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Immersed boundary methods [1] are useful for numerical simulation in coupled aeroelas-
tic problems, since they do not require a coincidence of cell edges and the computational
domain boundaries, and they allow to solve problems when the domain shape is irregular
or it changes in the simulation process due to aeroelastic body motion. The main advan-
tage of these methods is that we don’t need mesh reconstruction at each time step. In
the present study, the Cartesian grid and the LS-STAG method [2] are used in coupled
aeroelastic problems.

We proposed extension of the LS-STAG discretization for Reynolds-averaged Navier-
Stokes (RANS) equation. The Spalart-Allmaras model [3] is used for turbulent viscosity.

Figure 1: Location of discretization points for pressure (p), velocities (u, v), turbulent eddy viscosity
(νt), normal and shear stresses on fluid cell (a) and northwest pentagonal cell (b) of the LS-STAG mesh.

Computations show that inappropriate choice of multigrid preconditioner parameters
leads to a significant increase of simulation time. The original algorithm of solver optimal
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parameters choice is proposed: firstly amplification mode factors are computed using the
discrete Fourier transform technique, then the smoothing factor and solver cost-coefficient
are computed through the amplitudes of smooth and rough components of the iteration
error. It is shown that the smoothing factor and solver cost-coefficient are close to be
independent on the mesh size. Therefore they can be computed on the coarse grid.

As an example, computational results for the circular airfoil wind resonance at Re = 1000
shown below. To simulate wind resonance phenomenon we considered the motion of the
circular airfoil of diameter D across the stream with one degree of freedom. Computational
results are in good agreement with the previous studies [4]. Maximum amplitude (fig. 2)
is about 0.4D and it occures when the natural frequency of the system Stω is close to the
Strouhal number, calculated for a fixed airfoil St ≈ 0.24 [2, 5].

Figure 2: Maximum amplitude of the circular airfoil oscillations at Re = 1000.
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