
in f i l t ra t ion of fluidizing agent  through bed; e, poros i ty  of bed; Ps, Pf, density of pa r t i c l e s  and gas; T, t ime.  

L I T E R A T U R E  C I T E D  

1. A . P .  Vladis lavlev et al . ,  "F lu id ized  bed in a h igh-f requency pulsating f low,"  Teor .  Osn. Khim. Tekh.,  
12__, No. 5, 722-726 (1978). 

2. P . G .  Alf redson and I. D. Doig, " B e h a v i o r  of pulsed fluidized b e d s , "  Trans .  Inst. Chem. Eng., 5_11, 232- 
246 (1973). 

3. N . F .  Davidson (ed.) ,  Fluidization [Russian t r ans la t ion] ,  Khimiya,  Moscow (1974). 
4. L . T .  Fan, J .  A. Sehmitz,  and E. N. Mil ler ,  " D y n a m i c s  of l i q u i d - s o l i d  fluidized bed expansion,"  AIChE 

J .  9_, No. 2, 149-153 (1963). 
5. P . L .  Slis, Th. W. Wil lemse,  and H. K r a m e r s ,  " T h e  r e sponse  of the level  of a liquid fluidized bed to sud- 

den change in the fluidizing veloci ty ,"  Appl. Sci. Res . ,  Sect. A, 8, 209-218 (1959). 
6. S .S .  Zabrodski i ,  Hydrodynamics  and Heat T r a n s f e r  in a Fluidized Bed [in Russ ian] ,  Gosenergolzdat ,  

Moscow (1963). 
7. A . P .  Baskakov,  Rapid Nonoxidative Heating and Heat  T r e a t m e n t  in a Fluidized Bed [in Russian],  Meta l -  

lurgiya (1968). 
8. D . R .  McGraw, " T h e  development  of a m e c h a n i s m  for  gas par t i c le  heat t r a n s f e r  in shallow fluidized 

beds of l a rge  p a r t i c l e s , "  Chem. Eng. Sci., 32___, No. 1, 11-18 (1977). 
9. V .A .  Borodulya,  Yu. A. Buevieh, and V. V. Zav 'ya lov ,  " T h e o r y  of re laxat ional  osci l lat ions in a g ranu la r  

bed fluidized by a g a s , "  Inzh . -F iz .  Zh., 3__00, No. 3, 424-433 (1976). 

E F F E C T  O F  B O U N D I N G  S U R F A C E S  ON P O R O S I T Y  

D I S T R I B U T I O N  IN A G R A N U L A R  M E D I U M  

V. N.  K o l e s k i n ,  P .  G.  S h t e r n ,  
S. V. T u r u n t a e v ,  G. N. A b a e v ,  
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An exper imenta l  study is made of poros i ty  dis tr ibut ion in a g ranu la r  bed c lose  to one of the 
su r faces  bounding it. It is shown that wall deformat ion  reduces  the nonuniformity of poros i ty  
and the veloci ty  prof i le  of the gas  flow. 

The flow of a liquid or  gas in r e a c t o r s  with a s ta t ionary  g ranu la r  bed of ca ta lys t  is s ignificantly affected 
by the p rope r t i e s  of the bed [1], pa r t i cu la r ly  the dis t r ibut ion of local  poros i ty  over  the c ro s s  sect ion of the ap-  
pa ra tus .  

Exper imenta l  r e su l t s  have been obtained on poros i ty  dis tr ibut ion inside s ta t ionary  beds of un i form 
spher ica l  and cyl indr ical  pa r t i c l e s  [2-5[ ,  but such r e su l t s  a r e  ve ry  l imited in volume and do not p e r m i t  a full 
evaluation of the effect  on poros i ty  dis t r ibut ion of such p rope r t i e s  of the bounding su r faces  as deformabi l i ty ,  
roughness ,  etc. The p r e s en t  work thus a t tempts  a m o r e  detai led study of the poros i ty  dis tr ibut ion of a g ranu la r  
m a t e r i a l  nea r  a f lat  boundary and the effect  of the p r o p e r t i e s  of the wall on this distr ibution.  

