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Abstract

The onset of fluidization velocity and correspond-
ing pressure drop are. based on the balance between the
forces which include the gravitational and fluid fric-
tional forces exerted on the particles and the total
effective weight of the particles. The equations for
minimum fluidization velocity and corresponding
pressure drop were derived for non-circular sections of
sguare, hexagonal and semi-cylindrical shape and
compared with the experimental ones. Under identical
operating conditions, onset of fluidization velocity is
minimum for a square bed while the semi - cylindri-
cad one exhibits minimum bed pressure drop at the
onset of fluidizaion.

Introduction

Cylindrical or columnar fluidized beds have been
employed extensively in process industries. In spite of
many advantages claimed by fluidization in columnar
beds, the efficiency and quality in large scale gas-solid
fluidized beds are seriously affected by bubbling, slug-
ging and channeling behaviour at gas velocities higher
than the minimum fluidization velocity. These result in
poor gas-solid contact and lower mass and heat trans-
fer rates. Various techniques viz. introduction of
baffles, operation in a multi - stage unit, imparting
vibrations and rotations have been advocated for im-
proved performance of a gas-solid fluidized bed.
Application of non-cylindrical conduits, instead of a
conventional cylindrical one, is also considered to be
an attractive aternative technique for smooth gas-solid
fluidization (2, 3). In this paper, some dynamic studies
have, therefore, been made in hexagonal, square and
semi-cylindrical beds for their potential application in
gas-solid fluidization.

The abjectives of the present work include (i) De-
velopment of a mechanistic mode for the condition of
incipient fluidization in non-columnar beds based on
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Ergun's equation (1), (ii) Derivation of equations for
predicting the minimum fluidization velocity, U, and
minimum bed pressure drop, (-APmf), for gas-solid
fluidization (4,5) and (iii) Comparison of the devel-
oped equations with experimental data.

Theoretical Analysis

With the assumption that friction is negligible
between particles and bed wallsfluidization is initiated
in a fluid-solid bed when the force exerted by the
fluidizing medium flowing through the bed is equa to
the tota effective weight of the material in the bed. For
simplicity, we further assume that the lateral velocity
of the fluid is sufficiently small to be neglected and
that the vertical velocity of the fluid is uniformly dis-
tributed on the cross-sectiona area (4).

The pressure drop through a packed bed with dif-
ferential height dh is equa to (1)

dP = (Au + Bu®)dh SO

where,

A=

150(] 8()) u . B= ! 75(1—50) Pr
8() (Q d 7) 8‘) %

dp
The overall preqsure drop across the entire bed
helght H, is obtained by mtegratmg equatlon (D.i.e,

(=A P) = Au+Bu )dh ()

for bed whose cross-sectional area does not vary
with height, equation (2) can be integrated to give

~A P=(AutBuh)H - . (3)

The overall force exerted by the ﬂundlzmg fluid on
the particles is

F=A,,(-AP)=,A,,(Au+Bu2)Hv @)



The overall effective weight of the particles in the
bed is,

G= og(l—eo)(ps—pf)Andh=g(l~eo)(ps,—pf)A,,H 5)

The particles begin to fluidize when F = G. Substi-
tuting for u as Uy, the minimum fluidization velocity
and equating (4) and (5), the relation obtained is,

Umi=-B +(B2+4A C)3/QA) )

where,
A’ = ApBH, B’ = ApAH, C* = g(1-€) (ps — pp) AnH

The pressure drop (APm¢) for minimum fluidiza-
tion is calculated as, ‘

-APpr= (Aumg+ Bupy)H 0

Vaues for minimum fluidization velocity and
pressure drop are calculated using equations 6 and 7.
For hexagonal, semi-cylindrical, square and cylindrical
bed, cross-sectional area remains constant with the
height of bed. The porosity of the bed was calculated
from the measurement of height and area of bed, mass
and density of the particles. The sphericity was calcu-
lated using packed bed data of cylindrical bed (7) or by
the equation,

(1-€)/0s=0231logdp + 1.417 )

Where, d, isthe particle diameter in feet (6).
Experimental

All the non-columnar vertical beds including the
cylindrical ones were made of transparent acrylic resin
so that the solids' behaviour could be observed clearly.
For proper digtribution of air, a calming section with
glass beads was used at the entrance of column. Above
the glass beads, a copper screen of 48 mesh was used.

The dimensions of the beds employed are listed in
Table 1. Properties of the beds and the fluidized parti-
cles are listed in Tables 2 and 3 respectively. Ambient
air (approximately 30°C) dehydrated through silica gel
tower was used as the fluidizing medium. The flow

Table 1 — Dimension of bed employed

Type of bed l Cross-sectional area, m’ I size/dia m
Cylindrical 81.07x 10 0.01016 (dia.)
Semi-cylindrical 88.5x 107 0.1501 (dia.)
Square 67.24 x 10* 0.082 (side)
Hexagonal 64.95x 10 0.050 (side)
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Table 2 — Properties of beds -
Material | Typeof bed J . voidage (€o0)

Dolomite cylindrical 0.515100.550 -
Chromite ore - cylindrical 0.522

Coal cylindrical 0.543

Sago cylindrical 0.437
Manganese ore cylindrical 0.568

Dolomite Square 0.490 to 0.520
Chromite ore Square 0476

Coal Square 0.516

Ramdana Square 0.446
Manganése ore Square 0.531

Dolomite Semi-cylindrical 0.468 10 0.537
Chromite ore Semi-cylindrical 0.546

Coal Semi-cylindrical - 0.563

Sago Semi-cylindrical 0.467
Manganese ore Semi-cylindrical 0.527

Urea Semi-cylindrical 0.439 t0 0.484
Dolamite . Hexagonal 0.502 to 0.547
Chromite ore Hexagonal 0.498

Urea Hexagonal 0.412 10 0.432
Coal Hexagonal 0.526

Sago Hexagonal 0416
Manganese Ore Hexagonal 0.501

rate was measured by a rotameter and the pressure
drop by a manometer. The grid pressure drop has been
found to be negligible.

