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Electro-osmotic flows in micro channels having nonuniform cross-section and charge
distribution are investigated by means of the lubrication approximation theory. Start-
ing from the model system consisting of the Navier-Stokes equations, the Nernst—
Plank equation, and the Poisson equation, a perturbation analysis is applied to the
system. A slow variation of the structure and the charge distribution along the chan-
nel are assumed to derive a model equation that predicts the electro-osmotic flow
rate. Specific situations are investigated using the model equation, in which the sur-
faces of undulated microchannels are charged negatively at a constant surface charge
density, and are charged non-uniformly along the channel such that the net surface
charge vanishes. For both cases, the electro-osmotic flow rate is evaluated and the
dependency on geometrical parameters, such as the amplitude of the surface shape,

is discussed.
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non-slip for flow
non-flux for ions

given surface charge density 0 ()
for potential

{ periodic in & for flow and ions

¢(L7 y) = ¢(Oa y) + A¢

K1 Geometry of the problem.
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X 3 Schematic diagram of the surface shape and the charge distribution.

TO&ED: po=1x103kg/m3, v = 0.889 x 107m?/s, D, = D, = 1 x 1078 m?/s,
2, =2.=1,6=6.95x10"10C?/Jm. BEIZX 273 K, EHBOHEIZRT AT X —
ZiE A¢/L =1x10*V/m, RABHEEIX 0 = —2 x 1075C/m?, FHF v 2 VIg
Fh=05um ThH3. ZOREDTLTHRELR _ERBOEIDEKR2E5X3 74 EIR
T % ROV & BT EZ R T : Co = 0.008 D& & kh = 4.86, Cp = 0.032 DL &
kh = 9.72.
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M 4 Electro-osmotic flow rate in the channel with undulated walls (a) as func-
tions of W/h and (b) as functions of § at W/h = 0.4. The surface charge density
is constant (0 = —2 x 107° C/m?). The solid lines indicate the analytical model
in the limit of 6 (= h/L) — 0. The symbols indicate the results of the direct
numerical analysis in the case of finite values of 4.
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X 5 Electro-osmotic flow rate in the channel with undulated walls as functions
of the amplitude W/h. The surface charge is distributed inhomogeneously along
the channel. See the caption of Fig. 4.
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