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Numerical calculation of flow-induced vibration of large-scale steel radial gate
ZHAO Lanhao ZHENG Tuo YANG Xiaoli
( College of Water Conservancy and Hydropower Engineering Hohai University Nanjing 210098 Jiangsu China)

Abstract: In order to study both the dynamic characteristics and the safety of large-scale radial steel gate under fluctuating pres—
sure the self-vibration characteristics of the gate is calculated with the additional mass method and then dominant frequency of
the fluctuating pressure measured by the relevant test is obtained through spectrum analysis while the fluctuating pressure is con—
verted into the nodal load and then applied to the numerical model of the gate by means of the random vibration method thus the
dynamic response of the gate is obtained. The relevant calculation is carried out by taking Pinzhai Water Control Project in
Guizhou Province as the study case from which the study result shows that the self-vibration of the gate is decreased under the
effect of water body and exhibits an increasing trend along with the opening. The first-order mode frequency of the gate is about
1. 1Hz while the dominant frequency of pulsating flow is 0. 15 Hz thus a larger difference is there between both of them. The
large dynamic displacement of the gate is 3. 61 mm and occurs at the normal storage water level of 543. 00 m under the operation
condition of the opening of 50% while the dynamic stress of the gate is larger under the operation conditions of the openings of
20% and 50% with the maximum dynamic stress of 43.56 MPa and occurs under the operation condition at the water level of

543.00 m with the gate opening of 50%. Therefore the possibility of the occurrence of the gate resonance is not so larger thus
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the gate is relatively safe under the hydrodynamic effect but attentions are necessary to be paid to the vibrations under the opera—
tions of the gate openings of 20% and 50% so as to avoid the long-time stoppings of the gate at these openings.

Keywords: radial gate; model test; self-vibration characteristics; random vibration; dynamic response
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4 Hz
1%
10 20 30 40 50 60 70
1 1. 112 1. 113 1.117 1.119 1. 122 1. 124 1. 126 1. 131
2 3. 602 3.842 4.494 4. 830 5.193 5. 420 5.434 5.240
3 3. 888 4. 069 4.529 5. 005 5.731 6.371 6. 856 6.778
4 4. 690 5.052 5.519 5.635 6. 092 6. 678 7. 456 8.307
5 5.032 5.212 5.614 5.758 6.179 6. 895 7.550 9.082
5
Mises /MPa Mises /MPa
/m 1%
5 5. 004 6.116 1. 505 10. 562 0. 186 0.134 0. 006 0. 106
538. 00 10 5.370 5.954 0. 927 6.389 0. 197 0. 135 0. 004 0.110
o 20 15. 169 36. 806 0.765 4.726 1. 148 0. 884 0. 003 0. 690
40 1.209 3.152 0.738 6.726 0. 096 0.073 0. 003 0.078
5 12.727 20. 164 1.490 11. 392 0. 818 0.470 0. 005 0. 459
541.50 10 11. 151 15. 251 2.373 21. 055 0.470 0. 350 0. 009 0.267
o 20 15.325 41. 031 0. 827 6.352 1.282 0. 996 0. 003 0.781
50 19.734 30. 586 0.735 9.252 1. 585 1. 249 0. 005 0. 990
5 0. 104 0. 127 0.034 0.284 0. 004 0. 003 0. 001 0. 003
543. 00 10 6.353 9.534 1. 831 14. 427 0.292 0.213 0. 007 0. 160
o 20 13.610 14. 831 1. 037 6.912 0.461 0.352 0. 004 0.272
50 20. 554 43.556 1.750 10. 853 0. 003 0. 029 0. 006 0.042
6
/mm
/m 1%
5 0.913 0.260 0.238 0. 206 0.244 0. 169 0. 168
538. 00 10 0. 856 0.163 0. 145 0.125 0. 148 0.103 0.103
’ 20 2.053 0.218 0. 108 0. 089 0. 109 0.077 0.076
40 0. 490 0. 101 0. 089 0.110 0.118 0. 062 0. 061
5 1.419 0.251 0.188 0. 244 0. 244 0.128 0.127
s41. 50 10 1. 140 0.432 0.390 0. 330 0. 403 0.313 0.310
’ 20 2. 685 0. 226 0. 125 0.108 0.129 0. 097 0. 096
50 3.503 2.751 2.333 1.012 1. 064 2.233 2.209
5 0.019 0. 006 0. 005 0. 008 0. 008 0. 004 0. 004
543.00 10 1.375 0.321 0.289 0. 254 0.297 0.217 0.215
- 20 2. 049 0. 187 0. 151 0. 129 0. 154 0.110 0. 109
50 3.608 3.096 3.096 1. 103 1. 096 2.120 2.120
20% 50% Mises (y
Mises 43.556 MPa o :
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1 ; >
>
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