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Joint Prediction and Safety Analysis of the Flow induced Vibration

of Radial Gate Through Physical and Numerical Simulations Considering Effects of the Pier
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Abstract: The flow induced vibration response simulation of gate through model experiment and numerical model is an effective

method to investigate the gate vibration problem. In this paper, the spillway under port radial gate of a hydropow er station was

studied. A hydraulic model and a hydro elastic model were designed according to the physical model experiment requirements.

The hinge force measurement and the response of dynamic stress and displacement of flow induced vibration of the gate were

tested. T he relationship between the hydraulic condition and the vibrations of pier and gate was analyzed. T he test load was ap

plied to the coupled gate pier numerical model and the gate model in w hich the pier was treated as rigid constrain for dy namic a

nalysis, respectively. The results showed that the pier vibration has insignificant impacts on dynamic stress and vertical dynamic

displacement of the gate, but has significant impacts on the horizontal and lateral dynamic displacement of the gate. Finally, the

dynamic safety of the gate was analyzed using the physical and numerical model.
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Fig. 1 Schematic diagram of gate layout
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Fig.2 Hydraulic model
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Table 1  Similarity scale of the physical parameters
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Fig.3 Hydro-elastic model of gate pier hoisting equipment system
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Fig. 4 Layout of measuring points of dynamic stress
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Fig.5 Hinge force distribution of gate with different openings
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Fig.6 Time curve and power spectral of hinge force
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Fig.7 Relationship between dynamic stress and opening
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Fig. 8 The measured dynamic stress time process,

probability density, and power spectrum
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Fig.9 Relationship between gate vibration

and downstream water depth
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Fig. 10 Relationship between gate vibration

and upstream water depth
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Fig. 11 Relationship between gate vibration and opening
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Fig. 12 Relationship between pier vibration and opening
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Fig. 13 Finite element model of gate and pier

FAIG( Beam 188) SKAEH A MK, SR A S84 11.75( Solid45) #E41
ST AN T3, A PR G DI 130 AN 1K LA K SR AN
TS FYD 32 42 FH 0% e o O AL, 073 R TS e o 4 38 47 A% 2 N
B IAL T T A BT T 9 B e s A B, TR b 356 JEG 35 e o 4
L, Tl R i A e T 5K 3 1) 49

MEIEARZH o AR T (34 E= 206 GPa, %
P= 7 850 kg/ m®, JHFALL U= 0 3, FE5) 34 E= 39 GPa, H
FALL U= 0. 167, REJEE S,
3.2 @1 9 ORISR S it A

W1 AEIE AT o B2 B K B gt B A e A AL PR B, B 4%
Bl G T G5 R B D PE RSN B I G . AR AR
SEREIN 45 RS S UM AN 0% S 4UR, Bg EhE s )
SRV SR AREE A R YR Bl 0T 6 R BRI A A—
FE2 590 e DU ) S8R 5 (A 2 R4 T S04k 2 R Wi 24
SRR TR AT B 0 NS, Stk bR 40 SO R TR SN 1
3.3 dpkE SRt AT

BRI H R TR A B0, B0 TR SR 11
SRS B BN Sy LT (2 5 SR HEAT R 4
Mo B TH 48T BB RS AL A R AE T W ¥, BT LR U
3 m FIIFEE 4 m PEATXT b, BAR W2 20 BRI 80RY ) B4
B35 7 2250/, AR Fr B A% S B2 1 B S5 IA B DN 3 5 K,
ARSI Ll ST, B R B #AE Rl — =2, FE AR — B, W
T 77 VA8 B BT S e ) ] 0 3 ) 1 R AE

) -
Table 2 Comparison of dynamic stress

and displacement from the physical and numerical m odel
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