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Introduction
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Comparison between buoyant convection
and two-phase flow
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Governing equations (dimensional)
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Induction equation
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Electromagnetic force
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Modeling of surface tension
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Modeling of surface tension (2)
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Modeling of surface tension (3)
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Governing equations (non-dimensional)
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Parameters of the present computation
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Computational strategy
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Algorithm
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Collapse of a water column for G = 2.45X10° [’ = 9.00X10°, density
ratio = 800, and viscosity ratio = 50. The number of meshes is 200 X 125.




Numerical result (Present)
VOF (Ref. No.2)
Exp. (Ref. No.13)
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E =0.001, Ha=0, Fr=1.5, We =0, density ratio = 100, and viscosity
ratio = 56. The number of meshes is 128 X 256.
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Attenuating oscillation of an initially cubic droplet for G =0, /'=5X10°, density
ratio = 100, and viscosity ratio = 10. The number of meshes is 80 X80 X 80.
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Ha=0 Ha = 200 Ha = 200

A falling droplet onto a flat wall for G = 1X10°, /'=5X10°, density ratio = 100,
viscosity ratio = 10 and conductivity ratio = 0. A uniform magnetic field is
Imposed. The number of meshes is 80X 80X 80.




Ha =200, G =1X 108 ['=1X10° density ratio = 800, viscosity ratio = 50 and
conductivity ratio = 0. The number of meshes is 120 X 60 X 60.




“" Vertical magnetic field (Z)

" Horizntal magnetic field (Y)

Ha =100, G = 1X 108 ['=5X10° density ratio = 100, viscosity ratio = 10 and
conductivity ratio = 0. The number of meshes is 200 X 200 X 100.




B4 x 84 meshes

Two-dimensional oscillating bubble Two-dimensional oscillating bubble
for G=0, /'=2X10° density ratio=  for G=0, /'=4X10°, density ratio =
100, and viscosity ratio = 10. The 800, and viscosity ratio = 50. The
vectors indicate velocity fields. vectors indicate velocity fields.




Schematic Model Z =& 451,
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9d

Assumptions

*|ncompressible,
Immiscible,
Newtonian fluids

*Axisymmetric flow
(Electric field is 0)

(Conductivity of wall does
not influence the current
loop)

eIsothermal state

(Viscous dissipation and
Joule heat are ignored)



Bubble diagram of Grace for the shape and terminal
rising velocity (Ha = 0)
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Van Sint Annaland et al.
(VOF method)

Chem. Eng. Sci. 60 (2005)
Eo=97.1,M=0.971
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Validation of the numerical modeling (Ha = 0)

Comparison
Eo=97.1, M=0.971
Van Sint Dgnsity ratio_ =100,

" Annaland et al. Viscosity ratio = 100
(VOF method)

Present result
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Numerical results
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Numerical results (pressure)

Eo=10% M =10+

Density ratio = 100, Viscosity ratio = 100
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Numerical results

(azimuthal electric current)
Eo =102, M = 104 | Density ratio = 100, Viscosity ratio = 100
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3D numerical results (vertical mag.)
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Ha =0.0

G =3.A581E+4
Gamma = 2.32E+6
den=sity ratio = 265
viscosiky ratio =100

Ha=30.0

Ha =30.0

G =3A581E+4
Gamma = 2.32E +6
density ratio = 265
viscosity ratio =100

Ha = 50.0
i
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Ha =50.0

G = 3.581E+4
Gamma = 2.32E+6
density ratio = 265
viscosity ratio = 100

Ha=100.0
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Ha =100.0

G = 3581E+4
Gamma = 2.32E+6
density ratio = 265
viscosity ratio = 100

Ha =150.0

e

Ha =150.0

G = 3.581E+4
Gamma = 2.32E+6
density ratio = 265
viscosity ratio = 100




3D numerical results (horizontal mag.)

Ha =0.0
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Gamma = 2.32E+6
density ratio = 265
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Gamma = 2.32E+6
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Summary for single rising bubble

o MERISENMIZEKY . EmBEMN/NSLKLEY BEITES
TIE. HIHEELEIYELECER TS,

o IS HAMNMEhEEE. KEDETDRAELIXIF—
<,

o EIEANMENS L. /A0 v UBIRICESHIED

FRIEND,




Conclusions
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Present problems to be resolved
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