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Spectral Element Vibration Analysis of the Pipeline Conveying Internal Flow
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Abstract

It is often important to accurately predict the flow-induced vibration or dynamic instability of a pipeline

conveying internal high speed flow in advance, which requires a very accurate solution method. In this study,

first the dynamic equations for the axial and transverse vibrations of a pipeline are reduced from a set of pipe-
dynamic equations derived in the previous study and then the spectral element model is formulated. The
accuracy of the spectral element method (SEM) is then verified by comparing its results with the results

obtained by finite element method (FEM). It is shown that the present spectral element model provides very

accurate solutions by using an extremely small number of degrees-of-freedom when compared with FEM.
The dynamics of a sample pipeline is investigated with varying the axial tension and the speed of internal

flow
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Fig. 1 Free body diagrams for (a) the pipe element and
(b) the deformable moving control volume
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Table 1 Natural frequencies of the pipeline without fluid obtained by SEM and FEM with varying
axial tension
Tension Natwral SEM FEM
T(N) Frequency 1 element 50 elements 20 elements 10 elements
(rad’s) (4 DOFs) (151 DOFs) (61 DOFs) (31 DOFs)
oY) 9.247 9247 9.247 9247
0 ©3 83.224 83.224 83.227 83.268
(o) 924.708 924,307 928.358 1026.350
o) 85.592 85.592 85.592 85.592
4.95 3 268.498 268.498 268.499 268 5-14
©y0 1256.642 1256.712 1259.433 1336.793
N 106.048 106.048 106.048 106048
7.63 o3 327.677 327677 327.678 327.692 o
W 1403.982 1404.044 1406.530 1477.907
Table 2 Natural frequencies of the pipeline with internal flow (axial tension 7=7.63N) obtained by
SEM and FEM
Flow Natural SEM I FEM
Speed Frequency 1 element 50 elements 20 elements 10 elements
Co (nvs) {rad/s) (4 DOFs) (151 DOFs) (61 DOFs) (31 DOFs)
o 85.204 85204 85.204 85204
0.0 s 263.271 263271 263271 263282
Wi 1126.000 1128.071 1130.068 1187416
oY) 83.205 83.205 83.205 83203
3.07 o3 257.814 257.814 257.815 257 ‘;’32 o
e 1117.232 1117.286 1119.426 1178 042
[oN 0.000 0.000 0.000 0.000
16.5 03 60.478 60.406 60.434 60.8—37
(O3 796.240 796.448 803.627 _———9?4‘(34
[oh 0.000 0.000 0.000 0.000
200 o3 35382 36.924 37.843 45556
O 616.636 616946 627.279 753277
of Agste B WARATIEA A {37 Mol M= F8849 M58 10 7131 AfFE)
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Fig. 2 Comparison of the frequency response functions
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Fig. 4 Comparison of the frequency response functions
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pipeline obtained by SEM with varying internal
flow velocity at tension 7=7.63 N
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