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Fig. 8 Vibration diagrams of free-end at various flow velocity in #; direction: (a)—(c) Time history at u=1.59, u=1.64 and u=1.7;

(d) Phase portrait at u=1.59
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Table 1 Free-end dynamics of pipe at various flow velocity

w2 AFENRSEE TR A g = R R

Table 2 2D or 3D vibration of pipe free-end at various flow

g " " velocity
0 U (2D or 3D)
0.001 0
0.005 0.001
1.59 0.005
1.64 5
1.675 10
1.7 10.55
3 T
6
o SEITA B 4B RS, WRNTR 2 PR 5
10.55 u=10~10.55 I, 7En, Jil Lo MIEEmAI AR, 78
13

B AR AL FEA B F] 0 B, BT LI EZ R 10(a) R IATE
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Analysis of three-dimensional nonlinear vibration of horizontal
cantilevered pipeline conveying paste at various flow velocity

LI Rong"? LI Cui-ping" 2, YAN Bing-heng'-*

(1. School of Civil and Resource Engineering, University of Science and Technology Beijing, Beijing 100083, China;
2. State Key Laboratory of High-Efficient Mining and Safety of Metal Mines,
Ministry of Education, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: In the process of paste-filling, the violent vibration of the horizontal pipeline conveying paste close to
paste-filling area tends to affect the effect of filling and efficiency greatly. To investigate the effect of paste average flow
velocity on vibration, the analysis model was obtained for the horizontal pipeline conveying paste according to the actual
condition on site. Based on this, the governing equations for nonlinear three-dimensional dynamics were deduced. By the
Galerkin discretization and the Runge-Kutta algorithm, the equations were solved numerically and the dynamic responses
of free-end which were presented by time trace, bifurcation diagram, phase-plane diagram and oscillation trajectories
were obtained. The numerical results show that there is a critical flow velocity which is different in two dimensions when
non-dimensional velocity of paste u increases, and u.,is 10.55 in #y, u., is 0.001 in #,. It also shows that the pipe is stable
as ur<ug. When us>u,,, the pipe loses stability via flutter, meanwhile, the period and quasi-period vibration are observed.
Moreover, the amplitude of vibration increases as ug increases.

Key words: paste transportation; three-dimensional vibration of pipeline; nonlinear; average flow velocity
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