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A Numerical Model for Non-Equilibrium Electroosmotic Flow in Micro— and
Nanochannels

Ho Sang Kwak and Ernest. F. Hasselbrink, Jr.

A finite volume numerical model is developed for simulating non-equilibrium electroosmotic flow
in micro- and nanochannels. The Guoy-Chapman model is adopted to compute the flow and electric
potential. The Nernst-Planck equation is employed to trace unsteady transports of ionic species, i.e.,
time-dependent net charge density. A new set of boundary conditions based on surface charge
density are designed rather than using the conventionally-employed zeta potential. A few issues for
an efficient computation of electroosmotic flows are discussed. Representative computational examples
are given to illustrate the robustness of the numerical model.
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Fig. 1 Effects of IYh on the structute of
electric potential in the lower half
domain of a microchannel,
z0=sl/e=-3.16.
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Fig. 2 Temporal evolution of the

concentation of anions along the
cross-section at the middle of the
channel (x/1)=1/2. (a) Early-time
behavior; (b) long-term behavior.
The symbols O and @denote

respectively the numerical solution
for the infinite channel and the
Boltzmann distribution given by

equation (4).
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