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An expe r imen ta l  s tudy was made concerning the heat  t r a n s f e r  between a cyl inder  and a 
liquid f luidizat ion bed inside an annular  channel. This  study included the effect  of the 
charge  m a t e r i a l  and i ts  f rac t iona l  composi t ion,  a l so  of the f i l t ra t ion ra te  and of the t h e r m o -  
p r o p e r t i e s  of the fluidizing agent. 

It  i s  well  known that the inject ion of suspended p a r t i c l e s  into an ascending s t r e a m  of liquid, i . e . ,  the 
fo rmat ion  of a f luidization bed for  solid p a r t i c l e s  apprec iab ly  i n c r e a s e s  the ra te  of heat  t r a n s f e r  between 
an i m m e r s e d  sur face  and the s t r e a m  [1, 2]. A su rvey  of a few theore t ica l  and expe r imen ta l  s tudies on the 
subject  of heat  t r a n s f e r  in liquid fluidization beds  has been made in [3]. 

In liquid fiuidization beds  the ra te  of re laxa t ion  p r o c e s s e s  is  the same in the solid and ha the liquid 
phase  and, the re fo re ,  the m e c h a n i s m  by which p a r t i c l e s  act  on the boundary f i lm is  the mos t  s ignif icant  
one of al l  exis t ing models  of the heat  t r a n s f e r  enhancement  p r o c e s s  [1] ha a liquid fluidization bed. The 
laws governing the heat  t r a n s f e r  in liquid fluidization beds  m a y  also  apply to those gaseous  fluidization 
beds  where the convect ive component  of heat  t r a n s f e r  i s  apprec iab le  as ,  for  example ,  during the f lu idiza-  
tion of l a rge  pa r t i c l e s .  

The purpose  of this s tudy was to de te rmine  expe r imen ta l ly  how the heat  t r a n s f e r  between a liquid 
f luidizat ion bed and i m m e r s e d  sur face  is  a f fec ted  by the the rmophys ica l  p r o p e r t i e s  of the solid p a r t i c l e s  
and of the liquid as  well  as  by the g e o m e t r i c a l  c h a r a c t e r i s t i c s  of the bed. The authors  cons idered  the 
case  of a long cyl inder  standing ve r t i ca l ly  on a gr id  in the bed. 

The e s sen t i a l  appara tus  and m e a s u r e m e n t  p r o c e d u r e s  have been desc r ibed  in [4, 5]. A liquid f lu idiza-  
tion bed was p roduced  in an annular  channel between exchangeable  ou te r  cy l inders  50, 70, 110, and 150 m m  
in d i ame te r  r e s p e c t i v e l y  and an inner  cy l indr ica l  e l e c t r o c a l o r i m e t e r  22 m m  ha d iamete r .  The length of 
the heated  act ive segment  of one such c a l o r i m e t e r  was 100 m m  and of another  such c a l o r i m e t e r  was 705 
mm.  For  the g ranu la r  m a t e r i a l  we used  g l a s s  ba l l s  (PS = 2.446 g / c m  s) with d i a m e t e r s  de f r o m  0.666 to 
2.36 m m  and alundttm bal l s  (PS = 3.59 g / e r a  3) with d i ame te r  d e f r o m  0.949 to 2.965 ram. Water  s e r v ed  as  
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Fig. 1. Curve of NUmax/Pr  ~ 
= f(Ar) fo r  sys t ems :  water  and 
g l a s s  ba l l s  (1), wa te r  and a lun-  
dum bal l s  (2), g lycer ine  and g lass  
ba l l s  (3), g lycer ine  and alundum 
bal l s  (4). 
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Fig. 2. Curve of Reop t = f(Ar) fo r  water  in the 50 m m  d i a m e -  
t e r  appara tus  (1),,  in the 70 m m  d i ame te r  (2), in the 110 m m  
d i am e t e r  appara tus  (3), in the 150 m m  d i ame te r  appara tus  (4), 
for  20% glycer ine  solution inflle 70 m m  appara tus  (5), for  35% 
glycer ine  solution in the 70 m m  appara tus  (6), for  507o g l y c e r -  
line in the 70 m m  appara tus .  

