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Effects of velocities of gas (Ug), dispersed and continuous liquid phases (Ud and Uc) and particle size (dp) on heat
transfer coefficient (#) in gas-liquid-liquid-solid fluidized beds (0.102 L.D. 2.5m in height) have been determined. It has
been found that the heat transfer coefficient was increased with increasing Ug or Ud. It has exhibited the local
maximum with increasing the Uc and bed porosity (&). The heat transfer coefficient was remarkably increased with dp
and attained high values in the presence of relatively large particle size (dp = 3.0 mm). The heat transfer coefficient
between the immersed heater and the column proper has been correlated with operating variables (Ug, Ud, Uc and dp)
and modified Nusselt number also well correlated with Reynolds number and Prandtle number.
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1. Main column 2. Distributor
3. Heater 4, Thermocouples
5. Pressure sensor 6. Manometer
7. Amplifier 8. Lab. card
9. Computer 10. Power supply
1. Liquid separator 12. Reservoir
13. Air compressor 14. Liquid pump.

Figure 1. Experimental apparatus.
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Table 1. Physical Properties of Liquids at 20 T

Th 1 H i
Liquid Density Viscosity em?a' cat capaflty
hase [ke/m’] [mPa - 5] conductivity G X10
P o H k [mWm K] | [Vke K]
Water 1000 1.0 200 4,18
Kerosene 780 2.5 50 2.1
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Figure 2. Effects of U, on heat transfer coefficient in gas-liquid-
liquid columns (U; = 0.01 m/s).
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Figure 3. Effects of U; on heat transfer coefficient in gas-liquid-
liquid columns.
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Figure 4. Effects of U. on heat transfer coefficient in gas-liquid-
liquid columns (U; = 0.01 m/s).
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Figure 5. Effects of U; on heat transfer coefficient in gas-liquid-
liquid-solid fluidized beds (U; = 0.01 m/s).
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Figure 6. Effects of U, on heat transfer coefficient in gas-liquid-
liquid-solid fluidized beds (U, = 0.01 m/s).
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Figure 7. Effects of U, on heat transfer coefficient in gas-liquid-
liquid-solid fluidized beds (U, = 0.01 m/s, U, = 0.01 m/s).
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Figure 10. Comparison of heat transfer coefficient between the
calculated and the experimentally obtained values.
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NOMENCLATURE
A : Surface area [m’]

: Particle diameter [m]
: Heat transfer coefficient [W/m’K]
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e}
k . Thermal conductivity [W/mK]
Nu @ Nusselt Number, Nu=hd,(1- )k & [ - ]
Pr : Prandtl Number, Pr=Cyu/k. [ - ]
Re  : Reynolds Number, Re=d, o (UAUrAU . €5 [ - ]
Q : Heat flow [W]
T : Temperature [K]
AT : Temperature difference [K]

U

o
EN
]

: Flow velocity [m/sec]

Greek letters

&

“
0

: Bed porosity [ - ]
: Viscosity [mPa - s]
: Density [kg/m’]

Subscripts

N )

[

: Continuous liquid phase
: Dispersed liquid phase
: Gas phase

: Solid phase
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