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Abstract

We present a cross-correlation based analysis of the acoustic field generated in the wake of NACA 0012
and NACA 65410 aerofoils at a chord-based Reynolds number Re, = 75000 as obtained from pressure
fields reconstructed from a series of planar time-resolved Particle Image Velocimetry (PIV) experiments.
The experiments are performed in a water channel facility located at the University of Southampton with an
overhead carriage system to allow precise control of the angle of attack o of the aerofoils as well as to mount
them to a six-axis force/torque transducer to allow for simultaneous load measurements. Angles of attack
in the range 4° < o0 < 17° are explored corresponding to a range of conditions from zero flow separation to
fully stalled.

A high-speed Nd: YLF laser is directed in from either side of the facility to simultaneously illuminate the
pressure, suction, and trailing regions of the aerofoil and three 4 megapixel high-speed Phantom Veo 640-S
cameras are synchronized to capture the entire flow surrounding the aerofoil. PIV post-processing is per-
formed on the individual fields of view separately and then stitched using a calibration reference (fig[I{a)).
The instantaneous planar pressure fields are reconstructed from the stitched time-resolved velocity fields
through the application of Taylor’s hypothesis (de Kat and Ganapathisubramanil, 2012 and Dirichlet bound-
ary conditions approximated from the free stream using Bernoulli’s equation. The pressure reconstruction is
assessed using the NACA 0012 case at low-angle of attack ot = 4° and is shown to provide reasonable mean
surface pressure distribution as compared to a dynamically matched RANS simulation employing a k-® SST
model (fig[Ib.c). By altering the domain size of the RANS simulation, it was determined that the limited
domain size of the stitched PIV adversely impacts the accuracy of the pressure reconstruction particularly
near the leading edge where the gradients are largest.

The far-field acoustics emanating from the aerofoil surface are approximated from the pressure fields
through the application of Curle’s analogy (Koschatzky et al., 2011). The present study focuses on the
dipole noise sources emanating from the surface of the aerofoil. Motivated by the relationship between
vorticity and sound production (Powell, [1995)), the extended Proper Orthogonal Decomposition (EPOD,
Boréel 2003)) was used to reconstruct the pressure and unsteady pressure fields that are most correlated with
three quantities: the out-of-plane vorticity, the partial unsteady lamb vector, and the forces and moments
experienced by the foil. These correlated reconstructed fields are then applied to Curle’s analogy in order to
investigate far-field acoustic features that result.

We find the resulting far-field acoustics obtained from the correlation-based pressure reconstructions are
found to be more closely related to the temporal behavior of the vorticity fields compared to the unsteady
partial lamb vector and the forces and moments based on their overall sound pressure level. The directivity
however is not significantly impacted by the correlating quantity, suggesting that the propagation direction
is primarily driven by the geometry of the aerofoil.
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Figure 1: Pseudo-color of mean velocity magnitude from the stitched PIV for the NACA 0012 at o0 = 4° (a). The
suction, pressure, and trailing regions corresponding to the individual PIV fields of view are shown with dashed,
dashed-dot, and solid rectangles respectively. Pseudo color of the mean pressure coefficient field is shown in (b) with
corresponding surface pressure distribution in (c) from the PIV (solid) and from dynamically matched RANS model
(dashed).
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