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Abstract — Phase holdup characteristics have been investigated in a gas-liquid-solid circulating fluidized bed(0.102 m 1.D.x
3.5 m in height). Effects of velocities of dispersed gas and continuous liquid phases and solid circulation rate on the individual
phase holdup and its axial distribution in the bed have been determined. Compressed air and water have been used as a dis-
persed gas and a continuous liquid phase, respectively, while glass beads with the diameter of 2.1 mm have been used as a flu-
idized solid phase. It has been found that the gas holdup has increased with increasing dispersed gas velocity, but liquid
velocity and solid circulation rate have little effect on the gas holdup. The liquid holdup has increased with increasing liquid
velocity, however, it has decreased with increasing gas velocity and solid circulation rate. The solid holdup has increased with
increasing solid circulation rate and gas velocity, whereas, it has decreased with increasing liquid velocity. The axial distribu-
tion of solid holdup has become uniform with increasing liquid velocity. The gas holdup and bed porosity have been well cor-
related in terms of operating variables such as gas and liquid velocities and solid circulation rate.
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Fig. 1. Schematic diagram of a three-phase circulating fluidized bed.
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16. Liquid reservoir
17. Pump
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Fig. 2. Typical output signal form the probe(U,=0.25[m/s], G¢=6ikg/
2
m* - s]).
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Fig. 3. Effects of U; on pressure drop at the three parts of the riser in
three-phase circulating fluidized beds(U;=0.01 m/s).
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Fig. 4. Effects of bed height on bed porosity in three-phase circulating
fluidized beds.
0.20 — T . T y T T
016} / l
012} -
=
& o008} 1
004] i
0.00 —3; t t } t + t
o7z} \ 4
. \
-\
068f \:\ \ _
w' o0e4t \%A 1
8.
oeof \: ]
0.56 — t t . } t +
0.28 -
_ 024} ——— R
o ./ ———0®
£ oNf o —o— . -
A A
o1t ¥ M .
0.1 2 i 1 1 1 i 1 I
1 2 3 4 5 6
U x10% [mis]

Fig. 5. Effects of U; on three phase holdups in three-phase circulating
fluidized beds(G¢=6[kg/m? - s]).
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Fig. 6. Effects of U, on three phase holdups in three-phase circulating
fluidized beds(Gg=2[kg/m’ * s]).
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Fig. 7. Effects of G on three phase holdups in three-phase circulating
fluidized beds(U;=0.25[{m/s]).
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A1

g  :gravitational acceleration [m/s’}

Gg  :solid circulation rate [kg/m2 - s]

AP  : pressure drop [Pa]

T  :total record time [sec]

t;  :exposure time of the probe to bubble [sec]
Ug  :superficial gas velocity [m/s}

U, :superficial liquid velocity [m/s]

J2|0|A 2X}
€; :gas holdup [-]
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(g¢); : local gas holdup [-]

g,  :liquid holdup [-]

€ :solid holdup [-]

pg : density of gas [kg/m’]
p, : density of liquid [kg/m®]
ps : density of solid [kg/m’]
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