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STABILITY AND MODE EVOLUTION CHARACTERISTICS OF A CANTILEVERED
FLUID-CONVEYING PIPE ATTACHED WITH THE LUMPED MASS

Yi Haoran Zhou Kun Dai Huliang? Wang Lin Ni Qiao

(Department of Mechanics, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract This work mainly investigates evolutions for the dynamic characteristics of a cantilevered pipe conveying fluid
by regulating a lumped mass along the pipe’s length, for the purpose of controlling the stability and vibration behaviors
of the pipe. Firstly, on the base of the extended Hamilton principle, a nonlinear dynamic model for the cantilevered
fluid-conveying pipe attached with the lumped mass is established. In the following, a linear analysis is performed to
explore the evolution of critical flow velocity varying with the placed position of lumped mass, which is substantiated
by experimental measurements showing that transition of the flutter mode occurs. In addition, it is significant that the
attached lumped mass ratio has a great impact on the critical flow velocity based on the linear dynamic analysis, which

is dependent on the placed positions and mass ratio. Subsequently, a nonlinear analysis is conducted to investigate the
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effect of lumped mass on vibration amplitude of the pipe. It is indicated that the vibration amplitude is first increased

and then decreased with the lumped mass varying from the fixed end to the free end, which is well compared to those

of experimental measurements. The vibration mode of the pipe conveying fluid is transferred from the second mode to

the third mode with varying the placed position of lumped mass, which is also observed in the experiments. The present

study is expected to be beneficial for designing an underwater driven system based on flutter of pipes conveying fluid. In

this way, the pipe’s vibration mode can be adjusted through adding and adapting the lumped mass.
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Fig. 6 The vibration behavior of the fluid-conveying pipe structure at the lumped position 0.25
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Fig. 7 The vibration behavior of the fluid-conveying pipe structure at the lumped position 0.75
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Fig. 8 The vibration behavior of the fluid-conveying pipe structure at the lumped position 0.95
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Table 1 Vibration amplitude of the fluid-conveying pipe

structure at different concentrated mass locations

&j Texp. Ntheor. Error/%
0 0.171 0.153 10
0.35 0.192 0.191 0.4
u=11.03 0.55 0.283 0.211 25
0.75 0.502 0.459 8
0.95 0.224 0.210 6
0 0.282 0.265 6
0.35 0.315 0.318 1
u=11.61 0.55 0.350 0.344 2
0.75 0.591 0.543 8
0.95 0.220 0.248 13
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Fig. 9 Bifurcation diagram of the tip displacement of the
fluid-conveying pipe varying with the velocity
when the model at £; = 0.75
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Fig. 10 Time history curves of the fluid-conveying pipe structure vibration with a dimensionless velocity of (a) , (b) 9.87; (c), (d) 11.03 at &; = 0.75;

(a) and (c) are the resulting curves of theoretical predictions; (b) and (d) are experimental results
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