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Numerical Study of MHD Effects on Drop
Formation in a T-Shaped Microchannel

M. Aghajani HaghighiH. Emday, K. Jafarqur, A. N. Ziae

Abstract—The effect of a uniform magnetic field on the
formation of drops of specific size has been ingeséd numerically
in a T-shaped microchannel. Previous researchesaied that the
drop sizes of secondary stream decreases, wittedsicry main
stream flow rate and decreasing interfacial tenslanthe present
study the effect of a uniform magnetic field on thein stream is
considered, and it is proposed that by increasimg Hartmann
number, the size of the drops of the secondaryamstrevill be
decreased.
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|. INTRODUCTION

HE applications of MicroElectroMechanical
(MEMS) are developed extensively in recent decades.
Microfluidic systems play an important role in adeirange

of MEMS devices. Lab-On-a-Chips (LOCs) are a sulmset
MEMS devices that are capable of handling gre
biotechnological and chemical operations, suchessation of
cancer cells and testing blood samples [1], [2]crisfiuidics
used in these applications are multiphase in génBrap-
based microfluidics are mostly preferred becauseloof
consumption of samples and reagents, minimal disperand
flexible control of droplets’ volumes [3], [4]. Theize of the
droplets can be controlled by changes in interoadds which
are determined by fluid properties, such as intéafaforces,
inertial forces, and viscous forces, or by exertexgernal
fields, e.g. electrical, magnetic, and thermald§eland so on
[3], [4]. The unique advantages EHD actuation made it an
alternative suitable way to control and manipuldteplet
sizes. It is independent of PH, lonic strength, aodface
charge of the materials and therefore compatibth wibroad
range of materials and biochemical processes [gpdtation
of an external magnetic field is not a complicatadk and
simply done by embedding a permanent magnet or
electromagnet around the microchannel.
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If the conductivity of the desired fluid is low, @efined
quantity of superparamagnetic particless added to the
stream, so the fluid flow is affected by the drace of these
particles [3].

It should be noted that the order of Interfaceidion in
micro- and nanoscales is high relative to the ofberes [2],
so it cannot be neglected and should be modeledatty.

In the present study, a numerical simulation ofn&aum
magnetic field, exerting to the main stream of &h&ped
microchannel has been carried out, and the vanmiatiodrop
sizes of secondary stream will be investigated.

II. MATHEMATICAL FORMULATION

A volume-of-fluid (VOF) interface tracking technique is
used for interface calculations. A complete desicnipof VOF
method can be found elsewhere [5] and just a destription
i? mentioned here.

A color function” € ” is introduced in VOF method for
tracking the interface. It is defined as:

1, if the cell is completely filled with the
C= reference phase
0, otherwise.

“C" may be varied between 0 and 1 with respect to the
volume fraction of the phases in a cell.
Governing equations are as follows:

Continuity equation:

V.V=0
1)
Fluid species transport equation:
oc +V.(VC) =0
an T . =
)
Momentum equation:
PO = —VP + pg + uV?V + Fg + Fy
3)

V is the velocity vectorP is the pressurd;s is the surface
tension forceFp is the force caused by magnetic field called
Lorentz forceg is the gravitational vector, ang andu are
the density and viscosity of the fluid respectyvdlhe density
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and viscosity of the fluid can be estimated usingjghted
averages of different phases:

p=piC+p(1-0C)
4)

p=umC+p(1-0)

Surface tension is just applied at interfaces aad be
expressed as [6]:
FS = OgKn

(6)

n is the interfacial normal vector andis the curvature of
the interface, and both are defined as functionghefcolor
function:

_vc
" el
)
—_y ( 44 )
K= e
(8)
os is the fluid surface tension coefficient (in newdoper
meter).
The Lorentz force is calculated from the formula:
F; =] xB
©)

TABLE |
PHYSICAL PROPERTIES
Density(kg/m3)  Viscosity(kg/(ms)) Interfacial
tension(N/m)
Tetradecane  773.0 3.19x10°
Water 998.2 1.0x10° 0.0442

All the properties are at the temperature of 20°C.

og is the electrical conductivity (in reciprocal ohmeters),E
is the electrical field (in volts per meter), amlis the
magnetic field (in teslas) [7].

The direction of the Lorentz force vector is detered by
the right hand rule.

In the present work, the gravitational force isleeted due
to the micrometer scale of the channels, and ndradal field
is used.

