions  (1.1)-  
(1.7). 

In the case of the flow of a homogeneous chemically nonreaeting gas the appropriate system of equa- 
tions can be obtained from (1.1)-(1.3), (1.7) if the latter one sets 

~ ,  c~h~ = h, J~ ~--- O, "~ -" 1 

2. A n  i m p o r t a n t  m o m e n t  in the  s t a t e m e n t  of the  p r o b l e m  of the  i n t e r a c t i o n  of two gas  s t r e a m s  u n d e r  
c o n s i d e r a t i o n  is  the  f o r m u l a t i o n  of the b o u n d a r y  cond i t ions  a t  the  ends  of the  n o z z l e  s e c t i o n  be ing  e x a m i n e d  
and  a t  t he  b lowing  out.  

482 



Let us consider the case of the interaction of two homogeneous chemically nonreaeting gas streams. 
Following [I], as the conditions at the entrance to the nozzle (cross section ab) we will use the exact solu- 

tion [9, I0] 

u = u * ( z ) ,  v =  v*(z) .  T =  T*(z ) ,  p p * ( z )  (2.1) 

(z = y / x l ;  u and  v a r e  the  componen t s  of the v e l o c i t y  v e c t o r  a l o n g  the  x and  y axes )  c o r r e s p o n d i n g  to  the  
f low of a v i s c o u s  c o m p r e s s i b l e  gas  in a f i a t  n o z z l e  wi thout  hea t  o r  m a s s  supp ly  and wi th  g iven  v a l u e s  of 
t he  h a l f - a n g l e  of the n o z z l e  a p e r t u r e  and  the  n u m b e r s  M and  Be.  

A t  the  ex i t  f r o m  the n o z z l e  s e c t i o n  u n d e r  c o n s i d e r a t i o n  ( c r o s s  s e c t i o n  a lbl )  one can a s s i g n  the  con -  
d i t ions  of s e l f - s i m i l a r i t y  of the  f low 

Ou/Or = OT/Or = v - -  0 (2.2) 

w h e r e  r = (x 2 + y2)1/2. 

The  cond i t ions  (2.2), a s  the  n u m e r i c a l  c a l c u l a t i o n s  of [1] showed ,  a r e  v e r y  " s t r i c t "  f r o m  a c o m p u t a -  
t i o n a l  po in t  of v iew s i n c e  they  n e c e s s i t a t e  an  i n c r e a s e  in the  l eng th  of the  n o z z l e  s e c t i o n  u n d e r  c o n s i d e r a t i o n  
wi th  an i n c r e a s e  in Re.  In the  p r o p o s e d  s t a t e m e n t  of the  p r o b l e m  " m i l d e r "  cond i t ions  of the  type  

03u/Ox 3 : O~T/Os ~ = 03v/Ox ~ : 0 (2.3) 

a r e  u s e d  i n s t e a d  of (2.2). 

A t  the  w a l l s  of the  n o z z l e  (except  fo r  the b lowing out) we  a s s i g n  the cond i t ions  of a d h e s i o n  and non -  
p e n e t r a t i o n  

(2.4) 

and the condition of the absence of heat exchange through the wall 

OT/On = 0 (2.5) 

(n is  the  n o r m a l  to  the  n o z z l e  w a l t ) .  

In the  f o r m u l a t i o n  of the  b o u n d a r y  cond i t ions  a t  the  b lowing  cut  ( c r o s s  s e c t i o n  dd0 we wi l l  a s s u m e  
tha t  the  flow of the  blown je t  up to the  n o z z l e  cut  i n c l u s i v e l y  i s  a d i a b a t i c  and  is  d e s c r i b e d  by o n e - d i m e n -  
s i o n a l  equa t ions  os g a s d y n a m i e s  of a nonv i scous  idea l  ga s .  Then  the  p a r a m e t e r s  of the j e t  a t  the  b lowing  
cut  s a t i s f y  the  equa t ions  

