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Fig.1 Pipe conveying fluid in engineering.
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Fig.3 Bifurcation diagram for the parameter of fluid speed.
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Fig.4 Phase portraits.
(a) u = 7.6,symmetric limit cycle motion; (b) u = 8.4, period-1 motion; (¢) u = 8.56, period-2 motion;
(d) u = 8.606, period-4 motion; (e) u = 8.92,period-5 motion; (f) u = 9.05, chaotic motion;
(g) u = 9.08,chaotic divergence; (h) « = 9.15,divergent motion.
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(a) period-1; (b) period-2; (c) period-4; (d) chaotic motion.
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THE NONLINEAR DYNAMIC VIBRATIONS OF A RESTRAINED
PIPE CONVEYING FLUID BY DIFFERENTIAL QUADRATURE METHOD"

Wang Lin Ni Qiao
( Department of Mechanics , Huazhong University of Science and Technology, Wuhan 430074, China )

Abstract By extending the Differential Quadrature Method (DQM), this paper established the nonlinear vi-
brations of a cantilevered pipe conveying fluid with motion-limiting nonlinear constraints. The partial differen-
tial equation of the pipe motion was reduced to an ordinary differential equation by DQM. Based on this, the
vibration behavior of the free end of the pipe was studied, and several vibrations were found by numerical cal-
culations. By means of the bifurcation diagram, phase portraits of the motion, the time histories, and the
Poincaré maps, this paper analyzed the effect of parameter variation on the pipe vibration. The analysis proved
the existence of chaotic vibrations, and the route to chaos is shown to be via period-doubling bifurcations of
specific parameters. The results agreed reasonably with other classical ones. Thus, the present method is valid

and applicable for studying the dynamic response (including chaotic vibrations) of some other structures.

Key words pipe conveying fluid, chaotic vibration, bifurcation, DQM, nonlinear vibration
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