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LATERAL SOLID MIXING IN A PACKEDFLUIDIZED BED
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The lateral mixing of fluidized particles in a packed fluidized bed with cylindrical screen packings was

investigated from the unsteady state behavior of tracer particles. The tracer particles were activated alumina
particles on which zinc acetate was adsorbed. The lateral mixing characteristics were analyzed by a diffusion
model. The lateral dispersion coefficientof the particles was strongly affected by packing size, fluidized gas
velocity, and the minimumfluidized gas velocity of the particles. An empirical equation for the lateral dispersion
coefficient of the particles in a packed fluidized bed with cylindrical screen packings was obtained.

Introduction

Fluidized beds are used for drying of particles and
in solid-gas reactors such as coal combustors, re-

generators of spent activated carbon and zinc blende
roasters. To analyze these processes it is very impor-
tant to estimate the residence time distribution of
fluidized particles in the bed.

The behaviour of fluidized particles has usually

Received January 1 7, 1983. Correspondence concerning this article should be addressed
to K. Kato. D. Taneda is now with J. G. Co., Ltd., Yokohama.
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been analyzed by the following models: turnover rate
model,6) diffusion model2>4'5) and two-phase model.1)
However,the relationship between the model pa-
rameters of these models and the operating condi-
tions of the fluidized bed is not established yet.
Generally, mixing of fluidized particles in an or-

dinary fluidized bed is very fast and to control the
mixing rate, suitable internals in the bed are quite
effective.

Gabor3) investigated lateral solid mixing in a pack-
ed fluidized bed with sphere packings and analyzed it
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Fig. 1. Experimental apparatus of mixing.

Table 1. Properties of fluidized particles and size of screen
packings

Properties of fluidized particles

Dp Um{ 4>s e «nf
[cm] [cm / s ] [-] [-]

0.0394 3.5 1.0 0.45
0.0477 5.0 1.0 0.45

0.051 1 7.3 1.0 0.45

0.0961 21.0 1.0 0.45
0.1091 29.0 1.0 0.45

Size of screen packings

Tailor d he Dp* sb
Mgn mesh [cm] [cm] [cm] [-]

PN-3 10 1.43 1.30 1.59 0.967

PN.7 __ 2.73 4.22 3.61 0.990

PN-9 6 2.00 2.54 2.48 0.990

by a diffusion model. An empirical equation for the
lateral dispersion coefficient was obtained.
In the present work, lateral solid mixing in a packed
fluidized bed with cylindrical screen packings was
investigated by using tracer particles. The lateral
mixing characteristics were analyzed by a diffusion
model. The effect of superficial gas velocity, packing

size and minimumfluidized gas velocity upon the
lateral dispersion coefficient of the particles was
investigated.

1. Experimental Apparatus and Procedure
The experimental apparatus is shown in Fig. 1. The
fluidized bed consisted of a rectangular column made
of acrylic resin, 30cm wide, 10cm long and 50cm
high. A perforated plate made ofacrylic resin of 5 mm
thickness, 2mmpore size, and 2.0 percent open area
was used as the gas distributor. To makesure of the
gas distribution in the bed, another perforated plate

VOL.17 NO.1 1984

with 0.8 percent open area was installed in the wind
box 3 cm below the distributor.
To prevent the adhesion of particles to the bed wall
by static electricity, air was passed through a water
bath and was humidified before being supplied to the
bed. The inside wall of the bed was coated with

Teflon. The particles, the packings and the definition
of the packing size Dp* are shown in Table 1.
The tracer particles were madeas follows. Six liters
activated alumina was put into 8 liters water contain-
ing 268 g zinc acetate and was mixed for an hour. Zinc
acetate was adsorbed on the particles, which were
filtered and dried at 353 K.

The experimental procedure was as follows. The

partition plate was placed in the center of the bed. The
activated alumina particles were put in one side and
the tracer particles were put in the other side. After
fluidizing the particles for a few minutes at constant
gas velocity, the partition plate was suddenly pulled
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up and the particles were then fluidized for a suitable
time at constant gas velocity. The fluidization was
suddenly stopped by shutting quickly the ball valve.
The sample particles were taken from the bed by using
an 8mm-I.D. suction probe at several points. To
obtain the concentration distribution of the tracer

particles in the bed, the concentration of zinc acetate
in the sample particles was measured.

This concentration was measured as follows.
Sample particles totaling 10g were put into 100ml
water for an hour. The concentration of zinc acetate
in the aqueous solution was determined by chelato-
metric titration using disodium ethylenediaminetetra-
acetate (EDTA). For the analysis of the concentra-
tion of tracer particles in the sample particles, the
calibration curve between the concentration of the

tracer particles and the titration value of EDTAwas
established. Before this experiment lateral mixing

of the particles was visually observed by the colored
tracer particles.
2. Experimental Results
It seems that the diffusion model is suitable for

analysis of the lateral mixing of particles in the packed
fluidized bed. From the material balance of the tracer

particles, the following equation is obtained:

dc (d2c\
--=Dsr(-^ ) (1)

d6 \dx J

The initial and boundary conditions
0=0, 0=x=Lx; c=\

6=0, L^x^Lh; c=0

x=0 , x=LH ; dc/dx=0

An analytical solution of Eq. (1) with the above
conditions becomes

2£ 1 . nnL1 nnx ( n2n2 \

+- 2. -sin-;-cos--exp ---j-DsrO (2)nBf!n LH LH \ LH2 J

The lateral dispersion coefficient of the particles
Dsr is obtained from Eq. (2).

Figure 2 shows the lateral concentration distri-
bution of the tracer particles with superficial gas
velocity as a parameter. The solid line in Fig. 2
represents the calculated value from Eq. (2) in the case
where the most suitable dispersion coefficient is used.
From Fig. 2 the experimental results can be well
expressed by the diffusion model.

