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Symbols Descriptions Value Unit
H.., Cell height 0.032 m
W Cell depth 0.005 m
L, Electrode thickness 0.003 m
L, Membrane thickness 1.25x 10" m
L, Current collector thickness 0.002 m
14 Electrolyte volume 50 ml
0] Volumetric flow rate 60 cm’ min”
T Cell temperature 298.15 K
Leharge Charge time 2 hr
ling Average current density 25 mA cm”
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Symbols Descriptions Value Unit References
K o Reaction rate constant, positive 2.5x10° ms’ Knehr et al., 2012
Koeg Reaction rate constant, negative 7.0x10™ ms’ Knehr et al., 2012
Ol Transfer coefficient, positive 0.55 Knehr et al., 2012
Creg Transfer coefficient, negative 0.45 Knehr et al., 2012
Ey pos Equilibrium potential, positive 1.004 \Y Knehr et al., 2012
E g Equilibrium potential, negative -0.255 v Knehr et al., 2012
NMpos Overpotential, positive post-processor A"
Mneg Overpotential, negative 0.3 +S0C’ A%
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Symbols Species Value Unit References
D,, 2+ v 6.25x107" m's Boettcher et al., 2016
D, 3 Vv 5.93x107" m’s’ Xi et al., 2008
D, o2+ VO™ 5.0x107" m’s” Xi et al., 2008
D,.v0,* VO, 1.17x107" m's’ Xi et al., 2008
D, H 3.35%x10”° m’s”' Pourcelly et al., 1991
D, uso- HSO 4x10™" m's’ Verbrugge et al., 1990
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PLCOMSOL Multiphysics 5.33/EVRFB %

processon)fi ML IERR S FEZ B fir - MAKEmINE R B IRREIESE - S BUERT R 2 A
AAE P PR (G - SRS A relative tolerance) By1x107 « %7 TH
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Symbols Descriptions Value Unit References
€ Porosity 0.93 - Knehr et al., 2012
A Electrode specific area 35,000 m' Knehr et al., 2012
Cp2+ V** initial concentration % SOC, mol m
Cp3+ V*" initial concentration cr*(1-S0C) mol m
Cro? VO™ initial concentration c;x(1-SOC,)  molm
Cro,* VO, initial concentration ;% S0OC, mol m
cr Initial total vanadium concentration 1500 mol m
CHt pos H' initial concentration, positive 4447.5 mol m Knehr et al., 2012
CH neg H' initial concentration, negative 5097.5 mol m Knehr et al., 2012
SOC, Initial state of charge 0.1 -
D2+ V** diffusivity 2.4x107" m’s’  Yamamura et al., 2005
D3+ V¥ diffusivity 24x107" m’s” Yamamura et al., 2005
Dy VO™ diffusivity 3.9x107" m’s'  Yamamura ef al., 2005
Dy, + VO, diffusivity 3.9%107" m’s’ Yamamura et al., 2005
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The Study of System Simulation for Vanadium Redox
Flow Batteries

Yi-Sin Chou'"  Shi-Chern Yen?

ABSTRACT

Vanadium redox flow battery (VRFB) is a promising electrical energy storage device, particularly
for use with intermittent-type renewable energies. In this study, a 3D isothermal model for VRFB is
developed. The redox reactions in a porous electrode are formulated. The simulation is performed for the
state of charge, battery voltage and the ion diffusion phenomenon. The simulated battery charging curve
is compared with the experimental results within the SOC range of 10~80% with 0.324% errors with
respect to the predicted values. The numerical result is validated against the experiment data. The potential
difference is about 1.085 V across the ion-exchange membrane. The simulation results indicate that the
vanadium ion cross-mixing effect is significant at higher SOC. With vanadium crossover effects, the
concentration of V(III) and V(IV) ions are increased to 1.08 and 1.29 times at 80% SOC. The crossover flux
of the negative electrode reactive ions transfer to the positive electrode electrolyte is remarkable. It's useful
to estimate the electrolyte volume change after long term cycling.

Keywords: Vanadium Redox Flow Battery, Crossover Flux, Potential Distribution, Vanadium Ion
Concentration Distribution.

' Associate Researcher, Chemical Engineering Division, Institute of Nuclear Energy Received Date: May 28, 2019
Research. Revised Date: July 8, 2019
? Professor, Department of Chemical Engineering, National Taiwan University. Accepted Date: August 14, 2019

* Corresponding Author, Phone: +886-3-4711400#5425, E-mail: yschou@iner.gov.tw