Fig. 3. Nusse l t  numbe r  as  a function of the ra t io  W/Wop t (fil- 
t ra t ion  ve loc i ty  to op t imum f i l t ra t ion velocity) for  sys t ems :  
wa te r  and g lass  bal ls  de = 1.106 m m  in d i ame te r  (1), wa te r  and 
g la s s  ba l l s  de=0.908 m m i n  d i ame te r  (2), solid cu rves  r e p r e -  
sent  calcula t ions  accord ing  to Eq. (3). 

the fluidizing agent,  a lso  aqueous solutions of g lycer ine  in 20, 35, and 507O concent ra t ions  at  a mean  t e m -  
p e r a t u r e  of 30~ The fluidization bed of e i the r  g l a s s  or  alundum bal ls  was suff icient ly turbulent  a t  such 
g lycer ine  concentra t ions .  With higher  g lycer ine  concentra t ions ,  the v i scos i ty  of the bed i n c r e a s e d  
sha rp ly  and, there fore ,  the mixing of m a t e r i a l  abated  and the heat  t r a n s f e r  became  worse .  The t h e r m o -  
phys ica l  data for  the g lycer ine  solutions were  taken f r o m  [6]. The wall  t e m p e r a t u r e  was m e a s u r e d  with 
15 the rmocoup les  s tuck along the height of the act ive  segment .  The va lues  of the heat  t r a n s f e r  coeff icient  
were  de te rmined  by the s t eady-s t a t e  method. 

The tes t  data were  evalua ted  with r e s p e c t  to heat  t r a n s f e r  f r o m  the 705 m m  cyl inder ,  equal  to the 
length of the active segment ,  in the following steps.  F i r s t  the values  of the local  heat  t r a n s f e r  coeff icient  
were  de te rmined  and g raphs  were plot ted of this  coeff icient  as  a function of the act ive segment  height. 
These g raphs  then r evea l ed  the length of the t h e r m a l  s tabi l izat ion zone and, thus, the heat  t r a n s f e r  coef -  
f ic ients  for  this zone could be de termined.  The t e s t  data on heat  t r a n s f e r  within this zone were  then 
evaluated in c r i t e r i a l  fo rm,  name ly  in t e r m s  of the number s  Nu, At ,  and P r .  The governing p a r a m e t e r s  
here  were  the pa r t i c l e  d iamete r ,  the mean  bed t e m p e r a t u r e ,  and the f i l t ra t ion  ve loc i ty  r e f e r r e d  to the total  
appara tus  c r o s s  section.  The op t imum veloc i ty  was de te rmined  f r o m  a = f(w) cu rves  as  the veloci ty  at  
the m a x i m u m  heat t r a n s f e r  coefficients .  The t e s t  data cor responding  to the m a x i m u m  heat t r a n s f e r  coef -  
f ic ients  were  approx ima ted  by the equation 

N u ~  = c a r  ~ Pr ~ (1) 

with c = 0.0345 for  the shor t  hea t e r s  and with c = 0.023 for  the s tabi l ized segment .  

A un iversa l  curve  of NUmax /P r  ~ as  a function of the A r c h i m e d e s  number  Ar  is  shown in Fig. 1 fo r .  
the case  of s tabi l ized heat  t r ans fe r .  

The m e a s u r e d  values  of the op t imum f i l t ra t ion  ve loc i ty  depending on the p r o p e r t i e s  of the solid 
m a t e r i a l  and of the liquid a re  shown in Fig. 2 for  va r ious  appara tus  d i a m e t e r s  and va r ious  act ive segment  
heights.  The g raph  indica tes  that  the op t imum f i l t ra t ion ve loc i ty  does not depend on the outside d i ame te r  
of the appara tus ,  while i t s  dependence on the phys ica l  p r o p e r t i e s  of the solid and the liquid phase  in the 
f luidization bed is  e x p r e s s e d  in t e r m s  of the A r c h i m e d e s  number .  The solid line here  r e p r e s e n t s  the equa-  
tion 

Reopt = 0. I Ar ~ (2) 

The t e s t  data on heat  t r a n s f e r  at va r ious  f i l t ra t ion ve loc i t i es  fo r  the s tabi l ized and for  the shor t  seg -  
ment  were  genera l i zed  by the fo rmula  
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Nu = Numax [ (  wwoPt-- 1)2 (0.22 Pr~ 1) + 11. (3) 

The appropriate value of NUmax in this equation was calculated according to Eq. (1) and the optimum 
velocity Wop t was calculated according to Eq. (2). The cri terial  numbers were varied within the following 
ranges: 3000 -< Ar --- 50,000 and 5.5 - P r  -< 33.8. In Fig. 3, for instance, we show the Nusselt number as 
a function of the velocity, referred to the optimum velocity, for glass balls fluidized by water. According 
to the diagram, the test data agree closely with calculations according to Eq. (3). 

All the relations shown here can be used for the design of heat exchangers. 
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NOTATION 

the equivalent diameter of particles; 
the density of solid phase; 
the density of liquid phase; 
the kinematic viscosity of liquid; 
the thermal conductivity of liquid; 
the filtration velocity; 
the optimum filtration velocity; 
the coefficient of heat transfer between surface and bed; 
the maximum coefficient of heat transfer between surface and bed; 
the Nusselt number; 
the maximum Nusselt number; 
the Archimedes number; 
the Prandtl number; 
the optimum Reynolds number. 
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