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Abstract — Characteristics of heat transfer were investigated in a three-phase swirling fluidized bed whose diameter
was 0.102 m and 2.5 m in height. Effects of gas and liquid velocities, particle size and liquid swirling ratio (Rg) on the
immersed heater-to-bed overall heat transfer coefficient were examined. The heat transfer characteristics between the
immersed heater and the bed was well analyzed by means of phase space portraits and Kolmogorov entropy(K) of the
time series of temperature difference fluctuations. The phase space portraits of temperature difference fluctuations
became stable and periodic and the value of Kolmogorov entropy tended to decrease with increasing the value of liquid
swirling ratio from 0.1 to 0.4. The value of Kolmogorov entropy exhibited its minimum with increasing liquid swirling
ratio. The value of overall heat transfer coefficient (h) showed its maximum with the variation of liquid velocity, bed
porosity or liquid swirling ratio, but it increased with increasing gas velocity and particle size. The value of K exhibited
its maximum at the liquid velocity at which the h value attained its maximum. The overall heat transfer coefficient and
Kolmogorov entropy were well correlated in terms of dimensionless groups and operating variables.
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Table 1. Experiment conditions
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Fig. 1. Experimental apparatus.
1. Fluidized bed 10. Gas filter & regulator
2. Distributor 11. Thermocouple
3. Liquid calming section 12. Amplifier
4. Liquid weir 13. Low-pass Filter
5. Liquid reservoir 14. A/D Converter
6. Flowmeter 15. Computer
7. Control valve 16. Power supply
8. Liquid pump 17. Temperature indicator
9. Air compressor
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Gas phase Compressed air Gas velocity [m/s] 0.01~0.09
Liquid phase Tap water Liquid velocity [m/s] 0.035~0.172
Solid phase Glass bead Swirling liquid ratio [-] 0~0.5

Solid density [keg/m®] 2,500 Solid size [mm)] 1.7~6.0
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Fig. 2. Typical temperature difference fluctuations in the three-phase
swirling fluidized beds(Us=5x107 m/s, U;=10.28x107 m/s d,;:
3.0 mm).
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Fig. 3. Typical exmple of phase space portraits of temperature differ-
ence fluctuations(Us=5x107 m/s, U;=10.28x10Z m/s d,;: 3.0 mm).
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Fig. 4. Effects of gas velocity on the Kolmogorov entropy of temper-
ature difference fluctuations in three-phase swirling fluidized
beds.
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Fig. 5. Effects of swirling ratio on the Kolmogorov entropy of tem-
perature fluctuations in three-phase swirling fluidized beds.
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Fig. 6. Effects of liquid velocity on the Kolmogorov entropy of tem-
perature difference fluctuations in three-phase swirling fluid-

ized beds.
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Fig. 7. Effects of gas velocity on the heat transfer coefficient in three-
phase swirling fluidized beds (U, = 0.103 m/s).
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h  : heat transfer coefficient [W/m’K]

k; :thermal conductivity of liquid phase [W/mK]
L : fluidized bed length [m]

Nu : Nusselt number [Nu = hd,(1-g5)/k; 4]

P : pressure [mmH,0]

Pr : Prandtl number [Pr=C,u/k]

Q : heat flow rate [W]

Re : Reynolds number [Re =d p;(1-g5) (UgtU,)/p; &4
Ry : swirling ratio of continuous liquid phase

AT : temperature difference [K]

Ug : superficial gas velocity [m/s]
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V, : secondary liquid stream [m®/s]

J=[o|A 2K}
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