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A Study on Structural Design of Cryogenic Miniature Globe Valve using
Finite Element Method

Ho-Seung Jeong* * Young-Hwan Kimt - Jong-Rae Cho*t - Jeong-Hwan Kim* -
Jung-Ryul Kim#* - Jae-Hyoun Park*+

Abstract : This cryogenic miniature globe valve is used to transfer the liquified natural
gas which temperature is -169C, supplied pressure is 30bar(3.0MPa). In the present
work the temperature distribution and thermal deformation is calculated numerical the
FE method is useful to predict the thermal matter of cryogenic miniature globe valve.
For this reason, to optimum design of the cryogenic miniature globe valve, the analysis
of the parameter about bonnet has been studied. It's used 3-D modeling to analyze
cryogenic globe valve, which is 1/2”. Numerical study used 3-D modeling makes a
decision of efficient process of product before producing in the factory. A commercial
software(ANSYS 10.0) is used in the structural analysis for cryogenic globe valve.

Key words : Cryogenic(FA42), Globe valve(FZE #MH) Finite Element Method (#3243
4]), Thermal stress(8-2%), Heat transfer(Ex<)
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Table 1 Dimension of bonnet length for various
analysis|mm]

Item Case 1 Case 2 Case 3

Length(mm) 99 123 147

Table 2 Dimension of bonnet thickness for various
analysis[mm]

Item Case A|Case B|Case C|Case D
Thickness{mm] 3 2.1 1.5 1

Table 3 Thermal properties of valve material

[W/mmC]
Tffé‘)‘" 200 | -150 | -100 | -50 | 30
STS 316
cto0n | 75 1| 18 | 14| 1
LNG vapor
oy | <[ Te | 13| 19 | 3
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Table 4 Material property of SUS 316

Temperature | -200C | -150C [-100C { -50C | 30T

Modulus of | 209 206 203 199 195

elasticity | (GPa) | (GPa) | (GPa) | (GPa) | (GPa)
ezhzi?liln 1.26e-5 | 1.38¢-5 | 1.45¢-5|1.51e-5|1.72-5
Pans /v | /o) | /o) | a/e | /o
coefficient
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Fig. 5 Comparison of temperature distribution at A-B
path region
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Table S Von Mises stress from applied pressure
analysis result{MPa]
Name Case A | Case B | Case C |Case D
von Mises | 1367 | 1556 | 2013 | 28.45
stress

PowerGraphics

EFACET=1

AVRES=Mat.

DMX =.385876

SMN =.006181

SMX =22.203
0

2.556
5.111
7.667
10.222
12.778
15.333
17.888
20.444
23

ROOCOOOEN

Cas Cas Cas Cas
e A eB e C eD

Fig. 7 Von Mises stress distribution by thermal stress
condition

Table 6 Von Mises stress from thermal stress analysis

result{MPa]
' Case A | Case B | Case C [Case D
Von Mises
8.746 13.60 18.92 22.20
stress
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Fig. 8 Von Mises stress distribution by thermal stress
and pressure stress
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Fig. 9 Temperature test for extended bonnet globe
valve

Location A

Location B

Fig. 10 Schematic of location of measured temperature
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Table 7 Measured

SRR LR L

temperature data from LN2

experiment| C]

Analysis
temperature

Measured

Item temperature

Location A 21 22

Location B 17 16
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