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The possibility is examined of calculating the inclination of the axis 

of a stream resulting from the mixing of turbulent jets, using a 
simplified method. 

Ques t ions  r e l a t e d  to the mix ing  of t u rbu l en t  gas 
j e t s  have r e c e n t l y  been wide ly  d i s c u s s e d  in the 
l i a t e r a t u r e  [1]. A c c o r d i n g  to the  ava i l ab le  e x p e r i -  
men ta l  da t a  [2 -4 ] ,  the mix ing  r e s u l t s  in a s ing le  
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Fig .  1. D i a g r a m  of the f low. 

tu rbu len t  s t r e a m  which,  at  a c e r t a i n  d i s t ance  
f rom the point of i n t e r s e c t i o n  of the axes  of the 
m e r g i n g  j e t s ,  m a y  be r e g a r d e d  as one tu rbu len t  
je t .  In p r a c t i c a l  app l i ca t i ons  i t  is  n e c e s s a r y  f i r s t  
to have a method of ca l cu l a t i ng  the  d i r e c t i o n  of the 
axis  of th is  r e s u l t a n t  s t r e a m  f rom the in i t i a l  p a r a -  
m e t e r s  of the  mix ing  je t s .  

A so lu t ion  to the ques t ion  of the  r e s u l t a n t  s t r e a m  
axis  d i r e c t i o n  m a y  be obta ined  by  us ing  the cond i -  
t ion of conse rva t i on  of to ta l  m o m e n t u m  in the i n i -  
t i a l  and r e s u l t a n t  s t r e a m s .  In doing th i s ,  for  ex -  
amp le ,  in the c a s e  of the m i x i n g  of two je ts  with 
i n t e r s e c t i n g  axes  (Fig.  1), i t  i s  n e c e s s a r y ,  s t r i c t l y  
speak ing ,  to t ake  into account ,  in addi t ion  to the 
m o m e n t u m  of the o r i g i n a l  j e t s  I 1 and I2, tha t  of the 
s t r e a m s  I~ and 14 e j e c t e d  by  the j e t s  f rom the s u r -  
rounding space .  Then the p r o j e c t i o n  of the m o m e n -  
tum c o n s e r v a t i o n  equat ion on the axis  of c o o r d i n -  
a tes  in the  g e n e r a l  c a s e  (without r e s t r i c t i n g  the 
n u m b e r  of m ix ing  s t r e a m s )  has the fo rm 

l,= i ~ ~.~ lii, 
n 

where  i = 1, 2 . . .  i s  the o rd ina l  n u m b e r  of the e l e -  
m e n t a r y  flow, and j = x, y, z de s igna t e s  the  axis  of 
the c o o r d i n a t e s .  

In p a r t i c u l a r ,  fo r  the ca se  r e p r e s e n t e d  in F ig .  1, 
t ak ing  into account  the fact  that  tga~ = l~y[I,~ we 
m a y  obtain 

tga~. = .~. [ j ~  I,~. (1) 
n n 

M e a s u r e m e n t s  of s t a t i c  p r e s s u r e  du r ing  mix ing  
of t u rbu len t  je t s  [2,3] ind ica te  that  the p r o c e s s  i s  
n o n i s o b a r i c .  We m u s t  t h e r e f o r e  u n d e r s t a n d  m o m e n -  
tum flow h e r e  to be flow of to ta l  momen tum,  a l low-  
ing for  v a r i a t i o n  both of momen tum pu 2 and a l so  
of  s t a t i c  p r e s s u r e  p: 1 = (p + pu 2) S, where  S is the 
f low a r e a  at the chosen  sec t ion .  

The need to take  into account  the m o m e n t u m  of 
the e j e c t e d  s t r e a m s ,  and a l so  the v a r i a t i o n  of s t a t i c  
p r e s s u r e  in the je t  m ix ing  p r o c e s s ,  m a k e s  c a l c u l a -  
t ion a c c o r d i n g  to (1} qui te  onerous .  We have v e r i f i e d  
the p o s s i b i l i t y  of ca l cu l a t i ng  the inc l ina t ion  of the  
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Fig .  2. C o m p a r i s o n  of ca lcu la t ion  with e x p e r i m e n t a l  
da ta :  1) F o r  plane p a r a l l e l  je t s  [1) fo r  ~ = 60~ 2) 
30~ b} fo r  a x i s y m m e t r i c  je t s  [1) d J d  1 = 4; 2--2; 

