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Two—dimensional transient characteristics and mechanism study of composite
insulation for liquid hydrogen tank
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Abstract: To improve the accuracy of performance prediction for the liquid hydrogen tank with the composite
insulation structure, a two—dimensional transient thermodynamic model was developed. The model accounts for heat
conduction within the vapor—cooled shield (VCS) and the tank wall, simulating the heat and mass transfer processes
of the tank coupled with multilayer insulation (MLI)/VCS to reveal the evolution of thermal parameters and
temperature field distributions. The results indicate that, compared to the one—dimensional model, the two—
dimensional transient model can capture the dynamic heat transfer process and the temperature gradient along the
VCS, thereby effectively avoiding the overestimation of heat leakage caused by one—dimensional simplifications.
During the non—equilibrium process, the cryogenic temperature zone in the temperature field of the composite
insulation structure continuously spreads from the wall of the tank and the position of VCS toward the nearby zone.

After reaching the quasi—equilibrium state, during an intermittent venting cycle, the temperature field of the
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insulation structure evolves from the two—dimensional distribution at the venting time to an approximately one—

dimensional distribution at the end of the self—pressurization. Taking into account the thermodynamic stability of

the tank and the thermal performance of the insulation system, it is recommended to position the VCS at 50% to

60% of the total MLI thickness.

Keywords: hydrogen; multilayer insulation; vapor—cooled shield; heat conduction; transient response; two—

dimensional model
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Fig. 1 Schematic diagram of liquid hydrogen tank with

insulation structure
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Table 1 Structure parameters of the tank and insulation
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Fig. 2 Thermal resistance network of the composite insulation tank
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