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This paper gives the main results of an experimental investigation of 
the laws of flow and heat transfer for the case of a turbulent jet emerg- 
ing from a radial source of finite dimensions and spreading along a 
wail in the Re x range 104-2 " 10 s. 

Kl ientov [1] obtained a t heo re t i c a l  solut ion of this 

p r o b l e m  in the genera l  f o r m  by using approx ima te  
in tegra l  r e l a t ionsh ips  and the condition of non t r iv ia l i ty  
of the solut ion of the hydrodynamic  p rob lem,  e s t ab -  

l i shed  by Akatnov [2] for  a plane s e m i - i n f i n i t e  l a m i n a r  
j e t  and by Tsukker  [3] for a s emi - i n f i n i t e  r ad i a l  l a m i -  
na t  je t .  It was a s sumed  that the rad ia l  j e t  e m e r g e s  
f r o m  a point s o u r c e  s i tuated in the plane wal l ,  along 
which the j e t  sp r eads .  The only e x p e r i m e n t a l  i nves t i -  
gations in this f ie ld  a r e  A b r a m z e n  and Skovorodnikov 's  

m e a s u r e m e n t s  [4J of the ve loc i ty  p ro f i l e s  for  r ad ia l  
s e m i - i n f i n i t e  j e t s  in the Re range  1.3 �9 104-2.8 �9 104. 

The expe r imen ta l  inves t iga t ion  was conducted on a 
spec ia l  appara tus  (Fig.  1). Its working sec t ion  was a 
smooth  t e x t o l i t e - g l a s s  d isk  c a l o r i m e t e r  of compos i te  

cons t ruc t ion  and d i a m e t e r  440 mm.  The d isk  c a l o r i m -  
e t e r  contained the main  dc e l e c t r i c  hea t e r ,  cons i s t ing  
of four  s egmen ted  n i ch rome  sec t ions  connected  in 
p a r a l l e l  and having a total  r e s i s t a n c e  of 27 ohms.  Each 

sec t ion  cons i s ted  of a sp i r a l  of n i c h r o m e  w i r e  a c c o m -  
modated in annular  g rooves .  The r e s i s t a n c e  of the 
sec t ions  over  the rad ius  of the disk was chosen to en-  
s u r e  cons tancy  of the spec i f i c  heat  f lux:  q = eonst .  The 
th ickness  of the wall  between the h e a t - t r a n s f e r  su r f ace  

and the inner  annular  su r f ace  under the n i c h r o m e  sp i r a l  
was 2 mm.  The d isk  c a l o r i m e t e r  was f i t ted  to a t ex to -  
l i t e - g l a s s  cove r  disk 15 mm thick. The power  of the 
main  e l e c t r i c  hea te r  was m e a s u r e d  with c l a s s - 0 . 5  i n -  
s t r u m e n t s .  

The t e m p e r a t u r e  of the h e a t - t r a n s f e r  su r f ace  was 
m e a s u r e d  by ten coppe r -cons t an tan  the rmocoup les  
with t h e r m o e l e c t r o d e s  0.2 m m  in d i a m e t e r .  The t h e r -  

mocouples  w e r e  fas tened  with a spec i a l  adhes ive  to 
c i r c u l a r  g rooves  0.3 m m  deep at 2 0 - m m  steps  o v e r  
the rad ius  of the disk.  The adhes ive  was made f r o m  
t e x t o l i t e - g l a s s  powder  and B F - 6  cement .  The emf  of 
the the rmocoup les  was m e a s u r e d  by PP  po ten t iom-  
e t e r s  with an in s t rumen ta l  e r r o r  of 0.05 inV. 

The cool ing a i r  was brought  to the d isk  through a 
n o r m a l  nozz le  f l o w m e t e r  to a d i r ec t ing  nozz le  with a 
smooth  outIet .  The d i r e c t i n g  nozz le  and the disk s u r -  

, face  f o r m e d  a rad ia l  s l i t  s o u r c e  with an ini t ia l  uni-  
f o r m  veIoc i ty  d i s t r ibu t ion  over  the s l i t  width. D i a g r a m s  
of the rad ia l  ve loc i t i e s  on the d isk  w e r e  m e a s u r e d  by 
means  of a s ing le -channe l  t o t a l - p r e s s u r e  tube with a 
posi t ioning dev ice  and an MMN m i c r o m a n o m e t e r .  
This dev ice  enabled us to pos i t ion  the in le t  nozz le  of 

the t o t a l - p r e s s u r e  tube at  any point on the d isk  to 
within 0.05 m m  in the axia l  d i r ec t i on  and to within 

1 m m  ove r  the d isk  rad ius .  The th ickness  of t h e n o z z l e  
was 0.5 ram,  which enabled us to m e a s u r e  the kinet ic  

head at  a m in im um  axia l  d i s tance  of 0.3 m m  f r o m  the 
disk.  