M s  ~ = M 2 v s  2 / T s  

•  ) 
T S * = ! I  + ~ 3 J S  ~ T s \ (2.6) 

u - -  1 . ~ \ z / ( •  ps*=(, + TM ) 
Ps = p s R T s  

The  s u b s c r i p t  S c o r r e s p o n d s  to the  p a r a m e t e r s  of the  j e t  a t  the  b lowing  cut;  P*S adn  T* S a r e  the  
s t a g n a t i o n  p r e s s u r e  and t e m p e r a t u r e  of the  je t ;  M is  the  c h a r a c t e r i s t i c  Mach n u m b e r  of the  m a i n  s t r e a m ~  
A s s u m i n g  tha t  the  v e l o c i t y  c o m p o n e n t  u of the m a i n  s t r e a m  a t  the  b lowing  cut  i s  z e r o ,  we ob ta in  f r o m  the 
s t a t i o n a r y  con t inu i ty  equa t ion  

(pv)s = (0v)0 (2.7)  

(the subscript 0 pertains to the parameters of the main stream at the blowing cut). 

Equations (2.6) and (2.7) with the assigned values of P*S and T* s make it possible to determine all 
the characteristics of the jet, Vs, TS, and PS, i.e., the necessary boundary conditions at the blowing cut, 
as functions of the parameter (Pv)0. Thus, within the framework of the proposed model (Pv)0 is the deter- 
mining parameter of the interaction of the main stream and the blowing jet~ The value of this parameter 
is chosen from the condition of satisfying the equation of conservation of momentum along the y axis at 
each point of the blowing cut. Here is is assumed that in the vicinity of the blowing cut one can neglect 
the effect of viscous forces. 

3. In setting up the boundary conditions in the case of the interaction of two chemically reacting gas 
streams we willstartfrom the model of the interaction of nonreacting homogeneous gas streams. 

483 



At the entrance to the nozzle the profiles u* (z), T* (z), p* (z), c*~ (z), a re  given corresponding to 
the exact  solution of [2] for  fixed values of the nozzle aper ture  angle, the numbers M and Re, the concen- 
trat ions of the chemical  elements,  and the tempera ture  at the line of symmet ry  in the initial c ross  section.  
The conditions (2.4) are  ca r r i ed  over  to this case without change. 

In the case of noncatalytic,  thermal ly  insulated nozzle walls one can wri te  the conditions 

O T / O n =  Ocd ~ O n = O ,  a =  i, 2 . . . . .  m 

At the exit from the nozzle one must  add the conditions for  the concentrat ions 

o r  Oc~ ~ O r = O ,  a =  1, 2, . . . ,  m 

03c~ / Ox 3 = 0 ,  a = i ,  2, . . . ,  m 

to the conditions (2.2) o r  (2.3). 

To obtain the conditions at the blowing cut we assume as before that the blowing is accomplished 
along the normal  to the plane of s y m m e t r y  of the nozzle and that the flow of the blown equilibrium gas 
mixture from infinity up to the blowing cut is isentropic and is descr ibed by one-dimensional equations of 
gasdynamies  of a nonviscous ideal gas with allowance for  the equilibrium chemical react ions .  The la t te r  
can be represented  in the form 

Vq2 ~ ~ C~qoh~qo 
(x=l r ~=I 

(pv)q = (pV)o 

s~----~ ~M~ s ~ q - - R l g  ~eq = g~q ~--Sqo 

p~ = pqRTq ~ Gq (3.1) 

m 

Kp~ ~ pq a [ I  "~qb 

( s~qis  the entropy of the component a at p = 1 atm, the subscr ipt  q corresponds  to the pa ramete r s  of the 
jet at the blowing cut, the subscr ipt  q0 cor responds  to the stagnation pa ramete r s  of the jet, and the sub- 
scr ip t  0 corresponds  to the pa rame te r s  of the main s t ream at the blowing cut). 

The sys tem of equations (3.1) with assigned values of the stagnation pa ramete r s  of the jet is mono-  
pa rame t r i c .  Its solution, i.e., the values of Vq, pq, Tq, pq, Caq (a = 1, 2 . . . . .  m), is uniquely determined 
if the flow rate of the jet (Pv)0 is known. The lat ter ,  as in Sec. 2, is found from the equation of conservat ion 
of momentum (1.2) in projection onto the normal  to the plane of symmet ry  of the nozzle.  

4. F o r  the numerical  solution of the stated problem we used the explicit method of determination 
[11] with cer tain modifications [12, 13] making it possible to decrease  the determination time and to weaken 
the condition of stability, reducing it to the well-known C o u r a n t -  F r i e d r i c h s -  Levi condition [14]. 

