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Abstract — Heat transfer model and energy dissipation rate were investigated to examine the heat transfer mechanism
in bubble columns with continuous operation. The energy dissipation rate(Ej) obtained from the unsteady state heat
transfer model based on the surface renewal theory was significantly small, comparing with the hydrodynamic energy
dissipation rate(P,) calculated from the overall hydrodynamic energy balance based on the behaviors and holdups of gas
and liquid phases in the column. It was found from these results that the energy dissipation rate based on the surface
renewal theory is independent of the hydrodynamic energy dissipation rate obtained from the overall hydrodynamic
energy balance in the bubble column, in considering their mechanism. The different two energy dissipation rates were
correlated in terms of operating variables within this experimental conditions, respectively.
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Fig. 1. Experimental apparatus.

1. Main Column 8. Compressor

2. Gas Distributor 9. Pressure taps

3. Heater 10. Valve

4. Thermocouples 11. Liquid flowmeter
5. Digital Indicator 12. Gas Flowmeter
6. A/D Converter 13. Liquid pump

7. Computer 14. Liquid reservoir
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Fig. 2. Effects of gas(U;) and liquid(U;) velocities on h in bubble
columns with continuous operation.
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Fig. 3. Effects of U; on the mean contact time of microscale eddies
based on the unsteady state heat transfer model.
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Fig. 4. Effects of U; on h/h; in bubble columns with continuous
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Cp; : liquid heat capacity [cal/kgK]
D : column diameter [m]
E, : energy dissipation rate based on the motion of microeddies
[m?/sec’]
h  : overall heat transfer coefficient [J/m*sec’K]
k; :liquid thermal conductivity [cal/msK]
L, :length scale of micro eddy [m]
: mass flow rate [kg/sec]

Nu : Nusselt Number [-] [: }—l‘-(%
P, : energy dissipation rate based on the overall hydrodynamic

energy balance [m%/sec’]
- heat flux [cal/m’sec]
q : heat flow [cal/sec]

: _DUp,
Re : Reynolds Number [-]| = I,
r  :radial position [m]
t  :time [sec]

T  :temperature [K]

T, :temperature at column proper [K]
T, :temperature at heater surface [K]
Ug : fluid element velocity [m/sec]

U, : volumetric flux of fluid [m/sec]
Ug : gas velocity [m/sec]

U; :liquid velocity [m/sec]

V, :velocity scale of micro eddy [m/sec]

J2[0|A 24}

€ :phase holdup [-]

6  : mean contact time between fluid element and heater surface
[sec]

p; : liquid viscosity [kg/msec]
pg : gas density [kg/m’]
p, : liquid density [kg/m3]
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