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In this paper, the mixing efficiency in a new magneto-electroosmotic micromixer has been
numerically investigated and simulated. The micromixer in question is actually a microchannel with
electroosmotic flow in which a permanent magnetic field perpendicular to the microchannel is used
to create passive mixing. The main objective is to analyze the effects of magnetic flux density and zeta
potential of the walls on the flow velocity field and ultimately the mixing efficiency. The flow
geometry is a two-dimensional microchannel between two parallel plates, with uniformly charged
surfaces throughout its walls. The flow is assumed to be incompressible, steady, and laminar. The
governing equations, including the modified Navier-Stokes equations for fluid motion, the magnetic
field equation, the equations for external and internal electric potentials, the Nernst-Planck equations
for positive and negative ion concentration distributions, and the species concentration equation, are
solved using the finite volume method. Numerical results showed that for microchannel flow at
Reynolds number 0.03, electrical double layer parameter 16.42, and magnetic flux density of 5
NA-'m™1, an increase in zeta potential intensifies the flow in the central region of the microchannel,
which leads to a significant decrease in mixing efficiency; from 98% to 45%. The results also showed
that with increasing magnetic flux density, the mixing efficiency along the microchannel increases.
This analysis can be effectively utilized in the design of microelectronic cooling systems and
microchips.
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1. Biological/Chemical Agent

2. Lab-on-a-Chip

3. DNA Hybridization

4. PCR Amplification

5. Active

6. Passive

7. Chaotic Advection

8. Electromagnetic Lorentz force
9. Magnetohydrodynamic (MHD)
10. Electroosmotic Lorentz force
11. Electroosmotic Flow (EOF)
12. Micro Electro Mechanical Systems (MEMS)
13. Pressure-Driven

14. Electric Double Layer (EDL)
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Fig. 1. Schematic of a Magneto-Electroosmotic Micromixer.
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1. Magneto-Electroosmotic Micromixer
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1. Helmholtz-Smoluchowski Velocity
2. Electroosmotic Mobility
3. Magnetohydrodynamic Mobility
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Fig. 2. A Sample of a Non-Uniform Grid Generated by an Algebraic Method.
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Table 1. Results of Grid Independence Study.

Number of nodes 30x15 90x45 150x75 180x90 210x105
Relative Errorfor 5 1oo0  082%  0.63%  035%  0.31%
Velocity
Relative Error for

8.08% 4.56% 1.65% 0.96% 0.62%

the EDL Potential

1. SIMPLE

2. Rhie-Chow

3.Upwind Scheme

4.Tridiagonal Matrix Algorithm (TDMA)
5. Alternative Direction Implicit (ADI)
6. FORTRAN
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Table 2. Values of Properties and Constants Used in the Present Study.

Variable Quantity Value (Unit)

Dy Species Diffusion Coefficient 1.0 x 1071° (ms™32)
The lon Diffusion

by Coefficients 2.0 x 107 (ms™)

e Electric Charge 1.602 x 107*°(Coulomb)

kg Boltzmann Constant 1.381 x 10723(JK™1)

Nj Avogadro Number 6.022 x 10*23(mol~1)

z Charge Valence Number 1.0

u Fluid Dynamic Viscosity 1.0 x 1073 (Pas)

p Fluid Density 1.0 x 10*3(kgm™3)

& Vacuum Permittivity « 10‘12(C0ulz;ii§}/olt‘1m‘1)

£ Relative Permittivity 80.0
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Fig. 4. Comparison of Numerical Results of Internal Electric Potential
Distribution with the Analytical Solution (Equation (15)) for Ideal
Electroosmotic Flow.
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Fig. 7. Pressure Contours in the Presence of Two Different Magnetic
Fields.
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Fig. 10. Mixing Efficiency along the Microchannel in the Presence and
Absence of a Magnetic Field.
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