In [1] it was noted that the difference sys tem of [11] loses stability in the case when a density dis-  
turbance occurs  in regions of low s t ream veloci t ies .  The vicinity of the blowing cut is such a region in the 
problem under considerat ion.  Calculations of flows with blowing conducted with the use of the standard 
sys tem [11] have confirmed the cor rec tness  of this observation.  To assume the s tabi l i ty  of the difference 
sys tem in a wide range of variat ion of the pa r ame te r  (Pv)0 an additional "viscous" te rm of the type 

Pi-lj _[_ I/) n f Pi./+l - -  Pt~ -~ P'b-1 (4.1) 
C ] hi  2 ij h hu--/ 

was introduced into the difference equation approximating the continuity equation, where C is a constant,  
Pijn = p(nv, ihi, jh2); hi = Ax, h2 = Ay, and T = At a re  the steps of the s p a c e - - t i m e  grid.  
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The  cho ice  of C = O (h 2) (h = ra in  (hi, h2)) p r o v e d  to be su f f i c i en t  to ob ta in  mono ton ic  d e n s i t y  p r o f i l e s  
in the  b lowing  zone .  

A s  a r e s u l t  of the  m e t h o d i c a l  c a l c u l a t i o n s  conduc ted  i t  was  e s t a b l i s h e d  tha t  one can m a k e  a s t a b l e  
c a l c u l a t i o n  wi th  T = O(h) if one a s s u m e s  tha t  the  s t a g n a t i o n  p a r a m e t e r s  of the  blown je t  a r e  b rough t  to  the  
r e q u i r e d  v a l u e s  t h rough  the  l i n e a r  law 

%0*  - t ~ q o - /  ( t - -  t) %*, 0 ~  t ~  I (4.2) 

w h e r e  ~9*q0 i s  the  c u r r e n t  va lue  of the  r e t a r d a t i o n  p a r a m e t e r  of the j e t ,  q~q0 is  the  r e q u i r e d  va lue  of th is  
p a r a m e t e r ,  and  ~*0 is the va lue  of the  c o r r e s p o n d i n g  p a r a m e t e r s  of the  m a i n  s t r e a m  a t  po in t s  of the  b l o c k -  
ing cut  in the  a b s e n c e  of b lowing .  

If one is  l i m i t e d  to the  c o n s i d e r a t i o n  of e q u i m o l e c u l a r  r e a c t i o n s  then  a = 0 in E q s .  (1.5). In th i s  c a s e  
fo r  the  so lu t i on  of the  equa t ions  of the  d i f fus ionaI  p a r t  of the  p r o b l e m  [Eqs.  (1.3)-(1.5)]  one can  u s e  the 
p r o c e d u r e  of [15], c o n s i s t i n g  in the  fo l lowing .  We d i f f e r e n t i a t e  Eq.  (1.5) l o g a r i t h m i c a l l y  wi th  r e s p e c t  to 
t i m e  

d ]n Kp,~ c~T b c~a 
dT Ot -- ~ '  6~ ~t (4.3) 

CL=I 

~ = 1 , 2  . . . . .  m - - v  

Then  we w r i t e  Eq.  (1.4), i n t r o d u c i n g  the n o n s t a t i o n a r y  t e r m  and d i f f e r e n t i a t i n g  the  l a t t e r  equa t ion  wi th  
r e s p e c t  to t i m e ,  in the f o r m  

7~ m 

IPc:z 
"~-57- = ~ n~ v (pc~v + J~) 

,~ = 1,2,...,v--I 
m 0g~ 
~, M~ --~ = O 

The system of equations (1.3) (with the addition of the nonstationary term), (4.3), (4.4) is linear 

(4.4) 

r e l a t i v e  to the  d e r i v a t i v e s  3T /~ t ,  ~ c ~ / 3 t  (c~ = 1, 2 . . . . .  m) and p e r m i t s  the  d e t e r m i n a t i o n  of t h e s e  d e r i v a t i v e s  
a t  each  po in t  of the r e g i o n  of flow u n d e r  c o n s i d e r a t i o n .  

