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The flapping flight of insects such as butterflies and dragonflies is of fundamental interest not only in biology itself
but also in its practical use for the development of micro air vehicles (MAVs). In this study we investigate the effect
of Reynolds number on the flapping flight of a simple butterfly-like wing-body model and a dragonfly-like wing-
body model by using the immersed boundary-lattice Boltzmann method (IB-LBM). For the simple butterfly-like

wing-body model, we studied the effect of Reynolds number on the control of roll rotation by asymmetric flapping.

Meanwhile, for the simple dragonfly-like wing-body model, we studied the effect of Reynolds number on the free
flight. Consequently, we find that effects of Reynolds number on both the simulations are practically small.
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Fig. 1 A butterfly-like flapping wing-body model and the
set of axes fixed to the body (o-xyz).
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Fig. 2 A dragonfly-like flapping wing-body model and
the set of axes fixed to the body (o-zyz).
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Fig. 3 The domain of computation and the initial posi-
tion of a butterfly-like flapping wing-body model.
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Fig. 4 The domain of computation and the initial posi-
tion of a dragonfly-like flapping wing-body model.
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Fig. 5 Calculated results with the asymmetric flapping
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Time variation of the roll angle in each Reynolds nuber.
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Fig. 6 Calculated results with the roll control method of
a butterfly-like flapping wing-body model. Time variation
of the roll angle for each Reynolds number.
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Fig.7 Time variations of the lift coefficient Cr for Re =
50, 100, 200, 400 and 600 for the dragonfly-like flapping
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Fig. 8 Time variations of the thrust coefficient Cr for
Re = 50, 100, 200, 400 and 600 for the dragonfly-like
flapping wings.

Re=50 ——
Re=100 ——
Re=200 ——
Re=400 ——
Re=600 ——
0 ,,,,,,,,,,,,,,,,,,,,,,,,,, : —
-1
X/c
Fig. 9 The trajectories of the center of the mass (COM)
for 0 <t < 57 of the dragonfly-like flapping wing-body
model for Re = 50, 100, 200, 400 and 600. The initial
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