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ABSTRACT

Liquid hydrogen (LH2) is a promising option for large-scale energy storage, and lined
rock caverns (LRCs) provide favorable underground storage conditions. However,
naturally fractured rock masses can cause non-uniform groundwater flow and heat
transfer, leading to asymmetric temperature distributions around the cavern. This study
investigates thermal asymmetry in LH2-LRC systems using a Discrete Fracture Network
(DFN) approach integrated with COMSOL Multiphysics. Various fracture orientations,
densities, and hydraulic gradients were analyzed over a 10-year period. Thermal
distortion was quantified using the Isotherm Distortion Index (IDI). Results show that
fracture orientation relative to groundwater flow is the dominant factor controlling thermal
asymmetry. Predictive correlations with high accuracy were also developed, providing a
practical alternative to repeated numerical simulations for preliminary LH2 storage
assessment.
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