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Inverse aeroacoustic problems have been investigated with various objectives in the past
[1-5]. In the current work, the far field noise generated by flows around airfoils is being studied
using the acoustic intensity based inverse method [6]. It is well known that the hybrid method
[7], which couples the CFD solver with the FW-H far field acoustic prediction, and experimental
measurements are the primary approaches for the study of such a far field noise problem.
Unfortunately, the hybrid method requires a complete flow field solution from CFD simulations
that are computational intensive. The experimental measurement of the far field acoustic datais
usualy limited to a finite number of measurements in a restricted region. Therefore, it is
extremely desirable for practical purposes to develop an inverse method so that a limited number
of far field acoustic measurements can be used to reconstruct the entire acoustic far field. The
recently developed acoustic intensity based inverse method is used here to reconstruct the far
field acoustic solutions for the two model problems of flows around an airfoil. The first model is
a two-dimensiona mathematical model formulated as the vortex/trailing edge interaction
problem (see Figure 1) and the second model is a general two-dimensional flow around an airfoil
(see Figure 2). For the vortex/trailing edge interaction model, the acoustic wave from a single
line vortex passing by a sharp edge of a semi-infinite plate is propagated to the far field. The
problem was anaytically solved by Crighton [8]. The reconstructed acoustic solution from the
inverse method is compared with the analytical solution and the effectiveness of the inverse
method is demonstrated. For the genera two-dimensional model, a high fidelity CFD flow
solver combined with the FW-H integral method [9] is considered for the calculation of the far
acoustic field. The CFD solver is based on a cell-centered finite volume discretization, Roe's
flux splitting, a least-squares linear reconstruction, and a differentiable limiter. The CFD
calculation employs the k-¢ turbulence model. For the FW-H integra method, the quadruple
source is neglected considering flows at low Mach number. Once the far field acoustic solution is
calculated from the FW-H integral method, a finite number of the acoustic field datawill be used
as the input for the inverse method to reconstruct the unsteady pressures over an off-body
permeable FW-H surface that enclosing the sound source in the near-field. The inverse method
and its robustness and accuracy in aeroacoustic applications are discussed and analyzed.
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Figure 1. Schematic of the vortex/trailing edge interaction model.
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Figure 2. Schematic of atwo-dimensional flow around an airfoil.



