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Abstract

Besides the noise produced by aircraft engines, airframe
noise is important, or even dominant, in certain flight
phases, e.g., landing phase. Airframe noise can be defined
as sound generated by the interaction between a turbu-
lent flow and the aircraft’s geometry (e.g., landing gear
noise, flap side-edge noise, or noise generated at a wing’s
trailing edge). In this numerical contribution, the local
application of porous material is reviewed for the reduc-
tion of the sound produced by the wing’s trailing-edge.
Local application here means substituting the latter part
near the wing’s trailing-edge with a porous insert. The
considered wings consist of symmetric and asymmetric
profiles, as well as one with a highly deflected flap. Re-
sults are presented and the advantages/disadvantages of
noise reduction by porous material are discussed. Note
that this proceeding by far does not give a complete
overview, but a coloured one influenced by the past re-
search efforts of the authors.

Introduction

For several decades, there has been a considerable effort
invested into investigations on noise reduction technology
(see, e.g., [1]). Noise reduction technology can be divided
into passive and active methods. The latter can be de-
fined as methods where external momentum is added to
the system to favour noise reduction (e.g., see [2]). Such
active methods need some sort of control to deal with
the changing operating conditions. Typically, the cost of
the additional energy requirement, which is inherent to
the active methods, reduces its attractiveness in favour
of passive methods (where no external energy supply is
needed).

Examples of common passive methods to reduce noise
comprise of trailing-edge serrations [3], finlets (see, e.g.,
[4, 5]), or the local application of porous materials at the
wing’s trailing edge (see, e.g., [6, 7]). Trailing-edge ser-
rations and porous material have a mitigation potential
for trailing-edge noise, except for the higher frequency
range. More details on the noise reduction mechanisms
of serrated trailing-edges can be found in Moreau et al.
[3].

In this proceeding, we focus on a specific form of porous
material: a densely-packed metal foam. In Fig. 1 an
example is depicted of such a porous material, which
has homogeneous and isotropic material characteristics.
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Figure 1: Example of a densely-packed metal foam (from
www.wikipedia.org CC BY 3.0).

Such materials can be characterised by their permeabil-
ity and porosity. For instance, Geyer et al. [8] reported
impressive noise potential at lower frequencies, however,
observed increased noise in the higher frequency regime,
caused by the enhanced surface roughness due to the
porous material.

Amiet proposed an analytical trailing-edge noise model,
which only serves here to motivate which variables are
interesting to investigate. The model provides a rela-
tionship between the near-field turbulent boundary layer
quantities, e.g., the Power Spectral Density (PSD) of the
surface pressure fluctuations ¢,, and the span-wise co-
herence of surface pressure fluctuations by [.) and the
far-field SPL S, [9].

In this proceeding, the local application of porous ma-
terial, aimed at achieving a noise reduction, is reviewed.
The for this purpose considered quantities are motivated
as they appear in several trailing-edge models. The quan-
tities are the surface pressure spectrum is considered, co-
herence length-scale, and convective velocity of the pres-
sure carrying eddies. It must be stated here that this
is narrowly inclined towards the past research efforts of
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Figure 2: Schematic cross-sectional slice of a wing with the
latter 10%c substituted by a porous insert.

the authors. The remainder of this manuscript is organ-
ised as follows: In the methodology section the numerical
approach is concisely presented. Hereafter, in section 3
the results are presented, focusing on the said quantities
above. Finally, a summary is given in the last section.

Methodology

The numerical results presented in the remainder are ob-
tained with an Overset-LES approach. These governing
equations are a perturbation form of the compressible
Navier-Stokes Equations (NSEs), supplemented with a
classical Smagorinsky sub-grid scale model. The Overset-
LES formulation is obtained by extending the PErturbed
Non-linear Euler Equations (PENNE) with appropriate
viscous and heat flux terms in both the momentum and
energy equations (see, e.g., Akkermans et al. [10, 11]).
Note that, while the PENNE equations are suitable for
the investigation of sound propagation over a varying
background flow, the perturbed NSEs can also be used
to study the turbulent sound generation itself. The sub-
sequent sound propagation can be captured with the
Overset-LES, however, due to the high associated cost
this is only applied to the sound source region, whereas
for the subsequent propagation simpler CAA equations
are utilised. The here used perturbed NSEs are similar to
the Non-Linear Disturbance Equations (NLDEs), which
were proposed by Morris et al. [12] and further investi-
gated by Labourassee and Sagaut [13]. For the detailed
derivation of the governing Overset-LES equations used
in the present work, the reader is referred to, e.g., Akker-
mans et al. [10].

