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Numerical Simulation on Aerodynamic Characteristics of a Membrane Type Elastic Flapping Wing in Forward Flight
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Abstract
We numerically simulated trimmed forward flights for a flapping drone equipped with two membrane-type elastic flapping

wings that undergo aeroelastic deformation involving structural nonlinearities, such as membrane stress stiffening, snap-

through buckling, and large rotations. The simulation was carried out using unsteady aeroelastic analysis based on a three-

dimensional Navier-Stokes solver coupled with a quasi-nonlinear vibrational mode method. Trimmed flight conditions,

where lift and thrust balance weight and drag, were identified by varying three design parameters: forward velocity, flapping

frequency, and stroke-plane angle. The results indicate that the flapping drone is capable of achieving trimmed forward

flight at speeds up to 5.7 m/s.
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