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Numerical analysis of the flapping flight of insects has attracted great attention because of the expectation for
insect-inspired micro air vehicles. A lot of numerical methods for the insect flight have been proposed, and they
can be classified into the following two categories: (i) inviscid flow solvers and (ii) viscous flow solvers. Recently,
the vortex method has been regarded as a successful method in category (i), and the immersed boundary-lattice
Boltzmann method (IB-LBM) has been developed as an efficient method in category (ii). However, any detailed
comparative study between these methods has not been performed. In this study, we compare the vortex method
with the IB-LBM in the numerical analysis of three-dimensional flapping flights. As a result, it is found that a
large spurious oscillation is observed in the lift and thrust forces obtained by the vortex method, and consequently
the results of the vortex method are far from those of the IB-LBM. In order to suppress the spurious oscillation, we
propose the vortex decay model considering the viscosity effect. As a result, the spurious oscillation is somewhat

suppressed, although the discrepancy in the results of the two methods is still large. It is suggested that an
appropriate vortex decay model can remedy the discrepancy.
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Fig. 1: Butterfly model with two square wings and a
rod-shaped body. 3
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Fig. 2: Flowchart of the vortex method.
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(a) Discretizing the other areas on the wing
by triangle elements.
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(b) Collocation points on the wing.

Fig. 3: A process of the discretization of the wing.
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