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Combined Pressure-Driven and Electroosmotic Slip Flow
through Elliptic Cylindrical Microchannels: The Effect of the
Eccentricity of the Channel Cross-Section
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Abstract: Electroosmotic force has been used extensively to manipulate fluid flow in a microfluidic
system with various channel shapes, especlally an elliptic cylinder. However, developing a computa-
tional domain and simulatinyg fluid flow for a system involving an elliptic channel consumes a large
amount of time. Morcover, the mathematical expression foe the fluid velocity of electroosmotic flow in

channcl may be given in the form of the Mathieu functions that have difficulty in achieving
the numerical result. In addition, there is clear scientific evidence that confirms the stippage of fluid
at the solid-fuid interface in a microscale system. In this study, we present the mathematical model of
combined pressure-driven and e flow hellip hannels under the slip-fluid

check for condition. From the practical point of view in fluidics, the effect of the eccentricity of the channel
updates
cross-section s investigated an the volumetric flow rate to overcome the difficulty. The results show
that the substitution of the equivalent circular channel for an elliptic channel provides a valid flow
rate under the situation that the areas of both channel cross-sections ane equal and the eccentricity of
the elliptic cross-sectian is loss than 0.5. Additionally, the flow rate obtained from the substitution
s more accurate when the slip length increases or the pressure-gradient-to-external-electric-field

ratio decreases.

Keywords: electroosmatic flow; slip flow; elliptic microchannel, eccentricity

1. Introduction

Microfluidics is the study of fluid manipulation through a small-scale channel (mi
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ectroosmotic force
mal fo
the Mathie
syste
cally using the inverse Laplace transform in ord
the flow rates and the relative errors on the flow rates are
eccentricity of the elliptic cross-section. The
cross-sect
a result, an elliptic channel with the eccentricity not greater than 0.5 can be assumed to be circular
when the solution 3 nometric functions in order to avoid the difficulty in
computing the Mathie and modified Mathieu functions

Mirecharels with Varin u: transient electrosmotic flow; elliptic microchannel; eccentricity; Navier Stokes ey
wbion 301, 9, 27 rized Poisson-Boltzmann equation

1. Introduction
A manipulation on fluid flow under a microscale system has been studied intensively

worldwide over the past decades [1-6] due to the
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utility of its applications in various
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