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Electrolysis for hydrogen production
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Problem

1. Stack design is important for performance
2. Computational and testing limitations

Conclusion: Simulation framework needed
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Framework Overview

Half-cell Models Simplified Stack Model Stack Model
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H2 half — coll ROK

H2 half — coMl ROBE

02 2aif - call ROM
02 haif — cail ROX

02aeif — cafl RON

02 2alf - call ROM
02 half — call ROM

02 half - call ROM

Multiphase CFD Multiphase CFD Electrochemistry

Heat Transfer

Built entirely in COMSOL Multiphysics®, applying multiphysics couplings.
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Step 1/3: Half-Cell CFD and ROMs

1. 3D multiphase modeling incl. source terms
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Step 2/3: Manifold CFD

Inlet and outlet CFD connected by half-cell ROMs

1.
2.
3.

Determining individual half-cell flow rates
Calculating outlet manifold gas fraction from each cell

Enabling full manifold and half-cells mapping (gas
fraction, flow, pressure)

W COMSOL
Certified Consultant

" resolvent




W COMSOL
Certified Consultant

Step 3/3: Stack Electrochemical Model

Model integration

1. Cell and manifold model results
(gas volume, flow, pressure)

2. Bruggeman conductivity correction

Final step to deliver performance predictions
1. Local current density
2. Shunt currents

3. Voltage losses
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Electrical Performance Validation

Experimental validation of cell voltages
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CFD Validation

Pressure drop measurements and simulations are within 10%

Experimental dye flow patterns match dynamic simulations

10 seconds 30 seconds 60 seconds 80 seconds 120 seconds
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Key Insights & Impact

=

Quantifying
performance loss
sources

Understanding gas-induced
resistance, flow non-
uniformity, pressure drops,
and shunt currents

<

Optimization on
stack and system
level

Faster/feasible stack
simulations improves both
stack and system design
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(Near) real-time

simulation

Supporting system

monitoring and control with

faster computation
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Conclusion & Future Work

Framework conclusion:
1. Computational speed through ROMs and partial decoupling
2. Accuracy with CFD based cell "mapping" in relevant parameter space

3. Ongoing/Future: Heat transfer and degradation effects implementation
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Q&A
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Questions

We are here all days
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Paper and Poster Contact

Please read our paper, Reach out for further
the Stargate Hydrogen discussions to any of the

blog, and visit Priit at the authors

Stargate poster for more ki@resolvent.dk

information

COMSOL Multiphysics is a registered trademark of COMSOL AB.
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