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Abstract >> Cryogenic vessels are used to store liquid hydrogen at 20 K. During

transportation, however, structural safety concerns arise due to sloshing-induced
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impact pressure. This study evaluated the sloshing behaviors in a vertical vac-
uum-jacketed vessel through multiphase fluid flow and fluid structure inter-

action (FSI) analysis. When the inner vessel was 50% filled with liquid nitrogen
and subjected to an acceleration of 12 m/s?, the maximum pressure of 6,340 Pa
was obtained from the multiphase fluid flow analysis. The FSI analysis revealed
that the maximum stress at rod connection was 242 MPa, exceeding allowable
strength. To address this issue, a case study on increasing the rod’s diameter
showed that the rod’s diameter of 6 mm reduced the maximum stress to 111
MPa, ensuring it remained within the allowable strength.

Key words : Cryogenic storage vessel(2X-2 X &2 7]), FS| analysis(S|-1X 914
3l M), Multiphase fluid flow analysis(CHy -8-F 3HlAd), Sloshing(E24)),
Structural safety(2X 2tXA)
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Fig. 1. Configuration of inner vessel and top- and bottom-sup-
ported structures in vertical vacuum jacketed storage vessel
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Fig. 2. Numerical analysis method based on one-way coupled
FSI analysis
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Fig. 4. Free-surface profiles obtained by proposed model and
experimental results” at 1st and 4th quarters of one cycle
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model and experimental results”
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Table 1. Material properties of working fluid and boundary con-
ditions for multiphase fluid flow analysis

Material properties
Liquid nitrogen Density 806.08 kg/m’
(LNz) Viscosity 1.6065 kg/m-s

Boundary conditions

External dynamic Acceleration in x-direction:
loads 4,8 and 12 m/s’

Wall surfaces

No-slip adiabatic
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Fig. 10. Stress distribution at connection of rod and bottom-
supported structure for the acceleration of 12 m/s? at 1.5 sec-
ond (unit: MPa)
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