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Research on Vacuum Insulation Technology for Ultra—Low Temperature Pipelines
Biao Zhang' Yanbo Guo’
1 Ningbo Branch of Shanxi Xintang Engineering Design Co., Ltd
2 Fujian Zhongsha Petrochemical Co., Ltd

[Abstract] If the clean energy industry represented by hydrogen or liquefied natural gas develops rapidly, the
long—distance and low loss transportation of ultra—low temperature media is the core challenge in energy
storage and transportation. The minimal heat transfer coefficient and good insulation effect relied upon by
vacuum insulation are currently the most feasible insulation solutions in ultra—low temperature pipelines. The
article will summarize the theoretical and technical ideas related to vacuum insulation of ultra—low temperature
pipelines based on four aspects: heat transfer principles, structural improvements, process reality, and
performance related factors. Based on a thermodynamic model combining radiation and conduction, this study
investigates the heat transfer phenomenon of variable density multilayer insulation. Optimization analysis is
conducted on support components, end thermal bridges, and vacuum interlayers, and basic processes for vacuum
formation and maintenance are proposed. The relationship between operating variables, vacuum state, material
properties, and insulation is summarized and explained. The research involved can serve as a theoretical basis for
optimizing the design of vacuum insulated pipelines, and has significant practical significance in reducing energy
transmission losses and promoting the application of clean energy.
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