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Abstract >> One of the most feasible solution for reducing the excessive energy consumption and carbon dioxide
emission is usage of more efficient fuel such as hydrogen. As is well known, there are three viable technologies
for storing hydrogen fuel: compressed gas, metal hydride absorption, and cryogenic liquid. In these technologies,
the storage for liquid hydrogen has better energy density by weight than other storage methods. However, the
cryogenic liquid storage has a significant disadvantage of boiling losses. That is, high performance of thermal
insulation systems must be studied for reducing the boiling losses. This paper presents an experimental study on
the effective thermal conductivities of the composite layered insulation with aerogel blankets(Cryogel® Z and
Pyrogel:@ XT-E) and Multi-layer insulation(MLI). The aerogel blankets are known as high porous materials and
the good insulators within a soft vacuum range(10° ~ 1 Torr). Also, MLI is known as the best insulator within
a high vacuum range(<10° ~ 10 Torr). A vertical axial cryogenic experimental apparatus was designed to investigate
the thermal performance of the composite layered insulators under cryogenic conditions as well as consist of a
cold mass tank, a heat absorber, annular vacuum space, and an insulators space. The composite insulators were
laminated in the insulator space that height was 50 mm. In this study, the effective thermal conductivities of the
materials were evaluated by measuring boil-off rate of liquid nitrogen and liquid argon in the cold mass tank.

Key words : Cryogenic bulk storage tanks(=#]-2 t)-&-3F # A& =), Boil-off rate(ZE-8), Soft vacuum(ZF31-),
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: Apparent thermal conductivity, mW/m-K
k. : Effective thermal conductivity, mW/m-K
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Vstp . Volumetric flow rate at STP, m’/s
PSTP : Density of gas at STP, kg/m3
m : Mass flow rate of gas extracted, kg/s
hig : Heat of vaporization, kJ/kg
L : Vertical axial length of insulators, m
A : Heat transfer area, m’
P . Pressure, Torr
T : Temperature, K
U : Total uncertainty
B : Bias error
S : Standard deviation
N : The number of measurements
Subscripts
CVP : Cold vacuum pressure
STP : Standard temperature and pressure
sc : Solid conduction
gc : Gas conduction
cv : Convection
r : Radiation
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Table 1 Specification of test insulating materials
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(Cryogel® Z & Pyrogel® XT-E, Aspen Aerogels, Inc.)
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Type Cryogel® 7y

Pyrogel® XT-E”

Appearance
The number of layers 5 5 50
Density, kg/m’ 160 180 180
Thickness of a layer, mm 10 10 0.086
Apparent thermal conductivitygste, 17 21 37

mW/m-K
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Fig. 1 A schematic diagram of the vertical axial cryogenic
experimental apparatus
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Table 2 Dimension of the experimental apparatus

Tvpe Outside Height Volume
P diameter (mm) | (mm) L)
Cold mass tank 120 50 0.57
Heat absorber 200 110 2.9
Insulating
materials space 400 30 63
Annular 400 610 77
vacuum space
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Table 3 Specification of sensors

Type Location Sensor Accuracy

Cold mass
tank
Heat Thermocouple o
Temp. absorber (E-type) + 1.5% of temp.
Insulating
materials
Insulating 1.0x10° to 400 Torr:
mat;na]s Kurt J. Lesker | * 10% of reading
Press. Co.
Annular 275i series
vacuum 400 t;) 1000 Tqrr.
space + 2.5% of reading

Mass | Cold mass Omega” o .

flow | tank | FMA-1620A- | © 087 of reading
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Fig. 2 Installation of (a) 6 E-type thermocouples beneath
the materials and (b) the vertical axial cryogenic experimental
apparatus
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Table 4 Specification of used vacuum pumps

Pump type Manufacturer Description
Rotary vane WOOSUNG Speed 400 L/min
WIVAQ" AUTOMA | Ultimate 5.0x10% Torr
CO., LTD pressure :
Turb ecul Speed 780 L/min
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""EXT 400D" EDWARDS Ultimate 7‘5><10_9 Torr
pressure
3} 3

Ak Aol AL oA Y 9 F g4
3ol AL A oF 147 oA fAEgle
AL oA AN 718kE 1A W] Az
Fere dole) 47 Aol Zze] Ay Aeniet 2

Ao 4087} 7|23t

ofolzal BuAe thg BARA 4 ()3 2
of & GHEEY dS AR,

k(P.T)= k,+k,+k,+Fk, (1)

A7|Al, ke = FE FHEEOH P =49, T =
Lolrk ®3L o 24 WollA ke 2 A4 A
T, ke = 71A BAELE, ko & ROl iR =
&, ke = AU A ] tigt EHEE=S vEpdTh
S8 9AETE= 4 (2)Y Fourier's lawo] 215 A

8% 5 glon], B AYelH AT 48 AAEE

K o

d



o8 oA

Table 5 Estimated uncertainties for parameters

4>
B
)
)
o
1
i

. Uncertainty
Parameter Location %)
Mass flow rate, m Cold mass tank 0.316
Cross section area, A4 Insulating 0.061
Thickness of materials, L materials 0.014

Temperature, 7; Cold mass tank 0.325

Temperature, 7> Heat absorber 0.164

Temperature, T3 Upper radial side 0.032

Temperature, 74 I 0.219
U

Temperature, Ts Sfi)g:f 2™ 0.099
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Fig. 3 Variations of the effective thermal conductivities for
insulating materials; residual gas is nitrogen
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