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Liquefied hydrogen (LH.) must be stored at an ultra—cryogenic temperature of approximately 20 K_ If external heat ingress is not
effectively minimized, boil-off gas (BOG) generation increases, leading to fuel loss, reduced system efficiency, and potential
safety risks, Therefore, reliable experimental methods for evaluating the thermal insulation performance of multilayer insulation
(MLI) used in cryogenic storage tanks are essential, Although liquid nitrogen is commonly used as a surrogate cryogen, it cannot
sufficiently reproduce the operating conditions of LH, storage systems, In this study, a 4 K experimental procedure based on a
flat—plate boil—off calorimeter was established in accordance with ASTM C1774, The proposed procedure consists of moisture
removal through helium purging, stepwise vacuum conditioning, cryocooler cool—down, liquid helium filling, and BOG flow rate
measurement. To verify the applicability of the procedure, an experiment was conducted using a 40—layer MLI specimen (Coolcat
2NW), A steady—state average BOG flow rate of 8290 mL/min was measured, from which a heat load of Q=0,5059 W and an
effective thermal conductivity of kg=0.3147 mW/(m - K) were derived. The established procedure provides a systematic basis for
future repeatability studies and comparative evaluations of various insulation materials, thereby contributing to improved reliability
in the thermal design of LH, storage tanks,

Keywords : Vacuum composite insulation system(Zk8 =g HEAARD) MU(Multilayer insulation, TS HHEXH), Heat flow rate( SR,
Effective thermal conductivity(S& ST =), Boil—off gas(BOG, XA 7|3t 71A)
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Thermal Shield

Vacuum Space
Guard Chamber

Test Chamber

Mass Flow Meter Vacowm Gauge — Temperature Sensor

Fig. 1 Cross—sectional view of the cryostat

Data Acquistion
System(DAQ)

Fig. 2 Photograph of he flat—plate boil-off calorimeter
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Table 1 Specifications of the experimental apparatus

ltem Specification
Material STS304/316L, Al
Design pressure 2barg
Design temperature 4K-300K
Cryocooler ULVAC UHE-15
Vacuum level < 1x107° Torr
Volume 6.6L
Test chamber Inside diameter 208mm
Height 200mm
Volume 34.3L
Guard chamber Inside diameter 350mm
Height 478mm
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Fig. 3 Specimen mounting configuration

Table 2 Specifications of the MLI specimen

Item Specification
Product Coolcat 2NW
Specimen shape Circular disk
Diameter 220mm
Number of layers 40
Total thickness 7mm
Layer density 5.7 layers/mm
Reflector Double-sided aluminized polyester film
Spacer Polyester non—-woven
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Table 3 Vacuum pressure range for cryogenic insulation
testing
Name

Vacuum pressure range (Torr)
10 <P < 10°
102 <P <10
10% < P <1072

No vacuum (NV)
Soft vacuum (SV)
High vacuum (HV)
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Table 4 Duration and vacuum level for each test step

Step Time Vacuum Remark
pressure
GHe purging & oah | 1-50 Torr Purgmg.cycle
bake—out > 3 times
Vacuum 50h | 107° Torr Rotary & diffusion
pump
Cryocooler Gradual
24h -
cool-down cool-down
He filing &g 1 4006 Torr -
stabilization
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Fig. 5 Temperature history from cryocooler cool-down to
liquid helium filling
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filling
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Fig. 7 BOG flow rate history after liquid helium filling
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Org
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Table 5 Calculated thermal performance parameters

Table 6 Estimated measurement uncertainties

[tem Value
Average BOG flow rate V s7p 8,290mL/min
WBT/CBT 300/4K
Temperature difference A T° 296K
Specimen thickness x 0.007m
Effective diameter d, 0.22m
Heat flow rate Q 0.5059W
Effective thermal conductivity ke | 0.3147mW/(m-K)
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