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Heat t r ans fe r  of tube bundles and single cyl indr ica l  sur faces  in a froth layer  was studied in [1,2]. In this paper  
we desc r ibe  a study of heat t r ans fe r  for a r ec tangu la r  e lement  (Fig. 1). The b ras s  heat -exchange e lement  1 with the 
internal  e l ec t r i c  hea te r  2 and the six thermocouples  3 was instal led for the sur face  t empera tu re  m easu rem en t s  in a 
plexiglas  column, which was equipped with a gas -d i s t r ibu t ing  grid. Power  was supplied by wi res  in the w a t e r - r e s i s t a n t  
insulat ion 5 through the fit t ings 4. In all the exper iments  the gas phase was a i r  and the liquid was water.  
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Fig. 1 

Analysis  of the physical  p ic ture  of the p roce s s  in quest ion makes  it poss ib le  to obtain with good approximation 
for  given p r e s s u r e  P (bars) inthe column and heat flux q (W) the re la t ion for  the heat t r ans f e r  coefficient  

v Pldsr (1) 
r ~ F At'r 

Here  Pl is the a i r  density (kg/m3), d s is the mo i s tu r e  content at saturat ion (kg/kg of dry air),  r is the latent 
heat of vapor iza t ion  (J/kg), At is the average  t e m p e r a t u r e  head (~ C), "r is the t ime  for  a i r  passage  through the froth 
layer  (sec), V is the froth layer  volume (m3), and F is the act ive sur face  of the heat-exchange e lement  (m2). 

The exper imenta l  study made by the p resen t  authors and studies of o thers  make it poss ib le  to s ta te  that in this 
case  the var ia t ion  of the quantity pldsr/At~ - is not significant ,  and the re fo re  the heat  t r ans fe r  coeff ic ient  can be 
wri t ten  in the form 

. ~  I (V / F) ( 2 )  

We te rm the rat io  V / F  the ef fec t ive  l inear  dimension of the sys tem.  Such a re la t ion  a = f l ( F / V )  was f i r s t  
p resen ted  by Poll  and Smith in [3]. 

In our study different  values of the effect ive  l inear  dimension were  obtained by using a set of columns which 
differed in a rea  of the f ree  sect ion for  the same height of the froth layer.  

The exper iments  were  conducted with V / F  = 0.25, 0.14, 0.09, 0.05 m and air  veloci ty  in the f ree  sect ion of the 
column W = 2.0 m / s e c  [4]. 

F igure  2 shows the re la t ion  a = f ( V / F ) ,  f r o m  which it follows that with inc rease  of V / F  the heat t r ans fe r  
coeff icient  a inc reases .  This is explained by the inc rease  of the in terphase  heat t r ans fe r  su r face  a rea  in the froth 
layer ,  as a r e su l t  of which the vapor iza t ion  p roce s s  is intensif ied and the re fo re  the heat t r ans fe r  coeff ic ient  inc reases .  

The numer ica l  values of ~ obtained in the exper iments  conf i rm the high intensity of the heat t r ans fe r  in the froth 
layer .  
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F i g u r e  3 shows  the  e l e m e n t  s u r f a c e  t e m p e r a t u r e  r e l a t i o n  t w = f ( V / F ,  q). F o r  a f ixed  v a l u e  of the  h e a t  f lux q t he  
wa l l  t e m p e r a t u r e  t w is d e t e r m i n e d  by  the  t e m p e r a t u r e  of t h e  f r o t h  s u r r o u n d i n g  t he  h e a t - e x c h a n g e  e l e m e n t .  The  f r o t h  
t e m p e r a t u r e  d e p e n d s  in t u r n  on  t he  i n t e n s i t y  of t he  v a p o r i z a t i o n  p r o c e s s ,  and t h e  l a t t e r  is s e e n  f r o m  the  d i s c u s s i o n  
a b o v e  to depend  i n d i r e c t l y  on the  v o l u m e  of the  f r o t h  l a y e r .  Thus ,  the  l a r g e r  V / F  the  l o w e r  the  s u r f a c e  t e m p e r a t u r e .  

F o r  g iven  v a l u e s  of t w and  q, by  m e a n s  of Fig .  3, we can  f ind the  r a t i o  V / F ,  w h i c h  d e f i n e s  t he  d i m e n s i o n s  of the  
h e a t  e x c h a n g e  a p p a r a t u s .  We a l so  s e e  f r o m  the  f i g u r e  t h a t  t h e r e  is  no s i g n i f i c a n t  r e d u c t i o n  of the  s u r f a c e  t e m p e r a t u r e  
f o r  V / F  > 0 .125 m.  
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Fig.  3 
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E x p e r i m e n t s  w e r e  m a d e  wi th  a f ixed  v a l u e  V / F  = 0.1 to c l a r i f y  the  i n f l u e n c e  of the  a i r  f low r a t e  on t w. In t h e s e  
e x p e r i m e n t s  the  s p e c i f i c  a i r  f low r a t e  gl  ( kg / kW-  h) w a s  v a r i e d  fo r  v a r i o u s  hea t  f l uxes .  T h e  e x p e r i m e n t a l  r e s u l t s  a r e  
s h o w n  in Fig .  4. 
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Fig. 4 

We s e e  f r o m  the  f i g u r e  t ha t  t h e r e  is no m a r k e d  r e d u c t i o n  of the  t e m p e r a t u r e  t w fo r  h e a t  f l uxes  q < 70 k W / m  2 
and a i r  flow r a t e s  gl - 160 k g / k W ,  h, i . e . ,  the  e f fec t  of t e m p e r a t u r e  r e d u c t i o n  wi th  i n c r e a s e  of t he  a i r  f low r a t e  
d i s a p p e a r s .  We no t e  t h a t  t he  s p e c i f i c  flow r a t e s  gt = 1 3 0 - 1 4 0  k g / k W "  h c o r r e s p o n d  to the  u s u a l l y  r e c o m m e n d e d  a i r  
v e l o c i t y  W = 2 m / s e e .  

In o u r  s tudy  a c h e c k  was  a l so  m a d e  of the  p o s s i b i l i t y  of i n t e n s i f i c a t i o n  of the  h e a t  t r a n s f e r  of a f l a t  e l e m e n t  wi th  
v e r t i c a l  f ins  m o u n t e d  on the  s i d e  s u r f a c e s .  

F i g u r e  5 shows  the  r e l a t i o n  q = f ( K ,  tw) fo r  t he  c a s e  W = 1.45 m / s e c  and V / F  = 0.25 m.  

In the  e x p e r i m e n t s  t h e  f in  c o e f f i c i e n t  K = (F + F p ) / F  was  v a r i e d  f r o m  1.0 to 1.3, w h i c h  c o r r e s p o n d s  to t h e  
i n s t a l l a t i o n  on e a c h  s i d e  of the  e l e m e n t  of f ive  b r a s s  r i b s  of he igh t  2, 3, 4, 5.5 m m  and r i b  t h i c k n e s s  1.5 r am.  The  h e a t  
f lux  q n a t u r a l l y  i n c r e a s e s  m o r e  s l o w l y t h a n  K; t he  30% i n c r e a s e  of the  hea t  t r a n s f e r  s u r f a c e  a r e a  F as a r e s u l t  of 
i n s t a l l i n g  t he  f ins  l e a d s  to abou t  a 12% i n c r e a s e  of the  h e a t  flux. 

The reetangular elements studied can be used in heat exchangers with heat removal into a froth layer. 
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