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Introduction

Organic redox flow batteries (ORFBs) are a promising approach for large-scale station-
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
of promising chemical systems.
To accelerate the design and optimization of ORFB cells we develop a spatially resolved
model that solves for the transient solution of the coupled mass, momentum, and
energy transport equations within the porous electrodes, current collectors, and the
ion-exchange membrane.
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
based on the volume averaging method. Additionally, we use an effective membrane
model that accounts for pressure-driven and electro-osmotic flow.

Modelling Assumptions and Simplifications

• Laminar, creeping electrolyte flow

•Negligible crossover of electro-active species
•Negligible side reactions
•Dilute-solution approximation

• Isotropic and homogeneous material properties per compartment

• Local thermal equilibrium

Cell Geometry and Transport Equations

Momentum Balance

Energy Balance

System of Coupled PDEs

Electric Potential (Electrons)

Electric Potential (Ions)
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Species Mass Balance

Electrochemical Flow Cell

<latexit sha1_base64="NcYKKapOovN0sjMopQo/NTEk2qs=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTiC1cFN+6saB/QhDCZTtqhM5MwMxFKiL/ixoUibv0Qd/6NkzYLrR4YOJxzL/fMCRNGlXacL6uytLyyulZdr21sbm3v2Lt7XRWnEpMOjlks+yFShFFBOppqRvqJJIiHjPTCyVXh9x6IVDQW93qaEJ+jkaARxUgbKbDr3g0nIxRkHkd6LHl2l+eB3XCazgzwL3FL0gAl2oH96Q1jnHIiNGZIqYHrJNrPkNQUM5LXvFSRBOEJGpGBoQJxovxsFj6Hh0YZwiiW5gkNZ+rPjQxxpaY8NJNFRLXoFeJ/3iDV0YWfUZGkmgg8PxSlDOoYFk3AIZUEazY1BGFJTVaIx0girE1fNVOCu/jlv6R73HTPmqe3J43WZVlHFeyDA3AEXHAOWuAatEEHYDAFT+AFvFqP1rP1Zr3PRytWuVMHv2B9fANX/pU3</latexit>

⌦S

<latexit sha1_base64="1IjdomGgCNZ0g4Zkq3RzXQ8/jXc=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgxjIjvnBVEMGdFewD2nHIpJk2NMkMSUYow4C/4saFIm79Dnf+jZl2Ftp6IHA4517uyQliRpV2nG9rbn5hcWm5tFJeXVvf2LS3tpsqSiQmDRyxSLYDpAijgjQ01Yy0Y0kQDxhpBcOr3G89EqloJO71KCYeR31BQ4qRNpJv73ZvOekjP+1ypAeSp9dZ9nDk2xWn6owBZ4lbkAooUPftr24vwgknQmOGlOq4Tqy9FElNMSNZuZsoEiM8RH3SMVQgTpSXjuNn8MAoPRhG0jyh4Vj9vZEirtSIB2YyD6mmvVz8z+skOrzwUiriRBOBJ4fChEEdwbwL2KOSYM1GhiAsqckK8QBJhLVprGxKcKe/PEuax1X3rHp6d1KpXRZ1lMAe2AeHwAXnoAZuQB00AAYpeAav4M16sl6sd+tjMjpnFTs74A+szx9vj5XI</latexit>

⌦�
E

<latexit sha1_base64="oqEuGnI+TfQ9Bq1oHKxjkSELYE0=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIsgCGVGfOGqIII7K9gHtOOQSTNtaJIZkoxQhgF/xY0LRdz6He78GzPtLLT1QOBwzr3ckxPEjCrtON/W3PzC4tJyaaW8ura+sWlvbTdVlEhMGjhikWwHSBFGBWloqhlpx5IgHjDSCoZXud96JFLRSNzrUUw8jvqChhQjbSTf3u3ectJHftrlSA8kT6+z7OHItytO1RkDzhK3IBVQoO7bX91ehBNOhMYMKdVxnVh7KZKaYkaycjdRJEZ4iPqkY6hAnCgvHcfP4IFRejCMpHlCw7H6eyNFXKkRD8xkHlJNe7n4n9dJdHjhpVTEiSYCTw6FCYM6gnkXsEclwZqNDEFYUpMV4gGSCGvTWNmU4E5/eZY0j6vuWfX07qRSuyzqKIE9sA8OgQvOQQ3cgDpoAAxS8AxewZv1ZL1Y79bHZHTOKnZ2wB9Ynz9sh5XG</latexit>

