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A Study on Aerodynamic Characteristics of Flapping Motion

Yoon-Joo Kim*T, Hyun-Taek Oh*, Jin Tack Chung**,
Hang-Cheol Choi*** and Kwang-Ho Kim***

Abstract Birds and insects flap their wings to fly in the air and they can change their wing motions
to do steering and maneuvering. Therefore, we created various wing motions with the parameters which
affected flapping motion and evaluated the aerodynamic characteristics about those cases in this study.
As the wing rotational velocity was fast and the rotational timing was advanced, the measured aerody-
namic forces showed drastic increase near the end of stroke. The mean lift coefficient was increased until
angle of attack of 50° and showed the maximum value of 1.0. The maximum mean lift to drag ratio took
place at angle of attack of 20°. Flow fields were also visualized around the wing using particle image
velocimetry (P1V). From the flow visualization, leading-edge vortex was not shed at mid-stroke until
angle of attack of 50°. But it was begun to shed at angle of attack of 60°.
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Table 1. Kinematic and morphological variables of a black
chinned hummingbird in hovering flight®

Variable Property
Mass (g) 3.01£0.2
Wing length (mm) 47+1
Wing loading (N/m?) 23.510.7
Aspect ratio 7.110.3
Wing beat frequency (Hz) 51.243.8
Stroke angle (degree) 12616
Mean wing tip velocity (m/s) 10.5+0.8
Mean Reynolds number 7400900

S

Table 2. Morphological variables of model wing

Variable Property
Wing length (mm) 235
Mean chord length (mm) 66.2
Aspect ratio 7.1
Wing surface area (cm?) 155.55
Wing thickness (mm) 2.7
Wing material Acryl
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Fig. 1. Modelling of hummingbird wing.
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Fig. 4. Time history of wing motion with respect to
change of angle of attack.
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Fig. 5. Time history of wing motion with respect to
change of rotational timing.
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Fig. 6. Schematic diagram of flapping device.
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