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Abstract: To achieve superior insulation performance of the vacuum multilayer insulation structure in
liquid hydrogen tanks, a continuous variable density optimization method is introduced. This
method builds upon the existing three-density zones or four-density zones and focuses on refining
the spacing arrangement between radiation shield layers. By determining the optimal layer
spacing configuration that integrates the vapor-cooled shield (VCS) and incorporates para-ortho
conversion within the VCS, this study analyzes the effects of continuous variable density optimization on
temperature distribution and heat flux density. A comparative analysis is conducted against the
segmented variable density method. The results show that with a constant total thickness of the

insulation structure, the spacing between the layers near the cold boundary significantly increases
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after optimization, reducing solid conduction near the cold boundary and radiative heat transfer

near the hot boundary. For the insulation structure coupled only with VCS, the optimization

effect is most significant when VCS is placed at the 3rd radiation shield layer, reducing the
minimum heat flux density from 0.2492 W + m 2 t0 0. 208 8 W » m ?, a decrease of 16.2%. The
optimal installation position of VCS shifts from the 18th layer to the 14th layer after

optimization, with the relative position changing from 0. 51 to 0. 56. When para-ortho conversion

is introduced within VCS, the optimization effect is most significant when VCS is placed at the

2nd radiation shield layer, reducing the heat flux density by 22. 0% compared to before optimization.

This study investigates the impact of continuous variable density optimization method on insulation

performance, providing support for the design of variable density optimization for multilayer

insulation structures.

Keywords: insulation performance; multi-layer insulation; vapor cooled shield; para-ortho conversion
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Fig. 1 Schematic diagram of variable density multilayer
insulation structures for liquid hydrogen storage

tanks under different configurations
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Fig. 2 Continuous layer-by-layer variable density

optimization calculation process
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