Heat  loss  f r o m  the su r f ace  of the cover  disk was 

compensa ted  for  by m e a n s  of an adjus table  ae e l e c -  
t r i c  hea t e r .  P o s s i b l e  heat  leakage  to the cen t e r  of the 
d isk  c a l o r i m e t e r  and through the cove r  d i skwas  d e t e r -  
mined f r o m  the read ings  of 12 the rmocoup les  imbedded 
in the disk at  d i f fe ren t  r ad i i  and f r o m  the known t h e r -  
mal  conduct ivi ty  of t e x t o l i t e - g l a s s .  T h r e e  t h e r m o -  

couples w e r e  mounted on the r i m  of the disk.  The r e -  
l a t ive  humidi ty  of the a i r  was moni to red  by a s e n s o r  
connected to an e l ec t ron i c  r e c o r d e r .  

During the e x p e r i m e n t s  we a l t e r ed  the g e o m e t r i c  
c h a r a c t e r i s t i c  b0/ r  0 of the s l i t  s o u r c e  f r o m  0.0212 to 
0.1 by changing the s l i t  width b 0 f r o m  0.85 to 4 ram. 
The rad ius  of the outflow was constant ,  equal  to 4 0 m m .  
The in i t ia l  ve loc i t i e s  at  the out le t  of the s l i t  s o u r c e  
var ied  f r o m  20 to 100 m / s e c ,  which c o r r e s p o n d s  to 
Re  0 = 103-1.2 �9 104" 

The t e m p e r a t u r e  on the d isk  su r f ace  in the e x p e r i -  
ments  was 60-100  ~ C. The t e m p e r a t u r e  of the cooling 
a i r  was - 2 0  to - 2 5  ~ C. The total  heat  l eakage  in the 

e x p e r i m e n t s  did not eXceed 3-5% of the total  heat  p r o -  
duced by the main  hea te r .  

F r o m  m e a s u r e m e n t s  of the k ine t ic  heads ,  the heat  
flow, and t e m p e r a t u r e s ,  we ca lcula ted  the ve loc i t i e s  
and h e a t - t r a n s f e r  coeff ic ients  by the usual  methods .  
In the de t e rm ina t i on  of the phys ica l  p a r a m e t e r s  of the 
a i r  the c h a r a c t e r i s t i c  quanti ty was the mean  t e m p e r a -  
tu re  of the boundary l aye r  

t~+tt 
t _  ~ (1) 

The r e su l t s  of m e a s u r e m e n t  of the ve loc i ty  p ro f i l e s  
on d i f fe ren t  rad i i  of the disk in gene ra l i z ed  coord ina tes  

W/Wm = f(Y/Yc)  a r e  shown in Fig .  2. As the f igure  
shows,  the e x p e r i m e n t a l  data a g r e e  s a t i s f a c t o r i l y  with 
one another .  The s c a t t e r  of the points does not exceed  
5%. 

It can be shown that  these  data a r e  approx imated  by 
a modif ied Karman  prof i le  fo r  the r ad ia l  ve loc i ty  compo-  
nent on a disk ro ta t ing  in an unbounded volume.  F o r  
this i t  is be t t e r  to r educe  the K a r m a n  p ro f i l e  

l 

(z) 
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Fig. 1. Working sect ion of the exper imental  appara tus :  1) d i s k - c a l o r i m e t e r ;  
2) main  e lec t r i c  heater ;  3) guide nozzle;  4) compensat ing heater ;  5) cover  

disk; 6) copper -cons tan tan  thermocouples ,  
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Fig. 2. Resul ts  of m e a su re m e n t  of velocity profi les  on different  radi i  of the disk:  
1) f rom fo rmula  (8). Authors '  exper imental  data:  a) for  b 0 = 0.85 mm; b) 1.5; c) 4. 
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Fig. 3. Fall of the maxinlum radial velocity along the disk radius: I) from 

formula (13) for b 0 = 4 mm. Authors' experimental data: a) w 0 = 38.2 m/sec; 

b) 31.2; c) 18.2. 
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4. Heat transfer of a stationary disk with radial-slit air injection: i) from 

formula (14); a) for b 0 = 1.5 mm; b) 2.5; c) 4. 
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to coord ina tes  w / w  m = f (Y/Ye) ,  for  which, equat ing 
the d e r i v a t i v e  of r e l a t i onsh ip  (2) to ze ro ,  

1 

a-}- = 0 .  ]62~ r ~ I -  = 0, (3) 

we d e t e r m i n e  the coord ina te  at  which funct ion (2) 
at tains i ts  m a x i m u m  value.  The solut ion is 

gm=.O.125b. (4) 

whence 

2 

0 

y I 

X[ j ' (~ - )  ~ (l-- Y-~-tdg]dy}. (12) 
01 j 

0 

Afte r  solut ion of the i n t eg ra l s ,  the e x p r e s s i o n  for  the 
m a x i m u m  veloc i ty  component  becomes  

After substitution of (4) into (2), the expression for 
the velocity maximum takes the form 

w,~ =0.106m r. (5) 

Dividing Eq. (2) by (5), we obtain 

l 

=,.525 � 9  (6) 

When w = 0.5w m, 

g = g~ = 0.6555. (7) 

Hence,  a f t e r  r e p l a c e m e n t  of b in Eq. (6) by Yc the 
e x p r e s s i o n  fo r  the K a r m a n  p ro f i l e  takes  the f o r m  

1 

o ,525t0655 ) ( -- I--0.655 ~ . (8) 
Wm \ Yr 

As Fig. 2 shows, relationship (8) satisfactorily 
describes the experimental data for a stationary disk 

swept by a jet. 

