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➢ This optimization method is highly effective in reducing heat 
leakage in cryogenic supports.

➢ The effectiveness of the support optimization is significantly 
influenced by the weight ratio of the liquid hydrogen.

➢ When the weight ratio of the liquid hydrogen to the inner 
container of the tank is 0.2, 0.4, and 0.6, the percentage 
reduction in heat leakage rapidly increases, reaching 14.33%, 
21.25%, and 24.27%, respectively.

➢ Finally, when the weight ratio reaches 0.8, the reduction in 
heat leakage percentage stabilizes, achieving a maximum 
reduction of 25.23%.
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304 stainless steel is used as an example here. The ratio of the liquid hydrogen weight to the inner container weight is set to 0.5.

➢ A simple one-
dimensional vertical 
compression support rod 
model was used.
➢ The top of the rod is 
subjected to the 
gravitational force from 
both the inner container 
and the liquid hydrogen.

the blue solid line 
represents the 
optimal result.

the red dashed line 
indicates the 
conventional result.

➢ As the temperature decreases, the allowable stress 
gradually increases, and the support width gradually decreases 
until it no longer changes near 0.07m.
➢ This is because the support width has reached the minimum 
required width at room temperature (without liquid hydrogen).
➢ This near-linear width distribution is due to the material 
properties used. 
➢ The thermal resistance on the cryogenic side has increased 
relative to the high-temperature side.

➢ The thermal conductivity has 
decreased across the entire 
support. 
➢ The maximal disparity in 
thermal conductivity occurs in 
the middle region.
➢ At the cryogenic end, the 
difference is about 10 W/K.

Abstract

The heat leakage of cryogenic equipment mainly comes from multilayer insulation and solid heat conduction. However, optimizing solid heat transfer has not been extensively studied.
Utilizing the properties of materials that exhibit increased strength and reduced thermal conductivity at cryogenic temperatures, the shape of a 1D support was optimized through topology optimization.

The shape, temperature profile, and heat transfer coefficient of the support were analyzed, as well as the impact of different weight ratios of liquid hydrogen on heat leakage.

Assumptions:
1. The heat transfer model is 1D heat transfer (the 
optimization results are reflected in the width of the 
elements).
2. The support is only considered for vertical loads, 
ignoring other forces and support forms.
3. The heat transfer in the model is in a steady-state 
condition.
4. The support material is homogeneous and 
isotropic.
5. The weight of the support rod itself is neglected.
6. The thermal resistance at the ends of the support 
rod, at the hot and cold boundaries, is neglected.
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