A s i m i l a r  p r o c e d u r e  can  be  u s e d  to c a l c u l a t e  the  p a r a m e t e r s  of the  blown je t  a t  the  b lowing  cut .  Wi th  
a l l o w a n c e  fo r  (4.2) the  s y s t e m  of equa t ions  ob ta ined  f r o m  (3.1) by f o r m a l  d i f f e r e n t i a t i o n  wi th  r e s p e c t  to 
t i m e  m a k e s  i t  p o s s i b l e  to f ind the  d e r i v a t i v e s  0Caq/0 t ,  0 T q / a t ,  Opq/Ot ,  3pq/~t ,  and  0Vq/0t a s  func t ions  of 
3(Pv)0/0t .  The  l a t t e r  v a l u e  i s  found f r o m  the  n o n s t a t i o n a r y  equa t ion  of c o n s e r v a t i o n  of m o m e n t u m  a long  y .  

The  d e n s i t y  ot the  w a l l s  of the  nozz l e  (except  f o r  the b lowing  cut) is  d e t e r m i n e d  f r o m  the  n o n s t a t i o n a r y  
con t inu i ty  equa t ion  d e s c r i b e d  a t  the  b o u n d a r y  po in ts  wi th  a s e c o n d - o r d e r  a p p r o x i m a t i o n  with  r e s p e c t  to the  
s p a t i a l  v a r i a b l e s .  The  d i f f e r e n c e  equa t ions ,  a p p r o x i m a t i n g  with  s e c o n d  o r d e r  the  c o r r e s p o n d i n g  d i f f e r e n t i a l  
cond i t i ons  of the  n o n c a t a l y t i c  and  t h e r m a l l y  nonconduc t ing  n a t u r e  of the  nozz l e  w a l l s ,  p e r m i t  the  d e t e r -  
m i n a t i o n  of the  t e m p e r a t u r e  and c o n c e n t r a t i o n  of the  componen t s  a t  the  nozz l e  w a i l .  

T h e  cond i t ions  (2.3) in the  d i f f e r e n c e  r e p r e s e n t a t i o n  have  the fo rm 

= / = - 3 j  - -  3 (f =_~ - - / N - . )  

(i = N c o r r e s p o n d s  to the ex i t  c r o s s  s e c t i o n  of the  n o z z l e ) .  

The  func t ions  u*(z) ,  v*(z) ,  T*(z) ,  p * ( z ) x  -1, and c * : ( z )  c o r r e s p o n d i n g  to the  e x a c t  so lu t i on  of [9, 10] 
(a c h e m i c a l l y  n o n r e a c t i n g  s t r e a m )  o r  to the  e x a c t  so lu t ion  of [2] (with a l l o w a n c e  f o r  e q u i l i b r i u m  c h e m i c a l  
r e a c t i o n s )  a r e  t a k e n  a s  the  i n i t i a l  c o n d i t i o n s .  

In o r d e r  to t e s t  the  c o r r e c t n e s s  of the  f o r m u l a t i o n  of the  b o u n d a r y  cond i t ions  and  the  a c c u r a c y  of the 
c a l c u l a t i o n s  on a g r i d  wi th  hi = h2 = 0.1 con t ro l  c a l c u l a t i o n s  w e r e  conduc ted  fo r  the  c a s e  of M = 1.5, Re = 
400, • = 1.22. At  t = 6 the  m a x i m u m  dev ia t ion  of the  s t r e a m  p a r a m e t e r s  f r o m  the  v a l u e s  c o r r e s p o n d i n g  to 
an e x a c t  s o l u t i o n  was  o b s e r v e d  a t  the  n o z z l e  w a l l s  and  was  2% fo r  the  de ns i t y  and  1% fo r  the  o t h e r  v a l u e s .  
An  e s t i m a t e  of the  ef fec t  of the b o u n d a r y  cond i t ions  a t  the  ex i t  f r o m  the  nozz l e  was  ob t a ined  f r o m  a c o m -  
p a r i s o n  of the r e s u l t s  of c a l c u l a t i o n s  fo r  a s h o r t  (XN = 2.9) and  a long (x N = 3.6) n o z z l e  wi th  M = 2, Re = 
100, and  P ' S / P /  = 1.1 (p/ i s  the  p r e s s u r e  a t  the  l i ne  of s y m m e t r y  of the  nozz l e  a t  x = 1.9)~ The  b lowing  
was  c a r r i e d  out t h rough  a s l i t  a t  1.9 -< x -< 2.1.  The  in i t i a l  c r o s s  s e c t i o n  c o r r e s p o n d e d  to x = 1. The  
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c o m p a r i s o n  showed  tha t  the  m a x i m u m  d i f f e r e n c e  in  t he  p a r a m e t e r s  o c c u r s  a t  x =  2.9 and d o e s  not e x c e e d  
1% a t  the  w a l l s  o f  the  n o z z l e  and 0.5% a t  t he  l ine  of  s y m m e t r y .  

