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Abstract — In this work, the electrokinetic interactions between the undulated structure of an ion-selective membrane
and electroconvective instability has been studied using numerical analysis. Using finite element method, electric field-
ionic species transport-flow field were analyzed by fully-coupled manner. Through the numerical study, the Dukhin’s
mode as the mechanism of undulated surface for the electroconvective instability were proven. The Dukhin’s mode which
competes with Rubinstein’s mode has roles of (i) decreasing transition voltage to overlimiting regime and (ii) non-linearly
increasing of overlimiting current. Also, (iii) the mixing efficiency is enhanced by removal mechanism of high-frequency
Fourier mode of the electroconvective instability. Conclusively, the undulated ion-selective surface would provide energy-
efficient mechanism for ion-selective transport systems such as electrodialysis, electrochemical battery, etc.
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Fig. 1. Schematic diagrams of characteristic flow patterns and ion concentration profiles for (a) Ohmic regime, (b) limiting regime and (c)

overlimiting regimes.
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Fig. 2. Schematic diagrams for (a) ion-selective transport system with
undulated surface, (b) Rubinstein’s mode as the mechanism
of 2nd-kind electroosmotic flow and (c¢) Dukhin’s mode as
the mechanism of 1st-kind electroosmotic flow.
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Fig. 5. Concentration profiles and flow streamlines with various undula-
tion amplitude for (a) overlimiting regime I at V,,, = 20, (b)
overlimiting regime Il at ¥,,, = 40, (c) overlimiting regime I1I
at Vi,p = 60 and (d) overlimiting regime III at ¥,,, = 80.
For undulated surface in each figure, k = 4.
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A : undulation amplitude of ion-selective surface [m]
A : dimensionless undulation amplitude
TN : initial concentration [mol/m?]
c. : cation concentration [mol/m?]
c, : dimensionless cation concentration
c_ : anion concentration [mol/m’]
c_ : dimensionless anion concentration
D, : cation diffusivity [m%s]
D_ - anion diffusivity [m%/s]
D : diffusivity [m?/s]
F : Faraday constant [C/mol]
k : undulation number of ion-selective surface
L : height of numerical domain [m]
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N : Donnan concentration [mol/m?]
N : dimensionless Donnan concentration
p : pressure [Pa]
p : dimensionless pressure
R : gas constant [J/mol/K]
T : Temperature [K]
Sc : Schmidt number
t : time [s]
f : dimensionless time
u : flow field [m/s]
u : dimensionless flow field
Verw : applied voltage [V]
i : dimensionless applied voltage
Vi : thermal voltage scale [V]
w : width of numerical domain [m]
W : dimensionless width of numerical domain
X,y : positions in the Cartesian coordinate system [m]
Y : dimensionless positions in the Cartesian coordinate systems
AL, : dimensionless stepsize
£ : electrical permittivity [F/m]
@ : electrical potential [V]
é : dimensionless electrical potential
K : electrohydrodynamic coupling constant
/iD : dimensionless Debye length
Y7, : viscosity [Pa-s]
P : density [kg/m3]
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