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Results are given of measurement of mean velocity and of velocity 
fluctuations in an axisymmetric immersed jet at various values of ini- 
tial turbulence. It is shown that as!the initial stream turbulence in- 
creases, the length of the entrance section decreases, and that the 
entrance section practically disappears in a strongly turbulent jet 

Under  n o r m a l  condi t ions,  when a je t  d i s cha rges  
f rom a nozzle  with a compara t ive ly  un i fo rm  in i t ia l  ve -  
loci ty  profi le ,  or  d i s cha rges  f rom a long tube, with a 
co r re spond ing  nonun i fo rm veloc i ty  prof i le ,  the t u rbu -  
lence in t ens i ty  at i t s  in i t ia l  sec t ion  does  not exceed 
1-2%. The r e s u l t s  of expe r imen ta l  inves t iga t ions  of 
plane and a x i s y m m e t r i c  je t s  given in  mos t  papers  
r e f e r  p r e c i s e l y  to these  compara t ive ly  low va lues  of 
in i t ia l  t u rbu lence  of the s t r eam.  These  in i t i a l  t u r b u -  
lence  va lues  a r e  sma l l  in  compar i son  with the g r e a t e s t  
t u rbu lence  which i s  genera ted  in a jet .  

However,  when specia l  t u r b u l e n c e - p r o m o t i n g  gr ids  
a re  fit ted in  a nozzle  or a tube, the in i t ia l  s t r e a m  
tu rbu lence  may  be v e r y  la rge  and r each  20-30%. In 
this  case the re  is  a complete  r e a r r a n g e m e n t  of the 
m i c r o s t r u c t u r e  of the s t r e a m  in the in i t i a l  and t r a n s i -  
t ion sec t ions  of the jet ,  not apparen t  in the c h a r a c t e r -  
i s t i c s  of the mean  flow. Inves t iga t ions  c a r r i e d  out up 
t i l l  now of a jet  with d i f ferent  in i t ia l  t u rbu lence  leve ls  
(we re fe r ,  in  p a r t i c u l a r ,  to the expe r imen ta l  i n v e s t i -  
gation of the mean  flow in  a plane i m m e r s e d  jet  at 
va r ious  va lues  of in i t ia l  t u rbu lence  in [1]! have not 
as yet  given a comprehens ive  answer  to the quest ion Of 
the inf luence of th is  p a r a m e t e r .  

The p r e s e n t  paper  gives the r e s u l t s  of an expe r i -  
menta l  i nves t iga t ion  of the m a c r o -  and m i e r o s t r u c t u r e  
of an a x i s y m m e t r i c  i m m e r s e d  tu rbu len t  je t  with v a r y -  
ing in i t i a l  t u rbu lence .  The i n c r e a s e d  in i t i a l  t u rbu l ence  
is  c rea ted  by  i n s t a l l i ng  t u r b u l e n c e - g e n e r a t i n g  gr ids ,  
swir l  gene ra to r s ,  and meshes  ahead of the nozzle.  

The m e a s u r e m e n t s  were  made with a cons tan t  
t e m p e r a t u r e  t h e r m a l  a n e m o m e t e r ,  the va lues  of mean  
veloci ty  and of the mean  square  value of the longi tudinal  
component  of f luc tuat ing  ve loc i ty  being measu r e d .  A 
low-ve loc i ty  a i r  je t  (u 0 < 100 m / s e e )  d i scharged  f rom a 
nozzle  of 260 = 15 m m  d i a m e t e r .  T u r b u l e n c e - g e n e r a -  
t ing gr ids  were  fi t ted at the en t r ance  sec t ion  of a noz-  
zle of 2 0 - m m  d i ame te r .  In all  eases  m e a s u r e s  were  
taken to see that  the ve loc i ty  d i s t r i bu t ion  at the nozzle 
lip should be p r ac t i c a l l y  un i fo rm;  th is  made it poss ib le ,  
in d e t e r m i n i n g  the effect of in i t i a l  je t  t u rbu lence  on 
i ts  c h a r a c t e r i s t i c s ,  to exclude the effect of in i t i a l  non-  
u n i f o r m i t i e s  of the jet .  

F igu re  I shows the d i s t r i bu t ion  of m e a n  veloci ty  and 
of f luc tua t ions  of the longi tudinal  component  of ve loc i ty  
eu0 along the jet  axis,  for  s e v e r a l  va lues  of in i t ia l  

t u rbu lence  e 0, while Fig.  2 shows the veloci ty  prof i les  
and the in tens i ty  of tu rbu lence  in the main  par t  of the 
jet .  

