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Thermal Stress Analysis of the Support System in Cryogenic Liquid
Hydrogen Storage Tank

Dong-Huen Park, Sangkook Yun ,*Jung-Hyan Lee,*Young-Sun Baek

ABSTRACT: The reduction of heat transfer rate to the stored liquid hydrogen from outside
condition is extremely important to keep the liquid hydrogen longer. In this paper the highly
efficient support system for the liquid hydrogen storage vessel was newly developed and
analysed. The support system was composed of a spherical ball in the center of supporter to
reduce the heat transfer area, with its above and below supporting blocks which are the SUS
and PTFE blocks inserted in the SUS tube. The heat transfer rate and temperature
distribution of the support system were evaluated by FLUENT, and the thermal stress and
strain were estimated by ANSYS software.

The results showed that the heat transfer rate from outer vessel to inner one was
extremely decreased compared with the common method which is simply SUS tubes inserted
between inner and outer tanks. The thermal stress and strain were obtained well below the
limited values. As a result, it was the most efficient support system of storage vessel for
liquid hydrogen and most cryogenic fluids.

Key words: Liquid hydrogen(®}d|5=4), Storage vessel(A &%), spherical ball(:+& E1+%),
PTFE(H|Z &), Thermal stress(€-8-3), Thermal strain(&d®¥3)
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1 Typical support system of cryogenic
storage tanks.

Fig. 2 Dimensions of new support system.

Fig.



TE FoA Y, F ALHL g 2A Lo Tangential W3ke] &= &
2t
aET,
. 0,= ©[1-log (2) (2
AL - k(B -EL ) 201-wlog , (2)
" ,
a’ b* b
ot (1 2 )log ()]
PR X AN AT SR fRAE
4-8&3E FluentE ol&at3lnt. +214 3¢ +4 Longitudinal ¥ake] <2
& 1.0x107° oJgtell A FHE Aoz e &
= . ET
A= ¢F 6,00070 01tk EdE siAld A8H o = arl, [1_21Og€(€) (13)
ALy, ¥ P 2 UYL o 2(1-wlog . (7)
o3 2 _zat . ()]
b?- a*
7h) Q4w A
o] e},
ou , ov _
ox T E)y_o (&) 4, &3 Y DE
) Sk Al ZF MEAXNME iy

Am dAd &4 §8 232 FluentE

du au 8°u ol-g3to] A&} Fig. 3 # 49 Grid &
Plrsx Y ) p(_+7) HE HolFH, Fig. 4, 5= AdUYE UYRrew
+ -2537T, ¢F Ady 2%+ 15TE 48

+pBe(7-T7,) (9) s
gto] da)iel oF AAA2EY] 25 RIS 1
Edlith. 29olA T BS AR WeF

oh ol = A 4 7t s FEHIL dSS & F ATh

 Fig. 29 AAAN2=HS & T dALHS

2 2

oL L o1 _ (10)

ox oy

Qseo) Y AAH WP AN A wAA
o wAREe] gee e pod
aET.
0,= . [—loge(—i) (11)

2(1-wlog , (-2)

2
-— 2 (1- b2 )loge(g)]
r Fig. 3 Grid for thermal analysis

BHETR
s=
Dokdo is Konean Territory



0.031 kJ/h&E A=A
50mm, 1T¢ SUSE 1729 Fig. 2~ H
HwshE,  Fig. 19 (a) A" Admwe
70.56 kJ/hZ Fig. 29 7@A| 28] HdeFo] &

Asl grEe & 5 Ak

¢ FLUENT [0] Fluent Inc

o/es

Fig. 4 Temperature contour of support system.
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Fig. 5 Temperature distribution of support

system.
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Table 1. Properties of materials in the
support system
SUS PTFE
. 149719 1]0.2670.141
Thermal conductivities
W/m K W/m K
Coefficients of 5 5
) 1x10 10x10
thermal expansion
Elastic moduli 210000 MPa | 21000 MPa
Poisson's ratios 0.3 0.35
Density (kg/mm”) 7850e ™’ 2140e™

Fig. 6 Grid for thermal stress analysis

Fig. 7 Strain boundary condition of grid
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Fig. 8 Y-direction strain from thermal stress

Fig. 9 Thermal strain curve for Y-direction
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Fig. 10 Von Mises stain by thermal stress
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Fig. 11 Von Mises stress by thermal strain
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