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Nonlinear Vibration Characteristics of a Curved Pipe
with Fixed Ends and Steady Internal Flow
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Abstract

The nonlinear differential equations of motion of a fluid conveying curved pipe are derived by use of
Hamiltonian approach. The extensible dynamics of curved pipe is based on the Euler-Bernoulli beam theory.
Some significant differences between linear and nonlinear equations and the dynamic characteristics are
discussed. Generally, it can be shown that the natural frequencies in curved pipes are changed with flow
velocity. Linearized natural frequencies of nonlinear equations are slightly different from those of linear

equations,
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Cross-section
of pipe

Fig. 1 Geometric configuration of a curved pipe
conveying fluid
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Table 1 Dimensionless natural frequencies of a curved pipe with fixed ends when U = 0,0,=m, k=800,

n=4022, v=077

N Out-of-plane modes In-plane modes
1st 2nd 3rd 1st 2nd 3rd
1 2.1407 5.9130 - 28.3756 28.9940 -
2 1.9042 5.4827 12.4316 28.3022 28.9940 32.4260
3 1.8201 5.2454 11.6630 28.3020 28.9689 31.1003
4 1.8168 5.2306 11.0341 28.3019 28.9668 30.8323
5 1.8168 5.2306 11.0341 28.3019 28.9663 30.8323
6 1.8168 5.2306 11.0341 28.3019 28.9663 30.8382
Ref. (6) 1.8115 - - 28.2467 28.9656 30.7958
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Fig. 3 Dimensionless linear natural frequencies of a pipe
with fixed ends for (a) the out-of-plane modes
and (b) the in-plane modes when 6,=n,

k=800, n=4022, y=077
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Fig. 4 Dimensionless linearized natural frequencies of a
pipe with fixed ends for (a) the out-of-plane
modes and (b) the in-plane modes when 6, =7,

k=800, p=4022, y=077
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