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Entropy production analysis for vortex rope of a turbine model

LU Jinling, WANG Like, LIAO Weili, ZHAO Yaping, JI Qingfeng
(Xi’ an University of Technology, Xi’an 710048, China)

Abstract: In order to study the causes and pressure pulsation characteristics of the vortex rope under the
partial load condition of the pump turbine, the model pump turbine was set as the research object in this
paper. Both the steady and unsteady three-dimensional numerical simulation was carried out to simulate the
internal flow, which was analyzed by the entropy production theory further. The results show that the numer-
ical simulation is in good agreement with the experimental data. The entropy production in the scroll and
stay vane is very small, while it is greater in the runner and draft. The flow separation produced on the
pressure surface in the small discharge condition and it leads to the appearance of the high entropy produc-
tion rate distribution area. And the area will expand as the discharge is further reduced. There are two
kinds of vortex ropes with strong and fine shape at partial load, which are all spiral. The formation of the
vortex rope has a great relationship with the circulation of the blade outlet n deviating from the zero. The
appearance of the vortex rope will form a vortex in the draft tube, blocking the draft tube passage. The vor-
tex rope will rotate in the same direction with the runner, but the rotation speed is lower, resulting in low
frequency pressure pulsation with large amplitude in the draft tube.

Keywords: pump turbine; entropy production; vortex rope; pressure fluctuation; flow field
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