https://doi.org/10.21289/KSIC.2021.24.6.787 (K(S(](C
Type C AZRYTO| HBE|= 2UY HE 24 d=2/FA2 7|14 £ et A 787

Type C Y=E430] Jt"*E'-EIE 22 T Axfo| d42/3X82
71HIA Edof| 2kt ot

A Study of Mechanical Characteristics at Room/Cryogenic
Temperature of Powder Insulation Materials Applied to
Type C Fuel Tank
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(Abstract)

The global demand for Liquefied Natural Gas(LNG) continues to increase and is
facing a big cycle. To keep pace with the increase in international demand for LNG,
the demand for LNG fueled ships is also increasing. Since LNG fuel tanks are operated
in a cryogenic environment, insulation technology is very important, and although
there are various types of insulation applied to Type C tanks, multi-layer insulation
and vacuum insulation are typically applied. Powder insulation materials are widely
used for storage and transportation of cryogenic liquids in tanks with such a complex
insulation structure. In this study, compression tests at room and cryogenic temperature
were performed on closed perlite, glass bubble, and fumed silica, which are
representative powder insulation material candidates. Finally, the applicability to the
Type C fuel tank was reviewed by analyzing the experimental results of this study.

Keywords : Cryogenic Characteristics, Insulation, Mechanical Characteristics,
Powder Materials, Type C Fuel Tank
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Table 1. Types of power materials

Materials Thermal Conductivity (W/mK)
Glass Bubbles 0.025
Closed Perlite 0.035
Fumed silica 0.01~0.03
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Fig. 1 Photograph of experimental apparatus for
compression test at room and cryogenic
temperature
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Table 2. Compression test scenario for powder
insulation materials

. Temperature | Strain rate Height
Materials c) [mm/min] [mm]
Glass 20 5 30
Bubbles -163 5 30
Closed 20 5 30
Perlite -163 5 30
Fumed 20 5 30
silica -163 5 30
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Fig. 2 Compression stress-strain curve for powder
insulation materials at room temperature

12 r
Temperature : -163°C

Nominal stress (MPa)
(=1
T
o
T —

0 0.2 0.4 0.6 0.8

Mominal strain

—— (Glass Bubble Closed Perlite Fumed Silica

Fig. 3 Compression stress-strain curve for powder
insulation materials at cryogenic temperature
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Table 3. Strain and slope at a stress level of 1 MPa

in each test
Materials Temperature Strain Slope
[°Cl [%]
Glass 20 0.41 2.07
Bubbles -163 0.40 2.24
Closed 20 0.54 1.51
Perlite -163 0.52 1.80
Fumed 20 0.47 1.72
silica -163 0.42 2.08

Table 4. Strain and slope at a stress level of 2 MPa

in each test
Materials TemI[)oeCr]amIe St[l,;?]m Slope
Glass 20 0.52 3.07
Bubbles -163 0.53 3.25
Closed 20 0.61 2.26
Perlite -163 0.61 2.71
Fumed 20 0.54 2.68
silica -163 0.50 3.13
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Fig. 4 Compression stress-strain curve for glass
bubble at room and cryogenic temperature
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Fig. 5 Compression stress-strain curve for closed
perlite at room and cryogenic temperature
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Fig. 6 Compression stress-strain curve for fumed
silica at room and cryogenic temperature
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