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Effects of Vapor-Cooled Shields Integrated with Para-Ortho Hydrogen Catalytic

Conversion on Self-Pressurization of Liquid Hydrogen Storage Tanks
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(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To effectively improve the thermal insulation performance of liquid hydrogen storage
tanks, a transient heat and mass transfer model for vacuum multilayer insulated liquid hydrogen
storage tanks is developed, and the effect of integrating a vapor-cooled shield with ortho-para
hydrogen catalytic conversion is investigated. Dimensionless parameters, including the vapor
consumption factor (7.) and the dormancy period extension factor (7y), are introduced to
quantify vapor consumption and tank dormancy period, respectively. A unit factor (), defined
as the ratio of 7, to 7., is used to characterize the heat-leak shielding capability of the vapor-cooled
shield. A comparative analysis is conducted on the effects of key parameters, such as the

dimensionless position of the vapor-cooled shield, mass flow rate, and activation timing, on the
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tank dormancy period., with and without ortho-para catalytic conversion. The results indicate
that: Both 7 and 7 initially increase and then decrease as the dimensionless position of the vapor-
cooled shield increases; when 5. =0. 012 8 and the dimensionless position of the vapor-cooled
shield is 0. 167, the inclusion of ortho-para catalytic conversion yields the maximum improvement
in both metrics (22.77%) compared to the non-catalytic case; as the mass flow rate of the vapor-
cooled shield decreases, both metrics first increase and then decrease; the improvement in both
metrics is more pronounced when the dimensionless position and mass flow rate of the vapor-
cooled shield are relatively small; both metrics initially increase and then decrease with delayed
activation of the vapor-cooled shield; under conditions where 7. =0. 025 6 and the dimensionless
position of the vapor-cooled shield is 0. 233, activating the shield at 40. 51 d achieves the
maximum improvement of 22. 32% in 5 with ortho-para catalytic conversion.

Keywords: liquid hydrogen tank; vacuum multi-layer insulation; vapor-cooled shield; hydrogen

para-ortho catalytic conversion; transient heat and mass transfer model
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Table 2 Verification of pressurization rate of tank
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1 50 122.0 18.7 0.29 0.296 9
2 90 112.9 20.2 0.31 0.264 2
3 25 122.1 18.8 0.50 0.467 3
4 90 111.5 54.1 0. 89 0.6430
5 50 115.0 51.0 0.96 0.786 1
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Table 3 Operation parameters used to verify energy conservation
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A4 HETFERIELR
Table 4 Results of energy conservation verification
IR AEEEN MAEEEREA  VMLIZEA HEZLER [Us+  SMR#EA VMLIEE VoSl  [Q.. —
T WARNEE VCSHZESR WA EREARE Q. VMLI#  ETHgiRy p v Quin —
Uii/J A Heo/] R Quu/] WEUW/]  Hel/J #EQ./T #E Q./] B.;/] B..]/]
FE 2.335X10° 0 4.300X107  4.324X10" 4,324X10" 1.304X10% 8.744X107 0 8. 737X107
1 2.335X10° 2.201X10" 6.375X107 4.197X 10" 4,198X10" 1.994X10% 9.247X 10" 4,.300X10" 9.266X10"
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