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Evaluation of structural integrity of the HP vaporizer and pipes of LNG fuel gas supply system
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Abstract: Heavy oil used as ship propulsion has a serious issue regarding exhaust emission of global warming. Recently,
among large-scale merchant ships are using LNG as green ships so called ech-ships. In this study, an vaporizer and pipes
under cryogenic and high pressure load were considered to evaluate structural integrity according to codes. Structural analy-
sis of the vaporizer and pipes was performed using the commercial code, ANSYS. Integrity evaluation of the vaporizer
based on von Mises stress was performed in accordance with allowable stress specified in ASME Boiler & Pressure Vesssel
Section VIII Division 2. To assess structural integrity of the pipes, stress components were combined and compared with
ASME B31.3. The calculated stresses for all load cases are lower than allowable stresses, therefore the structural integrity of
equipments are verified.
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Figure 1: D-dimensional model of a FGSS module
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Figure 2: Finite element model of the vaporizer
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Figure 3: Finite element model of inlet pipe for the vaporizer

Figure 4: Finite element model of outlet pipe for the vaporizer

Table 1: Dimensions of pipes (SUS316)

. Outer Thickness
Size .

diameter[mm] [mm]
Vaporizer 1.0" Sch 40 33.40 3.38
inlet pipe 1.25" Sch 160 42.16 6.35
2.0" Sch XXS 60.33 11.07
Vaporizer 1.0" Sch 40 33.40 3.38
outlet pipe 1.0" Sch 160 33.40 6.35
1.25" Sch 160 42.16 6.35
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Table 2: Material properties of the vaporizer

-165 [TC] 100 [C]
Young's modulus [GPa] 206.7 189
Density [kg/m’] 7750 7750
Poisson's ratio 0.3 0.3
Allowable stress [MPa] 115 115

Table 3: Material properties of inlet and outlet pipes

2200 [C] | -125 [C] | 45 [C]
Young's modulus [GPa] 209 204 195
Density [kg/m’] 7750 7750 7750
Poisson's ratio 0.3 0.3 0.3
Thermal expansion [/C]| 4.8e-6 8.6¢-6 16.2¢-6
Allowable stress| MPa] 115 115 115
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Figure 5: Boundary and pressure condition of the vaporizer

Table 4: Nozzle loads conditions

AR &FB olBE

Fx | Fy | Fz | Mx | My | Mz
[N] | [N] | [N] | [N'm] | [N'm] | [N'm]

Inletlof 33 33 33 254 254 254

vaporizer

Outlet. of 2 2 o) 169 169 169

vaporizer
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Figure 6: Boundary conditions of inlet pipe for the vaporizer

Figure 7: Boundary conditions of outlet pipe for the vaporizer
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Figure 8: von Mises stress distribution at the vaporizer
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Figure 9: Von Mises stress distribution at inlet pipe for the
vaporizer under pressure load

Figure 10: Von Mises stress distribution at outlet pipe for
the vaporizer under pressure load
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Figure 11: Von Mises stress distribution at inlet pipe for the
vaporizer under thermal load

Figure 12: Von Mises stress distribution at outlet pipe for
the vaporizer under thermal load
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Table 6: Summary of stress analysis results at the vaporizer

component Stress Stress value |Limited stress

P classification [MPa] [MPa]
Pm 47 115

Channel cover PriPh 104 1725
Pm 50.8 115

Tubeshect Pm+Pb 75.6 172.5
Pm 27.4 115

Shell cover Pm+Pb 152 172.5
S " Pm 59.6 115
1ppo Pm-+Pb 59.6 172.5
shell near Pl 38 172.5
nozzle PI+Q 100 345
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Table 7: Summary of stress analysis results at pipe under
pressure load

Component Sa S Ss S legl;::d
MP MP MP MP
[MPa] | [MPa] | [MPa] | [MPa] [MPa]

Inlet Pipe 37.0 53.5 0.9 90.6 115
Outlet Pipe 36.8 11.0 8.48 65.1 115

Table 8: Summary of stress analysis results at pipe under
thermal load

Component S Ss S legzzd
[MPa] [MPa] [MPa] [MPa]
Inlet Pipe 120.7 0.3 121 172.5
Outlet Pipe 86.3 37.5 114.4 172.5
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