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Abstract — Heat transfer characteristics have been investigated in a three-phase inverse fluidized bed whose diameter and
height are 0.152 m and 2.5 m, respectively. Hydrodynamics such as pressure drop, bed expansion and phase holdups have been
also examined to analyze the relation between the hydrodynamics and the heat transfer coefficient in the immersed heater-to-
bed heat transfer system. Effects of gas and liquid velocities and bed porosity on the heat transfer coefficient hawe been dete
mined. Tap water, filtered compressed air and low density polypropylene whose density and diameter are 32na kgfm
have been used as a liquid, gas and solid phase, respectively. The minimum liquid fluidization vglgcaptUindividual
phase holdups have been obtained from the pressure drop profiles by means of static pressure drop method. It has been found
that the heat transfer coefficient has increased with increasing gas velocity, but it has exhibited a maximum valuenvith the va
ation of liquid velocity or bed porosity in three phase inverse fluidized beds. The minimum liquid fluidization velocity had
decreased gradually with an increase in the gas velocity. The heat transfer coefficient has been will correlated aoa function
operating variables and in terms of dimensionless groups, respectively, within this experimental conditions.
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Fig. 1. Schematic diagram of the experimental apparatus.

1. Calming section 10. Amplifier

2. Liquid distributor 11. Lab card

3. Heater 12. Computer

4. Gas distributor 13. Vent line

5. Thermocouples 14. Gas flow meter

6. Pressure sensor 15. Liquid flow meter
7. Manometer 16. Air compressor

8. Thermocouple 17. Pump

9. Power supply 18. Reservoir
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Fig. 2. Determination of U in three-phase inverse fluidized bed.
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Fig. 3. Effects of gas velocity on | in three-phase inverse fluidized
bed.
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Fig. 4. Effects of gas velocity on the bed porosity in three-phase inverse
fluidized bed.
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Fig. 5. Effects of liquid velocity on the bed porosity in three-phase
inverse fluidized bed.
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Fig. 6. Effects of gas velocity on h in three-phase inverse fluidized bed.
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Fig. 7. Effects of liquid velocity on h in three-phase inverse fluidized

bed.
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Fig. 8. Effects of bed porosity on h in three-phase inverse fluidized bed.
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AE7IE
A, : cross-sectional area of the columrf[m
A, : surface area of heater im
G : specific heat [cal/kgK]
do : particle diameter [mm]
g : gravitational acceleration [md]s
: bed height [m]
h : heat transfer coefficient [calfis]
k. : thermal conductivity of liquid phase [cal/mKs]
Nu : Nusselt number [-], hfl-eg)/k eg
Pr : Prandtl number [-], f /k.
Re : Reynolds number [-],,(Us+U)p /1 €5
Q . heat flow [cal/s]
T : temperature [K]

g 54 623
AT : mean temperature difference [K]
Ug  : superficial gas velocity [m/s]
U, : superficial liquid velocity [m/s]
Ws  : weight of solid particle [kg]
Jelo]A EXt
€ : phase holdup [-]
p : density [kg/m]
vl : viscosity [Pas]
SIEXt
G : gas phase
L : liquid phase
S : solid phase
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