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Abstract

Phenomenon of solid-particle mixing in bubbling beds was observed with various operating conditions.
Direct observation was easily achieved by using light intensity method through two-dimensional bed. The
effective diffusivity was approximately proportional to nk% and the diffusion parameter, ©,/nh?, was correlated
to the system parameter, p,D,/Lp;, and operation parameter, (Uy—U,;)/U,;, as

D _31x 10‘(»%%1«)1'5(~%#"_f_)1' !
mf

phase of bubbling beds have been studied by a number
Introduction of scientists. Several approaches have been used to
study the rapid movement and mixing of solid

The behavior of solid particles in the emulsion particles in their experimental methods. %719
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Among these approaches, the random diffusion
model of the solid particles is well recognized to
describe the mixing phemonenon in the beds. And
the random mixing is mainly caused by bubble motions
in the bed. Kunii and Levenspiel® developed the
diffusion model to their bubbling bed model by using
interrelation between bubble motion and solid mixing,
and Haines and King® have described this relation
by their stochastic process approach.

Lee® observed the bubble-population distribution
with bed height. Park et. al®

properties of bubbles in fluidized bed by using their

investigated the

electro-resistivity probe. Haines and King® correlated
the bubble motion to solid mixing. They concluded
that the effective diffusion coefficient of solid particle

mixing in the vertical direction by

D, =D +n/f ®
and also they suggested that
p=1/D,

But none of the findings was observation of mixing
behavior directly from the bed, and also there is no
simple correlation directly usuable for design of
practical beds.

In this paper it is attempted to investigate the solid-
particle mixing-behavior in tow-dimensional air-fluid-
ized bed by observing direct way from the bed. The
observations were made by light beam passing through
the bed,

solid particles used in this experiment were two types,

and the intensities were checked. The

tagged and untagged. Therefore, the light intensities
passing through the bed were directly proportional
to the mixing degree of the tagged particles at the
point where light was passed. It is also tried to find
a simple correlation between diffusivity and operating

conditions in the bed.

Theoretical Consideration
Solid-particle mixing, according to the diffusion

model, can be described by the diffusion equation

C __ 42
= =DAC 3

with appropriate boundary conditions. For a vertical

movement, the equation can be rewritten in the form
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The particle mixing coefficient, D,, can be deter-
mined in large scale tests by means of black-tagged
particles. The tagged particle were placed at the top
of the fluidized bed and the appearance of black
particles at various locations and time were traced by
light beam through the bed.
The boundary conditions under these situations:
at =0, C=C, for 0<<Y<Y,
C=0 for YV, <Y<L

t=o0, C:COC:_Q“L)_/L
for t>0,i:’._CT:0 at Y=0
oY

Y=L
The solution of Equation (4) in the limit as Y,

approaches to zero is”

By comparing experimental data with calculations
from Equation (5), it is possible to find the dispersion
coeflicient, @D,. Computer calculation of C vs. ¢ and

C vs. Y/L were plotted in Figs. 1 and 2, respectively.
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1. Relation between particle concentration and time
(D, = censtant)

Van Deemter'” expressed the axial dispersion

coefficient of solid particles by interchange coefiicient
in
fraction of bed, ?/linear velocity of \
(consisting of solid) <up—ward ‘moving salids/
moving up-wards
(interchange coefﬂcient)<volume fraction of.

for solids, based on}{the bed consisting),
unit volume of bed of solids
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Fig. 2. Relation between particle concentration and time

(Y/L=constant)

This expression can be rewritten in terms of the

bubbling bed model®,

_ Gall—eg)))? (UD*
D= GRY (A—3) (—emp)) M

Where K is

- 3(1—6,,,;) i U,,,f
C(1—0)enys Dy ®)
Combining Equations (7) and (8) gives

K

a’€y 0 A%y
=l DUy e
2. 3Uns bre 30Uns

Theoretically this equation is interesting, but for

Dy(Ue—Uap)* (9

practical purpose this gives difficulties and erroneous
results because it has several factors such as @, &g,
J, and these can not be evaluated in reasonable values
either theoretically or experimentally. But Haines and
King® proposed as

@z = @zo — 71.052 (10)
Where D, can be calculated from®
D[, = 1. 4PPD;(U0/erf) -k (11)

As D., is the dense phase diffusion coefficient, the
practical value is quite small compared with the

bubbling bed diffusion coeflicient, then

D, ~nD,?
=n(1.4p,D,(Uo/Unp)h)* (12)
Lee® observed in his two-dimensional bed that
n/A = 2207 (13)

Where 7 is in second, A is in f#% and A is in inch.
Combining Eqs(12) and (13) will give useful infor-

mations on diffusivity. But in this expression, the

height effect & on D, is not so clear for practical
usage in design purpose. Therefore, the efforts put
in this experiment was aimed to find the simple
relationship among D,, (Uy—Uns)/Unys, and k.
By observation of Eqs. (9) and (12), it gives a
certain suggestion that correlation can be shown in
the following dimensionless form.
D, . ( Doy Ui—U,s )
nh? Lo, Uns

(14)

Experimental Procedure

The bed (Fig. 3) was fluidized with compressed
air through a pressure regulator. The pressure was
regulated around 2kg/cm?® Glass beads (ranging from
40 to 100 mesh) were used for fluidized particles.
Pressure and flow rate of inlet air were checked by
a pressure gage and rotameter equipped on the inlet
line. Tagged particles were coated with thin silver
film by treating with silver nitrate solution and
reduction agents, so that light beam cannot pass
through tagged particles. The tagged particles were
used in the bed with untagged glass beads, and
particle-mixing was observed directly by light source

from the opposite side of the bed. Figure 4 shows
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Fig. 3.
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Fig. 4. Schematic arrangement of

apparatus

the experimental

the schematic diagram of the experimental apparatus.

