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Weldment Design of Supports for Cryogenic Storage Tank considering
Insulation

Dong-Jun Choi* -

Jung-Taek Ohx*x* -

Jong-Rae Chot - Jae-Hyun Jung*#*

Abstract : The double-walled steel vessel with powder insulation in the space between
the walls is used to minimize heat transfer by radiation and conduction in cryogenic
storage tank. The vacuum required the insulation is much less extreme than with
high-vacuum or multilayer insulations. The solid supports are used to bear the weight
of the inner container. Thermal and structural analysis of the tank have been carried
out to study the effect of vacuum and weldment geometry of the internal supports. Heat
flux in wall is increased with increasing of thermal conductivity of perlite. Heat flux
and stress of support is not affected by weldment geometry.

Key words : Cryogenic storage tank(Z# A4e3)), Double-walled vessel(elzd £71),
Support(AAH), Weldment design(£4d% AA), Insulation(Tg)
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Fig. 1 3D model of storage tank with double walls
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Fig. 2 Dimension and structure of cross section for
the storage vessel (unit:mm)
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Fig. 3 Thermal conductivity of pearite verses gas
pressure
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Table 1 Material properties

Material Conductivity (W/mK)
SUS 304 16

Pearlite 0.0008 ~ 0.005
SS 400 60

Table 2 Comparison of temperature and heat flux

Temperature (°C) | Heat
Case Flux
L2 )34 owmd
High B _
conductivity égg ;gg 2236 2236 3.567
(k=0.005)
Low conductivity|-162.[-162.{29.9|29.9 0572
(k=0.0008) 999 | 998 | 43 | 43 )
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Fig. 4 Shape of weldment of typel

Fig. 5 Shape of weldment of typel

Table 3 Material properties(AISI SUS304-annealed)

Property Value
Young's modulus(GPa) 201
Poisson’s ratio 0.3
Yield strength(MPa) @30 °C 205
Ultimate tensile strength(MPa) 515
Allowable stress(MPa) @30 °C 138
Thermal expansion coefficient 13.3e6
Thermal conductivity (W/mK) 14.8
Specific heat(J/kgK) 480
Mass density (kg/m’) 7900
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Fig. 6 3D mesh shape of typel
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Fig. 7 3D mesh shape of type2

e ' Fig. 11 Stress distribution of typel (max. 89.4MPa)

Fig. 8 Boundary condition of structure analysis
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Fig. 9 Displacement of typel (max. 0.22mm)

e =z 000 ¢om)

Fig. 10 Displacement of type2 (max. 0.57mm)
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Fig. 16 Thermal stress distribution (typel)

e

Fig. 13 Boundary condition of thermal analysis

V.
Fig. 17 Thermal stress distribution (type2)

Table 4 Summary of results

Fio. 14 o Results Typel | Type2
& Temperature distribution of typel Displacement(mm) 0.22 0.57
. Calculated 89.4 104.4
Static Allowabl
tress(MPa) owable
stress a in Table 3 138
Thermal
stress(MPa) Calculated 58.6 73.6
. Calculated 117.4 162.0
Maximum total -
stress(MPa) Yield 205
stress
Heat flux(W/m?) 3096 3186
. ‘ o e 4 24
Fig. 15 Temperature distribution of type2 - =
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