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ABSTRACT

Free vibration characteristics of a curved pipe conveying fluid is studied when the pipe is clamped at both ends. Using the
perturbation method, the non-linear governing equations divided into two parts; the steady state non-linear equilibrium equations and
the linearized equations of motion in the neighborhood of the equilibrium position. The natural frequencies are computed from the
linearized equations of motion. In this study, the equilibrium positions are determined by two types of equations, i.e., (1) the non-
linear equations, and (2) the equations obtained by neglecting the non-linear terms. The natural frequencies obtained from the non-
linear equilibrium equations are compared to those obtained from the linearized equilibrium equations. From the results, as the fluid
velocity increases, the equilibrium position should be determined from the nonlinear equations for the vibration analysis of the
curved pipe conveying fluid.
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Fig. 1 Schematics of a semi-circular pipe conveying
fluid: (a) the top view; and (b) the cross-section.
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m (U /R (ul —=v,)+(EI/ R*)Y(ul ~ v
+(EA/R)u, +V.)=m U*/R (11)
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Table 1 Convergence characteristics of the dimension-
less natural frequencies of the curved pipe

when U =0
N o, @, @,
3 4.514 17.564 30.125
4 4436 9.582 25.941
5 4.374 9.559 17.753
6 4371 - 9442 17.741
7 4.364 9.442 17.610
8 4364 9.426 17.610
9 4363 9.426 17.592
10 4.363 9.423 17.592
Reference!” 4.385 9.633 17.620
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Fig.2 Equilibrium configurations of a semi-circular
pipe conveying fluid when (a) U =2.0, 3.0; and
(b) U =3.5, 4.0. The deformation is exaggerated

by a factor of 5.
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Fig.3 Comparison of the equilibrium positions when
U =3.5, 4.0: (a) the radial displacement; and (b)
the circumferential displacement. , Case I,
-~ Case II.
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Fig. 4 Dimensionless
variation of the dimensionless fluid velocity: (a)
the first mode; (b) the second mode; and (c) the
third mode. ——, Case I; ~—~—— Case IL.
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