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Abstract : This paper sets to demonstrate a modeling of electrokinetic mixing employing electroosmotic stationary and time-
dependent microchannel using alternate zeta patches on the lower surface of the micromixer in a lab on chip microfluidic
device. Electroosmotic flow is amplified using different 2D and 3D model designs with alternate and geometric zeta potential
values such as 25, 50, and 100 mV, respectively, to achieve high concentration mixing in the electrokinetically-driven
microfluidic system. The enhancement of electrokinetic mixing is studied using Finite Element Modeling, and simulation
workflow is accomplished with defined integral steps. It can be observed that the presence of alternate zeta patches can help
inducing microvortex flows inside the channel, which in turn can improve mixing efficiency. Fluid flow and concentration fields
are simulated by solving Navier-Stokes equation (implying Helmholtz-Smoluchowski slip velocity boundary condition) and
Convection-Diffusion equation. The effect of the magnitude of zeta potential, the number of alternate zeta patches, etc. are
analysed thoroughly. 2D simulation reveals that there is a cumulative increase in concentration mixing, whereas 3D simulation
differs slightly with low zeta potential as that of the 2D model within the T-shaped micromixer for concentration 1
mol/m<sup>3</sup> and 0 mol/m<sup>3</sup>, respectively. Moreover, 2D model results were compared with those of 3D
to indicate the importance of the 3D model in a microfluidic design process.
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