Mixing Process of Immiscible Stratified Fluids by Bubbles
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Technologies for collecting leaked oil at sea due to tanker accident and fuel acquisition from methane-hydrate are
dependent on multiphase flow dynamics of immiscible air-oil-water three-phase flow. Pumping and mixing process
in their system must be clarified in order to optimize the system performance. This report shows a computational
prediction method for the three-phase flow using Eulerian-Lagrangian model which is extended by introducing
Eulerian-type phase indicator function.
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Table 1 Simulation conditions
Tank's horizontal length 0.500m
Initial liquid height 0.700m
Initial oil thickness 0.100  0.500m
Void fraction at bubble injector 0.001 0.010
Bubble diameter 0.200 2.00mm (a) gas and ‘_Water
kinematic viscosity of water 10° m’/s RETEETE
kinematic viscosity of oil 10°  5x 10*mis
Density of water 1000 kg/m’
Density of oil 900 kg/m®
Density of air 1.25 kg/m’
Table 1
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3 (a): void fraction = 0.010, bubble diameter = 1.0mm, at T=60s
©) (b): void fraction = 0.005, bubble diameter = 1.0mm, at T=60s
) (©): voi_d fracti_on = 0.005, bubble dif_;\meter = 0.2mm, at T=60s
® (d): void fraction = 0.005, bubble diameter = 0.2mm, at T=120s
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Fig.1 Typical four structures of oil-water interface
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(c) d=0.2mm at T=60s (d) d=0.2mm at T=120s 34
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Fig.3 Liquid behavior in the vicinity of oil-water interface

Fig.2 Relationship between streamlines and bubble diameter Fig.4
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(a) void fr.=1.0%, d=2.0mm

(b) void fr.=0.5%, d=2. l]mm
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(c) void fr.=1.0%, d=1.0mm

(d) void fr.=1.0%, d=0.2mm

Fig.4 Time-averaged vorticity and fluctuation velocity
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Fig.1

(c) 0=0.4m, W=0.3m (d) O=0.2m, W=0.5m

Fig.5 Phase-interface profiles versus thickness of oil layer
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