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I t i s  shown exper imenta l ly  that  the roughness  of a hea t -exchange  sur face  af fec ts  the hea t -  
exchange coefficient,  although this effect  d i f fers  depending on the r a t io  between the c h a r -  
a c t e r i s t i c  d imensions  of the roughness  and the d i ame te r  of the pa r t i c l e s  of the solid phase 
of the fluidtzed bed. 

The intensi ty of external  heat  exchange in any two-phase  med ium depends on the s t ruc tu ra l -hyd rody-  
namic  conditions in the boundary l aye r ,  which for a fluidized sys t em differ f rom those in the r emain ing  
volume [1]. P ro jec t ions  and i r r egu l a r i t i e s  on the hea t -exchange  sur face  can have an additional effect  on 
the s t ruc tu re  and hydrodynamics  of the boundary layer ,  and, consequently,  on the hea t  t r a n s f e r .  With this 
in mind,  the purpose  of the p resen t  study was to c la r i fy  the effect  of the sur face  roughness  on the hea t -  
exchange coeff icient .  

A f la t  c a l o r i m e t e r ,  one side of which was hea t - emi t t ing  and detachable while the o thers  were  t h e r -  
ma l ly  insulated,  was used in the e x p e r i m e n t s .  Four  p la tes  55 x55 m m  in size with roughness  a r t i f ic ia l ly  
applied to them were  used as  the hea t - emi t t ing  s u r f a c e s .  The sur face  roughness  of one of them was made 
on an opt icomechanical  bench in the fo rm of lengthwise t r i angu la r  projec t ions  with a height (h) of 400 ~ and 
a spacing (s) of 500/~. The sur face  roughness  of two other p la tes  was obtained through their  t r ea tmen t  with 
a jet  of corundum p a r t i c l e s .  The ave rage  heights of the pro jec t ions  were  2 and 10 t~ and the ave rage  d i s -  
t ances  between project ions were  60 and 100 ~ .  The sur face  of the fourth plate,  the control ,  was m i r r o r  
polished (average roughness  0.5/~) .  The c leanness  of working of the su r faces  was de termined on a p r o -  
f i lograph --  a p ro f i lomete r  of modular  cons t ruc t ion .  
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Fig .  1. Poss ib le  contact  Of pa r t i c l e s  of fluidized bed with 
a rough hea t -exchange  su r face :  a) h = 10 p, s = 100 p ; b) 
h = 4 0 0 p ,  s = 5 0 0 p .  Pa r t i c l e  s ize  i n m m :  1) 0 .12;2)  
0.32; 3) 0.49; 4) 0.72. 
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Fig.  2. Coefficient of heat exchange a {W/m 2 �9 deg) between s u r -  
faces with different roughness  and a fluidized bed of par t ic les  of 
corundum dp=0.12  mm (a), chamotte dp=0.32  mm (b), and poly- 
s tyrene dp =0.72 mm (c) as a function of the fi l tration velocity 
wf (m/sec) :  height of roughness  project ions in mm:  1) smooth; 
2) 2; 3) 10; 4) 400 ~; 5) 400 In. 

The heat t ransfer  was studied by the s teady-sta te  method.  A heater  of Nichrome fed from an a l t e r -  
nating cur ren t  source was located inside the ca lo r ime te r .  The tempera tures  of the hea t -emi t t ing  surface 
of the plate, of the fluidized bed, and of the thermal ly  insulated sides of the ca lor imeter  (to allow for the 
heat loss through them) were measured  with c o p p e r -  Constantan thermocouples .  

:Particles of corundum with a size of 0.12 mm, of chamotte of 0.32 and 0.49 ram, and spherical  
polystyrene par t ic les  0.72 mm in diameter  served as the fluidized mate r ia l .  The experiments  were p e r -  
formed in a column 150 mm in d iameter .  The fluid[zing agent was a i r .  The ca lo r imete r  was r igidly  f a s -  
tened to the apparatus  at  a distance of 30 mm from the perforated gas-dis t r ibut ing gr i l l .  The height of 
the bulk layer  was 120 mm in all the exper iments .  

The possible contact of the par t ic les  with the rough surface ts shown in Fig.  1 (in scale).  

