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Simulation of oblique coalescence of a pair of bubbles using Level Set method
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ARTICLE INFORMATION ABSTRACT

In this research, interaction and oblique coalescence of bubbles under buoyancy force was simulated,
numerically. The governing equations are continuity and momentum equations which have been
discretized using the finite volume method and the SIMPLE algorithm. For simulating the interface of
two phases, the level set method has been incorporated. Level Set method suffers from poor mass
conservation of dispersed phase especially in the case of severe deformation of interface. In order to
control of mass conservation of the level set method, re-initialization equations and a geometric mass
control loop are used which this loop is implemented in the level set method for the first time in this
research. Using proposed geometric mass control loop, mass dissipation drawback of the level set
method is handled in simulation of bubbles’ coalescence. The results outlined in the present study well
agree with the existing experimental results. Also results of investigation of mass dissipation of the
proposed scheme to simulation of oblique coalescence problem show that the maximum amount of this
mass dissipation was less than 4%. Therefore, the level set method with proposed geometric mass
control loop could be used properly for simulation of oblique interactions and coalescence of bubbles in
multiphase flows.
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Fig. 3 Validation of the results of research by comparison of the results with experimental results in the case of vertical coalescence of bubbles; a-
numerical results of this research using level set method, b- experimental results [35]
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Fig. 4 Comparison of the results of oblique coalescence of two bubbles obtained in numerical simulation of present research with experimental
results; a- results of present research using the Level Set method; b- experimental results taken from [35]
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Table 2 Comparison of mass dissipation of Level Set method for
different regimes of bubbles

Lgsa).?‘_gUa}M)J Goﬁsllaéw)o

aal> 5l oolaul i adl> e Re M Eo
o7 S waie s IS

3.5 20 0.15 1 2

2.5 15 0.5 1-10* 0.1

4 30 30 1-108 0.15

340



Ol 9 333 wl

andg) ive) 3l o3kl b oba wdn Jalo Bl (s b agis

[26] S. Osher, R. Fedkiw, Level Set methods and dynamic implicit surfaces, pp.
23-37, New York: Springer, 2003.

[27] K. B. Deshpande, W. B. Zimmerman, Simulation of interfacial mass transfer
by droplet dynamics using the level set method, Chemical Engineering
Science, Vol. 61, No. 1, pp. 6486-6498, 2006.

[28] M. T. Mehrabani, M. R. Heyrani Nobari, A numerical study of bubbly flow
in a curved duct using front tracking method, Modares Mechanical
Engineering, Vol. 16, No. 2, pp. 179-188, 2016. (in Persian _..,5)

[29] J. Hua, J. Lou, Numerical simulation of bubble rising in viscous liquid,
Computional Physiscs, Vol. 222, No. 1, pp. 769-795, 2007.

[30] A. Hadidi, M. R. Ansari, Effects of magnetic field direction and strength on
square lid-driven cavity flow, Fluid Mechanics and Aerospace Scientific
Research Journal, Vol. 1, No. 2, pp. 85-98, 2013. (in Persian ... &s)

[31] J. H. Ferziger, M. Peric, Computational methods for fluid dynamics, Third
Edition, pp. 71-89, Berlin: Springer, 2002.

[32] S. Shin, D. Juric, Modeling three-dimensional multiphase flow using a level
contour reconstruction method for front tracking without connectivity,
Computational Physics, VVol. 180, No. 1, pp. 427-470, 2002.

[33] S. Popinet, S. Zaleski, A front-tracking algorithm for accurate representation
of surface tension, Numerical Methods in Fluids, VVol. 30, No. 1, pp. 775-793,
1999.

[34] A. Hadidi, Effects of uniform magnetic field on the interaction of side-by-
side rising bubbles in a viscous liquid, Chemical Engineering, Vol. 33, No. 3,
pp. 795-805, 2016.

[35] G. Brereton, D. Korotney, Coaxial and oblique coalescence of two rising
bubbles, Proceedings of the ASME Applied Mechanics Conference, Ohio:
ASME, pp. 30-47, 1991.

[36] S. Anwar, Lattice Boltzmann modeling of buoyant rise of single and multiple
bubbles, Computers & Fluids, Vol. 88, No. 1, pp.430-439, 2013.

341

[16] R.H. Chen, G. H. Su, S.Z. Qiu, Y. Ishiwatari, Y. Oka, Numerical
investigation on coalescence of bubble pairs rising in a stagnant liquid,
Chemical Engineering Science, Vol. 66, No. 1, pp. 5055-5063, 2011.

[17] X. Miao, D. Lucas, Z. Ren, S. Eckert, G. Gerbeth, Numerical modeling of
bubble-driven liquid metal flows with external static magnetic field,
Multiphase Flow, Vol. 48, No. 1, pp. 32-45, 2013.

[18] D. Bothe, VOF-simulations of fluid particle dynamics, Proceedings of the
11th Workshop on Two-Phase Flow Predictions, Merseburg, Germany, pp.
1-13, 2005.

[19] M. Ohta, T. Imura, Y. Yoshida , M. Sussman, A computational study of the
effect of initial bubble conditions on the motion of a gas bubble rising in
viscous liquids, Multiphase Flow, Vol. 31, No. 1, pp. 223-237, 2005.

[20] A. Hadidi, M.R. Ansari, Numerical Study of Bubbly Two-Phase Flow under
Magnetic Field Effect by Using a Level Set Method, Proceedings of the 3"
International Conference on Thermal Power Plants (IEEE), Tehran, Iran,
October 18-19, 2011. (In Persian _\)

[21] M. R. Ansari, M. E. Nimvari, Bubble viscosity effect on internal circulation
within the bubble rising due to buoyancy using the level set method, Annals
of Nuclear Energy, Vol. 38, No. 1, pp. 2770-2778, 2011.

[22] M. Sussman, E. Fatemi, P. Smereka, S. Osher, An improved level set method
for incompressible tow-phase flows, Computers & Fluids, VVol. 27, No. 1, pp.
663-680, 1998.

[23] M. R. Ansari, A. Hadidi, M. E. Nimvari, Effect of a uniform magnetic field
on dielectric two-phase bubbly flows using the level set metfhod, Magnetism
and Magnetic Materials, Vol. 324, No. 1, pp. 4094-4101, 2012.

[24] E. Marchandise, P. Geuzaine, N. Chevaugeon, J. Remacle, A stabilized finite
element method using a discontinuous level set approach for the computation
of bubble dynamics, Computational Physics, VVol. 225, No. 1, pp. 949-974,
2007.

[25] J.U. Brackbill, C. Kothe, D.B. Zemach, A continuum method for modeling
surface tension, Computational Physics, Vol. 100, No. 2, pp. 335-354, 1992.

02 o )lasis 18 0,53 1397 )l (w30 Silso o



