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Numerical simulation of falling droplet under uniform magnetic field, using a
hybrid lattice-Boltzmann and finite-volume method
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this study, falling ferrofluid droplet behavior in nonmagnetic viscous fluid under the uniform
Received 09 June 2016 magnetic field in two-phase flow is studied numerically. To this approach, a hybrid lattice-Boltzmann
Accepted 25 July 2016 based Shan-Chen model and finite-volume method is used. The lattice-Boltzmann equation with the

Available Online 11 September 2016 magnetic force term is solved to update the flow field while the magnetic induction equation is solved

using the finite volume method to calculate the magnetic field. To validate the flow field solution, two

'}Fs\/y:l;r:;sse'ﬂow tests have been considered: the free bubble rising and Laplace law. In order to validate the magnetic
lattice-Boltzmann method field, permeable circle and deformation of static drop under magnetic field is simulated. The
Shan—Chen model comparison of results between present study and previous researches shows that there is a good
Ferrofluid, Uniform magnetic field agreement between the results. The effects of the magnetic Bond number, susceptibility and magnetic
field direction on deformation of the falling droplet are investigated. The results show that increase in
the magnetic Bond number or susceptibility leads to a larger deformation of the droplet. Also, in
horizontal magnetic field, the falling process takes longer time compared to the vertical magnetic field.
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Fig. 8 Comparison of equilibrium droplet shapes observed in
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Fig. 7 Distribution of magnetic field along the center line of
computational domain (a: along x direction b: along y direction)
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Fig. 14 Shape evolution of ferrofluid droplet for different t* at Eo=5,
0Oh=0.08, Bon= 5.4 and y =2 in a magnetic field (a: without, b: vertical,
¢: horizontal magnetic field)
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Fig. 15 Streamlines around the falling ferrofluid droplet for selected
dimensionless parameters field (a: without, b: vertical, c¢: horizontal
magnetic field):
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Fig. 12 Magnetic field force distribution for E0=0.5, Oh=0.15, y =3
for different magnetic Bond numbers in y-direction (a: Bo,= 0, b:
Bon=2.4, c: Bon=5.4, d: Bon=9.6)
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Fig. 18 Evolution of droplet shape Eo=3, Oh=0.1 and Bo,,=5.4 at at
different susceptibilities under horizontal magnetic field (a: x=1, b:
x =2,¢ x=3,d: x=5)
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Fig. 17 Evolution of the droplet shape for Eo=3, Oh=0.1 and y =3 at
different magnetic Bond numbers in x-direction (a: Bo,= 0.6 , b:
Bon=2.4,c: Boy=5.4, d: Bon=9.6)

bl 5 i39035 01 il B il sl Jhomsg b oyl bogis 17 JSUs
Bon=2.4 (o Bon=0.6 1)) a8l cqx> o Oglite mnblize Wb oz 103
(Bom=9.6 5 3 Bom=5.4 (¢

i) ol (lace & Guly 55 osle (5 ply meblie ol 5 bl
EREEERUSI S S [ PR SUET IS e
st sghe & )ld punblise o )ld Jols IS8 p0 cagee Sl (2
Slr G rdydsds Glide polie b e lagile 4t el cnl 30
50 9 0ad plexil 5.4 i pwnblize Wil 0 0.1 CJ‘“j dac g 3 il dae
2 emblon o cyz e ol o il sals ooyl "18 s

74



Obles 9 5,30 LsT

393x0 @x3 9 (po jilos Al (a8 3 Y09, Jl o SLaiwl b (AlgdSy b lUie Uldue waxi bgiw JIs )3 0 pbod (s33c (5 lwduis

16 F 16i @) 16 F
s O
14F 8 14F O Uk
12| O 12F 12F )
10F ]O;— 10F
8 g— g F
: =
6F O 6F o 6L
o
4F 1k 4F
2F O 2F o 2k
T R P | (WA RN PR B T g 1 ¥
2 4 6 2 4 6 2 4 6
a b o c z

Fig. 21 Shape evolution of ferrofluid droplet for different Eo numbers (a:
Eo0=3, b: E0=10 and c: E0=20) at Oh=0.08, Boyn,= 9.6 and 3 =2 in a vertical
magnetic field
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Fig. 22 Surface tension force (left side) and magnetic field force
(right side) distribution for Eo=10, Oh=0.08, y=2 and B0,=9.6 (a:
t*=3, b: t*=6, c: t*=9, d: t*=12)
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Fig. 19 Magnetic field force distribution for Eo=3, Oh=0.1 and

Bon=5.4 at at different susceptibilities under horizontal magnetic field
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