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The resul ts  of an experimental  investigation of the effect of the degree of dust contamination 
of the air  on the hydraulic res is tance  and velocity of the s tar t  of fluidization of a bed of 
spher ical  par t ic les  with an average diameter  of 2.00-9.35 mm are  presented.  Recommenda-  
tions are  given for calculating the fr ict ional  res is tance  coefficient and the velocity of the 
start of fluidization. 

A bed fluidized by a gas-suspens ion  flow can be of considerable interest  for a number of technological 
p rocesses  using a soiid heat exchanger .  In this case the hea t - t r ans fe r  p rocesses  in the bed will be intensi-  
fled additionally, since the heat can be conducted with the heated par t ic les  circulat ing through the bed. In 
addition, the use of a gas suspension as a fluidizing medium will permit  a gradual change of its density and 
therefore  a change of the homogeneity of the bed, the velocity of the s tar t  of fluidization, and other cha r -  
ac te r i s t ies  ~ 

An experimental  study of the hydrodynamics of a bed fluidized by air  containing corundum part ic les  
with an average diameter  of 60 ~ in a quantity up to 12.5 kg/kg was ca r r i ed  out on the device shown in Fig.  
1o The device is open with respect  to both the gas and solid phases .  The piston c o m p r e s s o r  1 delivered 
air  through rece ive r  2, d r ie r  3, and f lowmeter  4 into aerat ion chamber  7. The solid phase was also de-  
l ivered there  f rom hopper 5 by screw feeder  6. After  passing through the hydrodynamic stabilization sec -  
tion 8~ the mixture entered the working section 11. The air  and dust were separated in the s torage hopper 
13. Thus the t ime of continuous operation of the device was determined by the t ravel  t ime of the entire 
solid phase from hopper 5 to hopper 13 and amounted to 1-2 h. The cyl indrical  working section was made 
of organic g lass .  A steel grate  with holes of diameter  1.5 mm and spacing 5 mm had a c ross  section for 
passage of the gas suspension of 7.07%. 

The following quantities were measured  during the exper iments :  the air  flow rate;  the tempera ture  
and p r e s s u r e  of the air  before the f lowmeter;  the tempera ture  and p res su re  of the dust- laden air  in the 
working section under the grate ,  d i rect ly  over the grate ,  and on the upper boundary of the bed. The flow 
rate  of the solid phase was controlled by the number of revolutions of the feeder screw and the height of 
the s ta t ionary and fluidized beds was determined visually from a scale applied on the t ransparent  wall of 
the working section. 

The charac te r i s t i c s  of the solid spherical  par t ic les  used for creat ing the bed are  given in Table 1, 
which also includes the experimental  values of the velocity of the s tar t  of fluidization of the bed upon blow- 
ing it with pure air .  

TABLE 1. Charac te r i s t i cs  of Solid Par t i c les  

Material ds} mm Ps' kg/m3 G, kg, H = �9 ~ m/sec 
70 rain 

Pea 
Steel 

5,65 
2,00 

6,31 
4,54 
5,52 
9,35 

1390 
7870 

7870 
3630 
3630 
3630 

Steel 
Alundum 
Alundum 
Alundum 

0,I27 
0,900 

H=ll0mm 
0,65 
0,231 
0,250 
0,222 

i ,64 
2,30 

1,85 
4,35 
2,77 
4,52 

2,14 
2,40 

5,44 
2,72 
3,52 
4,92 
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Fig.  1. Diagram of the expe r imen ta l  device:  1) 
c o m p r e s s o r ;  2) r e c e i v e r ;  3) d r i e r ;  4) f lowmeter ;  
5) hopper;  6) s c r e w  feeder ;  7) ae ra t ion  chamber ;  
8) hydrodynamic  s tabi l izat ion sect ion;  9) g ra te ;  
10) fluidized bed; 11) working channel;  12) f i l te r ;  
13) s to rage  hopper .  

Visual  observa t ions  showed that ,  on blowing the 
s t a t ionary  l aye r ,  the gas  suspension eas i ly  p a s s e s  
through the g ra te  and bed, filling all  voids of the bed.  
Circula t ion  of dust within the bed was not observed ,  
but is was noted that at all  f i l ter ing veloci t ies  the 
flow ra te  of dust was higher  c lose  to the walls of the 
channel than on the ax is .  The la t t e r  is re la ted  with 
the nonuniform poros i ty  of the bed over  the channel 
c r o s s  sec t ion .  