F r o m  the data p resen ted  the following conclus ions  
may be drawn:  

1. As the in i t i a l  s t r e a m  tu rbu lence  inc reases ,  a 
r e a r r a n g e m e n t  of the flow m i c r o s t r u c t u r e  in the i n i -  
t ia l  sec t ion  occurs ,  the length of the l a t t e r  dec rea se s ,  
and for  e 0 ~ 20%the in i t ia l  sect ion p rac t i ca l ly  d i s -  
appears ,  and a sharp fal l  in  the mean  ve loc i ty  along 
the axis  begins  in the immedia t e  v ic in i ty  of the nozzle 
lip. An analogous conclus ion  may be drawn also f rom 
the m e a s u r e m e n t s  of a p lane  i m m e r s e d  je t  in  [1]. The 
above phenomena  a re  a l ready  in evidence with e 0 

4-5%. 
2. In the ma in  pa r t  of the je t  the mean  veloci ty  p ro -  

f i les  a re  p r a c t i c a l l y  u n i v e r s a l  in  the coordina tes  Ku, 
~?1/2 for  all  va lues  of e 0, and at  suff ic ient  d is tance  
f rom the nozzle the p ro f i l e s  of t u rbu lence  in tens i ty  
eu also change ve ry  l i t t le  with change of eu over  a 
wide range  (Fig. 2). 

3. With i n c r e a s e  of in i t ia l  s t r e a m  tu rbu lence  there  
is a d e c r e a s e  in  the veloci ty  along the jet  axis Ahem = 
= Um/U 0 at a fixed d is tance  f rom the nozzle.  This 
leads to a change in  the other  c h a r a c t e r i s t i c s  of the 
jet:  the width 5, flow ra te  Q, and k ine t ic  energy  E, 
s ince 

6 ~-~1, (2 - - - l  E - -  
. . . .  h u m  , ~ u s  
60 Qo ~ 

4. At a c e r t a i n  d i s tance  f rom the nozzle  the mean 
square  value of longi tudinal  component  of f luctuat ing 
ve loc i ty  eu0 eease s  to depend on the in i t i a l  s t r e a m  
turbu lence ,  and is  p r a c t i c a l l y  the same for  al l  values  
of e0; then the locat ion of the m a x i m u m  dependence of 
eu0 (x) with i n c r e a s e  of e 0 i s  d isplaced towards  the 
nozzle.  

The conc lus ions  given above were  obtained main ly  
on the bas i s  of an ana lys i s  of the d i s t r ibu t ion  of the 
mean  and f luc tua t ing  ve loc i t i es  along the jet  axis.  It 
is  t he re fo re  of i n t e r e s t  to m e a s u r e  these  p a r a m e t e r s  
in  t r a n s v e r s e  sec t ions  of the jet ,  e spec ia l ly  within the 
in i t ia l  and t r a n s i t i o n  sect ions .  M e a s u r e m e n t s  of this  
kind w e r e  made  for  two values  of in i t i a l  tu rbu lence ,  
e 0 ~ 1.3% and e 0 ~ 8.3%. The co r re spond ing  r e su l t s  
a re  shown in  Fig.  3 and conf i rm the above conclus ion 
r ega rd ing  the effect of in i t i a l  t u rbu lence  on the length 
of the in i t i a l  sect ion.  

We shal l  now d e t e r m i n e  the dependence of the ex-  
p e r i m e n t a l  cons tant  ~ appear ing  in  the s e m i - e m p i r -  
i ca l  fo rmula  for tu rbu len t  f r i c t ion  on in i t i a l  s t r e a m  

t u r b u l e n c e .  F o r  th is  purpose  we shal l  use  the fo rmula  
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Fig .  1. Ef fec t  of i n i t i a l  s t r e a m  t u r b u l e n c e  on the  
v a r i a t i o n  a long the j e t  ax i s  of the mean  v e l o c i t y  
and of f luc tua t ions  in longi tud ina l  v e l o c i t y  c o m -  
ponent .  The u p p e r  r igh t  c o r n e r  shows  the e m p i -  
r i c a l  "cons tan t "  ~ as  a function of in i t i a l  s t r e a m  
tu rbu lence :  a - - f o r  bUm(X); b--euo(X); 1 - -wi th  

e0 = 1.5%; 2--8.3;  3--9 .3;  4- -20 .9 .  
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Fig .  2. D i m e n s i o n l e s s  p r o f i l e  of mean  
v e l o c i t y  and t u r b u l e n c e  i n t e n s i t y  p r o -  
f i l e  in the  ma in  s e c t i on  of the j e t  (~ = 
= 40) fo r  v a r i o u s  va lue s  of in i t i a l  t u r -  
bu lence :  a - - f o r  Au(+h/2); b--~u(+h/2); 

1 - -wi th  ~0 = 2.1%; 2--20.9 .  
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Fig .  3. P r o f i l e s  of mean  ve loc i ty  and of t u rbu lence  i n -  
t en s i t y  in the i n i t i a l  and t r a n s i t i o n  s ec t i ons  of the j e t ,  
f o r  two v a l u e s  of i n i t i a l  t u rbu lence ,  e0 = 8.3% (I) and 
1.3% (II): a - - f o r  u < u0; b--eu;  1--with  ~ = 0.5; 2--2;  

3--4;  4--6;  5--8;  6--12; 7--30.  

