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Fig. 1. Schematic diagram of Bragg phononic crystal

(a) TCFR JA 19 54

pipeline structure: (a) Infinite periodic cell; (b) Basic peri-
odic cell.
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Fig. 2. Band gap characteristics of the liquid-unfilled Bragg phononic crystal pipeline: (a) Band structure; (b) Flexural vibration
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Fig. 3. Band gap characteristics of the liquid-filled Bragg phononic crystal pipeline: (a) Band structure; (b) Flexural vibration FRF.
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Fig. 4. Frequency response of flexural vibration of liquid-unfilled and liquid-filled Bragg phononic crystal pipeline: (a) liquid-un-

filled pipe; (b) liquid-filled pipe.
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Fig. 5. Displacement amplitude of liquid-unfilled and liquid-filled phononic crystal pipeline at different frequencies: (a) liquid-un-

filled pipe; (b) liquid-filled pipe.
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Fig. 8. Pipe wall shock impulse response and shock simulation frequency domain obtained by fast Fourier transform: (a) Time do-

main of wall impact; (b) Frequency domain of wall impact.
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Fig. 9. Shock vibration response of liquid-unfilled and liquid-filled phononic crystal pipeline: (a) liquid-unfilled pipe; (b) liquid-filled

pipe.
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Fig. 10. Velocity amplitude of liquid-unfilled and liquid-filled phononic crystal pipeline at different moments: (a) liquid-unfilled pipe;

(b) liquid-filled pipe.
HKka
NN
ANAVAVAVA
—200
0 0.005 0.01 0.015 0.
W] /s

s f/\/ ,-/\/“\_—_

0 100 200 300 400 500 600 700 800

— K

02

100

A 11

Ui 5 7 T AR TR A TR A T 1 o 4k 2

(b) — itk HkE
2
g
B 00 \\/\-/ \/—\V/\/\
0 0.005 0.01 0.015 0.02
s} 18] /s

N /\ ,// /v\ﬁ

100

0 100 200 300 400 500 600 700 800

(a) WH K 0 m/s; (b) WE M 10 m/s

Fig. 11. Shock vibration response of fluid-structure interaction phononic crystal pipeline at different velocities of fluid: (a) Flow ve-

locity is 0 m/s; (b) Flow velocity is 10 m/s.
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Fig. 13. Flexural vibration response of (a) structural steel pipe and (b) phononic crystal pipe under shock fluid excitation.
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Abstract

Fluid-structure interaction pipeline systems are extensively adopted to transfer matter, energy and
momentum, which are widely used in various fields. Due to the fluid-structure interaction effect, the pipe wall
proves to produce strong vibration and noise under fluid action, which has a serious influence on the safety and
concealment of the equipment, even leading to serious damages. Therefore, it is of great significance to study
the vibration characteristics of fluid-structure interaction pipeline and methods to reduce the vibration of
pipeline both in theory and in practice.

Phononic crystal can suppress the propagation of elastic waves in a specific frequency range by their special
band-gap characteristics, which have wide application prospects in the field of vibration and noise reduction.
Especially, the band gap characteristics of phononic crystal pipeline used to design fluid-structure interaction
pipeline system have been widely studied, thus providing a new technical approach to reducing the vibration
and noise of the pipeline.

In this paper, based on the theory of phononic crystal, the vibration transfer characteristics of the Bragg
phononic crystal pipeline under fluid-structure interaction are studied. Combining the transfer matrix method
and the finite element method, the band structure and band gap characteristics are calculated. Using the finite
element method, the vibration characteristics of the phononic crystal pipeline under fluid-structure interaction
effect, the shock excitation of pipe wall and the shock excitation of the fluid are considered. The influence of the
fluid-structure interaction on the vibration transmission characteristics of the phononic crystal pipeline is also
analyzed.

The research results indicate that when the fluid velocity in the fluid-structure interaction pipeline system
is small the Bragg phononic crystal pipeline has a good attenuation effect on the shock excitation of pipe wall in
the band gap range, and that when the fluid velocity increases the fluid-structure interaction effect becomes
significant, the attenuation effect becoming weaker. Bragg phononic crystal pipeline has a certain attenuation
effect on the pipe wall vibration caused by the fluid shock excitation near the band gap. The research results
are expected to be able to provide a technical reference for the vibration control of pipeline systems under fluid-

structure interaction conditions.
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