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Vibration Characteristics of a Semi-circular Pipe Conveying Fluid
with Both Ends Clamped
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ABSTRACT

Free vibration of a semi-circular pipe conveying fluid is analyzed when the pipe is clamped at both ends. To consider the
geometric non-linearity, this study adopts the Lagrange strain theory and the extensibility of the pipe. By using the extended
Hamilton principle, the non-linear partial differential equations are derived, which are coupled to the in-plane and out-of-plane
motions. To investigate the vibration characteristics of the system, the discretized equations of motion are derived from the Galerkin
method. The natural frequencies are computed from the linearized equations of motion in the neighborhood of the equilibrium
position. From the results, the natural frequencies for the in-plane and out-of-plane motions are vary with the flow velocity. However,
no instability occurs the semi-circular pipe with both ends clamped, when taking into account the geometric non-linearity explained

by the Lagrange strain theory.
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Fig. 1 Schematics of a semi-circular pipe conveying

fluid: (a) geometric configuration; and (b)
deformed and undeformed configurations
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Fig. 2 Equilibrium configurations of a semi-circular
pipe conveying fluid: (a) radial displacement;
and (b) circumferential displacement
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Table 1 Convergence characteristics of the dimension-
less natural frequencies for the in-plane motion
of a semi-circular pipe when U =0

N First Second Third
4 4.533 11.260 71.180
5 4.486 9.968 19.590
6 4.414 9.807 18.357
7 4399 9.715 18.111
8 4.391 9.669 18.017
9 4386 9.658 17.947
10 4.385 9.644 17.935
Reference®® 4.385 9.633 17.620

Table 2 Convergence characteristics of the dimension-
less natural frequencies for the out-of-plane
motion of a semi-circular pipe when U =0

N First Second Third
3 1.849 5.559 11.330
4 1.849 5.302 11.330
5 1.828 5.302 11.084
6 1.828 5.268 11.084
7 1.823 5.268 11.045
8 1.823 5.258 11.045
9 1.821 5.258 11.033
10 1.821 5.254 11.032
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Fig. 3 Natural frequencies versus the flow velocity of a
semi-circular pipe: (a) for the in-plane motion;
and (b) for the out-of-plane motion
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