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Three Dimensional Aerodynamic Characteristics of a Small Bee

in Hovering Flight
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Abstract

The three-dimensional flows in the Weis-Fogh mechanism are studied by flow visualization and
numerical simulation by the discrete vortex method. In this mechanism, two wings open, touching their
trailing edges (fling), and rotate in opposite directions in the horizontal plane. The structure of the
vortex systems shed from the wings is very complicated and their effects on the forces on the wings
have not yet been clarified. The discrete vortex method, especially the vortex stick method, is
employed to investigate the vortex structure in the wake of the two wings. The wings are represented
by lattice vortices, and the shed vortices are expressed by discrete three-dimensional vortex sticks. The
vortex distributions and the velocity field are calculated. The pressure is estimated by the Bemoulli
equation, and the lift on the wing are also obtained.

Key Words : Fluid Dynamics(++# 9 &), Numerical Analysis(5=X]314), Unsteady Flow(8]3AMF),
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Fig. 2 Schematic diagram of experimental apparatus
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(a) Photograph

(b) Sketch of vortex structure

Fig. 3 Visualization of flowfield around the wings
in the fling stage (Re= 400,06 =x/3)
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(b) Sketch of vortex structure

Fig. 4 Visualization of flowfield around the wings
in the rotating stage (Re=400, ©=1/3, d=1/3)
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Fig. 8 The calculating method for force on the wing
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Fig. 12 Vortex sticks and stick traces around
the wing in the
(Re = 400,60 = 7/3)
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