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Study on the influence of contraction ratio of flaring gate pier on flow pattern of high arch dam
MA Yuchen, ZHANG Faxing, YU Ze, GUO Fan, SUN Yujia
(State Key Laboratory of Hydraulics and Mountain River Engineering, Sichuan University, Chengdu 610065, Sichuan, China)

Abstract; [ Objective ] The flaring gate pier contraction jet technology is commonly employed in narrow valley high arch dams to
facilitate collision-free flood discharge and energy dissipation of the surface spillway and deep hole. Excessive contraction ratio of
the flaring gate pier result in inadequate longitudinal tension of the jet flow, causing water inflow concentration and exacerbating
downstream scouring. Conversely, if the contraction ratio is too small, backwater can develop in the flow channel, leading to a
potential reduction in the discharge capacity of the surface spillway and degradation of the jet shape. Determining the critical
value of the contraction ratio for backwater can serve as a foundation for designing the shape of the flaring gate pier. [ Methods |
The effects of contraction ratio, initial turning point, contraction section length, weir surface pitch angle, and head on weir crest
on the flow state of a flaring gate pier are investigated through hydraulic model experiments and three-dimensional numerical
simulations. [ Results] The results indicate that, with all other parameters held constant and only the contraction ratio varied, a
critical contraction ratio exists for the flaring gate pier. When the contraction ratio falls below this critical value, backwater flow

occurs in the surface spillway. Through over 360 calculation cases, 48 sets of experimental data on the critical contraction ratio
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are collected. [ Conclusion]The results provide a quantitative relationship between the critical contraction ratio and the head on

weir crest, stereotyped design head, height difference between the crest and initial turning point, length of the contraction

section, and angle of the weir surface. The formula’ s high accuracy has been verified, providing valuable reference for designing

the flaring gate pier of a high arch dam.

Keywords : surface orifice; flaring gate piers; model test; numerical simulation; head on weir crest; contraction ratio
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Table 1 Parameters of flaring pier gates and cases
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Fig.2 Schematic diagram of the parameters of flaring gate pier
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Table 2 Flow rate in backwater flow and rapid flow
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Fig. 14 The comparison between the calculated value of

B, formula and the experimental value
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Table 3 B, calculation formula accuracy verification

H/H, H,;/m yu/H, L/H, 60/rad B, XL {E B, A A AAXF IR 25/ %
1. 000 0.221 4 0.275 2.710 0.611 0.157 0. 154 1.91
1.174 0.221 4 0.275 2.710 0.611 0.178 0.176 112
1.265 0.221 4 0.275 2.710 0.611 0. 183 0.188 2.73
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Table 4  Application of critical shrinkage ratio 8, calculation formula in practical engineering
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2 14.27 1. 000 0. 920 0. 561 0. 524 0. 270 pr 0. 368 i
TR 7K HL
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4 REERFIHR AL 15.50 0. 852 0.210 1. 466 0. 559 0. 300 7 0.232 i
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K HL
6 15. 45 1.254 0. 003 2.009 0.611 0.290 2 0. 453 i
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Fig. 15 Relationship between critical contraction

ratio and head on weir crest
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