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Aerodynamic performance of time asymmetric flapping of a

three-dimensional flapping hovering bionic wing

ZHU Jian-yang, JIANG Lin, LEI Bin

(Key Laboratory of Metallurgical Equipment and Control Technology Ministry of
Education, School of Machinery and Automation,
Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract: Based on the analysis of the bumblebees flight, the kinematic model of time
asymmetric flapping hovering wing was established, and the effect of different time asym-
metric flapping on the aerodynamic performance of the wing was numerically studied by sol-
ving three-dimensional laminar Navier-Stokes (N-S) equation. The results show that the
wing with appropriate time asymmetric flapping possesses enhancement aerodynamic per-
formance. Through the analysis of flow field of different time asymmetric flapping wings, it
was also found that the enhancement rotational circulation, stronger leading edge vortex and
spanwise flow were observed for the wing with appropriate time asymmetric flapping, hence

leading to enhancement aerodynamic performance.

Key words: flapping wing; time asymmetric flapping; Navier-Stokes equation;

rotational circulation; spanwise flow
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motion of the flapping wing
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Fig. 4 Time history of lift coefficient and drag

coefficient of flapping wing with different grid numbers
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