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1. Introduction

The way of creating a flow in a microchannel is
one of the challenging issues in this field of
microfluidics and Micro Electro Mechanical
Systems (MEMS). Nowadays, the electroosmotic
flow (EOF) is extensively used for pumping and
transferring fluids due to its significant advantages
over the pressure-driven flow. Lorentz force is the
main force causing fluid motion in the EOF owing
to the application of an external electric field in the
Electric Double Layer (EDL).

Regardless of how the flow is generated, fluid
mixing is a major issue in microchips. Based on
the method of mixing, the micro-mixers are mainly
classified into active and passive categories. In
active micro-mixers, a time-variant external
energy source is applied to create mixing in
addition to fluid pumping energy. Although, active
micro mixers enjoy from higher efficiencies, their
fabrications are associated with some levels of
complexities.

Nevertheless, an external force is not applied in
passive micro-mixers to create mixing, and mixing
is achieved only by twisting the flow geometry.
Furthermore, due to the laminar flow, the mixing
is essentially based on molecular diffusion. One of
the strategies to improve the efficiency is to
increase the interface of the two fluids and reduce
the diffusion path between them.

One of the methods that can be exploited in
passive electroosmotic mixing is the use of a
permanent magnetic field in the microchannel.
However, the application of the magnetic field
location can have a different effect on the mixing
efficiency. A review of the previous studies reveals
that this study has not been done yet. In the present
paper, the effect of the magnetic field location on
the passive mixing efficiency in the electroosmotic
flow were investigated and important parameters
were identified.

2. Statement of the Problem

Figure 1 shows a schematic of a planar
microchannel, in which the microchannel width
and length are H and L=10H, respectively. Since
the application of the magnetic field requires the z-
direction normal to the flow plane, it is assumed
that the microchannel is positioned at z=0. L is the
EDL length and L is the length of the magnetic
field applied in the present work in three different
locations. For example, in Figure 1, the magnetic
field is applied to the middle region of the
microchannel by overlapping part of the length L.

B R ETET
++—+EDL+—++

@ B @®®E® EoF E (Volt/mm) u @2
¥

t x ++-+EDL+—++
fidtddadd iy

L, L L,

Figure 1. Schematic of a two-dimensional EOF between
two parallel plates in the presence of a magnetic field

(B,)

3. Governing Equations and Numerical
Solution Method

The governing equations of the problem, including
modified momentum equations (Navier-Stokes)
for the fluid flow field, the equations of external
and internal electric potential fields, the equations
of distribution of the positive and negative ions
(Nernst-Planck), the magnetic field equation, and
the concentration equation for species were solved
using the finite volume numerical method.

The link between velocity and pressure fields
was established through the SIMPLE algorithm.
To avoid the possible checkerboard effects in the
pressure and velocity fields, the Co-located mesh
with Rhie-Chow interpolation was used for
velocity values on the faces. To evaluate
simultaneously the diffusion and convection
terms, a power-law scheme was used in the
location of faces. The system of algebraic
equations was solved using the Tridiagonal Matrix
Algorithm (TDMA) by Alternative Direction
Implicit (ADI) method and the results were
reported while the residual of double precision
solution of governing equations is up to 1072,
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4. Numerical Results

In order to gain an insight about the effects of the
magnetic field on the mixing phenomenon in the
EOF according to Figure 1, an electroosmoatic flow
in the presence of a magnetic field for different
locations was examined first. The numerical
results were reported for selective values, the flow
Reynolds number Re=0.02, the wall zeta potential
¢=-50 (mVolt), the molar concentration of the
electrolyte solution Co=10° (kmol/m?), and the

L . re ter k=32. Given the values s ecte
» values of the microchanne 1
: r h  actric field strength Eges =
56.5( > /. the external voltage at the

input ; = 5.65 (Volt) were obtained and applied
in the numerical code.

Figur 2 v wsthe streamlines t 2 luidinthe
microcl 1 : for the two values B, = 0 in Figure
2aand B, = 4 in Figures 2b, 2c and 2d at differ nt
locations. It can be seen that with increasing
magnetic flux intensity, the streamlines in the Ly
region under the downward magnetic force
gradually separate from the upper and lower
channel walls and finally, form two vortices in the
vicinity of the walls with the opposite rotation
directions. The vortices near the lower and upper
walls are clockwise and counterclockwise,
respectively. The generated vortexes act as
obstacles to the main flow and strongly affect the
flow pattern in such a way that can be employed
for mixing enhancement.

Figure 2. EOF streamlines in the presence of
different magnetic field

Figure 3 shows tl  results of the mixing
efficiency variations (g,,,) along the microchannel

in the presence of a magnetic field at different
locations. It can be observed that the mixing
efficiency increases with increasing magnetic flux
intensity.
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Figure 3. Mixing efficiency along the microchannel

5. Conclusion
In this study, the effects of the magnetic field with
different locations were examined numerically on
the mixing efficiency of an electroosmotic micro-
mixer. For this purpose, numerical distribution of
the stream lines, distribution of species
concentration and mixing efficiency were obtained
and reported by solving the correspor r
tions. Numerical result : « 2d that for )

micr¢ s o ‘ /)  number Re =
0.02, the = 1 2, the wall zeta
potential e 1 ), d electric field

strength Eg.r = 56.5 (Volt/mm) , the mixing
efficiency increased with increasing the magnetic
field, such that this increase in the mixing
efficiency for the first type of micro-mixer is
93.3% and in the other two types is 90%.
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