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Abstract: In this study, a numerical simulation of a vanadium redox flow battery was investigated for reactions
involving an electrochemical species using comprehensive conservation laws and a kinetic model. For a 3-D geometry
of the cell, the distributions of electric potential, vanadium concentration, overpotential, and ohmic loss were calculated.
The cell temperature and initial vanadium ion concentration were set as variables. The voltage and electrochemical loss
were calculated for each variable. The effects of each variable's impact on the electrochemical performance of a
vanadium redox flow battery was numerically analyzed using the calculated overpotential in the electrode and the
ohmic loss in the electrolyte phase. The cell temperature increased from 20°C to 80 °C when the voltage efficiency
decreased from 89.34% to 87.29%. The voltage efficiency increased from 88.65% to 89.25% when the vanadium
concentration was changed from 1500 mol/m? to 3000 mol/m’.
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Fig.1 Schematic diagram of the vanadium redox flow
battery
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Table 1 Source terms of the governing equation

Term Positive electrode  Negative electrode
V2T, Sp2+ - i/F
V3t 5,3+ - -i/F
V4, Spa+ i/F -
V5*, S5+ -1/F -
HY,s ut -2i/F -
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Fig. 2 Geometry and meshed structure of battery cell
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Electric ground
Electrode current
Inlet flow rate
Outlet

External walls

¢s =0
80 mA/cm’
2 ml/s

Concentration outlet
Adiabatic condition

Table 3 Physicochemical properties of VRFB

Property Value Unit Reference
V(2+) diffusion coefficient 2.4x 10710 m?/s 17)
V(3+) diffusion coefficient 2.4x 10710 m?/s 17)
V(4+) diffusion coefficient 3.9x 10710 m?/s (17)
V(5+) diffusion coefficient 3.9x 10710 m?/s (17)
H(+) diffusion coefficient 9.312x 107° m?/s (17)
S04(2-) diffusion coefficient 1.065% 107° m?/s 17)
HSO4(-) diffusion coefficient 1.33%x 107° m?/s 24)
Electrode conductivity 66.7 S/m (22)
Electrode porosity 0.93 - 21
Electrode specific area 3.5x 105 1/ m? 2}
Standard potential pos 1.004 \Y (17)
Rate constant_pos 0.25x 1077 21)
Transfer coefficient_pos 0.55 - 21
Standard potential neg -0.255 \Y (17)
Rate constant_neg 0.7%x 1077 m?/s 21
Transfer coefficient neg 0.45 - 21
Dissociation constant 0.25 - 201
HSO4(-) dissociation rate 10000 mol/(m3 - s) (23)
Membrane proton activity 1.99 - -
Membrane conductivity 10 S/m (25)
H(+) initial concentration_neg 4500 mol/m3 -
H(+) initial concentration_pos 6000 mol/m3 -
HSOA4(-) initial concentration_neg 2700 mol/m?3 -
HSO4(-) initial concentration_pos 3000 mol/m? -
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Table 4 Operating parameters of VRFB

Parameter Value Unit
Cell temperature 20, 40, 60, 80 °C
Vanadium
concentration_neg 1500, 2000, mol/m3
Vanadium 2500, 3000
concentration_pos
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