The resul t s  of the experiment  are presented graphical ly  in Fig.  2, in which the variat ion in the a v e r -  
age heat-exchange coefficient a is shown as a function of the fi l tration velocity for surfaces  with different 
roughness .  In all cases  the heat-exchange coefficient is given per unit smooth surface .  

For  fine par t ic les  0.12 and 0.32 mm in size (Fig. 2a, b, curves  2 and 3) an increase  in surface 
roughness  leads to some reduction in the heat-exchange coefficient in compar ison with a smooth surface.  
The cause of the decrease  in the heat-exchange coefficient is probably connected with the fact  that, f i rs t ly ,  
the effective thickness of the gas layer  between the surface and the f i rs t  a r r a y  of par t ic les  inc reases .  
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Secondly, the project ions  and i r r egu l a r i t i e s  have a r e t a rd ing  effect  on the pa r t i c l e s ,  as  a r e su l t  of which 
their  concentrat ion at the sur face  i n c r e a s e s  while their  moblUty d e c r e a s e s .  Also,  as  shown by an analys is  
of synchronously  r eco rded  osc i l l og rams  of the density pulsat ions of the fluidized bed near  the surface  of a 
t h e r m o a n e m o m e t r i c  pickup and its  t e m p e r a t u r e  pulsat ions ,  as  well  as  of synchronously  taken f r a m e s  of 
h igh-speed mot ion-p ic tu re  photography of the p r o c e s s  [2], the t e m p e r a t u r e  of the pickup always drops  
sharp ly  when i t s  surface  comes  in contact  with the hydrodynamic  wakes  of gas cavi t ies ,  with l a r g e - s c a l e  
vo r t i ce s ,  and with local  d i spersed  s t r e a m s ,  and that this is just  the t ime when the hea t -exchange  coeff i -  
cient is max ima l  and not when the sur face  is in contact  with a poor ly  mobi le  and m o r e  compac t  aggregate  
of pa r t i c l e s .  Evidently,  the same thing can a lso  explain the following two exper imenta l  f ac t s .  The hea t -  
exchange coefficient  is lower when the p ro t rus ions  fo rming  the roughness  a r e  a r r anged  c ros swi se  to the 
s t r e a m  (Fig. 2b, curve  4 ~) than when they a re  a r r anged  lengthwise (Fig. 2b, curve  5 IR). The max imu m 
value ofo~ f rom rough su r faces  to a fluidized bed (Fig. 2a, b, curves  2-5) is displaced toward higher f i l -  
t ra t ion veloci t ies  in compar i son  with ~ m a x  for  a smooth su r f ace .  

If the height of the roughness  project ions  and the dis tance between them a re  g r ea t e r  than the par t ic le  
s ize then higher heat -exchange coeff icients  a r e  obtained (Fig. 2a, b, curves  4 and 5) than for a smooth s u r -  
f ace .  Evidently such a surface  can now be t rea ted  as m i c r o r i b s  and the inc rease  occurs  because  of the in-  
c r ea se  in the t rue surface  area  of heat  exchange (in our expe r imen t s  Fr i  b = ! ' 8 8 F s m o o t h ) "  There fo re ,  if  
the actual  sur face  (with allowance for  the mic ro r ibs )  is taken as  the calculat ing sur face ,  the heat -exchange 
coeff icient  will be l e s s  for  rough pla tes  than for  a smooth p la te .  The authors  of [3], who conducted e x p e r i -  
ments  on the heat  exchange between a fluidized bed and a r ibbed cyl inder ,  a l so  note that ~ is lower on the 
r i b s  than on the smooth cyl indr ica l  pa r t  of the pickup, although the inc rease  in the sur face  due to the r ibs  
exceeds  the reduct ion in the hea t -exchange  intensi ty and the re fo re  the heat  flux i n c r e a s e s  cons ide rab ly .  
An analogous conclusion is drawn in [4], in which r e su l t s  a r e  presented  on a study of the heat  exchange 
f r o m  smooth and rough tubes to a v ibra t ional ly  fluidized bed.  

In a fluidized bed of la rge  par t i c les ,  pa r t i cu l a r ly  pa r t i c l e s  0.72 m m  in d i ame te r  (Fig. 2c), the effect  
of the sur face  roughness  of the p la tes  on the hea t -exchange  coeff icient  is not detected.  
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