To investigate the effect of elapsed time in
unsteady-state mixing upon Dsr, sampling was car-
ried out simultaneously at two points, 7.5cm and

22.5 cm from the left wall, at constant time intervals.
Dsr was calculated from the concentration of tracer
80

Fig. 2. Relation between C and X.

Fig. 3. Effect of elapsed time upon lateral dispersion
coefficient.

particles in the samples by Eq. (2). Figure 3 shows the
effect of elapsed time upon Dsr. From Fig. 3, Dsr is
not affected by elapsed time. Figure 4 shows the effect
of bed height Lf upon Dsr. From Fig. 4, Dsr is not
affected by Lf. These results are quite different from

those obtained by Hirama et al.4) in an ordinary

fluidized bed. Since the movement of particles in the
bed is restricted by the packings, the mixing of

particles is not affected by Lf.
Figure 5 shows the relationship between the lateral

dispersion coefficient of particles Dsr and
(U- Umf)/Umf with packing size as a parameter. Dsr

measured in the ordinary fluidized bed (no packing)
also agrees with the value calculated fromthe empiri-
cal equation of Hirama et al.4) Figure 6 shows the
relationship between Dsr and (U- Umf)/Umf with Umf
as a parameter. From Figs. 5 and 6, Dsr is pro-
portional to {(U- Umf)/Umf}1A. Dsr is also affected by

Umf and the packing size. Figure 7 shows the effect of
Umf upon Dsr. From Fig. 7, Dsr is proportional to
U°mf6. Figure 8 shows the relationship between Dsr
and Dp* with Umf as a parameter. From Fig. 8, Dsr is
proportional to Dp*2 0.

Figure 9 shows the relationship between Dsr and
Dp*2-0U°mf{{U-Umf)IUmfyA. Dsr in a packed
fluidized bed with sphere packings obtained by
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Fig. 4. Effect of bed height upon lateral dispersion
coefficient.

Fig. 5. Relation between Dsr and (U- Umf)/Umf.

Gabor3) are well correlated in Fig. 9. From Fig. 9,
the following empirical equation for the lateral dis-
persion coefficient of the particles in the packed
fluidized bed with cylindrical screen packings and
sphere packings is obtained.

Dsr=0.0026-Dp*2-0- U°m]6{(U- Umf)/Umf}1A (3)

In Eq. (3), the units ofDsr, Dp*, Umf, Uare [cm2/s],
[cm], [cm/s], [cm/s] respectively.
Where the applicable ranges are as follows:

D *: 1.5-4.0 [cm], Umf: 3.0-35 [cm/s],

U: 10-100 [cm/s].

3. Discussion

The mixing of particles in the bed is due td vigorous
movement of gas bubbles. At constant superficial gas
velocity, the larger the size of gas bubbles, the greater
the mixing of particles in the bed. Whenthe particles
are fluidized among small-size packings, the average
bubble size in the bed becomes small. From Fig. 8, the
effect of packing size upon particle mixing is very
VOL. 17 NO. 1 1984

Fig. 6. Relation between Dsr and (U- Umf)/Um

Fig. 7. Relation between Dsr and Umf.

Fig. 8. Relation between Dsr and D *

large. In Eq. (3) Dsr is proportional to Dp*2'0. At
constant gas velocity, the smaller the particles and the
lower the density of the particles, the more easily the
particles become fluidized. Therefore, Dsr is pro-
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Fig. 9. Relation between Dsr and Dp*2-°U°J6 ((£/- Umf)IUmff

Fig. 10. Comparison of calculated Dsr with lateral thermal
diffusivity.

portional to £/m/0'44. The movement of fluidized par-
ticles becomes vigorous with the increase of average
gas velocity, and Dsr is proportional to (U- Umf)1A.

The mixing of fluidized particles may be the main
factor in the lateral effective thermal conductivity in a
packed fluidized bed. Figure 10 compares the calcu-
lated Dsr from Eq. (3) with the lateral thermal

diffusivity ke/CpppB obtained by Kato et al.n) with the
same fluidized particles. From Fig. 10, the lateral
dispersion coefficients of particles approximately
agree with the lateral thermal diffusivity.
4. Conclusion

The lateral dispersion coefficient of particles in a
packed fluidized bed with cylindrical screen packings
is affected by packing size, superficial gas velocity and
minimum fluidized gas velocity. The following empiri-
cal equation is obtained.

Dsr=0.0026-Dp*2 0U°J6{([/- Umf)/UmfYA [cm2/s]
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Where the applicable ranges are as follows:

Dp: 1.5-4.0 [cm], Umf: 3.0-8.0 [cm/s],
U: 10-80 [cm/s].

Nomenclature

C = dimensionless concentration of tracer
particles [-]

Cp = heat capacity of particles [J/(kg K)]
Dp* = equivalent diameter of packing, defined as

(3d2hc/2)1 /3 [cm]
Dsr = lateral dispersion coefficient of particles

[cm2/s]
Dsrcal = calculated lateral dispersion coefficient

from Eq. (3) [cm2/s]
d = diameter of screen packing or sphere [cm]
he = length of screen packing [cm]
Lf = expanded bed height [cm]
Lx = lateral bed length occupied by tracer

particles before mixing [cm]
LH = bed width [cm]
ke = lateral effective thermal conductivity

[J/(kg m K)]
X = lateral distance from left wall [cm]
U = fluidized gas velocity corrected by fixed

packing voidage [cm/s]
Umf = minimumfluidization gas velocity [cm/s]
6 = elapsed time of mixing [s]
PPB = bulk density of fluidized particles [kg/m3]
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