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The results are given of an experimental  investigation of the velo-  

city and temperature fields in the resultant stream formed by five 
plane turbulent jets in a chamber. 

Inves t iga t ions  of a sy s t em of plane tu rbu len t  je ts  
[1] ha:re shown that  the je ts  i n t e r ac t  in  a mix ing  p r o -  
c e s s ,  t h e i r  axes deviate  f rom the o r ig ina l  d i rec t ion ,  
and the s t r u c t u r e  of the r e su l t i ng  s t r e a m  is complex.  
In p a r t i c u l a r ,  the extent  of r e v e r s e  flow r eg ions ,  the 
nonun i fo rmi ty  of the r e s u l t a n t  f ie ld ,  and the hydrau l ic  
l o s s e s  a re  i n c r e a s e d  apprec iab ly  over  what might  be 
expected if the je t  axes were  not deformed in the m i x -  
ing p r o c e s s .  These  r e s u l t s  were  obtained in  condi-  
t ions  which m u s t  be defined as mixing  of the je ts  in 
f ree  space ,  s ince  sp read ing  of the je ts  dur ing  the 
i n t e r a c t i o n  was l imi t ed  only by side wal l s ,  to con-  
s e r v e  the p l a n e - p a r a l l e l  s t r u c t u r e  of the s t r e am,  a i r  
en t e r ing  the s y s t e m  f ree ly  at top and bot tom. 

Since mix ing  of t u rbu l en t  je ts  in heat engines  
u sua l ly  occur s  in c h a m b e r s ,  the g r e a t e s t  i n t e r e s t  
a t taches  to the study of these  phenomena  in a confined 
space ,  when i n t e r a c t i o n  of each jet  and of the s y s t e m  
as a whole with the su r round ing  a i r  is excluded. This  
a r t i c l e  p r e s e n t s  the r e s u l t s  of an inves t iga t ion  of this  

kind. 
A s t r e a m  was fo rmed  in a c h a m b e r ,  as be fo re ,  by 

the d i s cha rge  of five je ts  f rom 8 • 30 m m  sl i t  nozz les ,  
located at equal  d i s t ances  of 30 m m  and o r i en ted  in 
the same  d i rec t ion .  Ai r  f rom one r e s e r v o i r  (A) was 
supplied to nozzles i, 3, and 5 (Fig. i), and from 

another reservoir (B) to nozzles 2 and 4, the air in 

B coming from a heater. 
In contrast with experiments conducted earlier, 

the discharge from the nozzles entered a chamber of 

rectangular section, equal in width to the nozzles 
(30 ram) and of a height such that the outside jets (I 
and 5) propagated directly adjacent to the walls. 
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In the resultant stream measurements were made 
of the total and static pressures, direetion of stream- 
lines, and temperature at different distances from 

the nozzle exit (up to 350 ram). The data are pre- 
sented in the form of graphs of variation of the stream 

parameters: axial velocity component u = u(y), and 
excess temperature At = At(y) for each of the sections 

investigated. 
A more detailed description of the equipment, the 

measurement technique, and the reduction of the 

experimental data is available in [i, 2]. 
The characteristics of the regimes investigated 

are given in the table. Figure 1 shows the results of 
an investigation of the resultant stream in the case 
in which all five jets issued with an identical pressure 

drop (regime IV-T40). The structure of the stream 

indicates that the lateral jets (Fig. 1 shows the pa- 

rameters of one lateral jet, No. i) propagated along 

the wall. Jet 2 was deflected initially toward the 
wall (at x = 42 ram), and then toward the center of 
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Fig. I. Parameters of the resultant stream in regime IV- 
T40 atx= 2 mm (a), 42 (b), 52 (e), and 150 (d): i) axial 

velocity component of the stream u (m/see); 2) temperature 

change, At (my). 
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Fig. 2. Structure of the resul tant  s t ream in regime 
VI with a) x = 2 ram; b) 22; e) 52; d) 100; a~d e) 150. 
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Fig. 3. Structure of the resul tant  s t r e am in regime 
IV-4, with a) x = 2 ram; b) 22; c) 42; d) 52; e) 100; 

f) 150; and g) 350; u in m/see .  
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the  c h a m b e r  (x = 52 ram).  In the open s t r e a m  the 
c e n t r a l  j e t  3 p r o p a g a t e d  in a l l  c a s e s  in a s t r a i g h t  
l ine in the  o r i g i n a l  d i r e c t i o n ,  whi le  in the  c h a m b e r  i t  
was  de f l ec t ed  t oward  one of the  w a l l s  (the lower ,  
in Fig .  1), the r e s u l t  be ing  tha t  in the c e n t r a l  p a r t  of 
the  c h a m b e r  r e v e r s e  mot ion  of the s t r e a m  was ob-  
s e r v e d  at  r a t h e r  l a r g e  d i s t a n c e s  (up to x = 100 m m ) .  
An a p p r e c i a b l e  d e c r e a s e  in the s t r e a m  v e l o c i t y  in 
the  c e n t r a l  p a r t  of the c h a m b e r  o c c u r r e d  at a l l  the 
s e c t i o n s  i n v e s t i g a t e d  (up to x = 150 ram).  

The  t e m p e r a t u r e  f i e ld  of the  s t r e a m  in th is  r e g i m e ,  
fol lowing the  a e r o d y n a m i c  s t r u c t u r e  of the s t r e a m ,  
p r o v e d  to be a s y m m e t r i c  ( sec t ion  x = 42 r am,  x = 
= 52  r a m ) .  

