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Abstract - Vibrational characteristics of curved pipe structures are investigated with respect to the change
of inside flow velocities. Based upon the Hamilton’s principle, the equations of motions are derived, and the
finite element equation is constructed to solve the frequency equation for curved pipe structures. When the ini-
tial tension is neglected in cured pipes, the natural frequencies are reduced as flow velocity increases, and the
rapid decreases of the natural frequencies take place. However, when the initial tension is taken into account,
the natural frequencies are not changed with the change of the flow velocity. In free vibrational simulation of
pipe systems, it is necessary to calculate the initial force due to the velocity and the pressure of the fluid flow
from the equilibrium. The force should be included in the equation of motion of the systems to get more accu-
rate natural frequencies. The mechanical properties like stiffness or the location of pipe support need to be
changed to avoid resonance. The natural frequencies are to be isolated from the frequency range of dominant
vibration modes. The angles of elbows do not affect the change of the fundamental natural frequency, but affect
the change of the third or higher natural frequencies.
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Fig. 1. Finite Element Model of Pipe.
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Fig. 2. Simple Spring Support Model.
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Table 1. Properties of Nakra’s Straight Pipe

Fluid Pipe
Young’s Modulus 208 GPA
Poisson Ratio 0.3
Density 1,000kg/m? 8,000 kg/m’
Outside diameter 9.54 mm
Wall thickness 0.5 mm
Straight length 0.125 m

Table 2. Comparison of Natural Frequencies

Order Program ANSYS Error
1 88.73 Hz 88.59 Hz 0.16%
2 201.80 Hz 200.59 Hz 0.52%
3 358.82 Hz 357.41 Hz 0.40%
4 565.06 Hz 559.48 Hz 1.00%
5 885.63 Hz 883.71 Hz 0.22%
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Fig. 3. Fundamental Natural Frequencies of Nakra’s
Pipe vs. Flow Velocities.
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Fig. 5. The 2nd Natural Frequencies of Nakra’s
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Table 3. Properties of Pipe

Fluid Pipe
Young’s Modulus 124.11 GPA
Poisson Ratio 0.34
Density 1,000kg/m? 8,900 kg/m?
Outside Diameter 19.05 mm
Wall Thickness 0.9 mm
Straight Length 0.8 m
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