3--1;  4--0.75;  5--0.5; 6--0.25] .  

r e s u l t a n t  s t r e a m  by a s i m p l i f i e d  method,  ignor ing  
both the ex i s t ence  of the e j e c t e d  s t r e a m s  of gas 
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s u r r o u n d i n g  the m i x i n g  j e t s ,  and a l so  the v a r i a t i o n  
of  s t a t i c  p r e s s u r e  in the mix ing  r eg ion  ( i .e . ,  in this  
c a s e  we a s s u m e d  1 = pu2). 

The c a l c u l a t e d  cu rves  and the e x p e r i m e n t a l  
points  a r e  shown in F ig .  2 a fo r  m ix ing  of two 
p lane  p a r a l l e l  a i r  je t s  d i s c h a r g i n g  f r o m  s l i t s  of 
i den t i ca l  s i z e  with d i f f e ren t  p r e s s u r e  d rops  A p  1 
and Ap 2 [3]. 

Equat ion  (1) for  th is  c a se  ce 1 = 0, o~ 2 = ~ has  the 
f o r m  

sin 
tg a~ = 

cosa  + A pdAp~ 

In t r a n s f o r m i n g  (1), the r a t e  of d i s c h a r g e  of the 
j e t s  was d e t e r m i n e d  by the e x p r e s s i o n  

where  the v e l o c i t y  coef f ic ien t  ~0 was a s s u m e d  to be 
the s a m e  fo r  both  j e t s .  

S i m i l a r  r e s u l t s  a r e  shown in Fig .  2b fo r  mix ing  
of a x i s y m m e t r i c  j e t s  of a i r ,  d i s c h a r g i n g  at  r igh t  
angles  to one ano the r  f r o m  c y l i n d r i c a l  nozz les  of 
d i f f e ren t  d i a m e t e r s  d i and d 2 at  d i f f e ren t  p r e s s u r e  
d rops  Ap 1 and Ap2. The ca l cu l a t i on  f o r m u l a  in th is  
c a se  oQ = 0, o~ 2 = 7r/2 t akes  the fo rm 

Ap~ ( d~ ~ ~ 

In handl ing  the e x p e r i m e n t a l  da ta ,  the axis  of the 
r e s u l t a n t  s t r e a m  was d e t e r m i n e d  in a l l  c a s e s  a c -  
co rd ing  to the  m a x i m u m  to ta l  p r e s s u r e .  The r e s u l t s  
of the c o m p a r i s o n ,  shown in F ig .  2, ind ica te  that  

fo r  the m a j o r i t y  of condi t ions  the p r e s e n t  method  
g ives  s a t i s f a c t o r y  a g r e e m e n t  be tween  t h e o r y  and 
the e x p e r i m e n t a l  da ta ,  fo r  p lane and for  a x i s y m -  
m e t r i c  j e t s .  M o r e o v e r ,  in c e r t a i n  condi t ions  a 
s u b s t a n t i a l  d i v e r g e n c e  of t h e o r y  f r o m  e x p e r i m e n t  
is no t i ceab le ,  in which event  the  convenien t  c a l c u -  
l a t ion  can be r e c o m m e n d e d  only as  an a p p r o x i m a -  
tion. More  r i g o r o u s  c a l c u l a t i ons  mus t  be  m a d e  
a c c o r d i n g  to the g e n e r a l  f o r m u l a  (1), m a k i n g  a l -  
!owance fo r  the e j e c t e d  flows and the fac t  that  the  
p r o c e s s  is  n o n i s o b a r i c .  

NOTATION 

d )  nozz le  d i a m e t e r ;  g = 9.81 m / s e c  2) a c c e l e r a t i o n  
due to gravi ty ;  I) m o m e n t u m  flux; p) s t a t i c  p r e s -  
su re ;  u) s t r e a m  ve loc i ty ;  S) f low a r e a  at  chosen  
sec t ion;  ~y) angle  of inc l ina t ion  of axis  of r e s u l t a n t  
s t r e a m ;  p) dens i ty  of gas; ~0) v e l o c i t y  coef f ic ien t .  
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