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Assessing the Impact of a Conductive Patch on Electroosmotic Flow in Heterogeneously
Charged Microchannel: A Numerical Study with a Focus on Enhanced Mixing

H. Salehabadi Department of Mechanical Engineering, Ferdowsi University of Mashhad, Mashhad, Iran

M. Moghiman Department of Mechanical Engineering, Ferdowsi University of Mashhad, Mashhad, Iran

0. R. Mohammadipour Department of Mechanical Engineering, Payame Noor University (PNU), Tehran, Iran
Abstract

This study examines the effect of conductive surfaces on electroosmotic flow in a planar microchannel with a heterogeneous surface
charge. The lattice Boltzmann method is employed for numerical modeling, and a full factorial design is used to analyze the effects
of electric field intensity, the zeta potential of the non-conductive wall, and the length of the conductive section on flow rate and
streamlines. The results indicate that increasing the electric field, decreasing the zeta potential of the non-conductive wall, and ex-

tending the conductive section expand the streamlines. While the conductive section slightly reduces the flow rate, it consistently
enhances mixing. Moreover, it counteracts the electric field’s diminishing effect on the mixing index. At 18000 V/m, mixing in-
creases nearly threefold compared to a non-conductive channel. The influence of the conductive section depends on the zeta potential

of the non-conductive region. Increasing it from 50 mV to 300 mV reduces the mixing enhancement from approximately twofold to
1.2 times that of a non-conductive channel.

Keywords: Induced- charge electroosmotic flow, Flow pattern, Diffusion, Mixing, the Lattice Boltzmann method, microchannel.
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