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Fluid-structural coupling analysisfor apron
pipeline system transmitting cryogenic fluids
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Abstract: Pipes used in airports are located under aprons. It has significant safety requirements as main fueling method for
airplanes. Part of the pipeline systems may leak sometimes in areas with chilly atmosphere, and brings tremendous safety threats.

In this paper, pipe with and without Z compensation were built by ANSYS. Mechanical properties for two kinds of pipe above
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were compared to discuss impact of fluid flow, temperature variation on pipes through fluid-structural coupled analysis. Results
show that, flange connection part is the dangerous point for cryogenic pipeline leakage, where large stretching and bending stress
come out under temperature variation. Z compensation has limited influence on long pipe fluid, while can diminish axial
shrinkage under impact of inner fluid and temperature difference, which is beneficial for flange sealing. Bolt pretention load has
impact on flange sealing. At last, field tests are carried out and compared with numerical analysis result, which further validate
method of numerical simulation.
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Fig.2 Distribution of fluid pressure in the pipe
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Fig.3 Streamline distribution in the pipe
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Table 1. Fluid force comparison for two pipes
Z
/N /N /N /N /N
X 19.31 -17.32 1.98 0.07 —0.14 —0.07
y 0.21 0.01 0.21 -1.02 -0.23 -1.25
-61.10 —258.51 -319.63 -70.90 -271.99 —342.88
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Fig.7 FEM model for flange and stress distribution for flange
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Fig.8 Effects for bolt pretention torque on maximum
stress of flange and displacement of gaskets
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Fig.9 Experimental measurements
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