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We d i s c u s s  the  r e s u l t s  f r o m  the m e a s u r e m e n t  of t u r b u l e n c e  i n t e n s i t y  of a f low in the  c o r e  of 
an i m m e r s e d  j e t  and beh ind  g r i d s  i n s t a l l e d  in a tube .  

The  a u t h o r s  s tud ied  the  e f f ec t  of the  p a r a m e t e r s  of a s t r e a m  of a i r  ( t e m p e r a t u r e  and ve loc i ty )  on the  
n a t u r e  of the  v a r i a t i o n  in e in the c o r e  of an a x i s y m m e t r i c  j e t  d i s c h a r g i n g  f r o m  a tube  150 m m  in d i a m e t e r ,  
wi th  ~0 = 4-5%, as  wel l  a s  beh ind  t u r b u l t z a t i o n  g r i d s  i n s t a l l e d  in a tube  180 m m  in d i a m e t e r .  The b l o c k a g e  
f a c t o r  f o r  the  tube  c r o s s  s e c t i o n  by  the  g r i d s  was  equa l  to  S = 0 .74-0 .87 .  

The  b a s i c  d i m e n s i o n s  of the  g r i d  and the  p a t t e r n  of o r i f i c e  p o s i t i o n  a r e  shown in F ig .  1. The g r i d s  
a r e  8 m m  in t h i c k n e s s .  The v e l o c i t y  of the  a i r  f low v a r i e d  f r o m  20 to 80 m / s e c ,  whi le  the  t e m p e r a t u r e  
v a r i e d  f r o m  300 to 873~ The i n t e n s i t y  of the  t u r b u l e n c e  was  m e a s u r e d  b y  a d i f fus ion  me thod .  A s o u r c e  
(a tube  with  an ou t s ide  d i a m e t e r  of 1.4 ram) s e t  into the  f low supp l i ed  the h e l i u m  whose  c o n c e n t r a t i o n  p r o -  
f i l e  was  m e a s u r e d  at  a d i s t a n c e  of h = 20-30 m m  f r o m  the s o u r c e .  

The g a s  s a m p l e  was  t a k e n  f r o m  the  f low by  m e a n s  of a tube  s i m i l a r  to  the  tube s o u r c e .  The h e l i u m  
s o u r c e  and the  tube  fo r  the  s a m p l i n g  of the  gas  could  be  moved ,  both s i m u l t a n e o u s l y  and s e p a r a t e l y ,  in the  
ax i a l  and r a d i a l  d i r e c t i o n s .  The h e l i u m  c o n c e n t r a t i o n  in the s a m p l e  w a s  d e t e r m i n e d  by  m e a n s  of a g a s  a n a -  
l y z e r .  

The  h e l i u m  c o n c e n t r a t i o n  p r o f i l e s  tha t  m e a s u r e  the v a r i o u s  d i s t a n c e s  f r o m  the  s o u r c e  a r e  r a t h e r  wel l  
d e s c r i b e d  by a G a u s s  c u r v e .  The i n t e n s i t y  of the  t u r b u l e n c e  was  c a l c u l a t e d  f r o m  the r e l a t i o n s h i p  a - -vr~-5/h,  
whi l e  the  d i s p e r s i o n  z ~ )  was  def ined  as  the  h a l f - w i d t h  of the  h e l i u m  c o n c e n t r a t i o n  p r o f i l e  C(y) fo r  the  
o r d i n a t e  of the  c o n c e n t r a t i o n  C(0) at  the  a x i s ,  equa l  to  C(y) /C(0)  = 0.607. 

