eman ta zabal zazu

Universidad Euskal Herriko
el Pais Vasco Unibertsitatea

I wnqmul\um (T,
ngiwu l\:\l

Aitor Beloki Arrondo 5= < —
16/05/2023 A ey

_ %H;h'

I

" HIGREEW Wor

CIC

EEEEEEEEEEEEEEEEEEEEEE
LLLLLLLLLLLLLLLLLLL




CIC

energi
> Multiphysics Modelling of an AORFB ?}JTE

“"Design Optimization of Redox Flow Batteries by means of 3-D Multiphysics
Computational Simulation”

* Multiphysics > Coupled Fluid-dynamic, Electrochemical and Thermal Model.
(Collaboration EES-TES)

® Model oriented to aqueous organic RFBs. (TEMPO-Viologen system)

® Model based on Computational Fluid Dynamics (CFD). Model implementation in
ANSYS Fluent.

= Experimental validation in a 20 cm?2 single cell lab test rig.
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Fluid-Dynamic Model of an Aqueous
Organic Redox Flow Battery
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> Fluid-Dynamic Model of an AORFB
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Hypothesis: Outlet channel —

= Incompressible fluid

= Laminar flow rate Porous
_ _ Electrode
" Viscous losses >> Inertial losses > Darcy’s Law
= Isotropic porous media - e
" Physical velocity: usperficiai = €c * Upnysica Inlet channel —— P
¥
Inlet/Outlet channels Porous Electrode
Mass conservation equation: Navier-Stokes Mass conservation equation: Porous Media
d i ap
a‘i*v(pu) _o Equations % 49w =0 Model
Momentum conservation equation: Momentum conservation equation:
0

ou 2 0
p<a+ (u- V)u) =—-Vp+ V(,u(Vu+ vuT) —MI) +F p(a—ltl+ (u- V)g) = —Vp + u(Viu) — s%u
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» Permeability estimation by
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Analysis Validation
contour-2
Static Pressure
250 -
—=— Experimental Sz
—®— Simulation 7.79e+03
200 + 6.92e+03
6.05e+03
r—
& 150 5.18e+03
el
£ 4.31e+03
—
2 100
S 100 3.44e+03
2.57e+03
50 1.70e+03
o 8.276+02
oO———T—T 7T T T T T -4.40e+01
0 10 20 30 40 50 60 70 80 90 100 [Pa]
Flow Rate [mL min™]

© ClCenergiGUNE. 2021. All rights reserved.

11



CIC

energi
> Fluid Dynamic Model AORFB GUNE
Permeability, k = 1.156 e1° m?
200 - 150 -
—&— Experimental —a—Experimental
—@— Simulation —@— Simulation
150 -
100 -
@ T
2 2
£ 100- €
o a
< <
50
24 M=2.349 cP pu=1.791cP
O+——F——7T T 71T 7T T T T 1 O+——F——7T— 71T 7T 7T 7T T T T
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Flow Rate [mL min™] Flow Rate [mL min™]
12

© ClCenergiGUNE. 2021. All rights reserved.



CIC

energl
> Multiphysics modelling of an AORFB iUTE

Fluid-dynamic Model:

* A high-quality mesh (max skewness = 0.56) has been obtained, providing
robust simulations within acceptable computational times.

 The model correlates accurately the simulation results to the experimental
measurements at low flow rates.

* Model validation for half-cell configurations with different CRs.

Electrochemical Model:

* Current challenge = Modelling the charge balance equation in the electrode-
electrolyte interface.
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