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1. Introduction

In the most analysis of electroosmotic flows, the ionic distribution in the electric double layer 

is assumed to follow the equilibrium Boltzmann distribution, resulting in the 

Poisson-Boltzmann equation for the electric potential induced by theses ions. However, the 

convective transport of these ions may have significant effects in certain technologically 

important cases. We may mention the electroosmotic flows through a sudden expansion or a 

sudden contraction, where the streamlines deviates from the rectilinear ones. Other important 

cases are flows through a microchannel with inhomogeneous distribution of zeta potential 

which may induce local vortex ow, or electroosmotic flow through a narrow microchannel 

where the electric double layer overlaps around the center of the channel. In these cases, the 

Boltzmann equation is not valid for the ionic distribution and the Nernst-Planck equation has 

to be employed to find a more exact distribution of ions in the electric double layer. In the 

present investigation, we shall compare the velocity profiles obtained from the Nernst-Planck 

equation with those from the Poisson-Boltzmann equation for these cases and examine how 

the difference in the predicted velocity fields from these two equations affects the predicted 

solute transport and residence time in the microchannels.

2. Results

Figs.1a,b show the comparison of axial velocity vx obtained from the PB model with that 

from the NP model for (α,β)=(1,106) at the axial locations A, B, C and D indicated in the 

same figure at various instants when out changes from 1600 to 16000 at t = 0. The 

dimensionless zeta potential is 1.0 until the location B and decreases to zero at the location D 

linearly. Thus is 0.5 at the location C. It is expected that the effect of inhomogeneous zeta 

potential may occur near the locations B, C and D, while the velocity prole around the 

location A is affected by the homogeneous zeta potential. It is shown that at all locations the 

predictions from the PB model are almost the same as those from the NP model. In this case, 

the electric double layer is so thin that the ions follows the Boltzmann distribution closely.
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               <Fig1a>                              <Fig1b>

Next consideration is the electroosmotic flow through an irregular shaped channel where the 

contribution of convective transport of ions, i.e., v⋅∇n± in equations (1)-(2), may be 

significant. Figs.2a,b show the comparison of the steady state axial velocity from the PB 

model and that from the NP model at the three locations, A, B and C, indicated in the same 

figure when φ out=1600  for the two cases of (α, β)=(1,10
6)  and (α, β)=(1,104). It is shown 

that there is a significant discrepancy between the velocity from the PB model and that from 

NP model when the electric double layer is thick, i.e., (α, β)=(1,104)  although the two 

models predict similar velocity fields for (α, β)=(1,106)  where the electric double layer is 

very thin. For example, the PB model predicts that a recirculating ow starts to appear near 

the center of the chamber, i.e., v x≤0 , for the case of (α, β)=(1,10
6), whereas the NP model 

does not predict any recirculating ow at the same region.

     

              <Fig2a>                                <Fig2b>
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Finally we investigate how the difference in the velocity fields from these two models affects 

the predicted solute transport through the irregular microchannel.

<Fig3>
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