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The influence of guide vane opening on pressure pulsation characteristics and
flow induced noise in Francis turbine
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Abstract: In order to study the influence of different guide vane openings on the pressure pulsation characteristics and flow- irr
duced noise in Francis turbine, we used CFD and LM S Virtual Lab softw are to calculate the unsteady flow field and sound field
in a Francis turbine under three guide vane opening degrees. The results showed that the pressure pulsation in the Francis tur
bine was mainly affected by the rotation frequency of blade ( 108 33 Hz) and the low frequency pressure pulse (4 15 Hz). With
the increase of the guide vane opening, the influence of blade frequency on the pressure pulsation in the inlet of the runner and
the volute would gradually increase. The distribution of outfield noise accorded with the geometric contour of the Francis tur-
bine. T he elbow section of the draft tube was helpful for the attenuation of the flow- induced noise of the Francis turbine. T he
greater the guide vane opening, the greater the sound pressure of the external noise generated by the Francis turbine, and the
more obvious the dipole characteristics. The research results can provide a reference for the stable operation of Frands turbine
and the control of flow- induced noise.
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Fig.1 Calculation model of Francis turbine
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Tab.1 Mesh independence verification
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Fig.2 Mesh of computational domain
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Tab.2 Number and quality of mesh
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Fig.3 Location of monitoring points in the Francis turbine
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Fig. 4 Frequency domain characteristics of each monitoring point in the draft tube under three guide vane openings
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Fig.5 Frequency domain characteristics of each monitoring point in the runner inlet under three guide vane openings
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Fig. 6 Frequency domain characteristics of each monitoring point in the volute under three guide vane openings
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Fig.7 Monitoring planes of sound field
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Fig. 8 Exterior sound pressure distribution cloud map of XY

plane under three guide vane openings
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Fig. 9 Exterior sound pressure distribution cloud map of XZ

plane under three guide vane openings
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Fig. 10 Exterior sound pressure distribution cloud map of YZ

plane under three guide vane openings
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Fig. 11 Exterior noise directivity of three planesin space

under three guide vane openings
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