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Abstract >> Due to its significantly higher storage density compared to gaseous
hydrogen, liquefied hydrogen is gaining attention as a key storage method for hy-
drogen infrastructure, including hydrogen refueling stations. However, the or-
tho-to-para hydrogen conversion process generates heat, which can lead to va-
porization of the liquid hydrogen. Therefore, the transition must be carefully con-
sidered in any safety analysis of liquefied hydrogen storage systems. The present
study develops a thermodynamic equilibrium model to analyze the ortho-para
hydrogen conversion behavior under liquefied hydrogen storage conditions. By
considering chemical and phase equilibria between isomers, the model predicts
equilibrium composition, temperature, pressure, and phase distribution. Simulation
results reveal that insufficient catalytic conversion to para-hydrogen can lead to
significant pressure rise due to exothermic ortho-para transition, potentially ex-
ceeding critical limits. The findings highlight the necessity of maximizing para-hy-
drogen content during liquefaction for safe storage, especially under isochoric
and cryogenic conditions.
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Table 3. Coefficients and MAPE of para-hydrogen properties
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Table 6. Liquid volume fraction at equilibrium with initial liquid
volume fraction and temperature
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Fig. 10. Pressure at equilibrium with initial temperature (a) 22 K,
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