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Abstract — Flow characteristics and the operating range of gas velocity was investigated for a two-stage bubbling flu-
idized-bed (0.1 m-i.d., 1.2 m-high) that had continuous solids feed and discharge. Solids were fed in to the upper flu-
idized-bed and overflowed into the bed section of the lower fluidized-bed through a standpipe (0.025 m-i.d.). The
standpipe was simply a dense solids bed with no mechanical or non-mechanical valves. The solids overflowed the lower
bed for discharge. The fluidizing gas was fed to the lower fluidized-bed and the exit gas was also used to fluidize the
upper bed. Air was used as fluidizing gas and mixture of coarse (<1000 um in diameter and 3090 kg/m? in apparent den-
sity) and fine (<100 pum in diameter and 4400 kg/m?> in apparent density) particles were used as bed materials. The pro-
portion of fine particles was employed as the experimental variable. The gas velocity of the lower fluidized-bed was
defined as collapse velocity in the condition that the standpipe was emptied by upflow gas bypassing from the lower flu-
idized-bed. It could be used as the maximum operating velocity of the present process. The collapse velocity decreased
after an initial increase as the proportion of fine particles increased. The maximum took place at the proportion of fine
particles 30%. The trend of the collapse velocity was similar with that of standpipe pressure drop. The collapse velocity
was expressed as a function of bulk density of particles and voidage of static bed. It increased with an increase of bulk
density, however, decreased with an increase of voidage of static bed.
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Fig. 1. Continuous two stage fluidized bed system.
1. Air compressor 8. Solids hopper and feeder
. Filter 9. Solids drain hopper
. Pressure regulator 10. Pressure transducers
. Mass flow meter 11. Data logger
. Lower and upper fluidized beds (FB1, FB2)
. Standpipe 12. Personal computer
. Cyclones
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Table 1. Properties of particles

Items Coarse particles  Fine particles
Size range (um) 0~1000 0~150
Specific surface mean diameter (m) 16.1 7.47
Apparent density (kg/m®) 3090 4400
Bulk density (kg/m?) 1690 2070
Geldart’s classification[13] C C
1.2 TTTIT T T TTTTT T T TTTTT T T TTTTg T T TTTTT
Mixing ratio of fine particles
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Fig. 2. Cumulative size distribution of feed particles for various propor-
tions of fine particles.
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Table 2. Properties of particle mixture

Mixing ratio of fine particles (%) 0 30 50 70 100
Specific surface mean diameter (um) 16.1 9.81 8.68 825 747
Bulk density (kg/m?) 1690 1970 2020 2040 2070

Voidage of static bed (-) 0454 0.419 0.443 0477 0.530
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Fig. 3. Block diagram for description on gas flow control in startup
procedure. FB1, FB2: lower and upper fluidized bed includ-
ing solids recycle system, respectively, 1: standpipe, 2: gas flow
meters, 3: bagfilter and gas exit, 4(a,b): valves.
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Lower bed: 1. Windbox, 2. Distributor in bed, 3. Standpipe
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tor in bed, 7. Standpipe top, 8. Freeboard.
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Fig. 8. Pressure drop in beds and standpipe at collapse condition with
variation of mixing ratio of fine particles.
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Nomenclatures
m,,, : mass of solids static bed [kg]
m, : solids mass of my,; [kg]
r : regression coefficient [—]
u, : collapse velocity of standpipe, superficial gas velocity of

lower fluidized bed at collapse condition [m/s]
V.  :volume of air in solids static bed [m’]
Vs :volume of static solids bed [m?]
V, : volume of static solids bed [m?]
Greek
€ : static solids bed voidage [-]
Py : bulk density of solids [kg/m?]
Py : apparent density of solids [kg/m’]
Subscript
c : coarse particles [—]
f : fine particles [—]
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