F i g .  1. 
g r i d  o r i f i c e s :  

Gr id  M,  d, I N ~  o f  i 
[D1, F211TI I 

No. mm mm ]orifices i 

1 15 ~ ~o2 ,60 
2 25 I I I0 
3 10 I66 170 
4 15 7 52 160 

Diagram showing positions of 

0,79 
0,84 
0,74 
O, 87 

H e r e  we i n i t i a l l y  s tud ied  the  e f f ec t s  on the  quan t i ty  ,/-~2- 
a s  e x e r t e d  by  the s o u r c e  and the  tube  fo r  the  t ak ing  of the  s a m -  
p l e s ,  by  the  h e l i u m  flow v e l o c i t y ,  and by the r e m o v a l  of the gas  
s a m p l e .  The e f fec t  of t h e s e  f a c t o r s  on ~ / ~  was  t a k e n  into con -  
s i d e r a t i o n  in p r o c e s s i n g  the m e a s u r e m e n t  r e s u l t s .  The e f fec t  of 
m o l e c u l a r  d i f fus ion  unde r  the cond i t ions  of the e x p e r i m e n t s  was  
s l i gh t ,  and in p r o c e s s i n g  t h e s e  da t a  we made  no e f fo r t  to  i n t r o -  
duce  a c o r r e c t i o n  f a c t o r  fo r  t h i s  e f fec t .  The r e l a t i v e  e r r o r  in 
the  d e t e r m i n a t i o n  of the  d i s p e r s i o n  did not exceed  5-6%. 

The m e a s u r e m e n t  r e s u l t s  fo r  e(x) in F ig .  2a show tha t  the  
i n t e n s i t y  of the  t u r b u l e n c e  in the  c o r e  of a f r e e  j e t  a long  the  ax i s  
of the  f low does  not r e m a i n  cons t an t ,  but  b e g i n s  to  i n c r e a s e  in the  
c a s e  of an i s o t h e r m a l  j e t  at  a d i s t a n c e  of x ~ 1.6 D f r o m  the tube 
ou t le t .  With  an i n c r e a s e  in the f low t e m p e r a t u r e  T o the  i n c r e a s e  
in the i n t e n s i t y  of the  t u r b u l e n c e  b e g i n s  at  s h o r t e r  d i s t a n c e s  f r o m  
the tube out le t .  In a l l  c a s e s ,  the s e g m e n t  Xin in which  ~ = cons t  
was  s h o r t e r  by  a f a c t o r  of a p p r o x i m a t e l y  2.5 than  the i n i t i a l  s e g -  
men t  m e a s u r e d  and c a l c u l a t e d  f r o m  the d a t a  of [1]. We o b s e r v e d  
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F i g .  2. Change in the  i n t e n s i t y  of t u r -  
bu l ence  a long  the  ax i s  of the  f low:  a) 
in an i m m e r s e d  je t ,  V = 37.5 m / s e c :  1) 
T o = 295~ 2) 873; 3) 573); b) beh ind  
g r i d s  N o s . 3 ,  2, and 4, T o = 295~ 1) 
No. 3, Re = 5.5 �9 104; 2) No. 2, Re = 12.6 
�9 104; 3) No. 4, Re  = 11.  104); c) beh ind  
g r i d N o ,  l :  1) Re  = 2 .4 .104  , V = 8 m  
/ s e c ,  T o = 295~ 2) Re = 3.6 �9 104 , V 

= 40 m / s e c ,  T o = 575~ 3) Re = 4.5 
�9 104 , V = 15 m / s e c ,  T o = 295~ 4) Re 
= 12.0 �9 104 , V = 40 m / s e c ,  T o = 205~ 

no e f fec t  on the  p a r t  of low v e l o c i t y  on the magn i tude  of Xin. 
The i n c r e a s e  in the  i n t e n s i t y  of t u r b u l e n c e  in the  c o r e  of the  
j e t  is  a p p a r e n t l y  a s s o c i a t e d  with  the i n t e r m i t t e n c e  of the  f low 
[2] and is  d e t e r m i n e d  by  the  p e n e t r a t i o n  of l a r g e - s c a l e  v o r t i c e s  
( f o rme d  in the  m i x i n g  zone) into the  c o r e  of the  je t .  The r e -  
suits from the measurement of the intensity of flow turbulence 

behind the grid are shown in Fig. 2b, c. These data show that 

the initial level of turbulence intensity is the higher, the greater 

the factor S which shows the extent to which the grid blocks the 

cross section of the tube. At distances close to the grid, the 

change in g along the flow is described [3] by the well-known 

relationship 

~2 ~ x--n.  

The m a g n i t u d e  of the  exponent  n is  equa l  a p p r o x i m a t e l y  to 1.2 
fo r  f low behind  g r id  No. 3, and it i s  equal  to  0 .8 -0 .9  behind  g r i d s  
Nos.  1, 2, and 4. 

