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An experimental study is made of heat transfer in the stagnation zone 
formed when a plane semibounded jet interacts with a descending free- 
convection stream at a vertical wail. An attempt was also made to 
determine experimentally the boundaries of the stagnation zone as a 
function of the jet parameters and the natural-convection stream. 

It is  wel l  known that  the p ropaga t ion  of a s emibounded 
je t  i s  a c a se  of r e t a r d e d  motion.  When t h e r e  i s  flow 
around a t h e r m a l l y  conduct ing wal l  this  may r e s u l t  in 
na tu ra l  convect ion having a m a r k e d  effect  on the  na -  
ture  of the su r f ace  flow at some  d i s t ance  f r o m  the mouth 
of the nozzle .  It wil l  be p a r t i c u l a r l y  apparen t  in those  
c a s e s  when the f r ee  convect ion at the v e r t i c a l  wal l  i s  
in the oppos i te  d i r ec t i on  to the  plane semibounded jet .  
It  is  jus t  such a c a s e  which i s  t r e a t ed  in the p r e s e n t  
pape r .  

The t e s t s  we re  c a r r i e d  out on the expe r imen t a l  ap -  
p a r a t u s ,  a ske tch  of which is given in Fig .  1. 

The  v a r i a b l e  p a r a m e t e r s  in the t e s t s  we re  the Rey-  
nolds number ,  ca l cu la t ed  f rom the in i t i a l  flow condi -  
t ions ,  and the Grashof  number .  An opt ica l  method 
employing  an IZK-454 i n t e r f e r o m e t e r  was used  fo r  the 
expe r imen t s .  A monochromat i c  l ight  sou rce  was used 
and the i n t e r f e r e n c e  pa t t e rn  photographed for  va r i ous  
se t t ings  of the appa ra tus .  

F r i n g e s  of f ini te  width o r ien ted  v e r t i c a l l y  to the 
su r f ace  enabled t e m p e r a t u r e  p ro f i l e s  to be de t e rmine d  
i m m e d i a t e l y  for  the r eg ion  under  obse rva t ion .  Photo-  
g raphs  of the inf in i te ly  wide f r inges  gave a c l e a r  phys -  
i ca l  p i c tu re  of the phenomenon to be inves t iga ted .  The  
in t e rac t ion  of oppos i te ly  d i r e c t e d  semibounded  je t s  and 
the fo rma t ion  of a s tagnat ion  zone at the su r f ace  of the  
hea t  exchanger  a p p e a r e d  quite d i s t inc t ly .  

The i n t e r f e r o g r a m s  were  p r o c e s s e d ,  and the f ie ld  
dens i t i e s  in the t e m p e r a t u r e  f ie ld we re  ca lcu la ted  by 
the method d e s c r i b e d  in p a p e r s  [1, 2]. The i n t e r s e c t i on  
of the j e t s  was taken to be the  point  on the wall  w h e r e  
the th ickness  of the t he rma l  boundary  l a y e r  in the in-  
t e r f e r o g r a m s  for  f r inges  of inf ini te  width (Fig.  2a and 
b) was l a r g e s t .  The points  where  the boundary  l aye r  
de taches  f rom the wal l  ( s t agna t ion-zone  boundary)  
we re  de t e rmined  f rom the c r o s s  sec t ion  w h e r e  the  
i n t e r f e r o g r a m s  for  f r inges  of f in i te  width exhibi ted  a 
double d iscont inu i ty  of the t e m p e r a t u r e  p ro f i l e  at  the 
s u r f ace  (Fig.  2c and d). 

F i g u r e  2 g ives  i n t e r f e r o g r a m s  for  the longi tudinal  
flow of a p lane  je t  around an i s o t h e r m a l  wal l ,  the t e m -  
p e r a t u r e  tw of which is  l e s s  than the t e m p e r a t u r e  t~  
of the su r rounding  medium.  It i s  c l e a r  f r o m  the f i gu re  
that  when the ini t ia l  t e m p e r a t u r e  condi t ions for  the flow 
a r e  constant ,  an i n c r e a s e  in the Reynolds  number  l eads  

to an upward  d i s p l a c e m e n t  of the s tagnat ion zone along 
the su r f a c e  of the hea t  exchanger ,  and to an i n c r e a s e  
of i ts  d imens ions  (Fig.  2a and b). T h e r e  i s  a l so  an 
accompanying  i n c r e a s e  of f luctuat ion phenomena.  The 
g r e a t e s t  f luctuat ions  of the i s o t h e r m s  a r e  o b s e r v e d  at  
the  p l a c e  where  the boundary l a y e r  de taches  f rom the 
wall ,  and in the outer  reg ion  of the s tagnat ion zone. 
The  l a y e r  of a i r  which a t t aches  d i r e c t l y  to the su r f ace  
is  l e a s t  subjec t  to f luctuat ion.  

