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Development of Numerical Analysis Model on Cryogenic Vessel for
Safety Pressure Maintenance and Control of Liquid Hydrogen BOG
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TCorresponding author :
rkko@Keri.re.kr Abstract >> In this study, a cryogenic vessel was constructed to maintain and con-

_ ‘ trol the safe pressure of liquid hydrogen boil-off gas (BOG), and the numerical
Ez\cli‘:;zd ig /:Ar;ry””;g;j analysis was conducted on the development of computational fluid dynamics
Accepted 22 May, 2024 model inside the high-pressure vessel. An evaluation system was constructed

using cryogenic inner and outer containers, pre-cooler, upper flange, and in-
ternal high-pressure container. We attempted to analyze the performance of the
safety valve by injecting relatively high temperature hydrogen gas to generate
BOG gas and quickly control the pressure of the high-pressure vessel up to 10
bar. As a results, the liquid volume fraction decreased with a rapid evaporation,
and the pressure distribution increased monotonically inside a high pressure
vessel. Additionally, it was found that the time to reach 10 bar was greatly af-
fected by the filling rate of liquid hydrogen.
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(c) High-pressure vessel (d) Upper flange
Fig. 1. Main components in experimental equipment

(a) Inner shape (b) Picture (a) Front
Fig. 2. LN; pre-cooler Fig. 3. Vacuum insulation vessels
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Table 1. Grid dependency tests
Grid number 1.82M | 2.13M | 2.50M | 2.72M

Time to 10 bar [s] | 358 378 400 401

Pressure Temperature.
Gas Volume Fraction 1000000.0 000
1.0

230.7

1614

50%
Filling ratio

(a) Volume fraction (b) Pressure (c) Temperature
Fig. 6. Operating conditions

Table 2. Thermal properties
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Phase Density [kg/m3] Cp [J/kgK] Thermal conductivity [W/mK] Viscosity [kg/ms]
Gas 0.08189 Piecewise-polynomial 0.1672 8.411e-06
Liquid 70.85 9772.2 0.10382 1.332e-05
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Table 3. Operating condition and spatial discretization

Operating condition

Flow regime 3D, steady

Simple scheme

Pressure-velocity coupling

Analysis model Standard k-& model

Spatial discretization

Gradient Least squares cell nased

Pressure PRESTO!
Momentum Second order upwind

Energy Second order upwind
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Fig. 7. Saturation temperature of hydrogen for pressure
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