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A study was made concerning the effect of four kinds of smal l -volume packing on the expan- 
sion of a fluidization bed, on its effective thermal  diffusivity, and on the heat t ransfer  between 
the bed and an immersed  surface.  The test resul ts  for two mater ia ls  have been general ized in 
t e rms  of empir ical  formulas .  

The fluldization technique has found many uses  in chemical  engineering for catalysis ,  adsorption, 
and other p roces se s  which involve some interaction between a gas and a disperse  solid mater ia l .  It is 
suitable for  small  grain s izes,  for  narrow tempera ture  ranges,  and for fast  heat removal  f rom the r eac -  
tion zone. At high gas fi l tration velocit ies,  however, the sys tem becomes  inhomogeneous and gas cavities 
or  bubbles appear  with contact between phases.  These effects become magnified as the apparatus is sealed 
up. 

The inhomogeneity of a fluidization bed is due to the instability of the d isperse  phase suspended in 
the gravitational field by the gas s t ream.  If s tat ionary surfaces  are  spaced uniformly inside such a sys -  
tem, their local interaction with the gas s t r eam will produce a more  stable bed s t ruc ture  where the gas 
cavities and the inhomogeneity centers  will collapse. A judicious design of these surfaces ,  their location, 
and geometry ,  can make it possible to control  the hydrodynamics  and the s t ructure  of a fluidization sys tem 
and to optimize it for each specific technological application. This is the reason for the recent ly  growing 
in teres t  in packed beds [1-15], but information about them in the technical l i te ra ture  is very  scat tered.  

We will present  here the resul ts  of experimental  studies concerning the hydrodynamics  and the heat 
t r ans fe r  in a fluidization bed with smal l -volume packing. Tes ts  were pe r fo rmed  with four different kinds 
of packing, the charac te r i s t i c s  of which are  given in Table 1. The disperse  phase in these tests was quartz 
sand or  sil ica gel with the average paticte size 0.23 and 0.19 mm, respect ively.  The height of the loose 
charge was about 30 cm. Most tests  were pe r fo rmed  with a column 30 cm in d iameter  (packing type 2, 3, 
and 4). Pa r t  of the tests  was pe r fo rmed  with a column 15 em in d iameter  (packing type 4 and 5). 

TABLE 1. Packing Charac te r i s t i cs  

Packing type 

Bundle of vertical 
tubes 

Bunch of wire 
spirals 

Diam- 
eter of 

Num- ]packing 
her element, 

Dp, (cm) 

2 2 
3 5,5 
4 2 
5 ! 

[ Equivalent 
packing 
size 

8,I 
3,0 
0,52 
0,34 

In the f i rs t  test  ser ies  the aim was to establish the 
effect of packing on the bed porosi ty .  The la t ter  was de ter -  
mined from the static gas p r e s su re  t ransmit ted through a 
segment of a given height. The measurements  were made 
over  a range of initial charge heights within which the 
poros i ty  remained almost  uniform throughout [16, 17]. The 
test resul ts  with sil ica gel are  shown in Fig. 1. The re la -  
tive poros i ty  has been plotted here  along the ordinates,  with 
the poros i ty  at the s tar t  of fluidization e 0 as the scale unit. 
This poros i ty  was measured  along the height of the bed after  
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Fig.  1. Relat ive  poros i ty  of a fluidization bed as a function of the fluidi-  
zation number ,  for  s i l ica  gel as  the d i spe r se  phase:  1) f ree  bed; 2, 3, 
4, 5) packed bed with the r e spec t ive  packing type. 

Fig.  2. Cor re la t ion  curve for  the effective t he rma l  diffusivity of the f luid- 
ization sys tem,  with sand as the d i spe r se  phase:  1) f ree  bed; 2, 3, 4, 5) 
packing types according  to Table 1; with s i l ica  gel as the d i spe r se  phase:  
6) f ree  bed; 7, 8, 9, 10) p a c k i n g t y p e s a c c o r d i u g t o  Table 1. A - aeff/u0H 0 
�9 exp (0.46//p). 

B 

--2 =--5 
�9 '~--3 * - - 6 !  

Fig. 3. Correlat ion curve for the 
heat  t r a n s f e r  in the fluidization 
sys t em,  with sand as the d i spe r se  
phase:  1, 2, 3) packing types 3, 4, 
5 according to Table 1; with s i l ica  
gel as the d i spe r se  phase:  4, 5, 6} 
packing types 3, 4, 5 according to 
Table 1. B - 1-o~/ol 0 + (Pd/PG) 
�9 1 0 - 4 .  

s lower  do bubbles of excess  gas move through it and the s m a l l e r  is thei r  s ize,  and the more  homogeneous 
is the bed s t ruc tu re .  

