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Study on flow-induced noise of Francis turbine under load-increasing condition
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Abstract To explore the flow-induced noise of Francis turbine under transient condition and the correlation between the flow field
and the sound field, computational fluid dynamics and the indirect boundary element method were integrated to resolve the internal
flow evolution and the sound pressure level (SPL) characteristics during a load-increasing condition, and a quantitative relationship
between the flow field and the acoustic field parameters was systematically established. Results show that the dominant high-
frequency pressure pulsations in the turbine passage are observed at 28f, (where f, denotes the rotational frequency of the rotor
blades) and 30f;, corresponding to the blade-passing frequency of the guide vanes and the runner blades, respectively. The pressure
spectrum peak (spectral value of the pressure coefficient is 0.202) is localized in the vaneless space between the guide vanes and the
runner, and dominant frequencies of 0.1f, and 64f, are identified in the vortex structures within the flow passage. During the load-
increasing process, enhanced turbulent kinetic energy on the blade suction side is induced by the local vortex near the blade leading
edge and the accelerated inter-blade flow, whereas the vortex intensity and the high-turbulence region at the trailing edge are
reduced. Pronounced dipole characteristics are exhibited by the SPL at the first blade-passing frequency f, (where £, denotes the

blade-passing frequency), while attenuation is observed at higher harmonics. After Fourier transform, cubic and quartic functional

WREEHE  2025-05-19.

EE-BN EBHWA991—), &, HIZI%, E-mail: maoxl@nwafu.edu.cn.

E2WmBE hEMLER IS O H (2024M752625); B P48 1 4 JF % Bh I H (2023BSHTBZZ22); bR 4 1 1+ 5 ¥
B H (2024BSHSDZZ234).



510

BHW, 5 RAAGKEEHLIIG A OSSN 75 T WA 7T +45-

relationships are found to exist between the pressure and SPL ,and between the flow velocity and SPL,respectively.

Key words Francis turbine; load-increasing condition; evolution of internal flow field; flow-induced noise; sound pressure
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