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ABSTRACT

The pump-turbines as a flexible power generation facility have being operated within the off-design conditions for ensuring

the constant power supply to respond to intermittent renewable energy sources such as solar and wind power. Especially, under

the low flow rates of the off-design conditions, the complicated internal flows with vortex ropes in the draft tube destabilize

the pump-turbine system. Therefore, in order to expand the reliable operating range, it is necessary to understand the internal

flow and pressure phenomena under low flow rate conditions of the pump-turbines. In this study, the experiments of a

laboratory-scale pump-turbine model were conducted to investigate the vortex characteristics according to the cavitation number

at the turbine mode under low flow rate condition. Based on the experimental results, a two-phase (water and vapor) unsteady

state RANS analyses were performed using SAS-SST turbulence model. Experimental and numerical investigations showed that

the behavior and magnitude of visible vortex rope in the draft tube were in good agreement, and when the visible vortex rope

was generated, a relatively higher swirl number and unsteady pressure were shown in the draft tube.
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Table 1 Specifications of lab—scale pump—turbine model

Specifications Values
Specific speed, N, 120
Energy coefficient, E,; 14.96
Speed factor, ngp 1.54
Discharge factor, Qgp 0.17
Runner diameter, D, 0.1385 m




(b) Configuration of Lab-scale pump-turbine model

Fig. 1 Laboratory—scale pump—turbine model
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Table 2 Specifications and uncertainties of

measurement instruments'™
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Instruments

Values

Absolute pressure gage

+0.1% Accuracy, 0 - 500 kPa

Differential pressure gage

+0.055% Accuracy, 0 - 500 kPa

Torque meter

+0.2% Accuracy, Max. 200 Nm,
0-6000 r/min

Flowmeter

+0.2% Accuracy, 0.03 - 12 m/s

Thermometer

+0.07 C Accuracy

Piezoelectric pressure sensor

3333 mV/bar sensitivity,
1.5 bar, 5.5 mm

Rotational speed sensor

+0.05% Accuracy,
0-20000 r/min

Table 3 Cavitation number in the experiment of a
pump—turbine model

o Qup cavitation

number (o)
Case 1 1.543 0.115 0.402
Case 2 1.544 0.115 0.170
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Fig. 2 Numerical grids of a Lab—scale pump—turbine model
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Fig. 3 Pressure measurement points on vaneless

space and draft tube wall
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Fig. 12 Unsteady pressure characteristics in the draft
tube of a lab—scale pump—turbine model
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