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Fig. 1. Relationship between pressure jump across the

droplet interface p; — po and inverse of droplet radius 1/R.
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Table 1. Terminal velocities of the bubble obtained by

different models.
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Fig. 2. Bubble rising velocities obtained by the present study and by Alizadeh et al. (Ref.[19]): (a) Eo = 10; (b) Eo = 40.
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Fig. 3. Bubble shapes at the micro-channel terminal under different conditions: (a) Eo = 5; (b) Eo = 10; (c) Eo =

20; (d) Eo = 40.
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Fig. 4. Schematic illustration of simulation problem.
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Fig. 5. Time histories of the bubble velocity and the

snapshots of the bubble at extreme positions under
6 = 60°.
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Fig. 6. Time histories of the bubble velocity and the
snapshots of the bubble at extreme positions under
0 = 120°.
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Fig. 7. Terminal velocities of the bubble under different

values of contact angle.
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to right 7' = 3.61, 6.49, 8.92, 12.09).
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Fig. 9. Percentage of the bubble residual mass under

different values of contact angle.
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Fig. 11. Time histories of the bubble velocity and the
snapshots of the bubble at extreme positions under
Fo = 30.
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Fig. 12. Percentage of the bubble residual mass ob-

tained under different Fo numbers.
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Fig. 13. Terminal velocities of the bubble under dif-

ferent Fo numbers.
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Fig. 14. Time histories of the bubble velocity and the

snapshots of the bubble under different values of ra-
dius: (a) R1 = 60; (b) Ry = 70.
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Fig. 15. Percentage of the bubble residual mass ob-

tained for different sizes of the obstacle.
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Fig. 18. Time histories of the bubble velocity and
the snapshots of the bubble at extreme positions when
the bubble is initially set at the left side of the chan-
nel(Eo = 10).
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Abstract

The movement of bubbles in the viscous fluid is a typical process in many industrial applications, such as in
evaporators of refrigeration cycles, petroleum refining, boiling process, steam bubble rising in boiler tubes and heat
exchangers, etc. It is an important research problem in engineering and physics. Although this kind of problem has
been extensively studied, their flow details are largely unknown due to the complexity of the interface dynamics, which
hinders the understanding of the physical mechanism. In order to further study underlying physics of the issue, a gas
bubble rising under buoyancy in a complex micro-channel is investigated by using a gas-liquid two-phase flow lattice
Boltzmann method. Initially, the model as well as a classical problem of bubble rising in a smooth vertical micro-
channel is tested by Laplace law. Then it is then applied to the study of a bubble rising in a complex micro-channel.
Specially, the dynamic behaviors of the bubble deformation, breaking up, coalescence, and the following movement in the
micro-channel are presented. The rising velocity, terminal velocity and residual mass of the bubble under the influence
of micro-channel surface wettability, buoyancy force, obstacle size and the initial position of bubble are examined. The
simulation results show that the surface wettability of the obstacle has a significant influence on the bubble motion. For
smaller values of the contact angle, the whole bubble passes through the channel with obstacles successfully. For higher
values of contact angle, the bubble is attracted to the obstacle surface of the micro-channel in the movement process. In
this case, an appreciable deformation of the bubble is observed. After detachment, part of the bubble is attached by the
obstacle surface, so only the rest of the bubble can go through the micro-channel, which leads the the bubble residual
mass to decrease. Correspondingly, the rising velocity and terminal velocity of the bubble decrease with the wettability
of the micro-channel obstacle increasing. On the other hand, with the increase of buoyancy force the detachment and
coalescence phenomenon happen easily, and the bubble residual mass and terminal velocity increase logarithmically.
Furthermore, as the radius of the obstacle structure increases, the bubble clings more tightly to the obstacle surface
when it rises in the micro-channel. And the bubble residual mass decreases first slowly and then rapidly, while the
bubble terminal velocity approximately decreases linearly. Finally, the numerical results also show that when the bubble
is located at the sidewall initially, the variation trend of bubble rising velocity, terminal velocity and residual mass are
consistent with that of initial position placed in the middle of the micro-channel, however all of the corresponding values

decrease and the bubble deformation is more significant in the rising process.
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