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1. Solid oxide fuel cells (SOFCs)

Motivation

SOFCs: Redox reactions:

. D?rect conversiqn of chemical into electrical energy Cathode: 0.50, +2e 02~
« High energy efficiency (> 80%) ) B
 Low environmental pollution Anode:  H;+ 0" — Hy0 +2¢

SOFC analysis at different length scales

Semantic platform
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Outline

/ \ Semantic platform
1. Motivation

2. Microstructural analysis
3. Macroscopic modeling

4. Semantic Platform

5. Conclusion and outlook
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2. Microstructural analysis
SOFC electrodes
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 Mechanical behavior
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2. Microstructural analysis
Effective properties: Transport [
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[1] Langner et al., PAMM, 2024.
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2. Microstructural analysis
Effective properties: Mechanics
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[2] Norton, 1929.
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2. Microstructural analysis
Reconstruction of anode microstructures*
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[3] Holzer et al., Zenodo, 2021.
* Collaboration with Seibert (TU Dresden)
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3. Macroscopic modeling
Multiphysical problem [4.56]

\

/Physical field equations

« Mass transfer
» Charge transfer | Thermal ' Y Electrical
« Momentum transfer of fluid field field
- Species conservation '
« Energy conservation
\. Momentum balance of soIid/
Mechanical Chemical

Kfleld field -

[4] Langner et al., Int. J. Hydrog. Energy, 2024.

[5] Belouettar et al., Acta Mechanica, 2025. (submitted)

[6] Semenov et al., Acta Mechanica, 2025. (accepted for publication)
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3. Macroscopic modeling
Results [5.6]

Numerical domain for single SOFC SOFC efficiency
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[5] Belouettar et al., Acta Mechanica, 2025. (submitted) Power density versus current density (pink)
[6] Semenov et al., Acta Mechanica, 2025. (accepted for publication)
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3. Macroscopic modeling
Results [©!

SOFC long-term durability
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Von Mises stress intensity versus time for the components of a single SOFC
[6] Semenov et al., Acta Mechanica, 2025. (accepted for publication)
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3. Macroscopic modeling
Surrogate model: Artificial Neural Network (ANN) [4]

@ )

(e ) Optimization techniques for ANN
Design parameters _ « Levenberg-Marquardt (LM): more effective for
« Geometrical parameters of single fuel cell sparse datasets and smaller networks
* Electrode properties - Adam optimizer: better performance for
« Operating parameters
S ) N large datasets Y,

Input layer Output layer

Power
Polarizations
Current

Design
parameters

[4] Langner et al., Int. J. Hydrog. Energy, 2024.
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4. Semantic platform 4

Numerical )
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/Structured ontology framework \ /Use of platform \
- Standard data representation « Connects multiphysical and multiscale models
« Interoperatbility between models and « Organization of simulation data for reuse
tools « Reduction of inconsistences between data
« Real-time data exchange and feedback . Improvement of data exchange and
\- Facilitates knowledge integration / \ optimization of models /
Example:

documentation

Data source
- : —
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[ Data sink }
Data source

Data output

Knowledge :
(CSV) o hg (json)
[4] Langner et al., Int. J. Hydrog. Energy, 2024. grap
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5. Conclusion and outlook

Conclusion
« Geometrical characterization of solid oxide fuel cell anodes

Semantic platform

- Framework to determine effective properties

« Reconstruction of SOFC anodes

« Macroscopic modeling considering inelastic mechanical behaviour
« Surrogate modeling for fast predictions

« Integration into a semantic platform

Outlook
* Inverse design for electrode microstructures

« Further implementation of structure-property-performance
relationships into the platform

* Inclusion of manufacturing process into the framework
« Optimization of SOFC to maximize performance and long-term durability
« Validation and comparison with experimental data
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