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Aerodynamic Property of Swallowtail Butterfly Wing in Gliding
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Abstract

In nature, the swallowtail butterfly is known to be a versatile flyer using gliding and flapping efficiently.
Furthermore, it has long tails on the hind-wing that may be associated with the enhancement of the gliding
performance. In the present study, we investigate the aerodynamic property of swallowtail butterfly wing in
gliding. We use an immersed boundary method and conduct a numerical simulation at the Reynolds numbers
of 1,000 - 3,000 bhased on the free-stream velocity and the averaged chord length for seven different attack
angles. As a result, we clearly identify the existence of the wing-tip and leading-edge vortices, and a pair of
the streamwise vortices generated along the hind-wing tails. Interestingly, at the attack angle of 10°, hairpin
vortices are generated above the center of the body and travel downstream.
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Table 1 Morphometric parameters of swallowtail
butterfly model used in the present study
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Dried specimen of Papilio Ulysses
in the gliding posture
Fig. 1 (a) Schematic diagram of the grid system; (b)
computational domain; (c) swallowtail butterfly
model considered in the present study.
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Fig. 2 Variations of the lift (C;) and drag (Cp)
coefficients, lift-to-drag ratio (L/D) and pitching
moment coefficient (C),) with the attack angle:
(@) C; and Cp; (b) L/D (other lines are from other
eight species of butterflies and moths”); (c) Cy.
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Fig. 4 Contours of streamwise vorticity at several
cross-planes. broken lines, (@, min @xman Aw,) =
(=3, -0.3, 0.3); full lines, (wymin Oxmaw Awy) =
(0.3,3,0.3)
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