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Abstract — Holdup characteristics of bubble, wake and continuous liquid phases were investigated in bubble columns
with viscous liquid media. Effects of column diameter(0.051, 0.076, 0.102 and 0.152 m ID), gas velocity(U,=0.02~0.16
m/s) and liquid viscosity(p1;=0.001~0.050 Pa-s) of continuous liquid media on the holdups of bubble, wake and contin-
uous liquid phases were discussed. The three phase such as bubble, wake and continuous liquid phases were classified
successfully by adapting the dual electrical resistivity probe method. Compressed filtered air and water or aqueous solu-
tions of CMC(Carboxy Methyl Cellulose) were used as a gas and a liquid phase, respectively. To detect the wake as well
as bubble phases in the bubble column continuously, a data acquisition system(DT 2805 Lab Card) with personal com-
puter was used. The analog signals obtained from the probe circuit were processed to produce the digital data, from
which the wake phase was detected behind the multi-bubbles as well as single bubbles rising in the bubble columns. The
holdup of bubble and wake phases decreased but that of continuous liquid media increased, with an increase in the col-
umn diameter or liquid viscosity. However, the holdup of bubble and wake phases increased but that of continuous
media decreased with an increase in the gas velocity. The holdup ratio of wake to wake to bubble phase decreased
with an increase in the column diameter or gas velocity, however, increased with an increase in the viscosity of con-
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tinuous liquid media. The holdups of bubble, wake and continuous liquid media could be correlated in terms of oper-

ating variables within this experimental conditions as: g,

g0 = 1.179D0.09U;;0.13ug.04
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Fig. 1. Experimental apparatus.
1. Main column

. Gas distributor

. Pressure probe

. Resistivity probe

. Pressure sensor

9. Needle valve
10. Valve
11. Liquid flowmeter
12. Gas flowmeter
13. Slurry pump

IR - NEV I NV N

7)Zer A 5= e 2] AR 7| e A wakel] EAI T} . A/D converter 14. Slurry reservoir
wake®] 91210 2 g zF AN BAE= 72 AS0] 7)) 1 Computer 15. Resistivity. c.i?cuit
. Compressor 16. Date acquisition system
Table 1. Physical and rheological properties of liquid phase
apparent viscosity surface tension density K diffusivity kinematic viscosity
x 10% (Pa's) x 10> (N/m) (kg/m’) (Pa-s") n x 10° (m%s) (m?/s)
water 1 72.9 1000 0.001 1 222 9.61x107
CMC 0.1 wt% 11 73.2 1001 21.69x107 0.882 0.48 1.10x10%
CMC 0.2 wt% 24 733 1002 43.82x107 0.847 0.26 240107
CMC 0.3 wt% 38 73.6 1003 71.69x10° 0.825 0.19 3.79x10%
CMC 0.4 wt% 50 73.9 1004 102x107 0.802 0.15 4.98x107

Korean Chem. Eng. Res., Vol. 49, No. 5, October, 2011



fol

584 ol

dl Agrele] A= 20 °CollA LVDV-I Pro H A= 5745131
Ok 2 el ARSEE 1€5ede] =232 Table 191 delslo] 1}
e}

7IAE g 4o w Vg Ul b flste] sk

195718 ARESIleH, A== 71A19 S 573 st
o] 714 % (rotameter)E AA|SFI 1 UEHHEE (915719 &
= 2T 71X UiFellA 71EE S48 flste] FAE
O ZHE 0.5 m9fAl o]F 7] AL (dual-resistivity probe)
5 AXsto] 715 UtellA deahs 7129} wake AFES S
Akl A7) A2 2% 7 mme] stainless steel pipeZ. Al
Zato] o ZA A2 TR o B39 tipC = 0.2 mme] W

A& AREEFATH22,23]. A HA 72Tl S7E A7) AT
FHORRE 2EE 1,000 Hz2 3023 S35t 537
(amplifier), Low-pass filters A% -, A/D W37]E o] &3} o}
927 255 YUAY A E |3 A, dolE 257 (data
acquisition system, DT-2805 Lab-Board, DT-VEE software)& A}
g3to] pCell A7gsoltt. A tA P4 S = DT-VEE 22 19
ZdollA on-line® = WERfo] aiAslet. S4€ 7138} wake
ARF ARE o]&dto] A (WEFE A5NEe] AFds 4%
SIStk SR 71329} wake AFE.2] AF3E DRlsh] 2t} 2
59 gXE 248l e 3~53] S43lo] ol AuS] Btk

AMEBIRITH22,23].

egteptes=1.0 @)

bw

MM%,"VWW \ et g

- I

L s s
.00 0.05 0.10 0.15 0.20

Conductivity fluctuation [V]

i b w
w'\\ g J\/«/\\,JLA‘M)NL\/J\/WA [t et BTN
anl " h 404 \
\ /
\1 4 \
\
\A 402 \
410} ‘“\ \
\ \
\ 400} \
|
|

I 3.98 - \J} @

0.00 0.05 0.10 0.15 0.20  0.00 0.05 0.10 0.15 0.20
Time [s]

Fig. 2. Typical examples of bubble and wake detections in viscous
bubble columns(D=0.152 m, p, = 0.011 Pa-s).
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Fig. 3. Typical detections of multi-bubbles and wakes in viscous bub-
ble columns(D=0.152 m).
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Fig. 4. Effects of column diameter and gas velocity on the holdups

of bubble, wake and continuous liquid phase in bubble col-
umns(p;=0.001 Pa-s).
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