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A Study on the Design and Numerical Analysis of Gas
Pressure Regulating Valve for LNG Ship
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Abstract : To achieve the common purpose of protecting the marine environment and improving air
quality, regulations on sulfur oxide and carbon dioxide emissions from ships are continuously strengthened.
From January 2020, all ships engaged in international navigation must use ship fuel oil with a sulfur
content of 0.5% m/m or less. Therefore, global shipping companies choose to use low sulfur and mixed
oil, install new desulfurization facilities (scrubber), and convert liquefied natural gas (LNG) fuel to cope
with these regulatory measures. The shipbuilding industry expects that green ship, which is used as LNG
fuel instead of existing ship fuel oil, will be a growth engine leading the next-generation shipbuilding
industry. This study modeled and designed a gas pressure regulating valve for LNG ships using Ansys, a
numerical analysis simulation program, and aims to develop an optimal gas pressure regulating valve by
identifying structural safety and flow characteristics through structure and flow analysis.

Key Words - Scrubber, Liquefied Natural Gas (LNG), Green Ship, Gas Pressure Regulating Valve (GRV),
Ansys
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Fig. 1 Modeling of Gas Pressure Regulating Valve
(GRV)

Fig. 2 Mesh shape of GRV

Fig. 3 Meshing of fluid domain
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Table 1 Material of properties

aterial Stainless .
SUS410 |SUS304L Unit
Propertie steel ot
Density | 7750 | 7930 | 7750 | kg/m’
Young’s |, 200 193 | GPa
quulus
Poisson’s | ) 5 03 031 ;
ratio
Yield stress 205 175 207 MPa
Tensile 440 480 58 | MPa
stress

Fig. 32 GRV W #A 949 Mesh 94&
et == = oF 87,00071, ZA 445,000
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Table 12 GRVY AHo] wWE SUS410,
SUS304L, Stainless Steel =AXZS Yebdt
SUS410 SUS304LETH &2 FEAT 9 AR
=2 /A3 oW, Stainless steel LT} & 213
A5 71A 3
2.2 7= % =SR2
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Fig. 5 Structure moving part of GRV
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Fig. 6 Cross-section of GRV

Valve disk

Disk washer

Fig. 7 Disk holder of GRV
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(a) Fixed support of boundary condition

(b) Displacement boundary condition
Fig. 8 Model and boundary conditions of GRV
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Table 2 Fluid model of LNG

Parameter Value Unit
. . LNG
Working fluid (liquefied natural gas) | ~
Reference pressure 101,325 Pa

Analysis type Steady-state -

Heat transfer Total energy -

SST
(Shear Stress Transport) | -
Model

Turbulence model

. ’ 2
6(puw) T 6(pvw) + 6(pw ) (4)
ox oy 0z
D | I e G | il Ok
ox |\ oy, ox ay \ oy, oy
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(a) Equivalent stress of GRV

(b) Deformation of GRV
Fig. 9 Structure analysis results of GRV
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Table 3 Results of structure analysis

. Max.
roperties equivalent de f(I)\l/'[[?l);'tiOIl Safety
. stress factor
Material (MPa) (mm)
SUS410 195.36 6.86 1.04
SUS304L 195.36 6.86 0.89
Stainless 195.36 6.86 1.05
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(a) Pressure results of GRV
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(b) Velocity results of GRV
Fig. 10 Flow analysis results of GRV
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Fig. 11 Turbulence kinetic energy results of GRV
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