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Abstract

A numerical investigation is made of transient evolutionary prcocess of electroosmotic flow in a
two-dimensional microchannel connected to a reservoir. The channel height is very small so that two
electric double layers forming on the charged surfaces are overlapped. Transient transports of ions in
the electrolyte solution are computed by integrating the Nernst-Planck equation together with the
Poisson equation for electric potential. The numerical results illustrate that there are two distinct
transient phases. The physical mechanisms and relevant time scales for the transient evolution are
described.
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Fig. 1 Schematic view of

the microchannel

configuration connected to a reservoir.



2004

EDL
- v
(Poisson) &9
V- (va) == Pe (1)
&
p.=ez(n,—n_). @
e . -
(Nernst-Planck) 61D
dn, .
%: V- (DVn+un~NViy),i=t  (3)
t , Di y M
(electrophoretic mobility, p, = D,ez,/kT), k
, T
, (3
€z
n; = ngexp(— k,lil/}) @)
Theo EDL
(11,19)
Wy —+
eay =*o0 at y==xh ®)
©)
on, ez, o
i 5o —+
ay_n’kTe 0 at y==h (6)
(6) (conjugate)
(v=0, n, = ny)
_ _ — _o_
=0, n_=mngand n, =ny—0(y) o @)
3(y) (charged) d
(dirac Delta)
3(y) 1)
©) :
h
20 =— d 8
o [ ey ®

1530

(fractional time step)
(20)

[=20h

. EDL
Alh=1/3

*=ezo\eKT=-2.35, Sc=v/D=10°

EDL

0.0

(a)

y/H

S‘f 0.03
1 tbih?=0.01

y/H

-0.5 A

tD/1?=0.0025
(tD/h?=1.0)

1.5

Fig. 2 Tempora 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 e
denote respectively the numerical solution for
the infinite channed and the Boltzmann
distribution given by equation (4).



2004

Fig. 2(b)
EDL
EDL
(DOn,/0y)
(DC* n,0p/0y)
Fig. 3

tepL=A°/D :

(ot ) Fig. 3(a)

Fig. 2(a)

No
EDL
. Alh=1/3 ; N
.y ez
- + _be oY ]
EDL i el )
chy/dx
EDL dn./dx>0, dn_/dx<0
Qu Li%®

(t=0.5h°/D),

Qu Li

(to=I°/D)

(a) tb/h’=1 (b) tD/?=2

Fig. 3 Distribution of concentration of cations and anions, and of electric potential.
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Fig. 4 Concentration of anions a the symmetric
plane (y=0) vs. time. (a) Diffusion-dominated
case, Pe=0.1; (b) convection-dominated case, )
Pe=10. The horizontal locations are given in the O(/12/D)
frames.
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