
JOURNAL OF ENGINEERING PHYSICS 45 

GAS DISTRIBUTION IN A PACKED BED 

V. V. Chukin a~.d R. F~ Kuznetsov 

Inzhenerno-Fizicheskii Zhurnal, Vol. 13, 

UDC 532.529.5 

No. 1, pp. 74-78 ,  1967 

The authors give experimental and theoretical results obtained in 
studying the effects of the bed filtration rate, bed height, and the 
piece diameter on the distribution of gas streams in a close-packed 
bed. 

The deve lopment  of hea t -  and m a s s - t r a n s f e r  p r o -  
e e s s e s  in  a packed bed is  l a rge ly  de t e rmined  by the 
un i fo rmi ty  of the gas s t r e a m  in  the piece bed. How- 
ever ,  at p r e s e n t ,  the fac to rs  r e spons ib l e  for  gas 
mot ion  in the bed have not been  studied suff ic ient ly .  
P r o b l e m s  such as the effect of bed height and f i l t r a t ion  
ra te  on ve!oeity--field un i fo rmi ty  are  also as yet  u n -  
solved. 

Resu l t s  of expe r imen ta l  s tudies  and some t h e o r e t -  
ica l  commen t s  conce rn ing  these p r o b l e m s  are  given 
below. 

Device and study techniques .  The s tudies  were  
p e r f o r m e d  on a cold shaft  furnace  (Fig~ 1). The model  
is  of cy l indr i ca l  c ros s  sect ion,  120 m m  in d i ame te r ,  
1500 m m  high, and u t i l i zes  one-way a i r  draft .  The 
bed height is  r ead  off f rom point  B (Fig. 1). The shaft 
below point  B is  f i r s t  f i l led  with the piece m a t e r i a l  
unde r  study. 

F i ~ l r e  1 shows the gas d i s t r ibu t ion  over  the c r o s s  
sec t ions ;  this  d i s t r ibu t ion  was m e a s u r e d  with a disk 
a t t achment  p laced  d i rec t ly  on the bed. The a t tachment  
has 33 pulse tubes for  measuring" the total  head above 
the bed; this  makes  it poss ib le  to plot the ve loc i ty  
f ie ld  over  the en t i r e  c ro s s  sec t ion  of the shaft. Such 
pu l ses  over  the bed make it  poss ib le  to m e a s u r e  wi th-  
out d i s tu rb ing  the s t r u c t u r e  of the packed bed. The 
absolute  va lue  of the effect ive c ro s s  sec t ion  (27.5%) 
of the disk a t tachment  is  a s sumed  to be close to the 
a r e a  of the gaps in  the bed. In our  exper imen t ,  the 
spacing  in  the bed was 22-23% according  to the data 
in  [1] and 25% accord ing  to the data of [2]. The fact  
that the effective c ro s s  sec t ion  of the a t tachment  and 
bed spacing  is  the same  makes  i t  poss ib le  to e l imina te  
r e d i s t r i b u t i o n  of the gas flows ahead of the disk a t -  
tachment .  

After  the disk a t tachment  was in s t a l l ed  in the  model ,  
the space between the tube and the edge of the a t tach-  
men t  was sea led  with p l a s t i e ine  to p reven t  i n t ens i f i -  
ca t ion  in  p e r i p h e r a l  gas fIow. Later ,  however,  this 
was  done away with s ince cont ro l  expe r imen t s  e s t a b -  
l i shed  that the gas -ve loc i ty  f ie lds  r e su l t i ng  f rom a 
disk a t tachment  with a sea led  and unsea led  space are  
the same.  

The gas -ve loc i ty  d i s t r ibu t ion  in  the bed was checked 
by us ing  p r e s s u r i z e d  tubes  placed d i rec t ly  in  the bed 
accord ing  to a s t andard  technique [3]. The veloci ty  
f ie lds  as m e a s u r e d  by the disk a t tachment  and by the 
p r e s s u r i z e d  tubes coincide to wi thin  5-6%. 

The expe r imen ta l  data were p r oc e s se d  as follows: 
1) the m e a n  a r i thme t i c  total head over  the c ros s  

sec t ion  (Pay) was ca lcula ted  f rom the data obtained 
f rom individual  m e a s u r e m e n t s  of the total head at 
individual  points ;  
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Fig.  t .  Diagram of device and bas ic  d i -  
m e n s i o n s  of model:  1) pulse l ines ;  2) 442 
a p e r t u r e s  with d = 3 m m  over  en t i re  s u r -  
face of disk;  3) 33 a pe r t u r e s  co r respond ing  

to pulse  points.  

2) f rom the value of Pav, gas flow nonuni formi ty  
at each point  in  the bed was de te rmined :  

H~ Pt § P~. 
P.. 

3) the m e a n  a r i thme t i c  nonunfformi ty  (Hay) in gas 
flow over  the c ros s  sec t ion  of the model  shaft was 
calcuIated.  

