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Abstract

This paper investigates the vibration reduction of boundary inertia capacitance dampers on the
transverse vibration of conveyance pipelines. Based on the generalized Hamilton principle, the dy-
namic equations of an elastic supported conveyance pipeline system with boundary inertia capaci-
tance dampers are established. The Galerkin method is applied to discretize the partial differential
equations, and the system’s steady state response is obtained by combining the harmonic balance
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method with the pseudo arc length algorithm. Finally, numerical verification is carried out using
the Runge-Kutta method. By comparing the steady state response and transmissibility of elastic-
supported pipelines with and without boundary inertia capacitance dampers, the vibration reduc-
tion effect of boundary inertia capacitance dampers is demonstrated. In addition, this paper also
discusses the impact of variations in various parameters of the boundary inertia capacitance damp-
ers on the steady-state response and transmissibility of the pipeline system.
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Figure 1. Mechanical model of the elastic support pipeline system coupled with boundary inertial dampers
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Table 1. Physical and geometric parameters of tubes and fluids
= 1. BERIRAHNER LS
R 5 (il
7 A & E 72 GPa
R Pr 2,700 kg/m?
A R pr 1,000 kg/m?
e aps Ap 1.131 x 104 m*
AR T AR Ay 2,011 x 104 m*
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=gy e u 1 x 107 N-s/m2
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7w 25 25 B8 CaL 5N-s/m
i AR 4 BEJE Cir 5N-s/m
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Table 2. The first four natural frequencies of the pipeline system under different flow velocities

F=2. AERETER AN EGINE

L/ (m/s) HF—W/(Hz) % _Fr/(Hz) #=W/(Hz) #UUF/(Hz)
0 30.93412524 36.18975785 99.73237840 261.1905248
20 33.00943224 38.22375501 104.6828417 268.9819916
30 34.35922753 39.71027905 107.4310333 273.6534478
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Figure 2. Convergence of Galerkin truncation order: (a) Left endpoint of the pipeline; (b) Midpoint of the pipeline
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Figure 3. Comparison of analytical solution using harmonic balance method and numerical solution using Runge-Kutta
method: (a) Left endpoint of the pipeline; (b) Midpoint of the pipeline
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Figure 4. Vibration damping effect of boundary inertial dampers: (a) Left endpoint of the pipeline; (b) Midpoint of the pipeline;
(c) Transmissibility
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Figure 5. The effect of inerter parameters on the system’s amplitude frequency response: (a) Left endpoint of the pipeline; (b)

Midpoint of the pipeline; (c) Transmissibility
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Figure 6. The effect of inerter damping on the amplitude-frequency response curve of the system when BL = Br = 0.56 kg: (a)
Left endpoint of the pipeline; (b) Midpoint of the pipeline; (c) Transmissibility
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Figure 7. The effect of inerter damping on the amplitude-frequency response curve of the system when BL = Br = 1.4 kg: (a)
Left endpoint of the pipeline; (b) Midpoint of the pipeline; (c) Transmissibility
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Figure 8. The effect of inerter damping on the amplitude-frequency response curve of the system when BL = Br = 2.8 kg: (a)
Left endpoint of the pipeline; (b) Midpoint of the pipeline; (c) Transmissibility
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