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Fig. 1 Schematic diagram of 1D-3D coupled

computational domain
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Tab.1 Key parameters of pump-turbine
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Fig.2 CFD computational model of pump-turbine
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Fig.3 Schematic diagram of layout of monitoring

points for pressure pulsations
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Fig. 4 Variation histories of macroscopic parameters
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Fig.5 Vapor variation in draft-tube and the first vapor

variation in runner during transients
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Fig. 7 Time-frequency at different monitoring points
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Fig. 6 Variation of pressure pulsations at different monitoring points of pump-turbine
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Evolutions and Influence of Cavitation in Simultaneous Load Rejection

Transients of Two Pump-turbines with Splitter Blades

WU Wei-dong', LI Lei', LIU Xu-yang',LIU Ke* , CHENG Yong-guang’ , TANG Mao-jia’
(1. Luoning Pumped-storage Company Ltd. , State Grid Xinyuan Company LLTD. , Luoning 471700, China; 2. State

Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China)

Abstract: The load rejection process is one of the most dangerous transients in pumped storage hydropower plants.
The current design criteria of plant guarantee that the lowest pressure in draft-tube inlet is higher than the saturation pres-
sure during transients. but there is still local cavitation inside the pump-turbines. The one-dimensional pipeline and three-
dimensional pump-turbine coupled computational fluid dynamics simulation method was used to simulate the simultaneous
load rejection process in a pumped-storage hydropower plant. The results show that a spiral cavitation cavity is in the cen-
ter of the draft-tube inlet, and five wedge-shaped cavitation cavities are in the outlets of runner channels. The collapse of
the spiral cavitation cavity in the draft-tube leads to instantaneous pulse impacts on the pressure and runner forces. There
is no obvious impact when the wedge cavities collapse.

Key words: pump-turbine; simultaneous load rejection; guide-vane closure; cavitation cavity; axial forces; pressure
pulsations; CFD
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Vibration Trend Prediction of Hydropower Units Based on

OVMD-TVFEMD Secondary Decomposition and HPO-ELM
ZHANG Nan',ZHU Yong-qi'*,SUN Na'", LAI Xin-jie*, LI Chao-shun®

(la. Jiangsu Key Laboratory of Advanced Manufacturing Technology; b. Faculty of Automation, Huaiyin Institute of
Technology » Huaian 223299, China; 2. Power China Huadong Engineering Corporation Limited, Hangzhou 311122, China;
3. School of Civil and Hydraulic Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: In order to address the limitations of the existing vibration trend prediction model for hydroelectric units, a
vibration trend prediction method for hydroelectric units based on optimal variational mode decomposition (OVMD),
time-varying filter empirical mode decomposition (TVFEMD), hunter-prey optimization algorithm (HPO), and extreme
learning machine (ELM) is proposed. This method first applies OVMD to adaptively decompose the original vibration
signal of the hydroelectric unit, and then further employs TVFEMD to perform a secondary decomposition of the residu-
als obtained from the first decomposition. Subsequently, vibration trend prediction models HPO-ELM are established for
each subsequence. The final predicted vibration signal is obtained by aggregating and reconstructing the prediction results
of all the sub-sequences. The research results demonstrate that this method outperforms traditional methods in terms of
prediction accuracy for the vibration trend of hydroelectric units. and it has good engineering application value.

Key words: vibration trend prediction of hydropower unit; OVMD; secondary decomposition; ELLM; optimization al-
gorithm





