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Abstract

This study was conducted to predict the tendency for heat exchange and boil-off gas (BOG) in a liquefied hydrogen tank under sloshing
excitation. First, athe fluid domain excited by sloshing was modeled using a multiphase-thermal flow domain in which liquid hydrogen and
hydrogen gas are in the saturated state. Both the the volume of fluid (VOF) and Eulerian-based multi-phase flow methods were applied to
validate the accuracy of the pressure prediction. Second, it was indirectly shown that the fluid velocity prediction could be accurate by
comparing the free surface and impact pressure from the computational fluid dynamics with those from the experimental results. Thereafter,
the heat ingress from the external convective heat flux was reflected on the outer surfaces of the hydrogen tank. Eulerian-based
multiphase-heat flow analysis was performed for a two-dimensional Type-C cylindrical hydrogen tank under rotational sloshing motion, and
an inflation technique was applied to transform the fluid domain into a computational grid model. The heat exchange and heat flux in the
hydrogen liquid-gas mixture were calculated throughout the analysis,, whereas the mass transfer and vaporization models were excluded to
account for the pure heat exchange between the liquid and gas in the saturated state. In addition, forced convective heat transfer by sloshing on
the inner wall of the tank was not reflected so that the heat exchange in the multiphase flow of liquid and gas could only be considered. Finally,
the effect of sloshing on the amount of heat exchange between liquid and gas hydrogen was discussed. Considering the heat ingress into liquid
hydrogen according to the presence/absence of a sloshing excitation, the amount of heat flux and BOG were discussed for each filling ratio.

Keywords : liquid hydrogen, sloshing, multiphase-thermal flow, heat flux, filling ratio (F/R), BOG (boil-off gas)
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15t Step: Ingress heat flux by heat conduction
(FEA by Heat diffusion equation)
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2nd Step: Heat flux flowing into the LH,
(By Multiphase-Thermal flow CFD)

Heat flux into LH2 by Sloshing
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(BOG calculation based on heat flux)
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Fig. 1 Schematic procedure of computations
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Fig. 2 Overview of Heat Flux in a LH, Tank
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Fig. 3 Apparatus of Sloshing test (Kang and Lee, 2005)
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Table 1 Numerical scheme of CFD model
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(c) Free surfaces predicted by Eulerian model

Fig. 4 Comparisons of the free surfaces results
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Fig. 5 Pressure profiles and histories on the inner wall
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Fig. 7 Computational grid on cylindrical fluid domain

Table 2 Material properties of the hydrogen (FLUENT DATABASE)

Material property Vapor hydrogen | Liquid hydrogen
Density (kg/m’) 0.082 70.85
Specific heat capacity (J/kg-K) 14,304 9772.2
Thermal conductivity(W/m-K) 0.1672 0.1038
Dynamic viscosity(kg/m+s) 8.4 x10° 1.3x10°
Latent heat of vaporization (J/kg) - 446,592
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Fig. 8 Temperature contour of fluid domain in initial condition
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Table 3 Comparison between Non and Sloshing condition

Numerical Results Sloshing Increment

Non-Sloshing

Average heat flux (W/m?) 7.71 11.95 55%

Average heat flow rate (W) 144.87 224.54 55%

BOG generation (kg/day) 28.03 43.44 55%

Table 4 Volume of liquid hydrogen at each F/R

Case Filling ratio (%) Volume of LH, (m®)
Case [1] 80 5.3722
Case [2] 60 3.9126
Case [3] 40 2.6861

Table 5 Estimated magnitude of BOG/BOR at each F/R

. - . BOG BOR
F/R Rat
/ q qy; (Ratio) q(W) (kg/day) (%)
80% | 14.54 | 8.54(58.7%) | 273.21 52.86 13.89
60% | 11.95 | 5.95(49.8%) | 224.54 43.44 15.67
40% 9.71 3.71 (38.2%) | 182.45 35.29 21.92
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Fig. 15 Heat flux profiles by filling ratio (Ingress to LH,only)
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Fig. 16 Predicted BOG/BOR results by filling ratio (Heat flux based)
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