From the experimental results the change in the 

coordinate Yc along the flow is given by the empirical 
relationship 

Y~ = bo -F 0.06 (r -- to). (9) 

As an example, Fig. 3 shows the experimental data 

for the fall in maximum velocity along the disk radius. 

To determine the theoretical relationship for this char- 

acteristic of the jet we can use the conservation equa- 
tion proposed by Akatnov and Tsukker. This equation 

for a source of finite dimensions is written in the 
fol lowing f o r m :  

 ay)ay= r bo =r (lO) 
0 0 

Afte r  subst i tu t ion of (6), the equat ion is brought  to 
the f o r m  

b 2 

0 

r~b~ 
w~ = w o O.13b~r~ . (13) 

As Fig. 3 shows, there is a satisfactory agreement 
between the calculated and experimental data over the 

whole disk. An exception is the initial region (r - r 0 -<- 
-< 10b 0) on which the velocity diagram outside the 

boundary wall layer is of a linear nature with prac- 

tically constant  ve loc i ty  [5]. Owing to the s m a l l n e s s  

of the d imens ions  of the ini t ia l  r eg ion  in c o m p a r i s o n  
with the disk,  this reg ion  can be neglec ted  in a f i r s t  
approximat ion ,  and the value of the m ax im um veloci ty  
can be ca lcu la ted  using re la t ionsh ip  (13). 

The h e a t - t r a n s f e r  condit ions on a d i skwi th  its whole 
su r face  swept  by a rad ia l  j e t  a r e  s i m i l a r  to the case  

of heat  t r a n s f e r  of a f lat  plate swept by an unbounded 

flow with va r i ab le  ve loc i ty  over  the d isk  w~ = f ( x )  in 
the absence  of a p r e s s u r e  gradient .  Hence,  in the 
gene ra l i za t ion  of the expe r imen ta l  h e a t - t r a n s f e r  data, 
we took the ve loc i ty  w m along the c h a r a c t e r i s t i c l e n g t h  
x = r - r 0 as the c h a r a c t e r i s t i c  v e l o c i t y i n t h e R e y n o l d s  
number .  

The obtained expe r imen ta l  data for  the local  heat  
t r a n s f e r  of the disk a r e  p r e sen t ed  in Fig .  4. As the 
f igure  shows,  within the l imi t s  of e x p e r i m e n t a l  ac -  
curacy ,  the expe r im en t a l  data  a g r e e  s a t i s f a c t o r i l y  
with one another ,  and in the Rex range  104-2 - 105 a re  

d e s c r i b e d  by the r e l a t ionsh ip  

N G =0.0245Re~ s . (14) 

In the region of Re x = 104-3 �9 104 , the expe r imen t a l  

data a r e  8-12% higher  than the approx imat ing  l ine.  
This  is  due to the fact  that mos t  of the points in the 
indicated Re x range  c h a r a c t e r i z e  the heat  t r a n s f e r  in 
the ini t ia l  r eg ion  of the outflow. The Reynolds  number  
co r re spond ing  to these  points is s l ight ly  unde res t ima ted ,  
s ince  fo rm u la  (13) is only a f i r s t  approx imat ion  of the 

change in the c h a r a c t e r i s t i c  ve loc i ty  w m over  the 
length of the in i t ia l  region.  Despi te  this ,  the obtained 

data a r e  within the l imi t s  of e r r o r  in the d e t e r m i n a -  
tion of the h e a t - t r a n s f e r  coef f ic ien ts .  

NO TATION 

g x[;,52  
0 

(11) 
w 0 is the initial velocity of the outflow from the 

radial slit-source; w is the radial velocity on thedisk; 

w m is the local maximum radial velocity; Yc is the 



176 IN ZHENERNO-FtZICttESKII  ZHURNAL 

coordinate  co r respond ing  to the ra t io  w/w m = 0.5 out- 
s ide the boundary  wall l ayer ;  b 0 is the width of the 
s l i t - s o u r c e ;  r 0 is the in i t ia l  rad ius  of the outflow; r is 
the va r iab le  rad ius ;  b is the va r iab le  width of the je t  
over the disk rad ius ;  t s is the wall  t empe ra tu r e ;  t f  is 
the flow t empera tu r e ;  q is the specif ic  heat flux; ~ is 
the k inemat ic  v iscos i ty ;  ~ is the the rmal  conductivi ty 
of a i r ;  Nux = a ( r  - r0)/k is the Nusse l t  number ;  Re x = 
= wm(r  - r0 ) / ,  is the Reynolds number ;  Re 0 = w0b0/v 
is the Reynolds number .  
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