Fuel Cells & Electrolysers

3D Transient Simulation of a Planar SOFC: Linking
Microstructure to Multiphysics Performance

Presenter:
Dr. M. El Hachemi
Co-authors:
Dr. S. Belouettar
Dr. Ahmed Makradi

W~
Q 3 Ii‘&g ! .
‘ Q\X\% v INSTITUTE OF SCIBNCE LI ST b
! «.‘ ‘/ ‘M
ggm?EORLENCE | AND TECHNOLOGY -

2025 AMSTERDAM October 29-31



SOFC Simulation in COMSOL® S
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Multiscale approach

Microstructure

0~ : *In-house application, to generate RVE from
\ Generation Digital Reconstruction
(RVE)
*Retrieve the effective
_3D R\_/E parameters for the GDE
-~ simulations electrodes

Macroscopic  -performance
Simulations | Analysis and
~ SOFC Visualisation

Workflow illustrating the computational approach
from microstructure to SOFC unite cell
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Multiscale representation of SOFC
showing system’s scale spans 6 order of magnitude
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Electrochemical heating coupling
(Built-in thermoneutral voltage)

Multiphysics modelling of SOFC cowar,
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Process Flow of Segregated Approach in COMSOL®

COMSOL Model definition
Geom. Params. Mat.

el - COMSOL Physics Modules:
out Hydrogen Fuel Cell (HFC)

Applied within:

Applied within:

Hydrogen Fuel Cell (HFC) os |
Electrochemical Reaction
(Butler-Volmer) 0

Reacting flow coupling
(Mass Transfer)

—— Anode Applied within:

Free & Porous fluid Flow (F&PMF) Free & Porous fluid Flow (F&PMF)
Air Channel + Cathode H, Channel + Anode
(Darcian Flow) ( Darcian Flow)

Non-isothermal coupling

(Anode and Cathode assigned
(Energy Balance)

separate computational domain)

Heat transfer (HTSF) Visualisation and
(Local Thermal Equilibrium Model) Performance analysis
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Free & Porous Media Flow (F&PMF)
Applied within anode side : [ ]
Applied within Cathode side : [ ]
Heat Transfer in Solids and Fluids (HTSF)

COMSOL Multiphysics Coupling:
Reacting Flow ( F&PMF + HTSF)
Applied within anode side :
Applied within Cathode side :
Non-isothermal Flow ( F&PMF + HTSF)
05 Cathode Applied with!n anode side_ :
Applied within Cathode side :
—— Electrolyte Membrane Electrochemical Heating (HFC + HTSF)

Computational Domain Specification
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Unit SOFC PERFORMANCE cowor,,
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Power Density and I/V figure-of-merit
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Cell Current Density (A/m?)

Polarization curve and Average power-density distribution
generated from the COMSOL simulation, showing the
relationship between current density and cell voltage for sTITuTE EMBOURS
5 different LSCF microstructures . I TEERILEEY
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Component fluxes and current density streamlines on transversal cross-cut of the
SOFC
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Heat loss densities(kW/m?)
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UNIT SOFC Heat&loss Management o e, R

Simulation of unit SOFC cold start

101

—
=% Chemical heat loss density
—o— Joule loss density

—

—%— GDE av. temperature

10 20 30 40 50 60
Time (min)

History of cold start of SOFC
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Temperature (°C) 0 to 60 min
degC
Upstream T ,, = 500°C A 620
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Contours of temperature across the SOFC
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Current density (A/m?)

UNIT SOFC Heat&loss Management ésxs&zm; |
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Cold start: Recombination dominance losses.
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CONCLUSION cowor
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« The early dominance of Joule heating and recombination effects emphasizes the need for
optimized electrical/ionic transport to reduce startup inefficiencies.

« Chemical heat loss stabilization demonstrates the system's thermochemical efficiency during
steady-state operation.

« Temperature dynamics reveal effective heat transfer mechanisms crucial for rapid operational
temperature achievement.

« Bridging microstructural analysis with macroscopic simulations, the model shows how
microstructure impact overall efficiency. And the coupled analysis of fluid dynamics, heat
transfer, and electrochemical reactions provided actionable insights for optimizing flow
distribution and minimizing parasitic losses.
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