Zurcher Hochschule

A Transient Non-isothermal Cell Performance

Zh School of
aw

Engineering Model for Organic Redox Flow Batteries

R. P. Scharer, J. O. Schumacher
Institute of Computational Physics, ZHAW, Winterthur, Switzerland

Introduction Validation with the MV/TEMPTMA System

Organic redox flow batteries (ORFBs) are a promising approach for large-scale station-
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ary energy storage. The large chemical space available for organic electro-active redox .
couples allows for great chemical flexibility and has led to the development of a variety e 150
of promising chemical systems. o P 0 o
To accelerate the design and optimization of ORFB cells we develop a spatially resolved - - 100
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model that solves for the transient solution of the coupled mass, momentum, and £ ? 2 :
energy transport equations within the porous electrodes, current collectors, and the ~ 08, - 2 " 06 » 2
lon-exchange membrane. . B -
To account for the effective macroscopic transport properties in the porous electrodes, . .
such as the dispersion of electro-active species, we integrate a porous electrode model 0 100 200 300 0 100 200 300 400
based on the volume averaging method. Additionally, we use an effective membrane cusrent Denaity e Cussent Densiy e
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model that accounts for pressure-driven and electro-osmotic flow. Polarization curves and power densities at SOC = 20% and SOC = 50% for
a small flow cell with 5cm? active surface area.
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Cell Geometry and Transport Equations 0 0w os oo T w05 o
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Molar species concentration fields in the half cell at discharging current density i..y ~ —103 mA cm™2.
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} { Pressure and temperature distribution for a non-isothermal case at i ~ —52 mA cm~2.
Half cell redox reactions:
Aw, €7 = Area,y  Aox, € = Awey, Software Package: RfbScFVM.ji
Scaling parameters:
. 70,0 ; 30 /( 0,0 L - e Open source model implementation in Julia (MIT licence) °
v 4 C . . o . . . o o0
€y = =5 Pe) = IR Sc!) = 5 Le) = /E’)OO P), Ki; = %, Sh; = % e FV discretization using the VoronoiFVM_jl package Julla
Dimensionless transport equations: e Parameter specification with JSON configuration files
Description Variable Balance Law S d Ref
. . . _ ummary an ererences
Electrostatic potential (solid) ¢ V-J, =¢85, y
Electrostatic potential (liquid) ¢ V-J = EZQSZ _ _ _
. . 0 0 9 e Separator model accounting for pressure-driven and electro-osmotic flow
Molar species concentration Ca ePe; 0ic +V - (Pejcov + N,) = €,%5,
Electrolyte flow D V.v =0 e Effective pore-scale model is used for parameterization of the total dispersion
Energy balance T Pe}dy(pc,T) + V - (Pe] pc,vT + Le'q) = St e Implementation published as open source software package RfbScFVM.jl
Fluxes: e Model validation showing accurate prediction of cell polarization curves
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