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Dynamic Analysis of Bubble-Driven Liquid Flows in a Rectangular Tank

Sang Moon Kim, Seung Jae Yi, Hyun Dong Kim, Jong Wook Kim and Kyung Chun Kim

Abstract. An experimental study to evaluate dynamic structures of flow and turbulence characteristics in
bubble-driven liquid flow in a rectangular tank with a varying flow rate of compressed air is conducted.
Liquid flow fields are measured by time-resolved particle image velocimetry (PIV) with fluorescent tracer
particles to eliminate diffused reflections, and by an image intensifier to acquire enhanced clean particle
images. Instantaneous vector fields are investigated by using the two frame cross-correlation function and
bad vectors are eliminated by magnitude difference technique. By proper orthogonal decomposition (POD)
analysis, the energy distributions of spatial and temporal modes are acquired. When Reynolds number
increases, bubble-induced turbulent motion becomes dominant rather than the recirculating flow near the
side wall. The total kinetic energy transferred to the liquid from the rising bubbles shows a nonlinear rela-
tion regarding the energy input because of the interaction between bubbles and free surface.
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Fig. 1. Schematic diagram of experimental setup.
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Table 1. Parameters and dimensionless numbers

Case Dy Dg Vi Bubble Re Eo
[mm] [mm] [m/s] Frequency
(Hz]

I 5 218 031 13.5 6,744 64
11 5 240 039 14.0 9,341 77
111 5 250 053 15.0 13,223 84
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Fig. 3. Flow visualization image of bubble stream and free
surface fluctuation in the tank. (a) Case I (2 L/
min), (b) Case 11 (3 L/min), (¢) Case III (4 L/min),
and (d).
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Fig. 4. Mean velocity vector fields with turbulent kinetic
energy contour for each case. (a) Case I (2 L/min),
(b) Case II (3 L/min), (c) Case III (4 L/min), and (d)
velocity profiles at Y/Dy = 15.
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(a) Total kinetic energy. (b) Turbulent kinetic energy.

Fig. 5. Cumulative energy distributions of each case. (a)
Cumulative percentage sum of total kinetic
energy, and (b) cumulative percentage sum of
turbulent kinetic energy.
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Fig. 6. The first four eigenmodes of case 1. (a) 1* spatial
mode, (b) 1% temporal mode, (c) 2" spatial mode,
(d) 2" temporal mode, (e) 3" spatial mode, (f) 3"
temporal mode, (g) 4™ spatial mode, and (h) 4™
temporal mode.
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