In the second tes t  s e r i e s  we studied the effect  of packings  on the s t i r r ing  ra te  of the solid phase  in 
the sys t em.  The c i rcula t ion of the solid phase  was m e a s u r e d  by the method of the instantaneous heat  
source  [21, 22, 23], such a heal  source  being produced he re  by some hot pa r t i c l e s  at the uppe r  bed s u r -  
face.  

s tabi l izat ion by a gradual  dec r ea se  of the gas velocity.  The curves  
r e p r e s e n t  ave r ages  of the tes t  s e r i e s ,  with the deviat ion of ac tua l  
values  not exceeding 10~ The graph indicates  c l ea r ly  that packing 
types 3, 4, and 5 [18] change the bed poros i ty  apprec iably ,  the l a t -  
t e r  inc reas ing  a lmos t  propor t iona l ly  to the gas velocity.  Packing 
type 2 has  only a smal l  effect  on the bed; the sy s t em expands he re  
only slightly at higher  values  of the fluidization number .  Curves  2 
and 1 Lend to converge  within the range of high f i l t ra t ion veloci t ies .  
A s i m i l a r  pa t t e rn  is noted a lso  in the tes t s  with sand. 

The poros i ty  of a fluidization bed c h a r a c t e r i z e s ,  to some 
m e a s u r e ,  the homogenei ty  of the sys tem.  The higher  the poros i ty  
is,  i . e . ,  the m o r e  the bed expands,  the higher  is i ts  gas content. 
It is a lso well known that the buoying veloci ty  of a bubble and thus 
its dwell t ime in the bed a re  propor t iona l  to the square  root  of i ts  
d i ame te r  [19, 20]. The higher  the bed poros i ty  is,  there fore ,  the 

The effect ive t he rma l  diffusivity of a fluidization sy s t em is de te rmined  by the gas f i l t ra t ion veloci ty  
(u}, the charge  height (H0), and the ae rodynamic  c h a r a c t e r i s t i c s  of the m a t e r i a l  (u0). These  three  quan- 
t i t ies  can be combined into the d imens ion less  group aeff/u0H 0 and the d imens ion less  ra t io  u / u  0 = N. It will 
be expedient to genera l ize  the test, data into a function of these two d imens ion less  va r iab les .  A p r e l i m i n a r y  
evaluation of the Lest data has  shown that the values  for  a f r ee  bed in this s y s t e m  of coordinates  a re  higher  
than the values  for  a packed bed. This  indicates that the s t i r r ing  ra te  of the solid phase  in a bed with pack-  
lug is lower  than in a f ree  bed. In this s y s t e m of coordinates ,  f u r t h e r m o r e ,  the Lest points for  all kinds of 
packing studied he re  fit on s t ra ight  l ines pass ing  through the or igin of coordinates .  The s lopes of these 
l ines depend on the equivalent packing size (/p), which is defined as the bed volume p e r  unit a r e a  of charge  
sur face .  The s lopes of the tes t  curves  dec r ea se  with inc reas ing  lp. 
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The final evaluat ion of the tes t  data is shown in Fig .  2, where  values  for the two m a t e r i a l s  and for  
the four kinds of packing have been plot ted along with tes t  values  for  a f ree  bed. Al l  points  fi t  c lose ly  on a 

s t ra igh t  l ine and can be gene ra l i zed  by the equation 

/ 046  
a'eff =0.066(N--2) exp (1) 

u0H---: t - ] 

for  the following range of va r i ab l e s :  2 < N <- 20, 0.33 < lp < 10 em, 2 ~ u 0 -< 6 m / s e e .  The s c a t t e r  of tes t  
data does not exceed 20%. The de r ived  re la t ion  indica tes  that the s t i r r i n g  ra te  of the sol id  phase  i n c r e a s e s  
p ropo r t i ona l ly  to the f luidizat ion number .  

In the th i rd  t es t  s e r i e s  the a im was to obtain informat ion about the effect of packings  on the ra te  of 
heat  t r a n s f e r  between the f lu idizat ion bed and an i m m e r s e d  sur face .  The t e s t s  were  p e r f o r m e d  on an appa-  
r a tus  shown e a r l i e r  with type 3, 4, and 5 packing in two m a t e r i a l s  (sand, s i l i ca  gel). 

