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Aerodynamic Characteristics of Simulated Butterfly Based on XFlow

RAO Xiao-long, LAI Yong-bin", WANG Long
(School of Mechanical and Electrical Engineering, Anhui University of Science and Technology, Huainan 232001, China)

[ Abstract] In order to study the effect of unsteady flight parameters on the aerodynamic characteristics of simulated butterflies, a
flight dynamics model was established with the black-framed blue Morpho butterfly as the research object. Based on the flight principle,
the relative coordinates of butterfly wings, body and ground during flight were established, and the kinematic equations of butterfly
wings and body during flight were constructed. The aerodynamic characteristics of the simulated butterfly were verified based on the
flight principle of the butterfly, and the effects of the change of flutter angle and pitch angle on the lift and drag of the simulated butter-
fly were studied under the natural environment flow field. The results show that there is a positive correlation between turning angle and
lift force, but no correlation with drag. When the flutter angle is less than 120°, the lift is positively correlated, when the flutter angle
is greater than 120°, the lift is negatively correlated, and the flutter angle is negatively correlated with the drag. A high pressure area
begins to occur at the leading edge of the wings when the downward flapping occurs, and at the edge of the wings when the upward flap-
ping occurs. The research results provide a reference for the control parameters and wing design of flapping wing aircraft, and provide
a scientific basis for further optimization of bionic flapping wing flight.

[ Keywords] hionic flapping wing; flight parameters; XFlow; flow field simulation; aerodynamic analysis
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Fig. 1  Outline of a bionic butterfly
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Fig. 2 Butterfly flight diagram
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Fig. 3 Coordinate diagram of simulated butterfly model
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Fig. 4  Virtual wind tunnel model
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Fig. 5 Comparison of the lift calculation
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Fig. 6 Trend chart of lift and drag at different turning angles
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Fig. 7 Lift force of different turning angles
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Fig. 8 Cyclic resistance diagram of different turning angles
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Fig. 10  Different flapping angles of motion cycle lift force
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