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Precessional Vortex Characteristics according to the Swirl Number
in the Draft tube at Turbine Mode of a Pump—Turbine
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ABSTRACT

The precessional vortex is usually developed in the draft tube during the operations at the turbine mode of a pump turbine

with low flow-rate conditions as the off-design conditions. This vortex causes pressure fluctuation and instability for the

operation of the pump turbine system, which results in system failure. The development of the precessional vortex is related

to the strength of the swirl at the runner outlet with low flow-rate conditions. In this study, the definition of the swirl number

was used to investigate the influence of the swirl intensity on the precessional vortex characteristic at the draft tube.

Accordingly, three-dimensional steady- and unsteady-state Reynolds-averaged Navier-Stokes calculations were performed with

a shear stress transport turbulence model and a two-phase flow analysis to observe the internal flow and unsteady pressure

characteristics according to the precessional vortex. The precessional vortex was well captured in the draft tube cone within the

specific range of swirl numbers. This vortex region showed the complicated internal flow and affected the higher unsteady

pressure characteristics on the wall of the draft tube cone.
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Fig. 1 Three—dimensional (3D) model view of a pump—turbine

Table 1 Design specifications of a pump—turbine

Specifications Turbine mode
Specific speed, Ns 120
Energy coefficient 14.91

Speed factor 0.25

Discharge coefficient 0.81
Runner outlet diameter, D, 278 m
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Fig. 3 Unsteady pressure measuring points on the draft tube cone
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Fig. 8 Velocity triangle distributions with guide vane angles of

70,125 and 21,5 at mid—span of runner
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