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Cryogenic systems are essential for applications such as liquefied natural gas processing, superconducting devices, space technologies and low-temperature research. Their efficient operation depends on prediction and control of heat transfer under complex thermal conditions. This study presents a numerical investigation of transient heat transfer through a multilayer insulated cryogenic vessel subjected to varying ambient conditions. The governing energy equation is solved using a finite-volume approach, with temperature-dependent thermophysical properties incorporated into the model. The effects of insulation thickness, thermal conductivity and external heat-transfer coefficient on the temperature distribution and heat in-leak are examined. The numerical framework is assessed through comparison with available reference data, and grid-independence is evaluated to establish solution consistency. The results illustrate the relative influence of the selected design and operating parameters on thermal performance and identify conditions that can reduce heat ingress. The study provides a modelling framework that can support the thermal design and performance assessment of cryogenic storage systems. The approach may also be extended to investigate more complex insulation configurations and operating environments.
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