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Note: 6 is the cap angle that represents the contamination level of the bubble
surface, and « is the azimuth angle that describes the range between any point
and the front one on the bubble surface. Same as below.
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Fig.l1 Stagnant cap mode
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Note: d is the bubble diameter, u is the inflow velocity, usis the tangential
velocity of interface, 7, is the shear stress of interface, and @ is the cap angle.
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Fig.2 Computational domain
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b. Results accuracy test
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Note: Cp is the drag coefficient, Re, the bubble Reynolds number, and & the
computational error.
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Fig.3 Grid independent and results accuracy tests
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Influence of Reynolds number and interfacial contamination degree on
hydrodynamic characteristic of bubble

Pang Mingjun®?, Fei Yang'?, Chen Xiaohong'?, Guo Yuchen®, Xu Menggin*
(1. School of Mechanical Engineering, Changzhou University, Changzhou 213164, China,
2. Jiangsu Key Laboratory of Green Process Equipment, Changzhou University, Changzhou 213164, China)

Abstract: The bubble flow is extensively encountered in natural and industrial fields. For the majority of bubbly flows, the
liquid phase is more or less polluted, which causes the change of the interfacial state of the bubble. The state of the bubble
interface has the significant effect on hydrodynamic properties around the bubble. Furthermore, the changed flow field around
the bubble directly influences the heat and mass transfer properties between the bubble and the liquid phases too. Therefore, it
is necessary to deeply investigate the influence of interface contaminated degree on the dynamic properties of the bubble. In
this paper, a bubble with the diameter of d is considered to be suspended in a rectangular region and the fluid flows around it
with the velocity of U. As for the size of the region, the distances between the bubble center and the inlet, the outlet and the
region wall are 5, 12 and 7 d, respectively. In view of the physical environment of the bubble, the bubble Reynolds number is
not lager than 200, and thus the flow structure exhibits the two-dimensional properties. So the axisymmetric field can be used
as the computational region, and thus the computational cost can drop greatly. Considering the contaminated degree of the
bubble surface, the stagnant cap model is used. With this model, the interface contaminated degree is controlled artificially by
changing boundary conditions (such as the interfacial velocity and the tangential stress) directly on the bubble surface. The cap
angle, measuring from the rear stagnant point to the front edge of the contaminated interface, is used to describe the interface
contaminated degree. In order to understand physical phenomena deeply, the computational cases as many as possible are
designed. The cape angles representing the interfacial pollution degree are respectively designated as 0, 15°, 30°, 45°, 60°, 75°,
90°, 105°, 120°, 135°, 150°, 165° and 180°, and the bubble Reynolds numbers are selected as 20, 40, 75, 100, 150 and 200. For
the present investigation, the quadrilateral grids are used to discretize the computational field. And the non-uniform grids are
used in the radial direction so as to well capture flow properties near the bubble. Thus, the closer to the bubble surface the grids
are, the smaller the radial grids size is. Based on the present conditions, it is fully investigated and analyzed on the influence of
interfacial contamination degree on interfacial physical parameters (such as the tangential velocity, pressure, tangential stress
and vorticity) and overall motion characteristics (such as the wake and drag coefficient) under different bubble Reynolds
numbers. The present investigations show that, for any bubble Reynolds number, the influence of interfacial pollution levels on
the physical parameters are similar, and the interfacial physical parameters have an abrupt change near the cap angle. The
influences of interface contamination levels on the overall motion characteristics of the bubble are related to the bubble
Reynolds number. It seems that the smaller the bubble Reynolds number is, the drag coefficient is more sensitive to the
interfacial pollution level.

Keywords: bubbles; hydrodynamic; Reynolds number; contamination degree; bubbly flows; stagnation cap model