The bed was fluidized for a given time intervals
(10 to 30 seconds) and then stopped a while for
taking pictures of the bed. As the light beams from
the sources (4 of 500~watt flood bulb) were passed
through the layer of glass beads, light intensities
through the bed were exactly same proportion of the
particles mixed with tagged particles. Therefore, the
pictures by these light intensities showed the particle~
mixing behavior caused by flow conditions in the
bed.

The films were examined with a light intensity
detecting system. The detecting device was consisted
with a photocell, electric bulb, and multimeter, and
the film was examined on the detecting device one
at a time. Light intensities of various locations on
the film were converted to particle concentrations by
The reference

comparing with reference intensities.

intensities were obtained from the portions of tagged

35t A3 M 3= 1975\ 6§

and untagged particles in the pictures which were
taken at initial stage of each run.

Pressure drops through the bed were measured by
a monometer connected at the bottom of the bed.
The minimum fluidization velocities in the bed were

determined with the observation of the pressure drops.

Results and Discussion

Minimum fluidization velocities of the bed were
determined by reading a break point in Fig. 5. The
fluidized characteristics and operating conditions were
tabulated in Table 1.
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Fig. 5. Relation between pressure difference and gas.
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Table 1. Experimental data
A*

U Uy D, & MA g
(cm; sec) (cm/sec) (cm) (cm) (ngl/xff)c (cm?/sec)
11.75 5.0 0.0161 10 4.87 2.7

16 3.67 5.1
22 2.76 6.5
13.67 50 0.0161 10 4.87 4.2
16 3.67 7.5

22 2.76 10.5
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9.00 5.0 0.0161 10 4.87 1.3
16 3.67 2.0

22 2.76 2.6

15.10 6.2 0.0212 10 4.87 4.2
16 3.67 8.0

22 2.76 10.0

13.20 6.2 0.0212 10 4.87 2.3
16 3.67 4.0

22 2.76 6.5

10.70 6.2 0.0212 10 4.87 1.2
16 3.67 2.0

22 2.76 3.0

19. 30 1.2 0.030 10 4.87 17
16 3.67 1.5

22 2.76 5.0

17.70 11.2  0.030 10 4.87 1.0
16 3.67 0.8

22 2.76 2.4

~ *Calculated from Eq. (13).

D..

determined by comparing the observed data from the

Effective diffusivities, of the particles were
films and theoretical calculation of Eq. (5) or Fig.2.

The bubble frequencies for a given bed height, =z
were caiculated from Eq. (13). The correlations
between bed height and effective diffusivity were
plotted in Fig. 6 for given particle sizes. The results

showed that &, were approximately proportional to

nh®. This gives some confidence of Eq. (14).
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Correlation among dimensionless groups ©,/nh?
{diffusion parameter), p,D,/p;L (system parameter),
and (U;—Uns)/Un; (operation parameter) were
plotted in Fig. 7. and 8. These results showed that
the diffusion parameert is proportional to (D,p,/
Lpe)'* and to (Uy—Upns)/Ung"®. All of the above
results suggest an emprical formula of the form
_%_:B(_Q@_)"S( Up—Uny )1'9
nht Lps Uns

Figure 9 shows this correlation and the plotting
gives the value B as 3.1¢10*. Hence,
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Fig. 9.

With this empirical equation, it is very easy to
p Y Y

find the effective diffusivity by using system parameter
from equipment, and operating parameter by operating

conditions of any fluidized bed in mind.
Conclusions

1. Particle~mixing in a fluidized bed can be effectively

stet8et M13A HI3E 1975 63

observed by the light intensity method.

2. Effective diffusivity varies with bed height, and
approximately proportional to nhZ

3. The useful parameters in solid-particle mixing in

. . . 9
fluidized beds are diffusion parameter ( 7;% ), sys-

tem |parameter (lli_:i) and cperation parameter
f

(—L—]D—J—gﬁ-) and these are correlated as

mf
D. L 0:Dp \'°( Us—Uns \'*
nh? _3'1”\104(—14_0/ ) ( Unr )

Nomenclature

Cross-sectional area of bed, ¢m?®
Constant, dimensionless

Concentration, fraction of tag particle/cm?
Diameter, cm

Effective diffusivity, cm?/sec

Bed height from the distributor, cm
Defined by Eq. (18)

Packed height of bed, cm

1

oL O wn

X~

Bubble frequency, c¢cm™

o~

Time, sec

Flow velocity, cm/sec

Y Bed height from top=(L—£%), cm
Y, Height of tagged particle, cm
Greek letters

a Ratio of wake volume to bubble volume, dimen-

-}

sionless
5 Jump parameter, em™!
0  Fraction of fluidized bed consisting of bubbles,

dimensionless
€ Void fraction, dimensionless

0 Density, g/cm?®
Subscription

b  Bubble

f Fluid

p Particle

mf Minimum fluidization
o Operating

z  Axial-direction
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