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The effective angle of attack of butterfly’s wings changes by not only the pitching angle
of the thorax but also the relative angle of the wing chord to the thorax. In the previous
study, the butterfly-like flapping wing—body model, which is composed of a thorax, an
abdomen, and two wings, was used for the investigation into butterfly’s flights [J. Fluid
Mech., Vol.767 (2015), pp. 659-695]. In the present study, we modify this model to be
able to change the relative angle of the wing chord to the thorax by wing root flexibility.
We investigate the relationship between the pitching angle of the thorax and the relative
angle of the wing chord to the thorax. Firstly, with the free flight parameters of a fruit
fly, we investigate the effectiveness of wing root flexibility on free flights. As a result, the
lift and thrust are enhanced for a suitable flexibility, and the model can stably go forward
and upward against gravity. Secondly, we calculate free flights with the flight parameters
close to a cabbage white butterfly. As a result, the lift and thrust are improved by taking
into account the flexibility of the wing root.
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Fig.1 Butterfly-like flapping wing—body model
with two wings and a rod-shaped body.
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Fig.2 Trapezoidal wing planform equivalent to
an actual butterfly’s wing planform in

terms of aerodynamic performance.
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Fig.4 Computational domain for free flight sim-
ulations of a butterfly-like 3D flapping
wing—body model.
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Fig.5 Trajectories of the center of mass (COM)
of the thorax: (a) am = 60°; (b) am =
90°. The initial position of the COM is de-
noted by (z/Lyet, y/Lrer) = (0,0), and the
symbols on the trajectory indicate the po-
sition of the COM when the wings are at
top dead point. (c) Relationship between
the flying distance of the model averaged
over 2.0 < t/T < 7.0 and the spring con-
stant NZ* for the wing root flexibility.
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Fig.8 Trajectories of the center of mass (COM)
of the thorax: (a) am = 60°; (b) am =
90°. The initial position of the COM is
denoted by (/Lyet,y/Lret) = (0,0), and
the symbols on the trajectory indicate the
position of the COM when the wings are
at top dead point.
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