⌦+
E

<latexit sha1_base64="aVJp8SpN/bSeg0JKFxK5sDqvbOU=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIsgCGVGfOGq0I07K9gHdMYhk2ba0CQzJBmhDAP+ihsXirj1O9z5N2baLrT1QOBwzr3ckxMmjCrtON/WwuLS8spqaa28vrG5tW3v7LZUnEpMmjhmseyESBFGBWlqqhnpJJIgHjLSDof1wm8/EqloLO71KCE+R31BI4qRNlJg73u3nPRRkHkc6YHkWT3PH04Cu+JUnTHgPHGnpAKmaAT2l9eLccqJ0Jghpbquk2g/Q1JTzEhe9lJFEoSHqE+6hgrEifKzcfwcHhmlB6NYmic0HKu/NzLElRrx0EwWIdWsV4j/ed1UR1d+RkWSaiLw5FCUMqhjWHQBe1QSrNnIEIQlNVkhHiCJsDaNlU0J7uyX50nrtOpeVM/vziq162kdJXAADsExcMElqIEb0ABNgEEGnsEreLOerBfr3fqYjC5Y05098AfW5w9pd5XE</latexit>

⌦+
C

<latexit sha1_base64="RsMJPE/8ywmO/njxTfPoveGKSXA=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgxjIjvnBV6MadFewDOuOQSTNtaJIZkoxQhgF/xY0LRdz6He78GzNtF9p6IHA4517uyQkTRpV2nG9rYXFpeWW1tFZe39jc2rZ3dlsqTiUmTRyzWHZCpAijgjQ11Yx0EkkQDxlph8N64bcfiVQ0Fvd6lBCfo76gEcVIGymw971bTvooyDyO9EDyrJ7nDyeBXXGqzhhwnrhTUgFTNAL7y+vFOOVEaMyQUl3XSbSfIakpZiQve6kiCcJD1CddQwXiRPnZOH4Oj4zSg1EszRMajtXfGxniSo14aCaLkGrWK8T/vG6qoys/oyJJNRF4cihKGdQxLLqAPSoJ1mxkCMKSmqwQD5BEWJvGyqYEd/bL86R1WnUvqud3Z5Xa9bSOEjgAh+AYuOAS1MANaIAmwCADz+AVvFlP1ov1bn1MRhes6c4e+APr8wdsf5XG</latexit>

⌦�
C

Half cell redox reactions:

Aoxn + e− ⇌ Aredn, Aoxp + e− ⇌ Aredp

Scaling parameters:

ϵ0L =
l0

L0
, Pe0L =

L0v0

D0
, Sc0 =

ν0

D0
, Le0 =

λ0/(ρ0c0P )

D0
, Kil =

k0l
0

D0
, Shl =

kml
0

D0

Dimensionless transport equations:

Description Variable Balance Law

Electrostatic potential (solid) ϕs ∇ · Js = ϵ−2
L Ss

Electrostatic potential (liquid) ϕl ∇ · Jl = ϵ−2
L Sl

Molar species concentration cα ϵPe0L∂tcα +∇ · (Pe0Lcαv +Nα) = ϵ−2
L Sα

Electrolyte flow p ∇ · v = 0
Energy balance T Pe0L∂t(ρcpT ) +∇ · (Pe0LρcpvT + Le0q) = ST

Fluxes:

Js = −σeff
s ∇ϕs, Jl = −

(
σeff
l ∇ϕl +

∑
α

zαD
∗
α∇cα

)
, q = −λ∇T

Nα = −
(
D∗

α∇cα + zαD
eff
α cα∇ϕl

)
, v = −

(
kh
µ
∇p +

ndσl

zcPe
0
L

∇ϕl

)
Source terms (in the porous electrodes):

Electrochemical reactions: |Ss| = |Sl| = |Sα| = |iv|
Joule and reaction heat: ST = σeff

l |∇ϕl|2 + σeff
s |∇ϕs|2 + ϵ−2

L ivη

Volumetric reaction rate:

iv = avKilcox
eη − 1(

1 + cox
cred

eη
)

Kil
Shl

+
(

cox
cred

)α

eαη
, η = (ϕs − ϕl)−∆ϕeq

Effective diffusion tensor in isotropic porous electrodes:

D∗
α = Dα

(
αGI +Ddisp

)
, Ddisp = α

(1)
L (∥v∥)I + α

(2)
L (∥v∥)v ⊗ v

∥v∥

Validation with the MV/TEMPTMA System

Polarization curves and power densities at SOC = 20% and SOC = 50% for
a small flow cell with 5 cm2 active surface area.

Spatially Resolved Fields
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Molar species concentration fields in the half cell at discharging current density icell ≈ −103mA cm−2.
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Pressure and temperature distribution for a non-isothermal case at icell ≈ −52mA cm−2.

Software Package: RfbScFVM.jl

•Open source model implementation in Julia (MIT licence)

• FV discretization using the VoronoiFVM.jl package

•Parameter specification with JSON configuration files

Summary and References

• Separator model accounting for pressure-driven and electro-osmotic flow

•Effective pore-scale model is used for parameterization of the total dispersion

• Implementation published as open source software package RfbScFVM.jl

•Model validation showing accurate prediction of cell polarization curves
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