I1l. NUMERICAL IMPLEMENTATION

A 2D incompressible numerical scheme based on velum
of-fluid interface tracking technique is developesid a
Piecewise Linear Interface Calculatiqi’LIC) method, with
lagrangian advection is applied for accurate tmagkiof
interface pieces [5]. ASIMPLE algorithm is used for
numerical solution of momentum and continuity edpret.
Interfacial tension modeling is achieved usi@@ntinuum
Surface Force(CSF) method [6], and an explicit finite
difference is used for time advances.

A T-shaped microchannel with the channel width &f 8
micrometers for the main stream inlet, and 30 nm@ters for
the secondary stream inlet is considered, as shhowig. 1. A
mesh of 30x92 cells is used for the simulationgrabkecane
and water are selected for the main and secondeggnss,

Where J is the current density (in amperes per metdgespectively as used in simulations of Liow [8].eTHuid

squared that computed from the Ohm’s law:

J =0z(E+V XB)
(10)

30 um
—

+

65 um
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physical properties are listed in Table. 1. No dljundary
condition is assumed for channels walls [8].

460 pm

Fig. 1 Layout of the microchannel
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Fig. 2 Water drop size as a functiontefradecane veloci

IV. RESULTSAND Discussior

A similar simulation to a previous work, by Liow][8s
first carried out to verify the effect of changingain strean
velocity on drop sizes. As shown in Fig. 2, thenuier of the
generated drops of seconglastream is decreased, as
velocity of the main stream increased. The expearial
results of Nisisako [9] (for different channel whd), shown ir
Fig. 3, have the same trenals present simulatit.

Nisisako also reported that the drop sizes aresgsed with
increasing in secondary stream velocity, as caohbserved ir
Fig. 3. The effect of interfacial tension on droges was
simulated by Liow and the decrease in drop diamsetgth a
reduction in interfacial tension was shown numéiic

70 -
—— Tet_at 0.8 m/s, water at 0.05 m/s

60 & - _ — ® - Tet at 0.4 m/s water at 0.05 m/s

Drop diameter (pum)

20 1

0 T T T T 1
0 b} 10 15 20 25

Hartmann Number

Fig. 4Water drop size as a function of Hartmann numbeget(”
Stands for tetradecane)
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Fig. 3Results of Nisisako [9] for water drop size ascfion of
tetradecane veloci

The variation in drop siz. under MHD effects is discussed
in this part.

The Hartmann Numbér (Ha), is a nondimensional
parameter, associated twi MHD effects [7]. Hartman
number is the ratio of the magnetic forces to tiseous force:
and defined as:

0,
Ha = BL |[—
(11)
WhereB is the magnetic fielcL is characteristic length, and

og andp are the electrical conductivity and viscosity the
fluid, respectively.

=== Fully developed velocity profile

——Hartmann developed velocity profile

Fig. 5A comparison of different types of velocity pro
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The order of viscous forces in microscales is higlgtive
to the other forces (except interfacial forces), [dhd this
causes Hartmann numbers of small magnitude in argin
configurations of microfluidic systems. Low ordensf
Hartmann number does not have any influence on fleld.
The influence of higher orders of Hartmann numben be
observed in microscale flows. Higher orders of hhemn
number can be physically achieved by utilizing ded
guantity of superparamagnetic particles that igécto the
desired stream, as mentioned more in [3]. The sartd the
superparamagnetic particles should be hydrophilar f
sufficient adhesion between these particles ard flarticles,
so the fluid flow is influenced effectively by tligaw force of
superparamagnetic particles.

In the present work, a magnetic field is appliedi® main
stream of the michrochannel and the effect of Hanm
number, varying between 0 to 20, is investigatethersize of
the generated drops. Results are shown in Figt dan be
observed that, as the Hartmann number increasesdjdmeter
of the drops decreases. This is due to the velpcdiile of the
main stream affected by the magnetic field i.&keallartmann
developed velocity profile, as shown in Fig. 5. Tehelusive
property of manipulation of droplets using MHD et is that
drop diameter changes are occurred in constant e of
main stream, without any change in physical progpemnf the
fluid (e.g. interfacial tension).

A detailed schematic representation of the separaif a
droplet, is shown in Fig. 6.

t=175s

[ (=275
i

t=375s

t=425s

t=475s

!

Fig. 6 Separation of a droplet, for Tetradecaneacisi of 0.8 m/s,
water velocity of 0.05 m/s, Ha = 5.
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