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Abstract

In the design, development and optimization of Micro Air Vehicles (MAVs) the knowledge of
insect aerodynamics can be very helpfull to understand wing performance for flapping wings at
very small scales. The performance of insect flight, in terms of energy consumption, is closely
related to the aerodynamic forces generated by the flapping wings[1],[2] at these low Reynolds
numbers. In order to capture the flow in the near wake with sufficient accuracy, there is need
for moving and deforming meshes to accommodate for the high translation and rotation rates of
a flapping wing. The OpenFOAM (Open Field Operation And Manipulation) toolbox[3],[4],[5] is
used as the flow solver, which contains different mesh motion solvers to move and deform the
mesh, like Laplacian or solid body rotation mesh motion.

We present a comparison of those mesh motion techniques, on their capability of maintaining
high mesh quality at large rotations. Additionally, a new mesh motion method based on Radial
Basis Function (RBF) interpolation is assessed. This algorithm uses Radial Basis Functions to
interpolate the displacement of boundary nodes onto the whole mesh[6]. To obtain the interpolation
coefficients, we invert the matrix of correlations between boundary nodes, then every inner mesh
point can be correlated to the boundary points through the obtained coefficients to create the
interpolation matrix. This interpolation matrix is used to evaluate the Radial Basis Function at
each internal mesh node to calculate its displacement at every time step. Large transformations,
rotations and deformations can be handled by this method, see figure 1.

Unfortunately, the disadvantage of the RBF method is that a full non-sparse system needs to
be solved to obtain the interpolation matrix, which is very expensive and inefficient. Therefore,
existing mesh motion solvers are used to simulation three-dimensional flapping wings with com-
plex kinematics. To increase the deforming mesh quality in the near wake, different techniques
are applied such as the use of multiple subset meshes and hardcoding of mesh motion matrix
coefficients. Using this mesh motion, we will show preliminary results of the three-dimensional
flow around a flapping wing, see figure 2, by solving the incompressible Navier-Stokes equations
on the deforming mesh in parallel.
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Figure 1: Deformed mesh around a two-dimensional plate at extreme translation position. Left: Lapla-

cian method, right: RBF method.

Figure 2: Vorticity contours of three-dimensional forward flying model insect, solved using OpenFOAM.

Left: end of downstroke, right: end of upstroke.
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