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This study aims to develop technological procedures for establishing a vacuum environment in the vacuum insulation systems of liquid
hydrogen tanks, The insulation performance of such systems is highly influenced by the vacuum level, necessitating experiments across
low, medium, and high vacuum ranges, However, achieving a vacuum environment in the structural unit of a large thermal vacuum
chamber poses significant challenges, particularly due to the impact of moisture outgassing under high vacuum conditions, To address
these issues, experiments were conducted to optimize the vacuum environment and enhance the evacuation rate, successfully
achieving target performance up to the ultra—high vacuum level, Based on these findings, a vacuum heating system was introduced to
facilitate the creation of high vacuum environments, and a comprehensive vacuum technology procedure was established,
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MEzof o|&=slo] HRAME0| HaPt 37| mf2o|ct HHEA|
2 J7|E} FlE AMlolM et oz MEs= Mg 552 o3t
Zo| Mel=lck MZAIZ(low vacuum, LV)2 760 torrollA 1 torr

He| EXZ(medium vacuum, MV)2 1 torrollA 1E-3 torr, I
ZZ(high vacuum, HV) 1E-3 torrollM 1E-7 torr 2ol i
SHC} (Chaudhari and Desai, 2011).
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CldMSTTldqolA E2El Table 19| 7|&2 XM E51% 20,
olof =™ T1FF(high vacuum, HV)2 1E-3 torr 0|2t S3IZ
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Table 1 Effective thermal conductivity data for vacuum
thermal insulation(James, 2021)
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7| HOIHE S510d, TR Aalpa B 70| MBSt of

oF TE ANdE SYstAt SI%ict

FFCE Mo 7= MM S ABsP| M= 28 &=
o] M= flolg molsk= Aol ER3810, =218 g +&
2 Mojsk= Zo| Ml=|ojo} St 2 HALE Sall, Zla 27|
M7 7H 3 o 28 8ol RAlel o &t E= sk X
ol E7PAL LIR= dAlS UAE oz WK|SH Eick Ckg
oz, 7 A3 Hofjstz Zo| €esich ME Kol et

S MHskz AT Es 240|Lf, M=o E&E 2o A
80| DXZIME X[cHst Faks o|x[7| 2o, ZuzxIEe|
4 =M flliMe =2 gk HMHsks ol s2st 117
Atoz B=2=Ct (Rechead, 1968).
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g Fzo| A= siEE S7i0l g MZ MYt T
S M URe| 7[x EAF 5 F0lz WHo2 FSAEE ot
=7| flsio] MZEZE AISsI¥Cn, ZEE| HE, FAH H
I, ERMHEZE 0|85I%ct 1oz NS 2EE Feish|
s 1xF HEZ ZEE| HEE ARRSIRL, olF s HEe
EEE STMF7| flst FAH HEE AESIQICt 2ZMo=z
IXF FAS =Msp| s SHAHEEE ARZSIICE Shim X2
& Alo|X|2} Pirani DXIS AO[X|S £&310f, My L7 ST
£ ASsIRien], SN2 T3 iPAABIS] 255 FEH5P 9
3l K-type ZHMLNE &HE35I%Ch

Fig. 2= TI3TIE A|ARIS| EDIA MHE I5H Hol HA =
Mol AMS Mx[SH ZEOR ST A|ARIS| M 2EE =
07| flslf LFolE EUZ ZH S Eolgh 4= ok e Alx

H|IES Sofl RSTHE AlABe] AMME BolsP|

DIFFUSION PUMP

Bulk
Material Ke[mW/m-K] for different CVP . , DGAS TANK
Density
HV SV NV oo
Vacuum condition | (1 milltor | (100 (760.000mil kg | [ o
less) millitorr) litorr) |
Glass bubbles 0.7 17 26 65 B \
Aerogel blanket 1.5 2.9 " 133 SACUUM NS ATION
Multilayer insulation| — <0.1 3 18 45 Fig. 1 Configuring a vacuum insulation system for a LH2 tank.
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Fig. 4 Helium leak test photo.
JSNAK; Vol, 62, No, 4, August 2025




ofsiea g piAAg HBE glet

Table 2 Test Scenarios for vacuum experiment.

Tank Vacuum Pressure
No |Purgent Cycle
temperature Range
1 Air 30°C 1 760torr to Base
pressure
2 30°C 1 760torr to Base
— N pressure
3 65°C 2 Fig. 5
1. Heating time
2. N, purging time
3. Keeping time
) ‘ 3 ‘ 4 4. Soak time
£ g ‘ ‘
22 760torr
P
1E-3torr
—/ N, Purging N, Purging
1 cycle 2 cycle Base Pressure
- .. .
Time
1

Fig. 5 Experimental cycle for bake—out and N2 purging.
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Fig. 6 Vacuum pressure according to time (air purgent).
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Fig. 8 Schematic diagram of vacuum chamber and pump.
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Fig. 9 Vacuum pressure according to time (air/N, purgent).
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Table 3 Vacuum pressure change rate by vacuum rage

d(logP)/dt d(logP)//dt
Range P om) (8ir) ()
No
760 — 1E-1 -3.1654 —4.6255
Vacuum
Soft ey qe3 | —0.0851 15444
Vacuum
High 1E-3 — 6E-4 | —0.0051 —0.0067
Vacuum
.................. e
= 10°
=
]
—]
1
3
.| IE4or
10
1E-6torr

0 20 40 60 80 100
Time(hour)

Fig. 10 Vacuum pressure according to time (hot N, purgent).
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