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Spectral Element Analysis of the Pipeline Conveying Internal Unsteady Fluid

Jonghwan Park and Usik Lee
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Abstract

In this paper, a spectral element model is developed for the uniform straight pipelines conveying internal
unsteady fluid. Four coupled pipe-dynamics equations are derived first by using the Hamilton’s principle and
the principles of fluid mechanics. The transverse displacement, the axial displacement, the fluid pressure and
the fluid velocity are all considered as the dependent variables. The coupled pipe-dynamics equations are then
‘linearized about the steady state values of the fluid pressure and velocity. As the final step, the spectral ele- “
ment model represented by the exact dynamic stiffness matrix, which is often called spectral element matrix,
is formulated by using the frequency-domain solutions of the linearized pipe-dynamics equations. The FFT-
based spectral dynamic analyses are conducted to evaluate the accuracy of the present spectral element model
and also to investigate the structural dynamic characteristics and the internal fluid transients of an example

pipeline system.
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Table 1 Eigenfrequencies(Hz) of the pipeline obtained by the present SEM, FEM and the exact theory®”

Fluid
Velocity | Method | N | & o o o @ o
(mls)
Exact[25]] - 1.47 5.89 13.26 23.57 51.98 150.73
SEM 1 1.47 5.89 13.26 23.57 51.98 150.73
0 10 1.47 5.89 13.27 23.61 52.03 157.39
FEM 20 1.47 5.89 13.26 23.58 51.99 150.77
50 147 5.89 13.26 23.58 51.98 150.74
100 1.47 5.89 13.26 23.57 51.98 150.74
SEM 1 1.37 5.81 13.18 23.50 52.00+0.47i 150.74+0.02i
10 1.37 5.81 13.19 23.54 52.03+0.47i 150.89+0.02i
10 FEM 20 1.37 5.81 13.18 23.50 51.99+0.47i 150.77+0.02i
50 1.37 5.81 13.18 23.50 51.98+0.47i 150.74+0.02;
100 1.37 5.81 13.18 23.50 51.98+0.47i 150.74+0.02i
SEM 1 1.03 5.55 12.94 23.26 51.97+0.86i 150.74+0.03;
10 1.03 5.55 12.95 23.30 52.03+0.86i 150.89+0.03
20 FEM 20 1.03 5.55 12.94 23.26 51.99+0.86i 150.77+0.03
50 1.03 5.55 12.94 23.26 51.98+0.86i 150.74+0.03i
100 1.03 5.55 12.94 23.26 51.97+0.86i 150.74+0.03i
SEM 1 0.00 5.18 12.59 22.93 52.00+1.18i 150.74+0.04i
10 0.00 5.18 12.60 22.97 52.02+1.18i 150.89+0.04i
28.65 FEM 20 0.00 5.18 12.59 22.93 51.98+1.18i 150.77+0.04i
50 0.00 5.18 12.59 22.93 51.97+1.18i 150.74+0.04i
100 0.00 5.18 12.59 22.93 51.97+1.18i 150.74+0.04i
Note : N = number of finite elements; (w) = transverse displacement (bending) mode; (u) = axial dis-

placement mode; (¢) = fluid mode
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