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Gliding flight simulations of a dragonfly-like flapping wing-body model by the IB-LBM
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Gliding and flapping flights of a dragonfly-like flapping wing-body model are numerically investigated by using the
immersed boundary-lattice Boltzmann method (IB-LBM). First, we simulate the gliding flights with and without the
pitching angle control by the lead-lag motion of the wings. Second, we simulate the gliding and flapping flights for
various Reynolds numbers and obtain the stable forward flights recovering the horizontal altitude. Finally, we show the
complicated vorticity field around the model for Re = 200 and 800.
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Fig. 1. A dragonfly-like flapping wing-body model and the
set of the axes fixed to the body (0-x)z).
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Fig. 2. The domain of computation and the initial position of
a dragonfly-like flapping wing-body model.
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Fig. 3. Time variations of (a) the position of the Y direction
and (b) the forward speed U, of the COM of the model for
various Reynolds numbers, and the dots indicate the position
when the all wings are at top dead point.
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Fig. 4. (a) Trajectories of the COM of the model and (b) time
variations of the pitch angle 6, in gliding flights without
control (orange), and with control (purple) for Re = 800.
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Fig. 5. (a) Trajectories of the COM of the model and (b) time

variations of the pitch angle @, in gliding and flapping

flights for Re = 400 without control (orange) and with

control (purple), and the dots indicate the position when the

all wings are at top dead point.
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Fig. 6. Time variations of the position of the Y direction of
the COM of the model for various Reynolds numbers, and
the dots indicate the position when the all wings are at top
dead point.
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Fig. 7. The appearances of the gliding and flapping flight and
the isosurfaces of the vorticity (|V X u|c/Upq, = 1.5,
t = 10T around the flapping wing-body model during the
gliding and flapping flight; (a) Re = 200, (b) Re = 800.
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