A t e s t  of how the  l aws  of c o n s e r v a t i o n  a r e  s a t i s f i e d ,  conduc ted  f o r  the  v a r i a n t  c o r r e s p o n d i n g  to  the  
g r e a t e s t  b lowing  i n t e n s i t y  (M = 3, Re = 135, PS*/Pl  = 1.62) showed  tha t  the  e r r o r  does  not  e x c e e d  3%. 

5. Some  r e s u l t s  of the  n u m e r i c a l  c a l c u l a t i o n s  a r e  p r e s e n t e d  in F i g s .  2 - 7 .  F i g u r e  2 i l l u s t r a t e s  the  
p r e s s u r e  d i s t r i b u t i o n  a long  the  l eng th  of the  n o z z l e  a t  d i f f e r e n t  c r o s s  s e c t i o n s  y = cons t  (the n u m b e r s  of 
the  c u r v e s  c o r r e s p o n d  to the  c r o s s  s e c t i o n s  yj  = j A y - - y  w, YW = x tg0w) f o r  the  c a s e  of M = 3, Re = 135, 
PS* /P /  = 1.62, 8 w = 24~ ' ,  and  the  a b s e n c e  of c h e m i c a l  r e a c t i o n s .  

The  p o s i t i o n s  of the  shock  w a v e s  deve lop ing  d u r i n g  the i n t e r a c t i o n  of n o n r e a c t i n g  s t r e a m s  a r e  shown 
in F i g .  3 f o r  the c a s e  of M = 3, Re = 135, and  d i f f e r e n t  v a l u e s  of the  p a r a m e t e r  P S * / P / .  C u r v e  1 c o r r e -  

sponds  to PS * /P l  = 1.62, c u r v e  2 to PS */Pl  = 1.32, and  c u r v e  3 to PS */Pl  = 1.125. 

D i s t r i b u t i o n s  of the  p a r a m e t e r  pp = P S -  p0 (PS is the  p r e s s u r e  a t  the  n o z z l e  wa l l  du r ing  the  b lowing  
of a c h e m i c a l l y  n o n r e a c t i n g  j e t  and  P0 is  the  s a m e  v a l u e  in a f low wi thout  blowing)  a r e  p r e s e n t e d  in F i g .  4 
f o r  the  c a s e  of M = 3, Re = 135, and  d i f f e r e n t  v a l u e s  of PS * / P l .  The  r e s p e c t i v e  c u r v e  n u m b e r s  and  v a l u e s  

of  th is  p a r a m e t e r  a r e  the  s a m e  a s  in F i g .  3. 

Some r e s u l t s  of n u m e r i c a l  c a l c u l a t i o n s  of the  i n t e r a c t i o n  of two s t r e a m s  of  e q u i l i b r i u m  gas  m i x t u r e s  
c o n s i s t i n g  of f o u r  c o m p o n e n t s ,  H20, H2, CO, and  CO2, a r e  p r e s e n t e d  in F i g s .  5 -7 .  It was  a s s u m e d  tha t  
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equilibrium chemical reactions take place in the mixture which are des cribedby the following tota[ reaction: 

H2 rC02~C0 ~ H~0 

the equilibrium constant of which is connected with the concentrations of the reacting components by the 
equation 

(c l  = ~ , o ,  ~2 ~ ~co~ Ca ~ ~co~, ~ ~ ~H~) 

The  c h a r a c t e r i s t i c  Schmid t  n u m b e r  a t  the  l i ne  of s y m m e t r y  of the  n o z z l e  was  t aken  as  un i ty .  The  
c o e f f i c i e n t  of v i s c o s i t y  of the  gas  m i x t u r e  was  c a l c u l a t e d  f r o m  the  equa t ion  of [16] and  the  P r a n d t l  n u m b e r  
of the  m i x t u r e  f rom the equa t ion  

Pr = cp / (l.204cp ~- t.47) 

The  t h e r m o d y n a m i c  p a r a m e t e r s  of the  m i x t u r e  w e r e  found wi th  the  u s e  of the  equa t ions  of [17]. 

