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Abstract — The effect of lower bed height on the collapse velocity was investigated for a two-stage bubbling fluidized-
bed (0.1 m in diameter, 1.2 m high) connected with a standpipe (0.025 m in diameter) for solid transport. Air was used
as fluidizing gas and mixture of coarse (<1000 um in diameter and 3625 kg/m® in apparent density) and fine (<147 um
in diameter and 4079 kg/m® in apparent density) particles as solid particles. Mixing ratio of fine particles, height of the
lower bed and the distributor of the upper bed were considered as experimental variables. The collapse velocity increased with
static height of the lower bed. However, the effect decreased as the mixing ratio of fine particles increased. The effect
seemed to be attributed to the increase in height of the dense layer of coarse particles that prevented the gas from flowing into
the standpipe, not in pressure drop for the standpipe, as the bed height increased. The collapse velocity decreased a little
as the pressure drop of the distributor of the upper bed increased. An improved correlation was proposed for predicting
the collapse velocity.

Key words: Collapse Velocity, Bed Height, Standpipe, Multistage Fluidized Bed, Bubbling Fluidized Bed
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Choi [2]¢] AT-ellA] ALE-E 213 %’\]’3]’915]'. 3782 371 =7,
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F N Alol]EE, o I (filter bag), U == LA Q] AZE

A F=%0-& spring feeder, 14| 4% (standpipe), & J_’_XJIJ ?ﬂ

Fig. 1. Two-stage fluidized-bed system.
1. Air compressor 7. Cyclones
2. Filter 8. Solids hopper and feeder
3. Pressure regulator 9. Solids drain hopper
4. Mass flow meter 10. Pressure transducers
5. Lower fluidized-bed (FB1)  11. Data logger
and upper fluidized-bed (FB2)

6. Standpipe 12. Personal computer
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Table 1. Properties of particles

Items Coarse particles  Fine particles
Size range (um) 0~1000 0~147
Specific surface mean diameter (um) 19.1 8.1
Apparent density (kg/m°) 3625 4079

Geldart’s classification [6] A/C boundary C
Korean Chem. Eng. Res., Vol. 56, No. 6, December, 2018
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Fig. 2. Size distribution of feed particles.

Table 2. Properties of particles used in the study of Youn and Choi [2]

Items Coarse particles  Fine particles
Size range (um) 0~1000 0~150
Specific surface mean diameter (um) 16.1 747
Apparent density (kg/m?) 3090 4400
Geldart’s classification [6] C C

1.6 T T T T

Coarse particles, <1mm
Static bed height=0.09 m
di=0.05m |
W/A=1.43 kPa

N
[&)]
I

Bed pressure drop [kPa]
N
T

13 -

Umf=0.0246 m/s

1.2 | | | | | |
0.00 0.01 002 003 004 005 006 0.07

Gas velocity [m/s]

Fig. 3. Minimum fluidizing velocity of coarse particles.
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Fig. 4. Density and voidage of bulk solids.
Table 3. Properties of particle mixture
Mixing ratio of fine particles (%) 0 30 50 70 100
Specific surface mean diameter (um) 19.1 13.6 11.4 9.78 8.09
Bulk density (kg/m’) 1623 2040 2132 2236 2276
Voidage of static bed (-) 0.552 0.456 0.445 0.431 0.442
Table 4. Properties of particle mixture used in the study of Youn and Choi [2]
Mixing ratio of fine particles (%) 0 30 50 70 100
Specific surface mean diameter (um) 16.1 9.81 8.68 8.25 7.47
Bulk density (kg/m?) 1690 1970 2020 2040 2070
Voidage of static bed (-) 0.454 0.419 0.443 0.477 0.530
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Fig. 5. Pressure distribution of the fluidized-bed process (30% fines).
FBI1: 1. Windbox, 2. Distributor in bed, 3. Standpipe bottom, 4.
Freeboard. FB2: 5. Windbox, 6. Distributor in bed, 7. Stand-
pipe top, 8. Freeboard.
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Nomenclatures
A, : column area [m?]
d, : specific surface mean diameter [m]
d,; : average particle diameter for sizecut i [m]
d, : column diameter [m]
g : gravitational acceleration, 9.8 [m/s?]
h, : static bed height of FB1 [m]
i : size cut number [-]
my,, : mass of solids static bed [kg]
m, : solids mass of m, 4 [kg]
N : number of size cut [-]
Appp : pressure drop of the lower fluidized-bed [Pa]
FB1, FB2 : lower and upper fluidized bed, respectively [-]
I : regression coefficient [-]
U, : collapse velocity, u; at collapse condition [m/s]
U, : minimum fluidizing velocity [m/s]
u : fluidizing velocity in the lower fluidized bed [m/s]
Vi : volume of air in solids static bed [m’]
Vied : volume of static solids bed [m®]
V, : apparent volume of a single solid particle [m?]
W : bed weight [N]
X; : weight fraction of size cut 7 [-]
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o
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Greek

€

Ps

Psb

m

: voidage of bulk volume of solids at static condition [-]
: apparent density of solids [kg/m’]
: bulk density of solids [kg/m’]

Subscript

c
f

W

: coarse particles [-]
: fine particles [-]
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