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Finite element analysis on the flood discharge atomization of Shuibuya

Hydropower Station based on water-air two-phase flow

LIU Gang, TONG Fuguo, TIAN Bin
(College of Hydraulic & Environmental Engineering, China Three Gorges University,
Yichang, Hubei 443002, P. R. China)

Abstract: Flood discharge atomization is actually a process of mixed motion of water and air two-phase
fluids. Based on the mass and momentum conservation equations, the mathematical model of flood
discharge atomization was established and solved by the finite element method. A non-linear solution
strategy was adopted, which solved the problems of numerical convergence and stability in the solution
process. The correctness of the model was verified by comparing the result with that of the square cavity
driven flow case. According to the spillways of the Shuibuya Hydropower Station and the topography of the
valley, a three-dimensional finite element calculation grid was established, and the flood discharge process
was simulated. The consistency of the calculated data with the actual flood discharge data verifies that the
numerical method has good prediction ability for the wind and rain fields in the process of flood discharge
atomization.
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Fig. 1 Computational grid and boundary conditions of square cavity driven flow
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Fig. 2 Cloud diagram of y-direction velocity Fig. 3 Streamline diagram of square
distribution of square cavity driving flow cavity driven flow
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Table 1 Parameters of calculation model for flood discharge atomization of

Shuibuya Hydropower Station

IR B % B 1 000.00 kg/m*
2R 1.25 kg/m’
K B R 4 A 2 150.000 000 MPa
25 S R AR 0.101 325 MPa
KB Rl P 1.001X107° N+ s/m”’
25 R R 1.983X10 ° N » s/m’
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Fig. 6 Calculated wind speed changing with time at different wind-speed monitoring points
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Table 2 Comparison of calculated wind speed and measured wind speed of each measuring point

S AGE/ (moe s 1) HEXHE/ (m s
S R I PN

Masms o ML/ m WE&RE/ m

WS1 1098 350 3.0 3.3 0.24 0.48
WS2 729 270 7.7 18.9 7.91 9.72
WS3 520 230 29.6 34.9 29.00 30.54
WS4 594 230 10.0 13.8 11.38 15.27
WS5 740 230 8.1 17.6 9.38 15.27
WS7 1667 230 5.7 7.2 5.29 8.97
WS8 1613 230 0.6 0.8 0.68 1.64
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Fig. 7 Comparison between the calculated average rainfall intensity and the

measured average rainfall intensity
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Fig. 8 Distribution of measured atomization rainfall intensity in Shuibuya Hydropower

Station, data provided by Hubei Qingjiang Hydroelectric Development Co. , Ltd.
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Fig. 9 Distribution of calculated atomization rainfall intensity of Shuibuya Hydropower Station
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