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Fig.4 Layout of measuring points

Fig.3 FEM model of gate
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Fig.5 Time history of flow fluctuating pressure and power spectrum density of the gate
1
0.5m Table 1 Maximum root-mean-square value
1.0m 6.0m 1 of dynamic displacement response of gate
2 3 x /x / y / z /
m mm mm mm
2.13mm. 0.5 0.70 0.19 0.03
x 5.39 MPa x 1.0 1.61 0.42 0.04
2.79 MPa 6.0 2.13 0.47 0.13
2
Table 2 Maximum root-mean-square value of dynamic stress response of gate
/m
o,./MPa o,/MPa 7,,/MPa c,/MPa o,/MPa 7,,/MPa o,/MPa o,/MPa 7,,/MPa
0.09 0.20 0.09 0.12 0.17 0.02 0.20 0.29 0.10
0.5 0.14 0.51 0.28 1.76 0.35 0.20 1.80 0.65 0.33
0.37 0.75 0.66 1.14 0.80 0.28 1.50 1.32 0.74
0.17 0.33 0.14 0.29 0.39 0.04 0.40 0.53 0.16
1.0 0.18 0.63 0.34 4.07 0.80 0.37 4.12 1.00 0.62
0.61 1.70 1.49 2.64 1.85 0.64 3.09 2.49 1.67
1.54 0.50 0.25 0.37 0.50 0.05 0.53 0.77 0.29
6.0 0.20 0.58 0.36 5.29 1.03 0.53 5.39 1.43 0.88
0.65 2.30 2.09 3.45 2.41 0.83 3.91 3.02 2.33
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A computation method for flow-induced vibration response of gates

ZHAO Lan-hao' LI Tong-chun' WANG Ling’

1. College of Water Conservancy and Hydropower Engineering Hohat University ~Nanjing 210098  China
2. Anhui Survey and Design Institute of Water Conservancy and Hydropower —Hefei 230022  China

Abstract The pressures acting on the gate were divided into two parts the fluctuating pressure of flow on the stationary
gate and the hydrodynamic pressure due to gate vibration-induced additional disturbed flow. The temporal-spatial
correlation of fluctuating pressures obtained by model experiments between different nodes was analyzed by the coherence
function defined in frequency domain with consideration of different levels of correlation for different frequency
components and the nodal load of the fluctuating pressure could be obtained. Then the computation method for flow-
induced vibration response of gates with model experiment and numerical calculation combined together was developed
based on the random vibration theory. As an example the response of radial gate of Shuangkoudu hydropower station was
analyzed. The result shows that the present method meets the requirement of engineering and can be applied to flow-

induced vibration analysis of other hydraulic structures.

Key words gate flow-induced vibration fluctuating pressure response





