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Motivation

» Enabling Net-Zero Transport: Decarbonising hard-to-electrify
sectors such as aviation, maritime, and heavy-duty road transport.

» Overcoming Storage Challenges: Boil-off, thermal stratification,
structural integrity under dynamic conditions

* Bridging Knowledge Gaps: Critical need for high-fidelity data and
validated models to support the design, optimisation, and
certification.
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NASA Benchmark Cases
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CFD Tank Modelling

Governing Equations:
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CFD Tank Modelling
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Phase Change Modelling

Two branches of interfacial phase change modelling:
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Phase Change Modelling

* We chose to study the following popular phase change models
In a parametric study:

Kinetic Theory of

Energy Transport

Gas Models Models

Popular for NASA researchers Ansys Fluent Default STAR CCNL Default

Modified Energy
Jump (MEJ) Model

[6]
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« Each model has its own characteristic coefficient



Phase Change Model Comparison
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K-Site Pressurisation Results
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K-Site Thermal Stratification Results
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K-Site Boil-Off Analysis
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K-Site Boil-Off Analysis
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Conclusions

= Modelling Framework: A robust user-defined framework was
developed in STAR-CCM+ to simulate LH2 self-pressurisation, boil-off,
and thermal stratification, enabling comparative assessment of
Interfacial phase change models.

» Schrage model. Most accurate and stable across all cases; optimal
performance with a coefficient of 1073

* Modified Energy Jump (MeJ): Accurate when heat transfer coefficients
are well-specified. Sensitivity analysis recommended for new cases.

* Lee model: Least accurate, prone to divergence unless thermal
expansion dominates.
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