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It is known that a dragonfly is capable of controlling aerodynamic performance by modulating the
phase lag (¢) between forewings and hindwings. In this study, free flights of a dragonfly are studied in
two- and three- dimensional simulations by using the immersed boundary-lattice Boltzmann method.
First, in two-dimensional simulations we calculate the aerodynamic forces of a 2D dragonfly flapping
model for Re = 20 — 1000. It is found that the non-dimensional aerodynamic forces are almost
independent of the Reynolds number in the region of Re > 200. Second, in order to roughly estimate
the free fights of a dragonfly at Re = 2300 and to investigate the effect of ¢, we simulate free flights of a
3D dragonfly flapping model at Re = 200 for various ¢ when the model can only move translationally.
We find that the body can go forward and upward against the gravity and can change the direction
of motion by modulating ¢. Third, we simulate free flights when the model can move translationally
and rotationally in order to investigate the effect of ¢ on the transition and the rotation of the body.
We find that the pitching angle of the body becomes large as the body moves for either ¢. Finally,
we discuss a way to control the pitching angle by lead-rag motion.
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Fig. 1: The 2D flapping wing model; (a) the mo-
tion at the downstroke of a wing, (b) the motion
at the upstroke of a wing, and (c) the motions of
the forewing and hindwing, where the solid lines

show the downstroke motion and the dashed lines
show the upstroke motion.
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Fig. 2: The 3D flapping wing model and the set
of axes fixed to the body (o-zyz).
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Fig. 3: Two sets of axes fixed to the body (o-zyz)
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Tab. 1: Spatial and temporal resolutions for the
2D flapping wings. Az is the lattice spacing and
At is the time step.

Re c T
20 20Az  8000At
40 20Azx  8000At
50 25Ax 10000At

100  25Az 10000At
200  50Az 20000At
300 75Ax 30000At
600 120Ax 36000At
1000 200Az 60000A¢
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Fig. 8: Isosurfaces of the magnitude of the vorticity (|V x w|c/tmax = 1.5) around the 3D flapping wings
at ¢ = 180°; (a) t = 5.25T, (b) t = 5.50T, (c) t = 5.75T, and (d) ¢t = 6.00T".
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Fig. 10: The time averaged lift coefficient CL
(red) and thrust coefficient Ct (blue) for the 3D
flapping wings.
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the position of the COM when the hindwings are
at top dead point.
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Fig. 14: Time variations of the pitching angle of
the body for various lead-rag angles for the 3D
flapping wings.
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Fig. 15: (a)Time variations of the pitching angle
of the body for the 3D flapping wings, (b) time
variations of the lead-rag angle of the body for the
3D flapping wings, and (c) the trajectories of the
COM for the 3D flapping wings. In (b), the initial
position of the COM is (X/¢,Y/e) = (0,0), and
the dots indicate the position of the COM when
the hindwings are at top dead point.
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