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Abstract

The lift and drag forces produced by a wing of a given cross-sectional profile are dependent on the wing planform and the
angle of attack. Aspect ratio is the ratio of the wing span to the average chord. For conventional fixed wing aircrafts, high
aspect ratio wings produce a higher lift to drag ratio than low ones for flight at subsonic speeds. Therefore, high aspect ratio

wings are used on aircraft intended for long endurance.

However, birds and insects flap their wings to fly in the air and they can change their wing motions. Their wing motions are
made up of translation and rotation, Therefore, we tested flapping motions with parameters which affect rotational motion such
as the angle of attack and the wing beat frequency. The half elliptic shaped wings were designed with the variation of aspect
ratio from 4 to 11. The flapping device was operated in the water to reduce the wing beat frequency according to Reynolds
similarity. In this study, the aerodynamic forces, the time-averaged force coefficients and the lift to drag ratio were measured at
Reynolds number 15,000 to explore the aerodynamic characteristics with the variation of aspect ratio.

The maximum lift coefficient was turned up at AR=8. The mean drag coefficients were almost same values at angle of attack
from 10° to 40° regardless of aspect ratio, and the mean drag coefficients above angle of attack 50° were decreased according
to the increase of aspect ratio. For flapping motion the maximum mean lift to drag ratio appeared at AR=3.
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Fig. 1 Schematic diagram of flapping device.
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Fig. 2 Model wing.

Fig. 3 Motion of the airfoil chord during a cycle.
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Table 1 Morphological variables of model wing

Variable Property
Wing length (mm) 235.0
Aspect ratio 40~11.0
Mean chord length (nm) 427~ 1175
Wing surface area (cu) 100.4 ~ 276.1
Wing beat frequency (Hz) 0.083 ~0.230
Wing thickness (mm) 3.0
Wing material Polycarbonate
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Fig. 5 Mean lift and drag coefficient relative to aspect
ratio and angle of attack. ( Re=15,000)
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(b) Polar plots of lift coefficient vs. drag coefficient

Fig. 6 Mean lift to drag ratio relative to aspect ratio and angle of attack. (Re=15,000)
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