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Abstract — Heat transfer characteristics have been investigated in the riser of gas-liquid circulation and three-phase circulat-
ing fluidized-bed bioreactors whose diameter and height are 0.102 m and 1.0 m, respectively. Effects of gas and liquid veloc-
ities and haup of fluidized biofilm media on the heat transfer coefficient between the immersed vertical heater and the bed
have been determined. The heat transfer coefficient in the gas-liquid circulation reactor increases with increasingygas velocit
but increases only slightly with increasing liquid velocity. The h(heat transfer coefficient) value in the three-phasegirculat
fluidized-bed bioreactor also increases with increasing gas velocity or holdup of fluidized biofilm media, but it incrgases onl
slightly with liquid velocity. The value of heat transfer coefficient has been well correlated in terms of operating variables.
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Fig. 1. Experimental apparatus for heat transfer characteristics in
three-phase circulating fluidized-bed bioreactors.

1. Riser 10. Heater

2. Down comer 11. Power supply
3. Weir 12. Thermocouple
4. Distributor 13. Control velve
5. Calming section 14. Port

6. Pressure tap 15. Amplifier

7. Compressor 16. Low-pass filter
8. Flowmeter 17. AID converter
9. Pump 18. Computer
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Table 1. Physical property of polymer resin

Specific gravity 1.13
Shipping weight (g/L) 700
Moisture retention 394
Effective size(mm) 0.401
Uniformity coefficient under 1.5
Operating pH range a4

Table 2. Composition of the concentrated synthetic wastewater

Omponent Concentration(g/L)
Glucose 5.6
CH,COONa- 3H,0 9.7

KH,PQ, 1.32

FeC} - 6H,0 0.006

CaCl, 0.075
(NH,),SO, 2.8

MgSO, - 7H,0 1.0

MnSQ, - H,0O 0.1098
NaHCQ, 2.1
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Fig. 2. Typical temperature difference fluctuations in the riser of three-
phase circulating fluidized-bed bioreactors.
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Fig. 3. Effects of I on the heat transfer coefficient in the riser of ga:
liquid circulating bioreactors without solid media(e=0).
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Fig. 5. Effects of U on the heat transfer coefficient in the riser of three-
phase circulating fluidized-bed bioreactors.
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A : surface area of heater fin
h, : heat transfer coefficient in gas-liquid circulation bioreactor [W/
mK]
h, - heat transfer coefficient in three-phase circulation fluidized-bed
bioreactor [W/mK]
Q . heat flow [J/s]
Ty : bed temperature [K]
Th : heater temperature [K]
AT : mean temperature difference [K]
Ug : superficial gas velocity [m/s]
U, . superficial liquid velocity [m/s]
Jz[o|a EXt
£ : solid phase holdup [-]
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