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Abstract — Characteristics of particle holdup and heat transfer were investigated in a liquid-particle swirling fluidized
bed whose diameter was 0.102 m and 2.5 m in height. Effects of liquid velocity, particle size and swirling liquid
ratio(R) on the particle holdup and immersed heater-to-bed overall heat transfer coefficient were examined. The parti-
cle holdup increased with increasing particle size and swirling liquid ratio but decreased with increasing liquid velocity.
The local particle holdup was relatively high in the region near the heater when the R¢ value was 0.1~0.3, but the radial
particle holdup was almost uniform when the Rg value was 0.5, whereas, when the Ry value was 0.7, the local particle
holdup was relatively low in the region near the heater. 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 tem-
perature difference fluctuations. The phase space portraits of temperature difference fluctuations became stable and peri-
odic and the value of Kolmogorov entropy tended to decrease with increasing the value of Rg from 0.1 to 0.5. The
Kolmogorov entropy exhibited its maximum value with increasing liquid velocity. The value of overall heat transfer
coefficient(h) showed its maximum value with the variation of liquid velocity, bed porosity or swirling liquid ratio, but it
increased with increasing particle size. The value of K exhibited its maximum at the liquid velocity at which the h value
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attained its maximum. The particle holdup and overall heat transfer coefficient were well correlated in terms of dimen-

sionless groups of operating variables.
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Fig. 1. Experimental apparatus.
1. Fluidized bed
2. Distributor
3. Liquid calming section
4. Liquid weir
5. Liquid reservoir
6. Flowmeter
7. Control valve

8. Liquid pump

9. Air compressor
10. Gas filter & regulator
11. Thermocouple

12. Temperature indicator
13. Power supply
14. Heater
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: column area [m?]

: specific heat [J/kgK]

: column diameter [m]

: particle size [mm]

: gravity acceleration [m/s’]

: heat transfer coefficient [W/m?K]

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

P : pressure [mmH,O]

Q : heat flow rate [W]

Ry : swirling ratio of continuous liquid phase
AT  :temperature difference [K]

U; : superficial liquid velocity [m/s]

5o e OO

it

V, :primary liquid stream [m%/s]
V, :secondary liquid stream [m%/s]

J2[o|A EKX}
€ : holdup
u : liquid viscosity [Pa.s]

p  :density [kg/m’]

O2H& X}
L : liquid phase
S : particle phase
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