When the hea t i ng  of j e t s  2 and 4 was  i n c r e a s e d  to 
At0 = 60 ~ C ( r e g i m e  IV-T60) ,  no qua l i t a t i ve  changes  
r e s u l t e d  in the  ve loc i t y  and t e m p e r a t u r e  f i e lds .  

In the  c a s e  in  which the j e t s  i s s u e d  f r o m  the noz z l e s  
wi th  d i f f e r en t  v e l o c i t i e s  ( r e g i m e s  V and Vt),  a l l  the 
p e c u l i a r i t i e s  of the  flow noted  for  r e g i m e  IV w e r e  
am p l i f i ed .  At ten t ion  is d rawn to the e x i s t e n c e  in t hese  
r e g i m e s  of a s t r ong  ex t ens ive  r e v e r s e  flow reg ion  
in the  c e n t r a l  p a r t  of the c h a m b e r  (up to x = 150 r am,  
Fig .  2). 

The c o n s i d e r a b l e  nonun i fo rmi ty  of the r e s u l t a n t  
s t r e a m  was  due in th i s  c a s e  to d e f o r m a t i o n  of the 
c e n t r a l  j e t  3. I ts  de f l ec t ion  f rom the o r i g i n a l  d i r e c t i o n  
in  t u rn  by the ac t ion  of the  s ide  j e t s  1 and 5, p r o p -  
aga ted  a long the w a l l s  of the  c h a m b e r ,  in connec t ion  
with which  the p o s s i b i l i t y  was  i n v e s t i g a t e d  of con -  
t r o l l i n g  the  g a s d y n a m i c  s t r u c t u r e  of the  s t r e a m  and 
ach iev ing  g r e a t e r  u n i f o r m i t y  by  changing the d i m e n -  
s ions  of the  s ide  j e t s .  

With  th i s  o b j e c t i v e ,  the  s ide  j e t  d i m e n s i o n  5 was  
r e d u c e d  to 4 m m  ( r e g i m e  IV-4 ,  Fig .  3) in one of the  
r e g i m e s .  Al l  f ive j e t s  i s s u e d ,  a s  in  r e g i m e  IV, wi th  

i den t i ca l  p r e s s u r e  d rop  in the  nozz l e ,  but  the  c h a r -  
a c t e r  of t h e i r  mot ion  v a r i e d  qua l i t a t i ve ly  (excluding 
the s ide  j e t s  1 and 5, which p r o p a g a t e d  along the 
wa i l s  in a l l  c a s e s ) .  W h e r e a s  the c e n t r a l  j e t  3 in 
r e g i m e  IV d e p a r t e d  f rom the g e n e r a l  s t r e a m  a x i s ,  
l ead ing  to f o r m a t i o n  of a s t r ong  r eg ion  of r e v e r s e  
flow in the  c e n t r a l  p a r t  of the c h a m b e r ,  in r e g i m e  IV 
the j e t  was  p r o p a g a t e d  without  change  of o r i g i n a l  
d i r e c t i o n  in the mix ing  p r o c e s s .  J e t  2, which  was 
de f l ec t ed  f i r s t  in r e g i m e  IV t o w a r d  the p e r i p h e r y  
of the  s t r e a m ,  was  g r a d u a l l y  bent  t oward  the s t r e a m  
ax is .  Both t h e s e  f a c t o r s  l ed  to e a r l i e r  e qu i l i b r a t i on  
( c o m p a r e d  to r e g i m e  IV) of the  v e l o c i t y  f ie ld  in the  
r e s u l t a n t  s t r e a m .  

When the s i ze  of j e t s  1 and 5 was  then i n c r e a s e d  to 
4 . 5  m m  ( r e g ime  I V - 4 . 5 ,  Fig.  4), a t endency  t oward  
a s y m m e t r y  of the r e s u l t a n t  s t r e a m  was again  ob-  
s e r v e d ,  al though th is  was  not as  p ronounced  as  in 
r e g i m e  IV. 

Thus ,  the d e f o r m a t i o n  of the  axes  of the j e t s  dur ing  
mix ing  and i n t e r a c t i o n  depends  both on the d i s c h a r g e  
ve loc i t y  of the  ind iv idua l  j e t s  and on t h e i r  s i ze .  Each 
spec i f i c  s y s t e m  of j e t s  r e q u i r e s  e x p e r i m e n t a l  i n v e s t i -  
ga t ion  of the  g a s d y n a m i e  s t r u c t u r e  of the r e s u l t a n t  
s t r e a m .  

Notation 

h ' A ,  h ' B - t o t a l  p r e s s u r e  d r o p s  c o r r e s p o n d i n g  to 
d i s c h a r g e  of the  j e t s  f r o m  r e s e r v o i r  A ( je ts  1, 3, 
and 5) and B ( je ts  2 and 4); u - a x i a l  componen t  of 
s t r e a m  ve loc i t y  at  the  m e a s u r e m e n t  point ;  A t - c h a n g e  
of t e m p e r a t u r e  m e a s u r e m e n t  poin t  in c o m p a r i s o n  
with  s t r e a m  t e m p e r a t u r e  in r e s e r v o i r  A (~ my ;  
A t 0 - i n i t i a l  e x c e s s  hea t  of j e t s  d i s c h a r g i n g  f r o m  r e -  
s e r v o i r  B in c o m p a r i s o n  with  t e m p e r a t u r e  in r e s e r -  
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Fig. 4. Structure of the resultant stream in regime 

I V - 4 . 5 ,  with a) x = 2 r am;  b) 22; c) ,12; d) 52; e) 100; 

f) 150; and g) 350. u in m / s e c .  
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voir  A; 5 - s i ze  of nozzles from which side jets (1 and 
5) discharge. 
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