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Abstract — Hydrodynamic similarity was analyzed by employing scaling factor in three phase fluidized beds. The
scaling factor was defined based on the holdups of gas, liquid and solid particles and effectivity volumetric flux of fluids
between the two kinds of fluidized beds with different column diameter. The column diameter of one was 0.102 m and
that of the other was 0.152 m. Filtered compressed air, tap water and glass bead of which density was 2,500 kg/m* were
used as gas, liquid and solid phases, respectively. The individual phase holdups in three phase fluidized beds were deter-
mined by means of static pressure drop method. Effects of gas and liquid velocities and particle size on the scaling
factors based on the holdups of each phase and effective volumetric flux of fluids were examined. The deviation of
gas holdup between the two kinds of three phase fluidized beds decreased with increasing gas or liquid velocity but
increased with increasing fluidized particle size. The deviation of liquid holdup between the two fluidized beds
decreased with increasing gas or liquid velocity or size of fluidized solid particles. The deviation of solid holdup
between the two fluidized beds increased with increasing gas velocity or particle size, however, decreased with
increasing liquid velocity. The deviation of effective volumetric flux of fluids between the two fluidized beds
decreased with increasing gas velocity or particle size, but increased with increasing liquid velocity. The scaling fac-
tor, which was defined in this study, could be effectively used to analyze the hydrodynamic similarity in three phase
fluidized processes.
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Fig. 1. Experimental apparatus

1. Calming section 9. Liquid flowmeter

2. Gas distributor 10. Air compressor

3. Main column 11. Weir

4. Pressure tap 12. Pressure sensor

5. Liquid reservior 13. Data Acquisition system
6. Pump 14. A/D converter

7. Valve 15. Computer

8. Gas flowmeter
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Fig. 2. Effects of gas velocity on the gas holdup in three phase flu-
idized beds.
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Fig. 3. Effects of gas velocity on the scale factor, D, based on the
gas holdup in three phase fluidized beds.
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Fig. 4. Effects of liquid velocity on the scale factor, Dy, based on
the gas holdup in three phase fluidized beds.
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Fig. 5. Effects of particle size on the scale factor, Dy, based on the
gas holdup in three phase fluidized beds.
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Fig. 6. Effects of liquid velocity on the liquid holdup in three phase
fluidized beds.
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Fig. 7. Effects of gas velocity on the scale factor, D;, based on the
liquid holdup in three phase fluidized beds.
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Fig. 8. Effects of liquid velocity on the scale factor, Dy;, based on
the liquid holdup in three phase fluidized beds.
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Fig. 9. Effects of particle size on the scale factor, Dy;, based on the
liquid holdup in three phase fluidized beds.
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effective volumetric flux of fluid in three phase fluidized beds.
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Dp : Scaling factor
dp : particle size[m]
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- &
g : Gravitational acceleration[m/s’]
L : Bed height[m]
AL : Length of test section[m]
AP : Pressure drop in the test section[Pa.s.]
S : Cross-sectional area of the column[m?]
U : Velocity[m/s]
U, : The effectivity volumetric flux of fluid[m/s]
W : Weight of solid particles[kg]
ORHAXL
G : Gas phase
L : Liquid phase
S : Solid phase
J2[o|A =X}
€ : phase holdup
PG : density of gas
P : density of liquid
Ps : density of solid particle
A=
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