A--u,. [1+2 - -  = , 4 V262 • (x - -  xo) ]-1 

of [2], w h e r e  b 2 = 11/210; ~ = x / 5  o and x 0 is  the length 
of the  in i t i a l  s ec t ion  of the  je t .  In con fo rmi ty  with the 
l a t t e r  fo rmula ,  the  da ta  of F ig .  1 w e r e  r e d r a w n  in the  
f o r m  of s t r a i g h t  l i nes ,  in the  c o o r d i n a t e s  A'~m -1 - 
- 1, ~, which p e r m i t s  us  to  d e t e r m i n e ,  f r o m  t h e i r  
s lopes ,  the  dependence  of ~ on the in i t i a l  d e g r e e  of 
t u rbu l ence  (Fig.  1, u p p e r  r igh t  c o r n e r ) .  The n a t u r e  of 
the  dependence  of v (s 0) o b s e r v e d  is  in good a g r e e m e n t  
with the  ana logous  dependence  c i ted  by A b r a m o v i c h  
[3] for  an in i t i a l  flow nonuni formi ty .  

In conc lus ion  i t  should be  noted tha t  the c h a r a c t e r -  
i s t i c s  of the mean  flow in an i m m e r s e d  t u r b u l e n t  j e t  
a r e  a f fec ted  by the in i t i a l  s c a l e  of t u r b u l e n c e  as  wel l  
as  by the i n i t i a l  t u rbu l ence ,  e s p e c i a l l y  when the s ca l e  
i s  c o m m e n s u r a t e  with the  t r a n s v e r s e  d i m e n s i o n  of the 
nozz le .  To i nves t i ga t e  the  effect  of the in i t i a l  s ca l e  
for  s m a l l  s c a l e  va lues ,  we made  m e a s u r e m e n t s  of the 
j e t  p a r a m e t e r s  a long the  ax i s  wi th  m e s h e s  i n s t a l l e d  
at the  nozz le  l ip .  The i n i t i a l  t u r b u l e n c e  was then  p r a c -  
t i c a l l y  unchanged,  only the i n i t i a l  s c a l e  being changed 
(mesh s i ze  was  0.5,  1, and 1.5 mm) .  No m e a s u r a b l e  
inf luence  of in i t i a l  s c a l e  was  o b s e r v e d  h e r e .  

Thus,  by changing the  i n i t i a l  s t r e a m  tu rbu l ence ,  
we m a y  to s o m e  ex ten t  change the  c h a r a c t e r i s t i c s  of 
the  mean  f low in a t u r b u l e n t  je t .  In any c a s e  the  sub-  
s t an t i a l  c u r t a i l m e n t  of the  in i t i a l  s ec t ion  of the  j e t  
o b s e r v e d  above  a s  the  i n i t i a l  t u r b u l e n c e  i s  i n c r e a s e d  
m a y  be u sed  when t h e r e  i s  a need to in t ens i fy  t u r -  
bulent  mixing,  i . e . ,  to exc lude  the r e g i o n  of c o m p a r -  

a t ive ly  high v e l o c i t y  as  being a s o u r c e  of hyd rau l i c  
l o s s ,  i n c r e a s e d  noise ,  and so on. 

NOTATION 

x, y a r e  the c y l i n d r i c a l  c o o r d i n a t e s  with o r ig in  at 
the  c e n t e r  of the  nozz le  ex i t  sec t ion ;  u, u m a r e  the 
longi tud ina l  component  of m e a n  v e l o c i t y  in the  j e t  and 
i t s  va lue  on the j e t  ax i s ;  u 0 i s  the  mean  ve loc i ty  at the 
nozzle  l ip ;  e 0 i s  the  i n i t i a l  t u rbu l e nc e  of the  flow a t  
the  nozz le  l ip;  e u, eu0 i s  the  i n t e n s i t y  of t u r b u l e n c e  
r e f e r r e d  to the  loca l  value  of m e a n  ve loc i t y  o r  to  the  

in i t i a l  va lue  at  the nozz le  l ip ,  (~, ] / / T / u ,  ~u0 = V u /u0); 
s o, 8, ~1/2 a r e  the  r a d i i  of the nozz le  ex i t  s ec t ion ,  of 
the  t r a n s v e r s e  sec t ion  of the j e t ,  and the ha l f -wid th  
c o r r e s p o n d i n g  to ~-~ =0.5; ~1/2 = Y/~i/2; /~u = u/a,,; A---~m = 

Urtl/U 0. 
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