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ABSTRACT

In the design, development and optimisation 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 aero-
dynamic 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, but existing mesh motion
techniques within OpenFOAM are not capable of maintaining high mesh quality at large rotations. This
can be solved using a new mesh motion algorithm based on Radial Basis Function (RBF) interpolation.
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.
The fastest method is by calculating the RBF interpolation matrix only once, at the beginning of a
simulation, but large mesh deformations can be handled by determining this matrix again at every time
step. The choice of Radial Basis Function influences the mesh quality, but also the efficiency of the
method. It was found[6] that best accuracy and robustness are obtained by using the thin plate spline
which has global support. The disadvantage of a RBF with global support is that a full non-sparse
system needs to be solved to obtain the interpolation matrix. By making a proper choice of RBF with
local support the efficiency can be drastically improved.
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Figure 1: Deformed mesh around a two-dimensional plate at extreme translation position. (a) Laplacian
method, (b) RBF method.

An overview is presented about the relative performance of different mesh motion algorithms within the
OpenFOAM framework. The new RBF mesh motion is compared with two currently available methods:
1) Solving the Laplacian of mesh velocity field, 2) Solving the solid body rotation stress equations for
the mesh displacement field. It will be shown that the RBF method leads to superior mesh motion
in terms of mesh quality, especially in cases with large rotations, see figure 1. However, as this RBF
mesh motion is rather computationally expensive, methods to improve efficiency will be considered.
Additionally, the lift of a flapping wing will be used to investigate the accuracy of the flow solver using
all three mesh motion solvers.
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