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Influence of flow vibration effect of flat gate on opening force
LIU Peng, XU Guobin
(State Key Laboratory of Hydraulic Engineering Simulation and Safety , Tianjin University , Tianjin 300354 ,China)

Abstract: In order to explore the mechanism of the influence of flow-induced vibration on the opening and closing force of the
gate, the fluid-solid coupling analysis of the plane gates in the form of fixed upper and lower water level and bottom edge
showed that the exciting force causing the vibration. The variation of friction arm and coefficient of friction caused by vibration
displacement of the gate were the main causes of the change of the opening and closing force. On the basis of the unfavorable
opening degree of the gate vibration calculated by the predecessors, the calculation formula of the exciting force acting on the
gate panel was proposed by the waveform synthesis method and the vibration theory. The friction coefficient and friction force of
the gate were considered in the calculation method of the opening force of the plane gates under the effect of the flow vibration.
Comparing with the measured data of the middle plate of the Shiquan Hydropower Station, the theoretical calculation results
were in good agreement with the actual measured values, which can provide a scientific basis for the calculation of the opening
and closing force of the actual project.

Key words: flat gate; flow-induced vibration; exciting force; opening force
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Fig. 1 A sketch of the computational model
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Fig. 2 Gate pressure change under different opening speeds
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Fig. 3 Vibration displacement of gate under different opening degrees
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Tab. 1 Gate water flow vibration acceleration root mean

square value at different opening degrees
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JT’_E e e e
E451 /g /g T /g
3.0m 1. 04 0. 30 0.22
6.0 m 0.67 0. 42 0. 26
7.0 m 0. 30 0. 30 0.23
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Tab. 2 Lateral vibration acceleration root mean

square value of gate at different opening degrees
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EA9/g I /g TYi/g
3.0 m 0. 25 0. 040
6.0 m 0. 31 0. 050
7.0 m 0. 15 0.023
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Tab. 3 Time-averaged pressure value at different measuring points

W, Kk /kPa TR/ m?
P-4 86. 24 17. 216
P-5 105. 84 27.976
P-6 127,40 29. 052
p-7 105. 84 11. 836
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Fig. 5 Simplified model for exciting force calculation
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Tab. 4 Comparison of theoretical calculations and measured data
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