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Vibration characteristic analysis of pressure pipes
with fluid-structure interaction
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(Beijing Aerospace Propulsion Institute, Beijing 100076, China)

Abstract; There are coupling vibrations between fluid and pressure pipes. So when a research
on dynamic characteristics of pressure pipes is performrd, the influences of the fluid should be con-
sidered. For the spatial pressure pipes, a coupling system is discretized by using Galerkin method.
The governing equations of the vibration are developed with consderation of the influences of the
initial stress on the vibration characteristics of pressure pipes. Dynamic characteristics of pressure
pipes are simulated and the influences of the fluid-structure interaction on the vibration character-
istics of the pipes are comparatively analyzed with FEM, The results show that fluid—structure inter-
action has slight effect on modal shapes of pipes, but more effect on eigenfrequencies of the pipes.
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Fig.l Geometry model of the pipe
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Fig.2 Partial FEM model of the pipe
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Fig.3 Partial FEM model of the pipe with fluid
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Tab.1l Material parameters of fluid

2.1MPa 23MPa
H HiE HE B

kg/m? m/s kg/m? m's
FH 249107 345x107 273x10°  3.45x10P
;. 3 1x10°* L46x10°  1.04x10°  1.48x10°
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Tab.2 First eight eigenfrequencies of pipes with and without pressures (Unit: Hz)
Bk FEHEAT FREEAEEQIMPa) FESEEHERQIMPY) KRS SFEEHRE(2IMP)
B
A g HHEE RBREFIE% HEE O BEEETAE% HEE BEEI/%
1 149.07 143.41 33 150.35 09 161.85 8.6
2 197.09 190.92 31 200.15 L5 223.16 13.2
3 241.70 234.20 3l 245.55 1.6 | 274.65 13.6
4 414.16 396.78 4.2 415.95 0.4 432.20 4.3
5 490.69 474.25 34 493.22 0.5 516.24 - 5.2
6 505.40 487.14 36 510.66 1.0 549.93 7.0
7 591.29 567.25 4.1 594.71 0.6 619.66 4.8
8 853.46 814.10 46 856.46 0.4 890.54 43
Stepe TN Stma
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34.223 69, 444-' _l.ﬂ'.‘.-l‘}bﬁ 136. 891 0 34,218 69, 43;- L_IEI 655 136,874
17,101 51334 85.557 119,78 154.002 17.109 51,328 85.546  119.765 153.983
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0 34,212 69,424 il'l-l-. 635 136.874 0 34.151  69.302 102, 453 136. 604
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Fig4 First modal shapes of pipes with and withont pressures
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Fig 5 Frequency response of various testing points
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Fig 6 Frequency response of various testing points
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