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9 Examples of Application

9.15 A High-Speed PIV Study on Trailing-Edge Noise
Sources
Contributed by:
A. Schröder, U. Dierksheide, M. Herr, T. Lauke

Table 9.20. PIV recording parameters for high-speed PIV (HS-PIV) measurements
at the trailing-edge of a flat plate.
Flow geometry
Maximum velocity
Field of view
Interrogation volume
Dynamic velocity range
Observation distance
Recording method
Recording medium
Recording lens
Illumination
Pulse delay
Seeding material

perpendicular to trailing-edge
50 m/s
140 × 37 mm2
4 × 4 × 0.7 mm3
0 – 50 m/s
1.2 m
double frame/single exposure/4 kHz
CMOS-camera
f = 105 mm, f# = 1.8
Nd:YLF laser, 7 mJ per pulse
∆t = 20 s
DEHS (dp ≈ 1 µm)

9.15.1 Introduction
Airframe noise is essentially due to the interaction of unsteady, mostly turbulent flow with the structure of the airplane, particularly caused by vortical
flows around edges or over open cavities. A classical problem in this field is the
trailing edge noise, which involves diﬀerent noise generating mechanisms. Extensive investigations have been conducted on airfoil- and on flat plate trailing
edges. According to [380, 381, 382] the major noise contribution is provided
by the span-wise component of vorticity, the corresponding dipole (“principal
edge noise dipole”) is the sc. perturbed Lamb vector being perpendicular to
the plane of the plate. A numerical simulation of trailing edge noise can be
performed, based on such HS-PIV input data.
9.15.2 Setup, Measurements and Procedure
A flat plate (chord based Re = 5.3 × 106 and 6.6 × 106 ) with profiled leading
and trailing edges was mounted vertically in the Aeroacoustic Wind Tunnel
Braunschweig (AWB), which is an open jet anechoic test facility (see Figures
9.78). The flat plate boundary layer was tripped at the leading edge, reaching
a thickness of δ = 0.03 m on each side of the trailing edge, corresponding to
free stream velocities of U = 40 m/s to 50 m/s and a chord length of 2 m.
Towards the trailing edge the plate is slightly and symmetrically convergent
(5◦ taper), but no flow separation occurs. A full description of the experimental setup is provided in [379, 383]. The PIV measurement volume was located
at the trailing edge in a x-y-plane within the turbulent boundary layer in order to track the flow structures with a spatial resolution of 256 pixel in y- and
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Fig. 9.78. Setup of the high-speed-PIV system at AWB (left) and the directional
microphone focused at the measurement volume at the trailing-edge (right).

1024 pixel (corresponding to 135 mm) in x-direction. The used high-speed PIV
system consists of a New Wave Pegasus PIV, dual cavity Nd:YLF laser with
an output beam wavelength of 527 nm, a pulse length of 135 ns and 2 × 10 mJ
at 1 kHz and approximately 2 × 7 mJ at 4 kHz for each resonator, optics to
produce a light sheet and a HighSpeedStar4 (HSS4) CMOS camera with a
spatial resolution of max. 1024 × 1024 pixel at 2 kHz frame rate. In this application, a double frame rate of 4 kHz was achieved, thus yielding images at
8 kHz with a spatial resolution of 1024 × 256 pixel and a 10 bits gray-scale dynamics. 2.6 GB camera memory inside the camera housing allowed to capture
4096 double-images per run. The camera lens was a Nikon 105 mm with an
aperture of f# = 1.8. The evaluation of the particle images was performed
with a cross correlation scheme using standard FFT with multi-pass (four
iteration steps), image deformation, interrogation window shift and a final
window size of 32 × 32 pixel, with 75% overlap, corresponding to a resolution
down to 3 mm in both directions. The Whittaker reconstruction was used for
the deformation scheme and peak detection was achieved by a three point
Gaussian fit. For post-processing, a median filter was used to remove outliers.
As an example, figure 9.79 shows an instantaneous velocity field out of a run
of 4096 velocity vector fields measured in one second.
A “straight forward” method which should result in a direct calculation of
the source terms and therefore a reconstruction of the whole sound field was
applied: As the major vortex source term, the perturbed Lamb vector, i. e. the
source term of the acoustic analogies of [380, 381, 382], was directly computed
from the measured HS-PIV velocity field quantities (namely the instantaneous
velocity, vorticity and the mean flow). After linear interpolation onto the body-
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Fig. 9.79. Instantaneous velocity vector field (v ′ scalar field gray leveled) of a 4 kHz
run in the trailing edge region (top) and the corresponding directional microphone
signal (actual value at the arrow position).

fitted block-structured grid for the trailing edge, these source term values
were fed into the subsequent computational aeroacoustic (CAA) simulations.
Assuming a mean flow at rest (Ma = 0) the computations were performed by
the DLR acoustic code PIANO (Perturbation Investigation of Aerodynamic
Noise), which in this case solves the acoustic perturbation equations.

Fig. 9.80. Frequency spectra at diﬀerent flow velocities measured by the directional
microphone (left) and the pressure wave calculations by CAA code PIANO on the
basis of HS-PIV data (right).

9.16 Volume PIV
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9.15.3 Conclusions
The example presented is one of the first applications of highly time-resolved
PIV to a classical aeroacoustic problem at industrially relevant Reynolds numbers. A new method for the prediction of trailing edge noise was suggested
with the future aim to compute the noise field and directivity by using PIV
data, namely the aeroacoustic source quantities, as input for a CAA calculation. Both high-speed PIV and acoustic experiments (for a later validation
of the suggested method) were performed on a flat plate model in an aeroacoustic wind tunnel. The PIV data-set was captured at a double-frame rate
of 4 kHz with a suﬃciently large field of view and enough spatial resolution
to resolve all main features of the sound generating flow.
Time resolved PIV allows the non-intrusive quantification of the relevant
flow parameters and helps to investigate vortex- structure interactions. In
terms of the aeroacoustic optimization of existing aircraft components such
an ”optical” detection of aeroacoustic source terms will be beneficial, since a
huge amount of (at least low-speed) problems could be investigated at lower
costs without the need of quiet test facilities.

