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Abstract

The magnitude of the hydraulic torque of the guide vane and the variation of the hydraulic torque
during the operation of the unit are very important to the design of the guide vane shaft and the
guide vane protection device. In this paper, the water torque characteristics of the guide vane of a
pump turbine under normal generating conditions are studied by numerical simulation. The in-
fluence of unsteady flow field on the water torque of guide vanes is analyzed. Fast Fourier Trans-
form (FFT) is used to analyze the frequency component of the hydraulic torque of the guide vane
and the phase relation between the hydraulic torques of the adjacent guide vanes. The results
show that with the increase of the guide vane opening, the hydraulic torque of the guide vane
changes from positive value to negative value, which makes the guide vane turn from auto-closing
to auto-opening. The hydraulic torque of the guide vane varies periodically with the static and dy-
namic interference of the guide vane. There is phase difference in the variation of the water tor-
que of the adjacent guide vane, which reflects the regular change of the hydraulic torque of the
guide vane caused by the rotation of the runner.
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Figure 1. 3D model of pump turbine
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Figure 2. Guide vane numbering
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Figure 3. The grid of pump turbine. (a) The mesh of flow path, (b) The mesh of guide vane
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Figure 4. External characteristics of the unit
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Figure 5. The factor of hydraulic torque of guide vane
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Figure 6. Mean value of the factor of hydraulic torque of guide
vane
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Figure 7. The hydraulic torque factor of different guide vanes (left: time domain diagram; right: frequency domain diagram)
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Figure 8. Time

difference of hydraulic torque between

adjacent guide vane. (a) Main frequency; (b) Sub frequency
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Figure 9. Hydraulic torque factor of #1 guide vane
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Figure 10. Relative pressure distribution in the cross section of the guide vane area
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