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Heat Transfer Characteristics of
Supercritical Hydrogen Affected by Air
Condensation
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Abstract: A numerical simulation method with ANSYS
Fluent software and user-defined function (UDF) was
employed to model and simulate the coupled two-
dimensional heat transfer process involving internal/
external fluids and the pipe wall. Taking theoretically
calculated outlet temperatures and heat transfer
coefficients as benchmarks, through the computational
fluid dynamics (CFD) investigation, the heat transfer
characteristics of supercritical hydrogen in different inlet
states and surrounding air domains were explored under

the condition of external air liquefaction. It is shown that
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within the liquid hydrogen temperature range dominated
by the air liquefaction (50 to 70 K) , the temperature of the
external air has a negligible impact on the overall heat
transfer effectiveness. Even when the air velocity reaches

8 m-s ',

the enhancement in the overall heat transfer
coefficient is only approximately 20%. Neither forcing
convection to increase air velocity, altering the ambient
temperature, nor modifying the inlet mass flow rate can
significantly improve the overall heat transfer coefficient
within the temperature range. Instead, the coefficient is
predominantly governed by the heat transfer coefficient
associated with air liquefaction, meaning that the
temperature of the cryogenic fluid is the dominant

influencing factor.

Keywords: high-pressure supercritical hydrogen; air

condensation; fluid-solid coupling heat transfer;

numerical simulation
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