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LES study of hydrofoil with wavy leading edge on cavitation suppression

MA Kaidong, CAO Liushuai, WAN Decheng

(Computational Marine Hydrodynamics Lab (CMHL) , School of Naval Architecture, Ocean and Civil Engineering, Shanghai Jiao
Tong University, Shanghai 200240, China)

Abstract: In order to reduce the loss of hydrodynamic performance caused by cavitation, the wavy leading edge configuration is
introduced into the hydrofoil design based on the bionics principle with reference to the profile shape of the flipper of a humpback
whale. The unsteady cavitation characteristics of hydrofoil with wavy leading edge and the effect and law of cavitation control by
changing leading edge parameters are studied. The NACA63,-021 hydrofoil is selected as the reference model, the leading edge
parametric reconstruction is carried out and three different corrugated hydrofoils are designed for comparative study. The large eddy
simulation (LES) method is used to perform fine numerical simulation of cavitation flow field. The cavitation cycle, lift and drag
coefficient, pressure fluctuation and vortex structure are compared for the baseline hydrofoil and the wavy hydrofoils under different
wave amplitude and wavelength parameters. The results show that the wavy hydrofoils are effective in suppressing cavitation and
reducing pressure fluctuation. The cavitation suppression rates of the three types of wavy hydrofoil are 15.7%, 18. 6% and 27. 9%,
respectively. The pressure fluctuation amplitude is reduced by 55. 3%, 67. 3% and 74. 6%, respectively. The analysis shows that the
introduction of the wavy leading edge makes the compartmentalization effect of cavitation more prominent. Cavitation starts from the
trough. The increase of amplitude or the decrease of wavelength can strengthen the control effect of cavitation. It also can improve the
lift coefficient of the hydrofoil and significantly reduce the amplitude of pressure fluctuation on the surface of the hydrofoil. The wavy

leading edge configuration also induces the counterrotating vortex structure that develops downstream. The evolution of the wavy
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hydrofoil vortex structure with different leading edge parameters is similar, and the whole process of cavitation development and
collapse also has a significant impact on the development of the vortex structure.

Keywords: large eddy simulation; wavy leading edge ; bionic hydrofoil ; cavitation suppression
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Tab.1 Leading edge amplitude and wavelength parameters
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Fig. 2 Geometric model of hydrofoils
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Tab. 2 Simulated operating parameters
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Tab.3 Grid independence verification
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Tab. 4 Simulation and experimental comparison
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Fig. 9 Time-domain curve of the vapor volume and lift coefficient in one typical cycle
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