Table 3 . Properties of Fluidized Particles
Material | dpx10°,m | ps ke/m’® | s

Dolomite 0.600 to 0.925 2740 0.555 to 0.660
Chromite ore 0.600 4050 0.654
Coal 0.600 1500 0.655
Manganese ore  0.600 4948 0.527
Ramdana 0.60to 1.85 930 1.0
Sago 0.60t0 1.85 1420 1.0
Urea 0.6010 1.85 1300 1.0

A known weight of the particles was poured into
the bed and then the particles were fluidized fully by
ar a a certain velocity. The loading of particles for
each experiment ranged from 0.5 to 15 kg. When a
stable state of fluidization was established, the velocity
was gradualy reduced to zero. After the velocity
reached zero, the velocity was gradualy increased and
the values of velocity and pressure drop were again
recorded. Using the data while increasing the velocity,
the pressure drop-velocity curve was constructed. The
minimum fluid mass velocity (Gy) and the minimum
pressure drop, (APm¢) for fluidization were determined
from the curve.

Results And Discussion

The experimental results have shown that for the
increasing fluid velocity cycle, the pressure drop - ve-
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locity relation for non-columnar beds yield curves
(Figures 1 and 2) for which the pressure reaches a
: r
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Figure 1 Pressure drop-mass velocity relations for circular and non-
circular beds with same m/An for non-sphesical particles.

maximum value and then decreases tor a while after
which it again increases slowly. In the decreasing fluid
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Figure 2Pressure drop-mass velocity relations for circular and non-
circular beds with same m/An for spherical particles.

velocity cycle, however, the pressure drop decreases
continuously and the peak is not recovered. This is
similar to the pressure drop-velocity diagram of the
columnar fluidized bed. The difference between the
diagrams of columnar bed and that of non-columnar
bed is that the peak region decreased sizably in case of
non-columnar beds.

Figure 3 compares the minimum fluidization mass
velocity calculated with the help of equation 6 with the
experimental ones. To obtain the caculated G val-
ues, static bed data were used in equation 6. In Fig. 4,
vaues for the minimum fluidization pressure drop
(calculated by Equation 7) have been compared with
the experimental data. It is evident from these figures
that the agreement between the calculated and experi-
mental values is satisfactory for engineering
calculations, indicating that the Ergun's method can be
generalized to non-columnar beds as long as the cross-
sectiona area does not vary with height. Higher
experimental values for minimum fluidization mass
velocity and pressure drop in a number of cases may
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Figure 3 Comparison of predicted minimum fluidization velocities
with experimental data.

be attributed mostly to porosity change at minimum
fluidization. The columns were large enough to elimi-
nate wall effects since the minimum ratio of column
diameter to particle diameter was fifty five.

The values of minimum fluidization velocity and
pressure drop for different conduits at equal amount of
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Figure 4 Comparison of predicted pressure drop at minimum fluidi-
zation velocities with experimental data.
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solid particles of monosize and mixed size per unit
cross-sectional area of bed are presented in Table 4 for
comparison.

Conclusion

The equations for the prediction of minimum
fluidization velocity and bed pressure drop, developed
for the circular beds on the basis of Ergun's packed
bed equation, can also be used to calculate the above
mentioned quantities for non-circular beds of constant
cross-section. The experimenta values of minimum
fluidization velocity for circular section when com-
pared with those of Wen and Yu correlation, give an
error of around thirty five percent.

For identical operating parameters, fluidization
onset velocity in a square bed at a fluid mass velocity
is less than that of circular bed while bed pressure drop
for the same condition measures to be lower for semi-
cylindrical bed than that of a circular bed (based on
AP/H). However, it is premature to draw more conclu-
sons with respect to dynamic behaviour of
non-circular beds at this stage and investigations are
on. Other factors like structura capability, fluidization
quality and finally, the acceptability by the users, who
are often guided by conventionalism, are to be consid-
ered for the selection of the type of bed. The
deviations are + 20 percent for Figure 3 and + 30 to -5
percent in case of Figure 4. The error on one side only
in Figure 4 is due to the difference in porosity
calculation.

Notation
A = Ergun’s constant
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dh = differential bed height, m

dp = particle diameter or mean particle diameter, m

dpP = pressure drop through bed height dh, N/m? _

F = force exerted by the fluidizing medium on the particles
in the bed, N

G = effective weight of the material in the bed, N

- . . 2

g = gravitational accelaration, m/s~

Gum¢ = superficial fluid mass velocity at minimum fluidization
(kg / hr. mz)

H = height of the bed, m

m = amount of particles, kg.

AP = pressure drop through particle bed, N/m?

APy = pressure drop at minimum fluidization velocity, N/m?

u = superficial fluid velocity, m/s

umf = superficial minimum fluidization velocity, m/s . - .

Greek Letters S
= voidage at packed condition

£o

H = viscosity of gas phase, kg (m. 8)- .

Pr = density of fluid phasé. kg/m3 ‘

Ps = density of particle, kg/mJ

s = sphericity of particles.
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