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Analysis of wake instability of a ducted propeller with bionic tubercle leading-edge
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Abstract: The wake instability of ducted propeller is very important in its performance evaluation, not only whether it can provide a
guarantee of stable thrust, but also directly related to the wake noise of the propeller. In order to improve the wake flow and wake
stability of ducted propeller, and optimize the flow field pulsation, the leading edge of the ducted propeller blade was improved
according to the bionic principle of the leading edge of the humpback flipper, and then two types of bionic ducted propellers were
proposed. Combined with the IDDES turbulence model, the original ducted propeller and the bionic blade ducted propellers were
numerically simulated at low speed coefficients, and the effects of blade configurations on the loads and wake instability of the ducted
propellers were explored. The calculation results show that the bionic tubercle leading-edge can effectively reduce the amplitude of the
blade force fluctuation and the main frequency domain peak value of the resultant force on the blade. The larger nodule blade has an
obvious optimization effect on the wake of the ducted propeller, and the flow stability region is improved in the wake far field, and the
occurrence of wake breakup is delayed, the frequency domain distribution of the power spectral density is optimized. Furthermore, in
the application of large bionic tubercle leading-edge under low speed conditions of ducted propellers, the generation of secondary
vortices in the wake vortex discharge region can be greatly reduced, because the bionic tubercle leading-edge improve the mutual
inductance of adjacent vortices. However, the bionic propeller type of small nodular blade proposed in this paper has no obvious

optimization effect on the wake of the ducted propeller. The research methods and research results in this paper can provide a
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reference for the wake instability of propellers, especially ducted propellers, verify the rationality of the application of bionic tubercle
leading-edge in ducted propeller blades, and expound its optimization of wake stability mechanism.
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Fig. 1 Geometric model and parameter diagram of bionic tubercle leading-edge
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Tab.1 Bionic tubercle leading-edge profile parameters

iz % A/mm Almm AIR AR
A2 1R 10.943 5 43.774 0.10 0.4
ifact 1L 5.47175 21.887 0.05 0.2

B2 U8 S A RNy A S = 2 LA Y
Fig. 2 3D blade models of original ducted propeller and bionic ducted propeller
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Fig. 3 3D models of original ducted propeller and bionic ducted propeller
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Fig. 5 Mesh of propeller blade and overall computational domain
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Fig. 7 Comparison of the individual force and fluctuation amplitude of each blade
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Fig. 8 Comparison of the force frequency of each blade
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Fig. 9 Time domain comparison chart of resultant force of three propeller blades
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Fig. 10 Comparison of the resultant force of three types of blades in frequency domain
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Fig. 14 Evolution of wake vortex within one revolution of the bionic propeller II (Q=5 000 s7*)
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Fig. 15 Distribution map of near-field, mid-field and far-field measurement points of wake
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Fig. 16 Near-field measuring point power spectral density
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Fig. 17 Mid-field and far-field measuring point power spectral densities
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