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Abstract — Characteristics of bubble driven wakes were investigated in a simulated GTL process(0.102 m x 1.5 m in
height) with viscous liquid medium. Effects of gas velocity(0.04 ~ 0.12 m/s) and liquid viscosity(0.001 ~ 0.050 Pa-s) on
the wake characteristics such as rising velocity, frequency, size and holdup were determined by employing a resistivity
probe method. The wake phase formed behind the rising multi-bubbles as well as single bubbles were detected effec-
tively from the conductivity fluctuations measured by the probe. Compressed, filtered and regulated air and aqueous
solutions of Carboxy Methyl Cellulose(CMC) were used as a dispersed gas phase and a continuous liquid medium,
respectively. It was found that the rising velocity and size of wake phase increased with an increase in gas velocity or
liquid viscosity. The holdup and frequency of wake phase increased with increasing gas velocity due to the increase of
gas input into the process with increasing gas velocity. However, the values of holdup and frequency of wake phase
decreased with increasing liquid viscosity, since the size of bubbles and thus that of wakes increased with increasing lig-
uid viscosity. The ratio of wake holdup to that of gas phase, which was in the range of 0.25 ~ 0.48, increased with an
increase in liquid viscosity but decreased with gas velocity. The wake characteristics were well correlated in terms of
operating variables within this experimental conditions.
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Table 1. Physical and rheological properties of liquid phase
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Fig. 1. Schematic diagram of experimental apparatus.

1. Main column 9. Needle valve

2. Gas distributor 10. Valve

3. Pressure probe 11. Liquid flowmeter

4. Resistivity probe 12. Gas flowmeter

5. Pressure sensor 13. Liquid pump

6. A/D converter 14. Liquid reservoir

7. Computer 15. Resistivity circuit

8. Compressor 16. Date acquisition system

Table 1914 & 4= QI50] AEs} A= 2] WMoE ZHF 0.001~
0.050 Pas2} 0.0729 ~ 0.0736 N/m|Sict.
sz 71322 T SIAIF waked] 543Q1 S, W
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oo A=t A7 1A FEF-2 27 7 mm2] stainless steel pipe=
Al#Feto] o ZAlFAE TR O T2 tipO 2= 0.2 mm]
WEAlS ARESEATH20,21]. A7IAZ R 0 2 HE A5 = 1000
HzZ 30%7F S7slo] AlSA52] dol= 3 30,000 ¥Q1EV}
T S43130H, SF7] (amplifier), Low-pass filters A% ¥,
A/D HZ7| 5 o]g3lo] oldZ T ASE tRE A5 E HSIAA,
H|o|E] 2 574X] (data acquisition system, DT-2805 Lab-Board, DT-VEE
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Apparent Viscosity  Surface Tension Density K Diffusivity Kinematic Viscosity
x 103 (Pa-s) x 103 (N/m) (kg/m?) (Pas”) n % 10% (m%s) (m%s)
water 1 729 1000 0.001 1 222 9.61x107
CMC 0.1 wt% 11 73.2 1001 21.69x1073 0.882 0.48 1.10x1073
CMC 0.2 wt% 24 733 1002 43.82x10°3 0.847 0.26 2.40%107
CMC 0.3 wt% 38 73.6 1003 71.69x1073 0.825 0.19 3.79%107
CMC 0.4 wt% 50 739 1004 102x1073 0.802 0.15 4.98x10
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Fig. 2. Typical examples of bubble and wake in a viscous bubble column
(p,=11 mPa-s). (A: U;=0.04 m/s, B: U;=0.08 m/s).
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Fig. 3. Typical examples of multi-bubbles and wake in a viscous bub-
ble column(p;=11 mPa-s). (A, B: U;=0.08 m/s).
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Fig. 4. Effects of gas velocity and liquid viscosity on the wake rising
velocity in a viscous bubble column.
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Fig. 5. Effects of gas velocity and liquid viscosity on the wake fre-
quency in a viscous bubble column.
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Fig. 6. Effects of gas velocity and liquid viscosity on the equivalent
size of wake in a viscous bubble column.
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Fig. 7. Effects of gas velocity and liquid viscosity on the wake holdup
in a viscous bubble column.
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N =YK=
b : duration time of bubble region[s]
d, :equivalent diameter based on volumn[m]
D : diameter of column[m]
f, : wake frequency[Hz]
K : consistency index in power-law model[PaS”]
k : flow behavior index[-]
L : length of test section|m]
n : ratio of wake to gas holdup[-]

AP pressure drop in the test section[Pa]
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t : timef[s]
Ug;  : gas velocity[m/s]
Uy : wake rising velocity[m/s]
w : duration time of wake region[s]
J=lo|A ZX}
o : diffusivity[m/s]
op : bubble phase holdup[-]
€  : continuous liquid phase holdup[—]
€;  : gas phase holdup[-]
€L : liquid phase holdup[—]
gy  : wake phase holdup[-]
p;  : liquid viscosity[Pas]
\% : kinematic viscosity[m/s]
p;  : gas density[kg/m?]
p;,  :liquid density[kg/m?]
c : surface tension[N/m]
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