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A Study of Thermo-Mechanical Analysis for the Design of High Pressure Piping System

for Natural Gas Fuel Vessel
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Abstract: LNG (liquefied natural gas) is considered the best alternative eco-fuel, and many studies on the LNG fuel system
have been performed to use LNG as the fuel for ships. For the LNG fuel supply system, natural gas transfers from the vapor-
izer to the engine in the gaseous state with a temperature of 50°C and a pressure of 35MPa. Therefore, a structural safety
evaluation of the double-walled pipelines considering thermal load is essential. In this article, an uniaxial tensile test for super
duplex stainless steel, material for double-walled pipe, according to the annealing time was carried out to analyze the thermal
effect. In addition, thermo-structural analysis of the high temperature-high pressure double-walled pipe with fixed supports that
are now used widely was carried out to evaluate the structural safety. To minimize stress concentration of the connection point
between the support and inner pipe, the shapes of the new type support that can slip through inner pipe were proposed, and
the supports which has best structural performance was selected using the results from the thermo-structural analyses of new
supports and an analysis of the whole double-walled pipeline was performed to ensure structural safety. These results can be
used as a database for the design of double-walled pipelines and sliding support.
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Figure 1: LNG fuel gas supply system
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Table 1: Test results of a sDSS tensile test

An?ealing 0 min 10 min 30 min 60 min
ime
797 854
oY [MPa]) 685 (16.3%) | (24.7%) -
860 897 947
oT [MPa]| 840 Q4%) | (68%) | (12.7%)
. 0.40 0.22 0.06 0.02
: (-45%) (-85%) (-95%)
305 318 326
EIGPa) | 279 | 93%) | (13.9%) | (16:8%)
Table 2: Properties of the materials
Pipe Supporter
Material sDSS PEEK
Density [kg/m3] 7,800 1,320
Ultimate Strength [MPa] 840 150
Yield Strength [MPa] 685 110
Young’s Modulus [MPa] 279,000 4,480
Poisson’s ratio 0.3 0.3
Coef. of Thermal Expansion [/K] | 1.3E-05 4.68E-05
Thermal Conductivities [W/m-K] 15 0.245
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Figure 2: Geometry and target structure of the double wal-
led piping system

Table 3: Dimensions of the double walled piping system

Inner pipe Outer pipe
External diameter [mm)] 42.7 114.3
Thickness 4.9 6.0
427
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Figure 3: Finite element model of the double walled pipe

with fixed and sliding support

Table 4: Mesh information of the finite element model

No. of Elements No. of Nods
Fixed 158,605 750,464
T1 146,743 714,743
T2 150,304 721,621
T3 151,946 724,286
T4 154,672 728,469
T5 154,378 730,573
T6 155,182 731,991
T7 162979 538,116
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