It was noted during f i l ter ing of the dus t - laden  
flow through the fluidized bed that with an i nc rea se  
of the dust concentra t ion the quality of fluidization 
improved ,  the gas  bubbles burs t ,  and the pulsat ions 
of the bed pa r t i c l e s  dec reased .  At a dust concen-  
t r a t ion  in the a i r  of 10-12 kg/kg the fluidized bed of 
pa r t i c l e s  with d s = 5.65 mm and Ps = 1390 kg /m 3 
became  p rac t i c a ly  homogeneous with a r a t he r  c l e a r -  
cut upper  boundary.  

A dec r ea se  of the a i r  flow ra te  at a constant  
dust flow ra te  at f i r s t  led to set t l ing of the bed and 
then to the fo rmat ion  of a s t a t ionary  dust f i lm on 
the upper  boundary of the bed, with the exception of 

the wall  boundary  zone. Near  the wall  the dust continued to pass  through the bed.  With a fu r the r  d e c r e a s e  
of the a i r  flow ra te  the f r ee  sect ion remain ing  nea r  the wall  for  pas sage  of the gas  suspens ion na r rowed  
and s imul taneous ly  the th ickness  of the s t a t ionary  film inc reased  toward  the g r a t e .  At the actual  a i r  ve -  
loci ty in the bed, app rox ima te ly  equal to the veloci ty  of suspens ion of the corundum dust pa r t i c l e s ,  the dust 
pa r t i c l e s  cove red the  en t i re  channel c r o s s  sec t ion .  At this instant  the bed was again fluidized.  Intense ag i -  
tat ion of the la rge  spher i ca l  pa r t i c l e s  over  the ent i re  volume of the bed began,  i .e . ,  the fo rmat ion  of a uni-  
que " two- f rac t ion  fluidized bed" o c c u r r e d  at a ve ry  low a i r  f i l ter ing veloci ty .  

Th is  in te res t ing  fact  of secondary  fluidization of the bed is explained by red is t r ibu t ion  of the t rue  
veloci ty  of the a i r  over  the channel sec t ion  when the veloci ty  nea r  the channel axis i n c r e a s e s  cons iderab ly  
when the wall  boundary zone is clogged with dust .  Consequent ly,  in all  other  c a se s  the t rue  a i r  veloci ty  
and probably  the dust flow ra te  in the wall  boundary zone is higher than the ave rage  veloci ty over  the chan-  
nel sec t ion .  The l a t t e r  is conf i rmed  by the authors  of other  invest igat ions [1, 2]. 

Expe r imen t s  to de te rmine  the hydraulic  r e s i s t a n c e  in the bed were  c a r r i e d  out with a change of f i l t e r -  
ing veloci ty f r o m  1.0 to 5.5 m / s e e  and dust concentra t ion in the a i r  f rom 0 to 12.5 kg/kg .  The veloci ty  of 
the s t a r t  of f luidization was de te rmined  visual ly  and f r o m  an exper imen ta l  curve  plotted in A l~ -w  coord i -  
na tes .  

In Fig .  2a the re la t ive  veloci ty  of the s t a r t  of f luidization is shown as a function of the dust concen t r a -  
t ion.  As we see ,  with an i nc r ea s e  of concentra t ion ,  f luidization of the bed blown by a g a s - s u s p e n s i o n  flow 
begins at veloci t ies  cons iderab ly  l e s s  than in the case  of blowing the bed with pure  a i r .  In this case  the 
re la t ive  value of the veloci ty  of the s t a r t  of f luidization for  a given value of the dust concentra t ion in the 
a i r  flow was the s ame  for  al l  pa r t i c l e s  except  l a rge  alundum pa r t i c l e s  with a d i ame te r  of 9.35 mm (lower 
curve  in Fig .  2), which is p robab ly  explained by the effect  of the channel wal ls .  

