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Abstract

Pumped hydrostorage systems take on a significance in fulfilling the “double carbon” goal, they
are conducive to combined with other renewable resources to form environmental-friendly power
systems. The pump-turbine is the core component of the Pumped hydrostorage systems, in which
the formation of hump region significantly restricts the safety and stability of the system that
should be considered. Moreover, with the development of the pump-turbine to high head and
large capacity, the compressibility of the working mass becomes non-negligible, and the incom-
pressible model cannot meet the requirements of its high-precision numerical simulation study.
For this problem, a weak compressibility model is built based on the isothermal assumption and
Tait equation, the flow field inside the pump-turbine is simulated and analyzed base on this mod-
el. The results indicate that with considering the compressibility the calculated hump curve is not
only more consistent with the experiment, but also it obtains more flow details. For the hump ini-
tial condition near the design point, although the results without and after considering compres-
sibility show that the energy loss caused by the flow structure inside the guide vanes cannot be
ignored, compressibility still has a significant effect on the development of the flow structure.
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Figure 1. Pump-turbine geometric model
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Table 1. Main parameters of the pump-turbine model
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Table 2. Gridindependence analysis

F 2. MR RMSH
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Table 3. Grid number of the respective flow passage component of the pump-turbine
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Figure 2. Location of the radial section of the guide vane cascade
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Figure 3. Distribution of monitoring points for the guide vane cascade
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Figure 4. Comparison of the numerical simulation and experimental head coeffi-
cient
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Figure 5. Pressure fluctuation spectrum of the guide vane cascade
monitoring point GV1 under 0.75Qpes
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Figure 6. Comparison of hydraulic losses of the respective flow component with compressible and incompressible results
under different flow conditions. (a) Incompressible; (b) Compressible
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Figure 7. Comparison of streamlines in different Span sections of the guide vane cascade under 0.8Qpes
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Figure 8. Comparison of velocity pulsation spectrum at monitoring points of the guide
vane cascade under 0.8Qpes
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Figure 9. Comparison of 2D distribution of velocity pulsation amplitude of frequency Stggo74 in
0.8Qpes guide vane cascade
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