E x p e r i m e n t a l  U n i t  a n d  M e t h o d  

The exper imenta l  unit cons i s t ed  of a r ec tangu la r  ve s se l  400 x 200 • 200 m m  made of organic g l a s s '  The 
ves se l  had a double bot tom, with holes joining the filling chamber  with the working volume containing the g r an -  
u la r  ma te r i a l .  The fluid was de l ivered  f r o m  a bure t  through the chambe r  and into the bed, filling the cavi t ies  in 
the la t ter .  The height of ascent  of the fluid in the g ranu la r  bed h was fixed with a reading m i c r o s c o p e  and we 
es tabl ished a physical ly  smal l  volume A V  2 for  averaging  the poros i ty  of the thin bed. Bed poros i ty  was d e t e r -  
mined as 

Trans la ted  f rom Inzhenerno-Fiz iehesk i i  Zhurnal,  Vol. 42, No. 4, pp. 578-582, Apri l ,  1982. Original  a r t i -  
cle submit ted March 10, 1981. 
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Fig. 1. Poros i ty  distribution in a bed of spherical  (a,) and cyl indr i -  
cal (b) par t ic les  of different d iameter :  a - 1) D= 5.6; 2) 10; 3) 25;4) 
37; b - l )  D = 5 ;  2) 10; 3) 15; 4) 2 5 m m ( Z = r / D ,  c - d i s t a n c e  
f rom wall). 

av, 
Av2' 

where AV1 is the volume of fluid leaving the buret, equal to the volume of the cavities in the granular  bed; e is 
the distribution of poros i ty  normal  to the vessel  bottom, which we will henceforth re fe r  to as a wall. 

H a r d  ( N o n d e f o r m a b l e )  W a l l  

The above method was used to study the effect of a hard wall on the porosi ty  distribution of monodisperse  
granular  beds formed by the free fall of spherical  and cylindrical  par t ic les  into the working volume. We used 
steel balls 5.6, 10.2, 15.3, and 19.8 mm in diameter .  We also studied beds of plast ic and ce ramic  balls 37 and 
25 mm in diameter,  respect ively.  Figure la shows the porosi ty  distribution, averaged for five different beds, 
as a function of distance f rom the wall. 

It is apparent f rom the figure that the general  cha rac te r  of the curves resembles  curves  of decaying vi-  
brations with a constantly diminishing amplitude and a slowly changing period. The somewhat lower amplitudes 
(extreme values of porosi ty)  for the ceramic  balls is possibly due to the deviations f rom spherical  form in 
these part icles.  

The reduction in period and gradual decrease  in amplitude point to a change in bed s t ruc ture  going away 
f rom the wall, the s t ruc ture  of the bed initially (at the wall) being determined by the wall itself. The resul ts  in 
Fig. la are  adequately descr ibed by the empir ical  relat ion 

e = s0 exp (-- [~Z) cos (BZ) -F C, 

where e 0 = 0.3; B = 2.2; fl = 0.37; C = 0.4 are  mean values of quantities determined experimentally for spher i -  
cal par t ic les  of the above-indicated dimensions. 

Cylindrical pellets with a d iameter  equal to their  height are  present ly  used in industry in various produc-  
tion processes .  Therefore ,  we studied the porosi ty  distribution of granular  beds composed of cyl indrical  par t i -  
cles with d iameters  of 5 mm (KNF catalyst) ,  10 mm (steel cyl inders) ,  and 15 and 25 mm (ceramic  heat c a r -  
r ie rs ) .  The measurements  a re  shown in Fig. lb in the form of graphs of porosi ty  distribution normal  to the wall. 
Comparison of the resul ts  with the corresponding distribution for beds of spherical  par t ic les  reveals  a cer tain 
reduction in extreme values of porosi ty in the bed of cylindrical  par t ic les .  

Mean values of porosi ty  for the entire bed of cylindrical  par t ic les  agree  with the corresponding values 
for beds of spherical  par t ic les  and lie within the range 0.37-0.42, which differs somewhat f rom the data in [3]. 
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Fig. 2. Poros i ty  distribution in a bed of spherical  and cylindrical  
par t ic les  bounded by a deformable wall. The par t ic le  d iameters :  
a) sphere,  D = 15 ram, thickness of soft wall d = 5 ram; b) same,  
25 and 15 ram; e) cyl inders,  15 and 5 ram; 1 and 2) resul ts  of ex- 
per iment  for hard and deformable (soft) walls with the same p a r -  
t i t le  sizes. 

" S o f t ' '  ( D e f o r m a b l e )  W a i l  

The charac te r  of the change in porosi ty  for a bed of granular  mater ia l  bounded by hard (nondeformable) 
walls shows that the s t ruc ture  of the bed is apparently nonuniform. It can be suggested that the degree of this 
nonuniformity depends on the proper t ies  of the surfaces  bounding the bed and that a change in these proper t ies  
will significantly affect  the formation of the bed s t ructure .  