M e a s u r e m e n t s  of the  a v e r a g e - v e l o c i t y  f i e l d s  beh ind  the  
g r i d s  showed tha t  b e c a u s e  of c o u n t e r c u r r e n t  zones  n e a r  the  
tube  w a l l s  (D 1 < D) the  v e l o c i t y  of t he  f low in the c e n t r a l  p o r -  
t ion  d i m i n i s h e s  wi th  d i s t a n c e  f r o m  the gr id .  It is  a p p a r e n t l y  
t h i s  p h e n o m e n o n  that  r e s u l t s  in s o m e  r e d u c t i o n  in n, as  found 
fo r  g r i d s  Nos.  2, 3, and 4. Wi th  i n c r e a s i n g  d i s t a n c e  f r o m  the  
g r i d  the  r a t e  at  which  t u r b u l e n c e  is d a m p e d  is  r e d u c e d ,  and in 
a n u m b e r  of c a s e s  we a c t u a l l y  o b s e r v e  a b r i e f  i n c r e a s e  in 
(g r ids  Nos.  1, 2, and 4). Th is  phenomenon  can be  exp l a ined  by  
the p e n e t r a t i o n  into the  c e n t r a l  r e g i o n  of the  f low of the  v o r t i c e s  
which  a r e  f o r m e d  in the  m i x i n g  zone of the  m a i n  flow and by. the  
c o u n t e r c u r r e n t s  of a i r  beh ind  the  g r i d  at the  w a l l s  of the  tube .  
The d i m e n s i o n s  of the  c o u n t e r c u r r e n t  zones  a r e  d e t e r m i n e d  by  
D - Dt (see  F i g .  1), and the i n c r e a s e  in the i n t e n s i t y  of f low 
t u r b u l e n c e  behind  the  v a r i o u s  g r i d s  (Fig .  2b) t h e r e f o r e  beg in s  
a p p r o x i m a t e l y  wi th  i d e n t i c a l  v a l u e s  f o r  x /D~:  

x/DI ~ 1,6. 

F i g u r e  2c shows  the  r e s u l t s  f r o m  our  i n v e s t i g a t i o n  of the  e f fec t  e x e r t e d  by the  f low p a r a m e t e r s  
(ve loc i ty  and t e m p e r a t u r e )  on the i n t e n s i t y  of t u r b u l e n c e  behind  the g r id .  An i n c r e a s e  in the  R e y n o l d s  n u m -  
b e r  l e a d s  to s o m e  i n c r e a s e  in the  i n t e n s i t y  of t u r b u l e n c e .  A s i m i l a r  r e s u l t  had been  a c h i e v e d  e a r l i e r  in [4, 

5], w h e r e  the  Re n u m b e r  v a r i e d  wi th  the  change  in p r e s s u r e .  
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h e l i u m  c o n c e n t r a t i o n ;  
tube  d i a m e t e r ;  
d i a m e t e r  of the  p e r f o r a t e d  p o r t i o n  of the  gr id ;  
d i a m e t e r  of the g r id  o r i f i c e ;  
d i s t a n c e  f r o m  the  h e l i u m  " s o u r c e "  to  the  g a s - s a m p l i n g  tube;  
s p a c i n g  b e t w e e n  the  g r id  o r i f i c e s ;  
f a c t o r  e x p r e s s i n g  the b l o c k a g e  of the  tube by  the g r id ;  
a r e a  of a l l  g r i d  o r i f i c e s ;  
f low t e m p e r a t u r e ;  
f low ve loc i t y ;  
d i r e c t i o n  a long  the  ax i s  of the  flow; 
length  of the  s e g m e n t  of the  i m m e r s e d  je t ,  w h e r e  e = const ;  
d i r e c t i o n  p e r p e n d i c u l a r  to the  flow; 
d i s p e r s i o n  of the  h e l i u m  c o n c e n t r a t i o n ;  
i n t e n s i t y  of f low t u r b u l e n c e ;  
i n t e n s i t y  of f low t u r b u l e n c e  at  the  tube  out le t .  
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