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The resu l t s  of an exper imenta l  invest igat ion a re  presented.  A fo rmula  is obtained fo r  es t imat ing the effect 
of rotation. The seh l i e ren  method has been used to inves t igate  the the rmal  boundary layer .  

Data on the heat  t r ans f e r  of a rotat ing sphere  a re  requ i red  in var ious  branches  of technology including that 
r e la t ing  to equipment employing d i s p e r s e  sys tems .  Data are  lacking for  the case  of a sphere  rotat ing under 
conditions of natural  convection. To solve this p roblem,  we invest igated individual rotat ing spheres  by the method of 
the l imit ing regu la r  r eg ime  [1]. The use of the sch l ie ren  technique enabled us to make a qual i ta t ive  study of the 
format ion  of the the rmal  boundary layer .  The aluminum spheres  were  mounted on a ve r t i ca l  axis in a chamber  
measu r ing  300 x 300 x 1000 ram. The d i a m e t e r s  of the spheres  were  39.7, 30.2, and 19.9 ram. As a check, we also 
invest igated the heat  t r a n s f e r  of a s ta t ionary  sphere .  A compar i son  of the data obtained and the published values 
showed that, c o r r e c t  to ~=6%, the r e su l t s  a re  consis tent  with the Mikheev formula:  

Nu = 0.54 (Pr Gr) 0.2~ 

and, c o r r e c t  to +10%, with the Sehell  fo rmula  [2] fo r  a i r  on the interval  2.7 �9 104 < G r P r  < 6.2 �9 105 . 

A pa ra l l e l  sch l i e ren  invest igat ion of the the rmal  boundary l ayer  indicated that the mean thickness of the boundary 
layer  co r responds  to its thickness at the equator  of the sphere.  The data obtained were  presen ted  in [3] and the 
sch l ie ren  invest igat ion of the nonstat ionary t he rm a l  boundary layer  was descr ibed  in [4]. 

We also invest igated the heat t r a n s f e r  of spheres  of the above-ment ioned d i ame te r s  when the ra te  of rotat ion n 
was var ied  f rom 300 to 2500 rpm. 

The t e m p e r a t u r e  drop var ied  between 50 and 300 ~ C. The t empe ra tu r e  of the sphere  was moni tored  with a 
copper -eons tan tan  thermocouple  mounted at the cen ter  of the sphere.  Since for  the bodies invest igated Bi < 0.1, this 
t e m p e r a t u r e  was taken equal to the su r face  t empera tu re .  A c l a s s -2  R2/1  po ten t iometer  was used as indicator.  When 
the sphere  was rotated,  the readings were  obtained with a b r u s h - r i n g  sys tem.  While measu r ing  the t empera tu re s  of 
the sphere  and the ambient  medium, we took mot ion-p ic tu re  and st i l l  photographs of the the rmal  boundary layer  with 
a IAB-451 ins t rument .  

In co r re l a t ing  the data, by analogy with cor responding  invest igat ions  of a rotat ing horizontal  cyl inder ,  we took 
as the c h a r a c t e r i s t i c  c r i t e r ion  the p a r a m e t e r  proposed by Etemad [5] 

n d~n 
0.5Re~ q-Gr, where R e r - '  60v 

By means  of this p a r a m e t e r ,  we were  able to genera l i ze  the exper imenta l  data on the in tervals  6.7.102 < Re r < 
< 1.3- 104 and 4.7- 104 < Gr < 6.2" 105 . 

The resu l t s  a re  p resen ted  in Fig.  1 and, c o r r e c t  to • a r e  genera l i zed  by the express ion  

Nu r = 0.24 (0.5 Re~ + Gr) ~ 

An analysis  of the sch l i e ren  photos (Fig. 2) enabled us to es t imate  the local  boundary l aye r  th icknesses  and 
separa t ion  points as a function of the ra t io  of the d imensionless  t empera tu re  head and the d imens ion less  angular  
veloci ty  of the sphere.  An examinat ion of the seh l i e ren  data shows that at At = const an inc rease  in angular veloci ty  
leads to a hydrodynamic si tuation s i m i l a r  to the case  of rotat ion of a sphere  in a s t i l l  medium under  conditions of 
i so thermic i ty .  The the rmal  boundary l ayer  is observed  to "c reep"  f rom the poles toward the equator; there  is a 
d e c r e a s e  in the thiclcness of the l ayer  over  the sur face  and intense separa t ion  in the equator ia l  region of the sphere  [6]. 
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F ig .  1. G e n e r a l i z e d  r e l a t i o n  f o r  the beat  
t r a n s f e r  of a r o t a t i n g  sphe re  unde r  

c o n d i t i o n s  of n a t u r a l  c o n v e c t i o n :  1) s p h e r e  
d i a m e t e r  39.7 m m ;  2) 30.2; 3) 19.9. 
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Fig.  2. Typica l  sch l i e ren  photos of the rmal  boundary l ayer  
on a rotat ing sphere  at At = 150~ a) s ta t ionary sphere;  b) 

n = 500 rpm; c) 1500; d) 2500. 

This is suff ic ient  to intensify the heat  t r ans fe r  as compared  with the data fo r  a nonrotating sphere.  In Fig.  3 we 
have plotted the equation 

Nut I : 
Nu ] Gr~idem 

f r o m  which it follows that the r e l a t ive  ra te  of heat  t r ans fe r  in rota t ion depends l inear ly  on the speed. 

500 1000 1500 gO00 n 

Fig. 3. Relative rate of heat transfer of 

a rotating sphere as a function of the 

speed n (rpm) at Gr = idem: 1) sphere  
d i ame te r  39.7 mm; 2) 30.2; 3) 19.9. 
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