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develops a correction method to predict the expected NER when liquid hydrogen is
applied, based on liquid nitrogen NER test data. Analysis of the ISO 21014:2019
NER equation identifies the key correction variables thermophysical properties, fill-
ing ratio-to-area ratio, and heat flux ratio and derives the relationship between filling
volume and heat transfer area according to tank geometry. Heat flux calculations for
the IM-Foam-MLI composite insulation system using the Mclntosh Layer-by-layer
method reveal that the heat flux ratio reaches a maximum of 1.14 and converges to
1.055 as MLI thickness increases. Based on these results, NER correction equa-
tions are presented for each tank geometry, and a conservative correction factor of
1.14 is proposed when insulation material data is unavailable.
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Fig. 1. Relationship between fill level and area in a vertical storage
tank
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Fig. 2. Relationship between fill level and area in a horizontal storage
tank
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