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(b) Three-dimensional digital model for pipeline

3
Fig 3 Physical pipeline of hydraulic test-bed and its
three-dimensional digital model
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Fluid-structure Coupling Dynamic Model of Complex Spatial
Fluid-conveying Pipe System and Its Verification

CHEN Guo" * , LUO Yun?, ZHENG Qihui? . HOU Minli?, PU Liu?

1. College of Civil Aviation . Nanjing University of Aeronautics and Astronautics . Nanjing 210016, China
2. Chengdu Aircraft Industrial (Group) Co., Ltd., Chengdu 610092, China

Abstract: For the vibration analysis of complex aircraft pipe systems, a spatial fluid-structure coupling dynamic model is
proposed. In this model the finite element method is adopted. the pipe is modeled using the beam element. and a node has
6 degrees of freedom, which includes the movements along and around the x, y and z directions. The fluid-structure cou-
pling effect is considered, and the effect of fluid flow speed on the structure vibration is analyzed. The connections between
the pipe and the base, and the connections between two pipes are considered in order to model the coupling vibration for a
multi-pipe. The dynamic responses are obtained through direct numerical integration by using the Newmark-B method. The
pipe vibrations due to base excitations, pressure fluctuation, and the fluid-structure coupling effect are also analyzed. The
spatial pipe system of a practical hydraulic test stand is used to verify the new model. An experimental modal analysis is car-
ried out by the hammering method. The spatial pipe model is modeled by the new method proposed in this paper. and the
computation results are compared with the experimental results and those of the commercial finite software ANSYS Work-
bench. The results show the validity and the effectiveness of the new model. Finally. the effect of the fluid speed on the pipe

system natural frequencies is simulated.

Key words: pipe system; fluid-structure coupling dynamics; finite element; modal analysis; numerical simulation
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