The p r o c e s s e d  e xpe r ime n t a l  da ta  i s  given in Fig .  3 
enabling us to d e t e r m i n e  the r e l a t ionsh ip  between the 
c h a r a c t e r i s t i c  coord ina te s  of the s tagnat ion zone ( s tag-  
na t ion-zone  upper  boundary  x u, s t agna t ion-zone  lower  
boundary X 1, and the i n t e r sec t i on  x i of the na tu ra l  con-  
vec t ion  s t r e a m  and the semibounded jet)  p lus  the in i t ia l  
f low condit ions and the na tu ra l - convec t ion  p a r a m e t e r s .  
The e xpe r ime n t a l  poin ts  a r e  grouped around the cu rves  
1, 2, and 3 of F ig .  3, which have the fol lowing equa-  
t ions  : 
fo r  the in t e r sec t ion  of the je t  and t h e n a t u r a l - c o n v e c t i o n  
s t r e a m  (curve 2), 

Rea = 8.65Gry.3x~_' xlil21(l "-- X i ); (1)  

for  the point  where  the  boundary l a y e r  of the p lane  
semibounded je t  de taches  f rom the wall  ( s tagnat ion-  
zone lower  boundary,  cu rve  1), 

Re a = 10.3Gr~/3x, x',/~ / (l - -  x,  ); (2) 

and for  the point  w h e r e  the boundary  l a y e r  governed 
by na tu ra l  convect ion de taches  f rom the wail  ( s t agna-  
t ion-zone  upper  boundary,  cu rve  3), 

The va r i a t ion  of the loca l  h e a t - t r a n s f e r  coeff ic ient  
in the s tagnat ion zone i s  shown in Fig .  4. When the 
egpe r imen ta l  da ta  between the point  whe re  the bound- 
a r y  l a y e r  of the semibounded j e t d e t a c h e s f r o m  the wall  
and the i n t e r s e c t i o n  (x i < x < x i) is  p r o c e s s e d ,  we see  
that the va r ia t ion  of the l o c a l h e a t - t r a n s f e r  c o e f f i c i e n t  
in th is  r eg ion  may  be app rox ima ted  by the e x p r e s s i o n  
(Fig.  4a) 

Nut_ ~ = 2.5. l0 • Re ~ Ory_3x~7 ~ (4) 

The  loca l  h e a t - t r a n s f e r  coeff ic ient  at  the mee t ing  point  
of the je t s  is  equal to 

Nut_xi = 2 .5 .10  - a  "'~aP~176 ~GI'l/3l--x i ' 

1/3 and for  x __> x u Nu/-x = 0.12 Grl_ x [3]. 
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Fig. 1. Sketch of the experimental  apparatus:  
1) blower; 2) ro tameter ;  3) heater;  4) nozzle; 
5) heat exchanger; 6) water  r e se rvo i r ;  7 ) ther -  

mostat;  8) stand. 



456 IN ZHENERNO-F IZICHESKII ZHURNAL 

Fig. 2. In t e r fe rograms  for the longitudinal  flow of a plane jet  around a ver t ica l  i so the rmal  wall, 
the t empera tu re  of which is lower than the t empera tu re  of the sur rounding  a i r :  a) Rea = 210; 

b) 253; c) 366; d) 190. 

The local h e a t - t r a n s f e r  coefficient between the in -  
t e r sec t ion  of the jets  and the point where the boundary 
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Fig. 3. Graph of the var ia t ion  of R e a / G r ~  v a s  a 

function of x for the points : 1) where the jet  boundary'" 
layer  detaches f rom the wall; 2) where the jets  meet;  
3) where the na tura l -convec t ion  s t r e a m  detaches 

f rom the wall.  

layer  of the flow governed by na tu ra l  convection detaches 
f rom the wail is approximated by the fo rmula  

The resu l t s  of p rocessed  exper imenta l  data for the 
local hea t - t r ans fe r  coefficient in the zone x i -< x _< x u 
a re  given in Fig. 4b. Funct ion (5) is in sa t i s fac tory  
agreement  with the exper imenta l  data. 

It is an in te res t ing  fact that when Re a = 245, the 
local hea t - t r ans fe r  coefficient in this zone is the same 
as for na tura l  turbulent  convection (NUl_ x = 0.12 Gr 1/~ ) l - x  
and is  independent of the longitudinal coordinate.  

For  the tests  r epresen ted  in Figs.  3 and 4, the v a r -  
iat ion of the p a r a m e t e r s  Gr/_ x and Re a was Gr/_ x = 
= 2.  107-2 �9 101~ and Re a = 190-500. 

NOTATION 

a is the sl i t  width (of the nozzle); I is the height of 
the plate; u0 is the jet veloci ty at the or if ice;  x is the 
moving coordinate,  measured  f rom the jet or if ice along 
the sur face  of the plate;  x i is the d is tance  f rom the jet 
or i f ice  to the place where the turbulent  jets meet;  x 1 
is the dis tance f rom the jet or i f ice  to the point where  
the jet boundary layer  detaches f rom the wall; x u is 
the dis tance f rom the jet or i f ice  to the point where  the 
boundary layer  of the na tura l  convection s t r eam detaches 
f rom the wall;  x = x /a ;  ~ ,  = (x - Xl)/(x i - Xl); ~t, = 
= (x - Xu)/(x i - x u) a re  the d imens ion les s  coordinates;  
Re a = uoa/~' is the Reynolds number ;  Nu/_ x = ~(l - 
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Fig. 4. Variat ion of the local he a t - t r a n s f e r  coefficient in the 
= .. -Re0.TGrl/~ . - NU/_x/Gr~x) : s tagnat ion zone. (A ;~Ul_x/  a l - x ,  B 

a) in the r e g i o n x  1_< x ~ x i ;  1) Re a = 3 3 6 ;  2) 322; 3) 310; 
4) 245; 5) calculat ions f rom Eq. (4); b) in the region x i _< 

_< x_< Xu; 6) Re a =353;  7) 245; 8) 210). 
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- x) /1  is the Nusselt  c r i t e r ion ;  and Grl_ x = gfiAt(/ - 
- x)3/v 2 is the Grashof c r i t e r ion ,  

3. M. A. Mikheev, Fundamenta l s  of Heat T r a n s f e r  
[in Russian] ,  Gosenergoizdat ,  1956. 
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