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Fig. 1 Computational model of entire flow system of the pumped storage power station
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Fig. 3 Validation of the pump-turbine performance in both pump and turbine modes

3.2 AR Bedh R b AR I A B R AL
TR 2R K DR e r e R R A9 Bl
SR e e s R B AR AR LI 4. iR %), LA
Ab TR E BYBUE KA 00, 1 3l S IF D 22° (A
XFIFIE 100%)5 10 s B, HLAH WL BN S 845 <, 530

* 824 « KA TALH R

I 46 SCFA, HILAL I 1 4R R B 26 s B, 3 Bl 0t
SE O (R TF BE 2.3% ), FLBIIAIL Il i T 66 4 BT
R, WAL TT UG T B, HLAL B RRLE FR%; 35.2
i, HLZEH R L R IR 28 0, I it 2 T 4R 2 1] SR 7K
KM )5 45.36 s W], 1% 3 S iR IR O R 2 3°(H



BE, % WERAWMARE LB LEENG AL T REM

X BE 13.6% ) ATk J1iil 5015 66.7 s B, HLAHWRAS 5% AP 21 35.2 s, HLALAL Tk a2 788 (O SCH PM
FRFEAR 2 0, IS PR R 5E oK 5 HLT 554 80.88 s /%) ;5 35.2~66.7 s, HLAL AL T /K ZE il shis 71 (O
i, G s R G — 2T R B HITE 6.5°CHXT  SCUH PB Fow ), 78K F1 3l sh/E H T ik K S 45411
PR 29.5%); 119.5 s i, HLALE AR @K LA 66.7 s ), HLALAL Tk e Hlis 78 ()5 X H TB
HTH, B PR SEAL, DI 109.5 s MWl Fm).

150 120
KEETBLPM | ksl 5 80
100 100 ) 460
IKEEHLLL T™
LT a0
50 80 ~
i D\\c 120 Tw
o i %
& 0F &= 60f o £
= =
" 50F T 40f =
1 —40
—100 - 20 —60
t6
1-80
7150 L 1 1 1 1 1
0 20 40 60 80 100 120

I IRl/s
B4 fkREEZBEEIEERREREENRETNL
Fig. 4 Control strategy and histories of speed and discharge during the fast pump-to-turbine transition process
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Fig. 5 Histories of torque and force during the fast pump-to-turbine transition process
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Fig. 7 Time histories of pressure fluctuations at different monitoring points
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Hydraulic instability of pump-turbines during fast pump-to-turbine
transition process

TANG Guohe', YAN Xiaotong’, HE Teng', ZHANG Zhibing', ZHENG Yuan™, KAN Kan™’
( 1. Huadian Fuxin Zhouning Pumped Storage Co., Ltd., Ningde 355400, China; 2. College of Water Conservancy and Hydropower Engineering,
Hohai University, Nanjing 210098, China; 3. College of Energy and Electrical Engineering, Hohai University, Nanjing 211100, China )

Abstract: The fast pump-to-turbine transition process of a pumped storage unit is one of the most complex and
dangerous operating conditions, which involves complex hydraulic, mechanical, and electrical processes. It can be
highly responsive to the electrical power system regulation demands, thus being a critical process for pumped
storage power station. The correct prediction of this hydraulic transient process is crucial for not incurring in issues
during operation.

A three-dimensional numerical model of the transition process of a pumped storage hydraulic system was
proposed and analysed. Numerical simulations were carried out to investigate the hydraulic instability during this
transition process, and the study was carried out from three perspectives: the variations of external parameters, the
pressure fluctuations within the pump-turbine unit, and the evolution of flow patterns in the pump-turbine.

Results indicated that: (1) During the fast pump-to-turbine transition process, the opening and closing of the
guide vanes have an instantaneous impact on the hydrodynamic performance within the pump-turbine unit. The
variations in discharge, torque, and axial force exhibit stepwise changes during the movement of the guide vanes.
Periods of significant oscillation and drastic fluctuations in torque are prone to occur during the pump braking
operating condition and the reversal of the runner speed. (2) The pressure fluctuations within the vaneless region and
runner exhibit significant variations during the transition process. Notably, the pressure fluctuations in the vaneless
region are particularly pronounced. The temporal variations in pressure at monitoring points in the spiral casing, stay
vanes, and guide vanes regions exhibit similar trends with the magnitude of pressure variations increasing from the
spiral casing to the guide vanes. The draft tube region does not generate tailrace eddy, thus avoiding intense pressure
fluctuations. (3) During the transition process, the inertia of the water flow and the blocking effect of the guide
vanes, contributes to the occurrence of high-speed circulation in the vaneless region, which is the reason for the
intense pressure fluctuations observed in the vaneless region. The internal flow radically alters and gets more
complex when the guide vanes are closed, the flow rate goes to zero, or the runner speed drops to zero. The rapid
changes in the guide vane opening, flow direction, and rotational direction become the main causes of the pump-
turbine's hydraulic instability.

In conclusion, a numerical three-dimensional model was reported for the entire flow system of a pumped
storage station. Simulations were carried out to investigate the transitional process of the fast pump-to-turbine. The
research delved into the variations of external parameters, the pressure fluctuations within the pump-turbine unit,
and the evolution of flow patterns during the fast pump-to-turbine transition process. The variations in discharge,

torque, and axial force exhibited stepwise changes during the movement of the guide vanes during the fast pump-to-
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turbine transition process. The pressure fluctuations within the vaneless region and runner exhibited significant
variations during the pump braking operating condition. The rapid changes in the guide vane opening, flow
direction, and rotational direction becomed the main causes of the pump-turbine's hydraulic instability. To the
authors’ opinion, this research considerably contributes to the understanding of the hydraulic transient mechanisms
during the fast pump-to-turbine transition process, and provides theoretical guidance for enhancing stability and
optimizing control strategies during the transitional process.

Key words: entire flow system of a pumped storage station; pump-turbine; fast pump-to-turbine; transition process;
hydraulic instability
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