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a=
B= Magnetic field

Bom= Magnetic Bond number

b=
Ci= Discrete lattice velocity
Ccs=  Speed of sound in Lattice scale

Ca= Cappillary number

D=

e

Fi= External force in direction of lattice
velocity

G

Eo=  Eotvous number
Fv= Body Force

Fr.+= Fluid- Fluid Force
Fr.s= Fluid- Solid Force
Fr.+= Fluid- Fluid Force
Fmag= Magnetic Force
Fele= Electric Force

Fy= Gravity Force
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f= distribution function

fi®9=" Equilibrium distribution
Fa

g= Acceleration due to gravity
H=

H:

Mo=Morton number
Re= Reynolds number

Si

tr=

T= Temperature

Tc= Critical Temperature

u,v = Horizontal and vertical components of
velocity

u®d=

u'=

up= Physical Velocity

vy, Vg
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Oh=Ohnesorge number
P= Pressure

Ps= Saturated Pressure
wi=  Weighting factor

W=

Greek symbols

At= Lattice time step

p= Density

o=

1= Lattice relaxation time
U= Molecular viscosity

¢=  Scaler function
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Abstract

In this study, rising bubble and falling ferrofluid droplet in nonmagnetic viscous fluid
under the magnetic field in two-phase flow is studied. For this approach, lattice
Boltzmann method, based on pseudo-potential model, was used. The related computer
code was validated for two-phase flows. Then, three different problems were
considered. First, rising bubble behavior in viscous fluid was simulated. Three different
regimes, namely: spherical, ellipsoidal, and spherical-cap, were observed. In the second
part of this work, ferrofluid droplet behavior in nonmagnetic viscous fluid, under
uniform magnetic field, was studied. A hybrid lattice Boltzmann-finite volume method
was applied to simulate the effect of magnetic field on falling ferrofluid droplet in a
non-magnetic viscous fluid. Lattice Boltzmann method was used to track the moving
interface between the two immiscible phases and to update the flow field by adding the
magnetic field force. The magnetic induction equation was solved using finite volume
method. The effects of the magnetic Bond number, susceptibility and magnetic field
direction on deformation of the falling droplet were investigated in details. The related
results reveal 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 more time in compared to the vertical magnetic field. Moreover, the local
distribution of surface tension force and magnetic force around the falling droplet is
analyzed. As the third part of this research, ferrofluid droplet behavior in nonmagnetic
viscous fluid, under nonuniform magnetic field, was investigated. The related results
reveal that applying external nonuniform magnetic field is an effective and contactless
way to control the droplet movment. At the end, rising bubble from the needle tip under
non uniform magnetic field were investigated. Results showed that, by appling suitable
magnetic field deattachment of the bubble are occurred faster. Generally, it is found that
the developed hybrid multiphase Lattice Boltzmann/finite-volume method is a suitable

approach for simulation of falling ferrofluid droplet under uniform magnetic field.

Keywords: Two phase flow, Rissing Bubble, Falling Droplet, Lattice Boltzmann
method, Pseudo-potential (Shan—Chen) Model, Ferrofluid, Uniform
Magnetic field.
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