382

B 50 F30E FaW

Vacuum and Cryogenics 2024 57 H

M-ESEUNZILCFAEGEWBRERRETH

HRR,EEH 2 R
(BHETEKRF FHASKBE KRR, % 710049)

&

RWE: NIRRT R - L 2 2 4 R & A IASSH PR & AN TR - T S0 A2 T X A i 28 Pk BE A 42
THRCR, ST T R ATE S AL Y R AL I 2 2 A R A AL PRI, JF 0 AT 128 R ik B (025 - IE SR e
(7R A Y NS PERE RO o TSR WT: 15 48 AR AU LE , SR TS S 5% AR Ik 26 IR 25 R O M RE ST, Hidm /NG

VCS #8A  BIE 2 5 8348 MR B2 H ol 309%~77.5% B, T PO %6 B 3R B e /ME 0.121 0 Wem™>, HEAR SR -1
AHAI T 10.30%; T4 4075 2255 4 2078 v (R B2 B, 77 4 w50 4 JAFG Ab 1 4R IR % 5 - IE UG A i i, 3K
THANFE R . B IV AR 35 . T4 SR I IR X 4 A A5 F B B R = A B RIS P R $8 5
KRR ARG B 2 B A - IE A Ak AR AR B
R E 45K S: TB61 XEFRERD: A X E4H S 1006-7086(2024)04-0382-10
DOL: 10.12446/j.issn.1006-7086.2024.04.006

Study on Performance Improvement of Composite Thermal Insulation Structure Combining

Vapor Cooled Shield by Integrating Para-ortho Hydrogen Conversion

XU Zhangliang, TAN Hongbo', WU Hao
( Institute of Refrigeration and Cryogenic Engineering, Xi’an Jiaotong University, Xi’an 710049, China )

Abstract: To explore the effect of integrating different types of para-ortho hydrogen conversion with the Variable Den-
sity Multilayer Insulation (VDMLI) structure combining one Vapor Cooled Shield (VCS) on thermal insulation perfor-
mance improvement of liquid hydrogen storage tanks, a steady-state heat transfer model for the composite insulation struc-
ture with the continuous and adiabatic para-ortho hydrogen conversion was established. The influence of the VCS position
and the para-ortho hydrogen converter position on the insulation performance of the composite insulation structure was ana-
lyzed. The results show that the performance of the insulation structure with the continuous conversion is better than that with
the adiabatic conversion. The minimum heat leakage of the structure with the continuous conversion is 0.117 5 W-m >,
13.48% less than that without para-ortho hydrogen conversion. If the adiabatic conversion is used, the minimum heat leakage
can reach 0.1210 W-m* with a reduction of 10.30% compared with that without para-ortho hydrogen conversion, when the
ratio of the distance between the converter and the VCS tube inlet to the total length of the VCS tube is 30% to 77.5%. When
the converter is installed near the middle of the tube, the initial temperature of the adiabatic conversion and the heat absorp-
tion during the conversion can be increased, which is beneficial to offset the external heat flux and improve the thermal insu-
lation performance. This study provides quantitative theoretical basis and technical guidance for the design of the composite

insulation structure in liquid hydrogen temperature range.
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Fig. 4 Schematic of continuous para-ortho hydrogen conversion process in VCS tube
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Fig. 6 Net heat flux and para-ortho hydrogen conversion heat

versus converter position
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