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New Non-linear Modelling for Vibration Analysis
of Straight Pipe Conveying Fluid
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Abstract

A new non-linear of a straight pipe conveying fluid is presented for vibration analysis when the pipe is
fixed at both ends. Using the Euler-Bernoulli beam theory and the non-linear Lagrange strain theory, from the
extended Hamilton’s principle are derived the coupled non-linear equations of motion for the longitudinal and
transverse displacements. These equations of motion for are discretized by using the Galerkin method. After
the discretized equations are linearized in the neighbourhood of the equilibrium position, the natural
frequencies are computed from the linearized equations. On the other hand, the time histories for the
displacements are also obtained by applying the generalized-o time integration method to the non-linear
discretized equations. The validity of the new modeling is provided by comparing results from the proposed
non-linear equations with those from the equations proposed by Paidoussis.
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Fig. 1 Schematics of a straight pipe conveying fluid
when both ends are fixed: (a) the pipe before
deformation; (b) the pipe after deformation;
and (c) the cross-section of the pipe.
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Table 1. Convergence characteristics of the natural
frequencies (rad/s) when U=U=0.

Transverse vibration Longitudinal vibration

N 1 2nd 3rd 19 2nd 3rd

1 131.84  369.57 N/A 5252.81 10765.0 N/A

2 13140 369.57 749.56 | 521849 107650 167868

3 131.40 36231  749.56 | 521849 104400 16786.8

4 13140 36231 71138 | 521845 104400 156859

5 13140 362.19 711.38 | 521845 104369 156859

6 13140 362.19  710.06 | 521845 104369 15655.6
[Ei‘gc]‘ 131.39  362.19 710.04 | 521840 104364 156535

Table 2.Convergence characteristics of the natural
frequencies (rad/s) when U =15.0m/sand U =0.

Transverse vibration Longitudinal vibration
N Ist 2nd 3rd Ist 2nd 3rd
1] 48206 29592 N/A 5251.5 107628 N/A
21 38288 29186 68041 52172 107625 167836
3| 38172 27650 67522 52172 104374 167832
41 38.070 27578 625.28 5217.2 104374 156823
51 38.060 27546 62320 52172 104343 15682.1
6} 38069 27546 621.11 5217.2 104343 156517
71 38.060 27544  621.01 5217.2 104343 15651.7
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Fig. 2 Variation of the complex eigenvalues for the
dimensionless fluid velocity: (a) the imaginary
part' and (b) the real part.
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Fig. 3 Fluid velocity profiles in the pipe.
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Fig. 4 Dynamic responses of the transverse

displacements for the linear model at x=L/2
when the fluid velocity is given by the profile
corresponding to (a) U =0.0, (b) U =50 and
(c) U =8.0 in Figure 3.
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Fig. 5 Dynamic responses of the transverse
displacements for the non-linear model at
X =L/2 when the fluid velocity is zero: (a)
the new model; and (b) Paidoussis’ model.
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Fig. 6 Dynamic responses of the transverse
disptacements for the non-linear model at
x=L/2 when the fluid velocity is given by
the profile corresponding to U =50 in Figure
3: (a) the new model; and (b) Paidoussis’ model.
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