On the bas i s  of the expe r imen ta l  data obtained we can r e c o m m e n d  the following empi r i ca l  equation 
for  calculat ing the veloci ty  of the s t a r t  of f luidization: 

Re'mix -~ 1 - -  O. 1/~o,7 . 
Re~ 

(1) 

The equation is valid for  a change of ~ f rom 0 to 12.5 kg/kg,  d s f rom 2 to 6.31 ram,  and Ps f rom 1390 
to 7870 k g / m  s. The value of Re'g is de te rmined  by the equation 

~3 10.57, 
Re'g: 0.367 I cp(1 - -e)  Ar (2) 
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Figo2 .  Rela t ive  ve loc i ty  of the s t a r t  of f lu id iza t ion (a) and r e l a -  
t ive f r i c t i ona l  r e s i s t a n c e  coef f ic ien t  (b) as  a funct ion of c o n c e n -  
t r a t i o n :  1) pea ,  d s = 5.65 ram; 2) s t ee l ,  d s = 2.00 ram;  3) s t ee l ,  
d s = 6.31 ram;  4) a lundum,  d s = 4.54 ram;  5) a lundum,  d s = 5.52 
m m ;  6) a lundum,  d s = 9.35 m m ~  

where  q~ is the f o r m  f a c t o r ,  which in our  e x p e r i m e n t s  va r i ed  f r o m  1.64 to 4.54 (Table  1). The  value of 
was  d e t e r m i n e d ,  a c c o r d i n g  to. [3], fo r  condi t ions  of the s t a r t  of f lu id iza t ion  on blowing the bed with pure  
a i r  by the equat ion 

= 2 0d~g e 3 
~ f  (w~)2H~g " ( i  - -  e)~ ' (3) 

The  value of the f r i c t iona l  r e s i s t a n c e  coef f ic ien t  fo r  the pure  gas  was a s s u m e d  equal  to 

~g = 11.6 Re~ ~ (4) 

To  de t e rmine  ~m we a l so  used  Eq .  (3) in which in p lace  of w~ we subs t i tu ted  the value of the ve loc i ty  
of the s t a r t  of f lu id iza t ion  of the bed by the dus t - l aden  a i r .  The  ra t io  of the f r i c t iona l  r e s i s t a n c e  coe f f i -  
c ien ts  ~ mflx/~g as  a func t ionof  the dust  concen t r a t i on  is p r e s e n t e d  in F ig .  2b. As  we see  f rom FAg. 2b, the 
value of this  r a t io  is d i r e c t l y  p r o p o r t i o n a l  to the concen t r a t i on  and does not depend on the d i a m e t e r ,  den-  
s i ty  of the m a t e r i a l  of the p a r t i c l e s ,  and ve loc i ty  of the f lu idiz ing agent .  The  equat ion of a s t r a igh t  line a p -  
p rox ima t ing  the e x p e r i m e n t a l  poin ts  with a 10% e r r o r  has  the f o r m  

~mix = ~g(1 + 0.23~t). (5) 

Equat ion  (5) is valid fo r  the s a m e  condi t ions  as  Eq .  (1) and can be r e c o m m e n d e d  fo r  de te rmin ing  the 
hydrau l i c  r e s i s t a n c e  of the bed being blown with dus t - l aden  gas  at the s t a r t  of f lu idizat ion.  

d 
H 
f 
W i 

G 

P 

Re '  = w ' d / ~ g  
Ar  = (gd3/v~) (Ps - Pg)/Pg 

Subscripts 

S 

mix 
g 

NOTATION 

denotes  sol id  p a r t i c l e s ;  

ts the d i a m e t e r ;  
is the height  of the s t a t i o n a r y  bed;  
~s the c r o s s  sec t iona l  a r e a  of the channel ;  
is the ve loc i ty  of the s t a r t  of f lu idizat ion;  
is the weight  of bed;  
is the p o r o s i t y ;  
is the f r i c t iona l  r e s i s t a n c e  coeff ic ient ;  
is the f o r m  f a c t o r ;  
is the dens i ty ;  
is the m a s s  c o n c e n t r a t i o n  of dust  in the flow; 
is the Reynolds  number ;  
is the A r c h i m e d e s  n u m b e r .  

denotes dust-laden air (mixture); 
denotes pure air. 
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