The heat  t r a n s f e r  was m e a s u r e d  by the s t a t iona ry  method with a p r o b e - h e a t e r .  The probe  was 
p laced  v e r t i c a l l y  at  the cen te r  of the eolumn, with i ts  bot tom edge 100-ram above the gas d i s t r i b u t o r  mesh.  
The probe  was made of copper  tubing 20 mm in d i a m e t e r ,  100 mm long, and 5 mm wall  th ickness .  Inside 
the probe  was p laced  a hea te r  of n ichrome wire ,  fas tened on a c e r a m i c  tube 4 mm in d i a m e t e r .  In o r d e r  
to min imize  heat  leakage through the end su r f aces  of the probe ,  the l a t t e r  were  covered  with 20 mm thick 
Textol i te  s toppe r s .  The t e m p e r a t u r e  d i f ference  At was m e a s u r e d  with a C h r o m e l - A l u m e l  d i f fe ren t i a l  
thermoeouple  us ing 0.15 mm wire .  One thermocouple  bead was fas tened to the outside su r face  of a copper  
cy l inder  in the cen te r  inside the probe .  The other  bead of the d i f fe ren t ia l  thermocouple  r ead  the t e m p e r a -  
lure  of the f luidizat ion bed. During the tes t s  we m e a s u r e d  the hea te r  power  as  well  as the t e m p e r a t u r e  
d i f ference  between probe  sur face  and bed.  The heat  t r a n s f e r  coeff ic ient  was m e a s u r e d  in these  tes t s  within 
a 3% e r r o r .  With i n c r e a s i n g  gas f i l t ra t ion  ve loc i ty  in a f ree  bed as  well  as  in a packed bed, the heat  t r a n s -  
fe r  coeff ic ient  p a s s e d  through a soft maximum.  Maximum heat  t r a n s f e r  in a packed bed was a t ta ined at 
h igher  ve loc i t i e s  than in a f ree  bed [1]. Moreover ,  the maximum value of the heat  t r a n s f e r  coeff ic ient  d i f -  
f e r ed  f rom one kind of packing to another .  The max imum value of the heat  t r a n s f e r  coeff ieient  d e c r e a s e d  
with dec r ea s ing  length lp.  

In o r d e r  to e s t ab l i sh  the r e l a t i v e  effect  of packings  on the r a t e  of heat  t r a n s f e r  between a f luidizat ion 
bed and an i m m e r s e d  su r face ,  it  is  worthwhile to look for  a funetional r e l a t ion  between d imens ion l e s s  
r a t i o s  in the form:  

a 0 lp ; --PG " (2) 

In Fig .  3 a r e  shown tes t  data  for  three  kinds of packing in the two di f ferent  m a t e r i a l s .  The tes t  data 
can be a c c u r a t e l y  enough approx imated  by the r e l a t ion  

i =o.53 (d_)o.,_lo_, ^d. 
% ~ l p ] PG 

This  re la t ion  appl ies  within the range 0.06 < d/lp < 0.8, 2.2 �9 103 > Pd/PG > 0.9 �9 103. The maximum s c a t t e r  
of tes t  points  is  8%. Accord ing  to re la t ion  (3), each packing reduces  somewhat  the ra te  of heat  t r a n s f e r  
between bed and i m m e r s e d  su r face .  Under our  t es t  condit ions this reduct ion  did not exceed 30%. 

Thus, s m a l l - v o l u m e  type 3, 4, and 5 packings  homogenize the bed,  i n c r e a s e  i ts  expansion,  and slow 
down the sol id  phase  s t i r r i n g .  At the same t ime,  there  r e s u l t s  a d e c r e a s e  in the ra te  of heat  t r a n s f e r  b e -  
tween bed and i m m e r s e d  sur face .  

aeff  
U0, U 

F~ O, E 

Ho 
PG, Pd 
N 
d 
g 

NOTATION 

is the effective thermal diffusivity; 

are the starting fluidization velocity and gas filtration velocity, referred to the total bed cross 
sect ion;  
a r e  the s t a r t i ng  and running p o r o s i t y  of the f lu idizat ion bed; 
is  the height of the se t t l ed  bed; 
a r e  the dens i ty  of the f luidizing agent  (gas) and of the d i s p e r s e  phase ,  r e spec t i ve ly ;  
is the f luidizat ion number;  
is  the d i a m e t e r  of the sol id  p a r t i c l e s ;  
is  the a c c e l e r a t i o n  due to gravi ty ;  
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lp is the equivalent length of the packing; 
a ,  a 0 are  the heat t r ans fe r  coefficient for  a packed and for a f ree  bed, respect ively .  
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