P r o f i l e s  of the  p r e s s u r e  a t  d i f f e r e n t  c r o s s  s e c t i o n s  x = cons t  a r e  shown in F i g .  5 (the n u m b e r s  of the  
c u r v e s  c o r r e s p o n d  to the  c r o s s  s e c t i o n s  x i = l a x  + 1) fo r  the  c a s e  of M = 2, Re = 100, TS = 1700 ~ K, c4 = 
0.0066, ~ = 0.0235, ~ = 0.0078 (the c o n c e n t r a t i o n s  of the  c ompone n t s  a t  the  in i t i a l  c r o s s  s e c t i o n  of the  
nozz le )  and  the  b lowing  of a gas  m i x t u r e  wi th  a l a r g e  w a t e r  v a p o r  con ten t  (ci = 0.9).  In th i s  c a s e  the  
s t a g n a t i o n  p a r a m e t e r s  of the  j e t  a r e  e0 = 0.05229, c C = 0.00229, CH = 0.112 (cO,  eC,  e H a r e  the  r e d u c e d  
c o n c e n t r a t i o n s  of the  c o r r e s p o n d i n g  c h e m i c a l  e l e m e n t s ) ,  Tq0 = 1.33, Pq0/P/ = 1.36, and  H E = -13 .161  (H E 
is  the  en tha lpy  of the  m i x t u r e ) .  

D i s t r i b u t i o n s  of the  c o n c e n t r a t i o n s  c2 (so l id  l i nes )  and  cl  (dashed  l ines )  a t  d i f f e r en t  c r o s s  s e c t i o n s  x = 
c o n s t  a r e  p r e s e n t e d  in F i g .  6 (the r e s p e c t i v e  c u r v e  n u m b e r s  and c r o s s  s e c t i o n s  a r e  the  s a m e  as  in  F i g .  5) 
f o r  the  s a m e  v a l u e s  of the  p a r a m e t e r s  of the  m a i n  s t r e a m  and fo r  va lue s  of the  p a r a m e t e r s  of the  b lown j e t  
equal  to  c2 = 0.88, e0 = 0.0367, e C = 0.003319, c H = 0.00722,  Tq0 = 1.33, Pq0/P/ = 1.24, H E = - 4 . 8 7 .  

The  c a l o r i f i c  e f fec t  of the  c h e m i c a l  r e a c t i o n s  can be fo l lowed  in F i g .  7, w h e r e  the  p r o f i l e s  of 0 T / 0 x  
a t  the  b lowing  cut  a r e  p r e s e n t e d .  Curve  1 c o r r e s p o n d s  to the  c a s e  of the  b lowing  of a gas  m i x t u r e  wi th  
c2 = 0.88 and  Pq0/Pl = 1.24; c u r v e  2 c o r r e s p o n d s  to b lowing  wi th  cl  = 0.9 and Pq0/P/ = 1.34; c u r v e  3 c o r r e -  
s p o n d s  to b lowing  wi th  p S * / p  l = 1.3 (without c h e m i c a l  r e a c t i o n s ) .  

It is  s e e n  that  the  b lowing  of a m i x t u r e  wi th  an en tha lpy  g r e a t e r  than the  en tha lpy  of the  m a i n  s t r e a m  
c a u s e s  an  add i t i ona l  t e m p e r a t u r e  i n c r e a s e  b e c a u s e  of the  c h e m i c a l  r e a c t i o n s .  In b lowing  a m i x t u r e  wi th  a 
l a r g e  {in a b s o l u t e  va lue)  n e g a t i v e  en tha lpy  the t e m p e r a t u r e  in the  s t r e a m  f i r s t  d r o p s  b e c a u s e  of the  endo-  
t h e r r n i c  r e a c t i o n s  and then i n c r e a s e s  b e a c u s e  the d i s s i p a t i v e  e f fec t  b e c o m e s  d o m i n a n t  d o w n s t r e a m .  
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