To check this hypothesis,  we studied the porosi ty  distribution in a granular  bed bounded in the f i r s t  ease 
by a deformable sur face  (soft wall) and in the second ease by a shaped surface  in the form of a metallic grid. 
The deformable  wall was a piece of porolon foam placed on the bottom of the working chamber,  with the granu-  
lar  mater ia l  then having been poured into the chamber.  Measurements  were made for  beds consisting of 
spherical  par t ic les  10.2, 15.3, and 25 mm in d iameter  and cylindrical  par t ic les  15 mm in diameter .  The data 
obtained were compared  with the resul ts  for the hard wall (Fig. 2). It is apparent  f rom the compar ison that the 
amplitudes of the poros i ty  fluctnations decrease  and the fluctuations themselves decay at a shor te r  distance 
f rom the wall. The sharp dec rease  in porosi ty  at distances less  than 0.5 of a par t ic le  d iameter  can be explained 
by the filling of the cavities between the par t ic les  direct ly  in contact with the wall by the mater ia l  of the de- 
formable  (soft) wall. Here, the mean porosi ty  for the entire bed of spherical  par t ic les  remains  roughly the 
same as in the case of a hard wall. The mean porosi ty  in the bed of cylIndrical  part icles turned out to be 0.02 
lower with the soft wall than with the hard wall. 

As shown by the experiments ,  the effectiveness of the effect of the deformable  wall on poros i ty  dis t r ibu-  
tion depends on the thickness of the wall. Fluctuations in porosi ty occur  with a lower amplitude and more  rapid 
re turn  to a constant value if the thickness of the soft wall is less than 0.5 par t ic le  diameter .  Here, the par t i -  
cles d i rec t ly  in contact with the soft wall a re  " s u b m e r g e d "  in the wall over  one- thi rd  of the i r  diameter .  A 
fur ther  increase  in wall softness does not lead to an appreciable change in poros i ty  distribution. The amount 
of deformation of the wall (i.e., the depth to which the par t ic les  penetrate the wall) depends on both the elast ic 
proper t ies  of the mater ia l  and on the load placed on the wall by the bed. In our experiments ,  this load r e -  
mained roughly the same  with a change in the thickness of the soft wall. 

Grid as the Bounding Surface 

A metal grid was laid on the chamber bottom and the chamber was filled with spherical particles. We 

used grids with circular 12-ram openings and square 5-ram openings and steel balls 15.3, 10.2, and 5.6 mm in 

diameter. The measurements were close to those obtained with the soft wall. In all of the tests, the amplitude 

of the fluctuations was significantly reduced. The fluctuations decayed more rapidly, and the amplitude became 
roughly constant at a distance from the wall equal to three particle diameters. Here, the mean porosity of the 

entire bed was the same as in the case of the hard wall. The effect of a grid as the bounding surface proves to 
be more appreciable if the particle sizes are 20-30% greater than the size of the openings in the grid. 

Since, as was shown above, the use of a deformable wall leads to a reduction in the amplitude of fluctua- 
tions in the porosity of a granular bed and thus makes the structure of the bed more uniform, it might be sug- 

gested that the use of a soft wall in a cylinderical apparatus with a stationary granular bed would alleviate the 

nonuniformity of the velocity profile of the gas flow passing through the bed. 
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Fig. 3. Dis t r ibut ion of re la t ive  veloci ty  of gas  flow in a 
c o m m e r c i a l  r e a c t o r  Were: 1) with no rma l  loading of the 
reac to r ;  2) r e su l t s  of exper iment  with the loading of a 
r e a c t o r  with a wall covered  with a de fo rmab le  ma te r i a l ;  
I) cen te r  of r e ac t o r .  

To check this hypothesis ,  we conducted a specia l  exper iment  to m e a s u r e  the veloci ty  prof i le  of a gas 
flow in a 5 . 5 - m - d i a m e t e r  c o m m e r c i a l  r eac to r .  The monod i spe r se  bed of g ranu la r  KNF ca ta lys t  had a height 
H = 2 m. To i m p a r t  e las t ic  p rope r t i e s  to the concre te  wall of the r e ac to r ,  i t  was covered  with a l aye r  of kaolin 
wool 30-40 m m  thick. The r e a c t o r  was opera ted  in the regenera t ion  reg ime .  The method used to obtain the 
veloci ty  m e a s u r e m e n t s  is explained in [6]. The m e a s u r e m e n t s  a r e  shown in Fig. 3, which i l lu s t r a t e s  the d i s -  
t r ibution of re la t ive  veloci ty  of the gas  flow in the r e a c t o r  Wcm = W r / W m n  (Wcm is the re la t ive  veloci ty  of 
the gas  flow); Wr, veloci ty  of the flow m eas u red  over  a given radius;  Wren, consumpt ion-mean  veloci ty  of the 
gas flow over  the c ro s s  sect ion of the appara tus ;  r ,  running rad ius ) .  It is apparent  f r o m  the f igure  that the use  
of a de fo rmable  wall leads to a substant ia l  reduct ion in nonuniformity of the gas - f low veloci ty  profi le .  

Thus, by  the r ep resen ta t ion  of defined p rope r t i e s  l imit ing the g ranu la r  med ium of the su r faces ,  one can 
ac t ive ly  regula te  it  by the distr ibution of the gas s t r e a m  propaga t ing  through it. 
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