Expe r imen t s  were  pe r fo rmed  with peas  (d = 4 . 6 -  
6.0 ram) and s teel  sphe res  (d = 12.6-12.9  ram). The 
ra t io  of the shaft d i ame te r  to the mean  weighted d i -  
a m e t e r  of the piece for  these m a t e r i a l s  was,  r e s p e c -  
t ively,  24 and 10 while the ra t io  of the shaft height to 
the m e a n  weighted piece d i ame te r  was,  respec t ive ly ,  
300 and 120. 
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Fig. 2. Effects of bed-fi l-  
tration rate on gas distr i-  
bution within the bed (W, 
m/sec ;  Hav, %): 1) bed 
height equal to the piece 
diameter; 2) bed height 
equal to three times the 

piece diameter. 
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Fig. 3. Effect of bed height 
on gas distribution within 
the bed. Pea m~terial is 
used with d = 4.6-6.0 mm 

(L, Into; Hav , %). 
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Fifty experiments in sll were performed, Each 
type of experiment was repeated three to four times; 
the results  coincided to within 6%. 

Effect of bed-filtration rate on gas distribution, 
Experiments showed that with an increase in the bed 
filtration rate there is a decrease in the nonuniform- 
ity of gas flow in the shaft of the model (Fig. 2). For  
example, an increase from 1 to 3 m/see  in gas ve-  
locity (calculated for the free section of the shaft) 
reduced the average nonunfformity in the gas flow in 
the bed by 10% for a bed height equal to the piece di- 
ameter and by 20% for a bed height equal to 3 times 
the piece diarneter. A similar effect also occurred at 
other levels in the shaft of the model, Similar ex- 
perimental results  were obtained in [4] with the above 
technique for graphite spheres 8-10 mm in diameter 
and a bed height equal to ten times the piece diameter. 

Thus, even in a bed with material  of uniform di- 
mensions, an increase in W leads to an equalization 
of the velocity field in the bed. In a bed of polydis- 
perse material  this effect is considerably stronger 
[3]. 

Studies have shown [5] that in actual shaft units, 
segregation of the material  is unavoidable due to 
imperfections in contemporary charging devices, 
i. e . ,  pieces of various diameters (arbitrarily taken 
as dj and dJ  are placed at different sections of the 
furnace. 

The resistance of the bed material  (lumps or 
spheres) is written in general form as 

~x,~ = ~ ~ w~-2-~ L. (1) 
2g ~p~ d 

The value of AP at a given bed height is the same 
for materials  of different diameters. Now, allowing 
for the fact that the porosity of the spherical mate-  
r ials  is independent of their diameter [2] (i. e . ,  ~t = 
= (p~.), we can write 

~1 ~ - -  ~. - '~5d2 , (2 )  

i. e . ,  in this case the gas-flow distribution is de ter -  
mined from the piece diameter and from the r e s i s -  
tance coefficient of each bed fraction: 

With a change in the bed-filtration rate there is a 
redistribution in the gas flows over the furnace cross 
section only because of a change in the ratio }2/}I, 
since the ratio dl/d z is constant. 

It is commonly known [1, 3, 6-19] that with an in- 
crease in Re the bed resistance coefficient ~ atten- 
uates in accordance with the equation [7] 

A A 
~=  - ~ - I - B =  4 -  B. ( 4 )  

It is clear f rom an analysis of Eqs. (3) and (4) that 
in actual shaft furnaces the difference ~ i - ~2 de- 
creases  as the bed-filtration rate increases;  this 
increase in turn results in a decrease in the ratio 
(W~ - W 2 ) / W  2 which character izes  the nonuniformity 
in the cross sectional flow distribution (this is also 
confirmed by experimental data). 

Effect of bed height on gas distribution. The gas-  
velocity distribution in a bed of piece material (with 
the pieces exhibiting various diameters) is described 
by Eq. (3). The quantities ~ and d on the right-hand 
side of this equation are independent of the bed height. 
We can thus conclude that, after the gas jet finishes 
expanding into the bed, an increase or a decrease 

in bed height will not affect the gas-flow distribution 
within it. 

In fact, experimental data show (Fig. 3) that sta- 
bilization in the gas-flow distribution over the bed 

cross  section begins even at a height of ~15 ram. A 
further increase in bed height to 1400 mm does not 
result  in any significant equalization of the velocity 
field in the bed. Nonuniformity in gas flow remains 
almost constant at any height. 

Thus, the bed height determines the gas distribution 
within the bed only in the section where the gas jet is 
expanding into the bed; however, it does not have any 

great effect on the gas distribution in the layer as a 

whole. Therefore the bed height should not be in- 

creased to obtain uniform gas flow. 

NOTATION 

P is the total gas head in the bed; H is the nonuni- 
formityof  the gas flow in the bed; AP is the bed r e s i s -  
tance; ~ is the resistance coefficient of the bed; 7 is 
the specific density of the gas stream; W is the gas 
velocity at the free section; ~ is the bed porosity; 
d is the piece diameter; L is the bed height; g is the 
gravitational acceleration; ~ is the gas flow viscosity; 
A ~nd n are empirical  coefficients. 
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