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Abstract—The gas holdup ¢, and volumetric liquid-phase mass transfer coefficient K;a in a bubble column
with a draught tube were studied experimentally with variation of the concentration of CMC solutions, gas
velocity and diameter and height of the draught tube. The gas holdup &, increased with decreasing concentra-
tion of CMC solutions and increasing the diameter ratio of the draught tube to column diameter but was
not affected by H/Hry. The volumetric liquid-phase mass transfer coefficient K,a decreased with increasing
concentration of CMC solutions and the height ratio of the draught tube to column height but was not affected
by the diameter ratio of the draught tube to column diameter. Dimensionless equations of the gas holdup
¢, and the volumetric liquid-phase mass transfer coefficient K;a were proposed from the experimental results.
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Fig. 1. Schematic diagram of experimental apparatus.
1. Compressor
2. Dust separator
3. Pressure regulator

13. Thermometer
14. Circulation

15. Heat exchanger
16. Draught tube
17. Column

18. Distributor

19. D.O. sensor
20. Nitrogen bomb
21. Temperature

4. Water separator

5. Separator(oil fume)

6. Manometer(mercury)

7. Filter

8. Orifice

9. Manometer(H;0)

10. Flow rate control
valve(needle) controller

11. 3-way solenoid valve 22.D.0. meter
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Fig. 2. Schematic diagram of gas distributor(unit:mm).

1. Conical bottom
2. Stainless steel rim
3. Stainless steel gauze

4. Rubber o-ring
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5. Perforated plate
6. Spacer
7. Buffer plate
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Table 1. Properties of liquids used at 25°C

Solution Conc. (wt%) p (kg/m®) o(N/m) D, X10°(m%/s) k(N-s*/m?) n

Deionized water - 997.1 0.07196 260 -

cMC 0.05 997.1 0.07137 2.60 0.0013 0.998
0.15 997.8 0.07105 2.60 0.0028 0.893
0.30 998.2 0.07049 2.60 0.0075 0.809
0.50 998.2 0.06826 2.60 0.0083 0.716
0.70 1000.4 0.06643 2.60 0.0091 0.661
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Fig. 3. Consistency index k and flow behavior index n as
a function of CMC concentration,
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Fig. 4. Effect of U, on ¢, in the column of CMC solutions.
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Fig. 7. Effect of CMC viscosity on K;a.
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Fig. 9. Effect of draught tube diameter on K;a.
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Bo :Bond number(=dD,’p;/0), dimensionless [-]
C  :concentration of oxygen [mol/m®]

Co :initial concentration of oxygen [mol/m®]

C* :saturated concentration of oxygen [mol/m®]
D, :diameter of distribution plate [m]

D; :inner diameter of draught tube [m_

D, :diffusivity of dissolved gas [m®/s]

D, :inner diameter of column [m]

g  :gravitational velocity [m/s?]

H :height of draught tube [m]

Hr :level of aerated liquid during operation [m]
H; :clear-liquid height [m]

H; :height of highest draught tube [m]

r\l
a
i
2 N
Al

527

Ga : Galilei number(=gD?/v,#), dimensionless [-]

k  :fluid consistency index [N-s"/m*]

K;a :volumetric liquid-phase mass transfer coeffi-
cient based on aerated liquid volume [1/s)

L : distance between lower end of draught tube
and base plate of column [m]

n :flow behavior index [-]

Re; :Reynolds number of gas(=D,U,p,/\. dimen-
sionless [-]

t :real time [s]

U, :superficial gas velocity [m/s]
Vi :volume of draught tube [m*]

2j0lA X}

g,  :average gas holdup [-]

My effective dynamic liquid phase viscosity [kg/m-
s]

Y, :gas viscosity [kg/m-s]

vy :effective kinematic viscosity of liquid [m?/s]
pe :gas density [kg/m]

p. :liquid density [kg/m®]

o :liquid surface tension [N/m]

o
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