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Abstract— Heat and mass transfer characteristics in the circulating slurry suspension by bubble-agitation in a
bubble column with a draft tube were studied in a 8.90 cm L.D. x 150 cm high acryl column. Heat transfer coefficients
increased with increasing superficial gas velocity, particle size and the concentration of particles and were larger than
those without the addition of particles. The volumetric mass transfer coefficients increased with an increase in super-
ficial gas velocity but decreased with an increase in particle size and concentration of particles and were smaller than
those without the addition of particles. To explain these phenomena, the energy dissipation rate estimated from the
energy balance was combined with the surface renewal theory and Kolmogoroff's isotropic turbulence theory to predict
the theoretical heat transfer coefficients. Also the volumetric mass transfer coefficient was derived from the eddy cell
model and energy dissipation rate with specific gas-liquid interfacial area. These theoretical equations could predict the
tendency of the experimental data of heat and mass transfer very well.
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Fig. 1. Schematic diagram of experimental ap-

paratus.

1. Main column 2. Draft tube

3. Distributor 4. Heater

5. Air compressor 6. Air filter

7. Regulator 1 8. Regulator 2
9. CO, removal column

10. Humidifier 11. Gas rotameter
12. Thermocouple 13. OP amplifier
14. A/D converter 15. DC power supply
16. Computer 17. Thermometer
18. Recorder 19. Ion-analyzer
20. Power supply 21. N; bomb
22. Oxygen probe 23. Pressure taps
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Table 1. Experimental conditions

Variables Condition of operations
Mean particle size (zm) 47.0, 69.0, 91.0
Particle concentration 2.0,4.0,6.0°
(vol. %)
Superficial gas velocity 1.60, 2.10, 3.10,
based on cross-sectional 4.20, 5.20
area of outer column
(cm/sec) -
Temperature ( °C)
Heat transfer 35.0-55.0
Mass transfer 21.0
Concentration of
dissolved oxygen 0.01-7.20
(ppm)
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Fig. 2. Effect of superficial gas_velocity on the
heat transfer coefficient (d,=91.0 zm).
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Fig. 7. Effect of particle concentration on the

volumetric mass transfer coefficient(U,;==
3.10 cm/s).
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NOMENCLATURE

a : specific gas-liquid interfacial area [1/m]

Ede) #F AT 853
A, : free area for liquid flow between riser and
downcomer [m?%
A, : cross-sectional area of downcomer (m?)
A, : crosssectional area of riser [m?]

A, : surface area of heater [m’]

C,, C,: empirical constant

C* . saturated concentration [mol/m?]

C(t) : concentration of absorbed species at time t
(mol/m?)

C, : heat capacity [J/kg:K]
C,s. : heat capacity of slurry [J/kgK]
D, : diffusivity of species in liquid phase [m%s]

d, : volumesurface mean diameter of bubble [m]

E;, : total energy input rate (W]

fp, : Darcy friction factor at bottom section, 11.40
(AJAYT™ (]

f; : Fanning friction factor in the riser section,
0.079[pg Ug d/{1-£duts ) [-]

f, : Fanning friction factor in the downcomer sec-
tion, 0.085[2Ug dJ(1-eg) g 1% [-]

g : gravitational acceleration [m?s]

h . heat transfer coefficient [W/m*K]

hp : gasliquid dispersion height [m]

Hg : height of slurry in bubble column [m]

k : thermal conductivity [J/m-K-s]

k, : liquid phase mass transfer coefficient {m/s]

kg : thermal conductivity of slurry {J/m-K-s]

k,a : liquid phase volumetric mass transfer coeffi-
cient [1/s)

(k,a),,,: liquid phase volumetric mass transfer coeffi-
cient based on the completely mixed model
[1/s)

m; : unit mass of liquid [kg]

P : pressure [cm Hy0]

P, : pressure at head space of bubble column
[cm H,0]

Q  : total heat flow rate [W]

Qg : volumetric gas flow rate [m®s]

Re : Reynolds number, p DU/u[-]
Sc  : Schmidt number, v/D [-]

t : time (s)

T, : bulk fluid temperature [°C]
T, : final temperature [°C]

T, : initial temperature [°C]

T, : temperature of heater wall [°C]

U, : superficial liquid velocity based on the cross-
sectional area of riser [m/s]

Ug, : superficial suspension velocity in riser [m/s]

V, : volume of bubble [m’]

Vp : drift flux of gas [m/s]

V, : volume of wake in the bubble (m

HWAHAK KONGHAK Vol. 27, No. 6, December, 1989
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. density of liquid [kg/m?]

: density of sturry [kg/m®]

. viscosity [N-s/m?

. time [s]

: length scale of micro eddy [m]

: kinematic viscosity [m?¥s]

: rate of energy dissipation by turbulence per
unit mass of liquid [m%s?]

: overall gas holdup [-]

: gas holdup in riser [-]

: gas holdup in downcomer [-]

: time constant [s]

: kjal(l-e-e9

: volume fraction of solid [-]
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