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Abstract

Creatures in nature flap their wings to generate fluid dynamic forces that are required for the
locomotion. Small-size creatures do not use flapping wings. Thus, it is questionable at which Reynolds
number the propulsion using the flapping wings are effective. In this paper, the onset conditions of the
thrust generation from the combined motion of flat plates (heaving, pitching in the motion and also
tandem, biplane in the array) is investigated using a Lattice Boltzmann method. To solve the pitching
motion of the plate on the regularly spaced lattices, 2-D moving boundary condition was implemented.
The present method is validated by comparing the wake patterns behind a oscillating circular cylinder
and its hydrodynamic characteristics with the CFD results. Present method can be applied to the
design of micro flapping propulsors for biomedical use.
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(d) h=0.696, k=0.628 (present).
Fig. 1 Vorticity Contours behind a cylinder in
heave oscillation.
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Fig. 3 (a)Velocity profiles along the y-direction
and (b)thrust coefficients for various phase
differences at k=1 and h=0.5C.
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Fig. 4 Thrust coefficient of heaving flat plates
for the change in the X-shift (k=1.5).
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