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Abstract: In the context of the energy transition, hydrogen energy has emerged as a prominent research focus due
to its advantages of cleanliness, renewability, and high calorific value. The liquid hydrogen booster pump is a
core component of the liquid hydrogen storage and transportation systems, and the mechanical properties of the
pump chamber in cryogenic and high pressure conditions are critical to the safety and reliability of the system.
This study investigated the mechanical properties of the liquid hydrogen booster pump chamber under cryogenic
environment by employing a combined approach of theoretical calculations and numerical simulations. The
thermal stress and elastic-plastic stress of the pump chamber were calculated using formulas such as Lamé’s
equations; The stress distribution characteristics of the liquid hydrogen booster pump chamber with different
temperatures and internal pressures were analyzed through numerical simulations, the results of which were
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consistent with the theoretical predictions. The results indicate that under cryogenic conditions, the stress
distribution on the inner wall of the pump chamber is more uniform than that at ambient temperature, whereas
its sensitivity to internal pressure is reduced. When the piston is at different positions inside the chamber, the
maximum stress under cryogenic conditions is concentrated on the inner wall. As the piston approaches the
bottom of pump chamber, a stress increase will occur due to the squeezing effect. These findings can provide
theoretical and simulation support for the design and optimization of the pump chamber under extreme operating
conditions in liquid hydrogen booster pumps.

Key words: cryogenic and high pressure; liquid hydrogen booster pump; mechanical property; numerical simula-

tion; reciprocating
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Fig. 2 Schematic diagram and section of the hydraulic pump chamber
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Table 1 Dimensions of the hydraulic pump chamber mm
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Fig. 3 Triaxial stress diagram of the pump chamber
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Fig. 5 Cross-sectional view of the pump chamber in the elastic-plastic state
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Fig. 7 Stress diagram of internal pressure pump chamber at different temperatures
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Fig. 8 Curves of stress at different points on the pump chamber inner wall with internal pressure
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Fig. 9 Curves of temperature and triaxial stress in pump chamber wall along the radius
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Table 3 Stress and strain on the inner wall of the pump chamber
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Stress diagram at different locations under 90 MPa
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