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Abstract — One of the nonlinear electrokinetic phenomena around ion exchange membrane is electroconvective
instability which can be found in various electrokinetic applications such as electrodialysis, electrochemical battery,
microfluidic analysis platform, efc. Such instability acts as a positive transport mechanism for the electrodialysis via amplifying
mass transport rate. On the other hands, in the electrochemical battery and the microfluidic applications, the instability
provokes unwanted mass transport. In this research, to control the electroconvective instability, the onset of the instability was
analyzed as a function of confinement effect as well as applied voltage. As a result, we figured out that the dynamic behavior
of electroconvective instability transited as a sequence of stable regime — static regime — chaotic regime depending on
the applied voltage and confinement effect. Furthermore, stability curves about the dynamic transition were numerically
determined as well. Conclusively, the confinement effect on electroconvective instability can be applied for effective
means to control the electrokinetic chaos.

Key words: Electroconvective instability, lon-exchange membrane, Confinement effect, Hele-Shaw approximation, Electroki-
netic chaos
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Fig. 1. Schematic diagram for nature of electroconvective instabil-
ity between cation exchange membrane (CEM) and diffu-
sion layer boundary (DL). Such domain has thickness of DL
(L), width (W) and depth (d).
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Fig. 2. (a) Numerical domain with periodic boundary. The denoted
equation is the dimensionless Stokes equation with the Hele-
Shaw approximation. (b) Mesh-dependent reliability test.
According to results of which V= 1.5V and 2 V, the numer-
ically computed current density was independent of mesh
condition if number of mesh is larger than 3.5x10% Based
on this test, the number of mesh was chosen as 4x10%
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Physical quantity Characteristic scale Description
2
Time = L Diffusion time scale
D
Length L Diffusion layer thickness (y-directional length of numerical domain)
. . RT
Electric potential V= N Thermal voltage
Concentration N Bulk concentration
D
Pressure HZZ- Diftusion-scaled pressure
Flow velocity Uy = % Diffusion-scaled velocity
FD
Current density iy= LCO Diftusion-limited current density

Table 2. Used values of dimensionless numbers and parameters

Parameter Value Description
Se =L 1000 Schmidt number
pD
eVy
K= #—DT 0.5 Electrohydrodynamic coupling constant
v 20-80 Applied voltage
N 10 Fixed cation concentration on CEM
w 4 Domain width (x-directional length of numerical domain)
dp=1 | BT 0.001 Debye length
Lyor o
d 0.001 -1 parameter for confinement effect (depth)
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Fig. 3. Transition of electroconvection dynamics depending on confinement effect. The applied voltage was fixed at 1.5 V. The colored surface
plots represented cation concentration distributions and the colored streamline plots showed flow field and flow strength.
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: Bulk concentration [mol m™]

: Dimensionless bulk concentration

: Dimensionless cation concentration

: Dimensionless anion concentration

: Diffusivity [m? s7']

: Domain depth [m]

: Dimensionless domain depth

: Faraday constant [C mol™]

: Dimensionless electrical potential

: Electrical permittivity of fluid [F m™]

: Diffusion-limiting current density [A m~]
: Dimensionless current density

: Electrohydrodynamic coupling constant

: Diffusion layer thickness [m]

: Dimensionless Debye length

: Arbitrary field variable

: fluid viscosity [Pa s]

: Dimensionless Donnan concentration of CEM
: Normal vector on numerical boundary

: Dimensionless pressure

: Gas constant [J mol™ K]

: fluid density [kg m~]

: Dimensionless volumetric charge density
: Schmidt number

: Absolute temperature [K]
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: Dimensionless time
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: Diffusion time scale

: Dimensionless flow velocity

: Diffusion-scaled velocity [m s™']

: Applied voltage [V]
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: Thermal voltage scale [V]

: Onset voltage of electroconvective instability [V]
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