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Abstract— Bed porosity and heat transfer characteristics have been investigated in a liquid-liquid-solid fluidized bed(0.102
1.D.x2.5m in height). Effects of velocities of dispersed and continuous liquid phases and particle size on the bed porosity
and heat transfer coefficient in the bed have been determined. Water and kerosene have been used as a continuous and a
dispersed liquid phase, respectively. Glass beads whose diameter are either 1.0, 2.1, 3.0 or 6.0mm have been used as a
fluidized solid phase. It has been found that the heat transfer coefficient and bed porosity have increased in the beds of re-
latively large particles(dp >3.0 mm), but they have attained their local minima in the beds of relatively small particles(dp <
2.1 mm), with increasing the dispersed liquid velocity. The heat transfer coefficient has increased with increasing the par-
ticles size, however, it has exhibited the local maximum with increases in the continuous liquid velocity and bed porosity.
The heat transfer coefficient has been well correlated in terms of Nusselt number and dimensionless velocity and scale of
micro-eddy based on the isotropic turbulence theory.
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Fig. 1. Experimental apparatus.
1. Main column
2. Distributor
3. Heater and thermocouple
4. Thermocouples
5. Amplifier

6. Lab. card

7. Computer

8. Power supply
9,10,11. Separator
12,13. Reservoir
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Table 1. Physical properties of liquids at 20 °C

Heat

Surface Thermal .
capacity

Liquid Density  Viscosity

tension  conductivity 3
phase [kg/m’] [mPa-s] K Cpx10

[MN/m]  [mW/m K] D/kg K]
Water 1000 1.0 72.0 200 4.18
Kerosene 780 25 28.0 50 21
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Fig. 2. Effects of dispersed phase velocity on bed porosity in liquid-
liquid-solid fluidized beds.
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Fig. 4. Effects of dispersed phase velocity on heat tramsfer coef-
ficient in liquid-liquid-solid fluidized beds.
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Fig. 3. Effect of continuous phase velocity on bed porosity in liquid-
liquid-solid fluidized beds(Ud=2.5 cmy/s).

Fig. 5. Effects of particle size on heat transfer coefficient in liquid-liq-
uid-solid fluidized beds(Uc=10 cm/s).
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Fig. 6. Effects of continuous phase velocity on heat transfer coef-
ficient in liquid-liquid-solid fluidized beds(Ud=3.5 cm/s ).
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Fig. 7. Effects of bed porosity on heat transfer coefficient in liquid-liq-
uid-solid fluidized beds(Ud=2.5 cmy/s).
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A :surface area [m’]
dp : particle diameter [m]

h : heat transfer coefficient [W/m’K]

k. :thermal conductivity of continuous phase [W/mK]}
Nu : Nusselt number [-], h - dp/k. .

Q : heat flow [W]

T :temperature [K]

AT : temperature difference [K]

Uc : continuous phase velocity [m/sec]

Ud : dispersed phase velocity [m/sec]

az2jola 2t
€ :bed porosity [-]

& :surface tension [mN/m]
u :viscosity [mPa - s]
p :density [kg/m’]

X}

c :continuous phase
d :dispersed phase
s :solid phase

g Al

o] =& 19974 % sheAl S A Fuala o P o8 dF
=gk

=gl

[k

1. Kim, S.D., Yu, Y.H. and Han, P. W.: Chem. Eng. Commum., 68,
57(1988). '

2. Dakshinamurty, P., Veerabhadrarao, K. and Venkatarao, A.B.: Ind.
Eng. Progress Des. Dev., 18, 638(1979).

3. Roszak, J. and Gawronski, R.: Chem., Eng. J., 17, 101(1979).

4. Dakshinamurty, P., Subrahmanyan, V., Seshagiri Rao, V.V.B.
and Prasad, M. S.S.S.: Ind. Eng. Chem. Process Des. Dev., 23,
132(1984).

5. Kim, S.D., Lee, D.H,, Kim, D.Y. and Hahn, P. W.: HWAHAK
KONGHAK, 31, 311(1993).

6. Kim, S.D., Lee, M.J. and Han, J. H.: Can. J. Chem. Eng.,, 617, 57
(1988).

7. Kim, S.D., Kim, D.Y. and Han, J.H.: Can. J. Chem. Eng., 72, 222
(1994).

8. Marashino, M. J. and Treybal, R.E.: AICKE J,, 17, 1174(1971).

9. Yeheskel, J. and Kehat, E.: AICKE J., 19, 720(1973).

10. Lim, F. and Ford, J. O.: Can. J. Chem. Eng., 66, 150(1988).

11. Han, J. H. and Kim, S.D.: Chem. Eng. Sci., 48, 1033(1993).

12. Kim, J.S,, Woo, K, J., Nam, C.H., Kang, Y. and Kim, S.D.: 10*
Symp. Chem. Eng., Chungnam/Taejon-Kyushu(1997).

13. Kim, S.D. and Kang, Y.: “Dispersed Phase Characteristics in Three
-Phase Fluidized Beds’, in Mixed-Flow Hydrodynamics(N. P.
Cheremisinoff ed.), Gulf Publishing Co.(1996).

14. Kim, S.D. and Kang, Y.: Chem. Eng. Sci., 52(1997).

15. Kang, Y. and Kim, S.D.: Particulate Sci. Technol., 6, 133(1988).

16. Kang, Y. and Kim, S.D.: Korean J. Chem. Eng., S, 154(1988).

17. Kang, Y., Suh, LS. and Kim, S.D.: Chem. Eng. Commun., 34, 1
(1985).

18. Han, J.H., Wild, G. and Kim, S.D.: Chem. Eng. J., 43, 67(1990).

HWAHAK KONGHAK Vol. 36, No. 2, April, 1998