The porous material is modelled by a volume-average
model (to prevent a costly pore-resolving simulation) and
results in additional drag terms in the momentum equa-
tion (i.e., Darcy and Forchheimer terms). Moreover,
terms related to gradients of the porosity result in the
mass, momentum and energy conservation equations.
Note that the rather simple model is motivated by the
very low Reynolds number in the porous material (due to
the small pore diameter ranging from 80 to 110 um), so
that no significant penetration into the porous material
of the turbulent eddies occur. The here applied com-
putational methodology has been successfully applied in
several studies (see, e.g., [7, 10, 14]).

Results

Firstly, the wall-pressure spectrum G, is considered of a
symmetric airfoil at zero angle of attack (i.e., no lift con-
dition). Comparison between the experiments and nu-
merical result for the reference case (solid trailing edge),
indicates a very good agreement (see Fig. 3). Where
the solid surface pressure spectrum drops off at higher
frequencies, the porous spectrum exhibits a much more
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Figure 3: Surface-pressure spectrum Gy, measured at x/c =
0.99 for the solid and porous case (NACA0012 at zero angle-
of-attack for Re = 1-10° and M =~ 0.15).

broadband-like behaviour at these frequencies. These
increased levels are attributed to the increased friction
due to the porous material. Such effects were also ob-
served in experiments [8]. This additional high-frequency
noise does not lead to a noise increase in the far-field
sound pressure levels. However, it points out to the
fact that the application of porous material comes at
an aerodynamic cost, i.e., an increased drag coefficient
and well as a slightly reduced lift-coefficient. The latter
might be problematic as this would typically be com-
pensated with a higher flight-speed, again negatively in-
fluencing the noise generation. Considering the Over-
all Sound Pressure Level (OASPL) in the far-field (not
shown here), reveals that a noise reduction between 1.5
to 4 dB is achieved with the porous material application.
This matched quantitatively well with experiments from
Herr et al. (see Ref. [14] and references therein).

For the case of an asymmetric airfoil, i.e., a lift generat-
ing case, it is expected that there will (on average) be a
flow-through the porous material. This is because of the

Figure 4: Instantaneous flow field showing the velocity mag-
nitude for around the porous trailing-edge.



pressure difference between the pressure side to suction
side of the wing, which drives this flow-through. Fur-
ther comparison indicated that the boundary layer on
the suction side is thickened due to this flow-through. In
Fig. 4, an time-averaged flow around the porous trailing-
edge is depicted, clearly illustrating the above mentioned
flow-through phenomenon. Furthermore, although at
the solid reference case a periodic vortex shedding was
observed related to the blunt trailing-edge height (not
shown here), this appears to be absent for the porous
case. Similar effect of porous material application on the
drag and lift coefficients were seen as observed for the
symmetric case [14].

Figure 5 presents the coherent length scale [, of the sur-
face pressure fluctuations computed in the span-wise di-
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Figure 5: Span-wise coherent length scale [, of surface pres-
sure fluctuations computed at z = 0.99¢ on the suction side
for both solid and porous trailing-edges.

the Overset-LES simulations. Furthermore, the empir-
ical Corcos length scale model is also depicted as a ref-
erence (although this is derived for a flat-plate turbulent
boundary layer without pressure gradient). The coher-
ence length-scale decay for the higher frequency regime
is similar as that of the Corcos model. Due to the vastly
different flow conditions on the asymmetric wing (as com-
pared to the Corcos model), the low frequency regime of
the Corcos model cannot be used for a qualitative anal-
ysis of the length scale spectrum. More importantly, at
the low to mid-frequency range, a coherence breakdown
is seen when applying the porous material. This effect is
expected, at-least in the low-to-mid frequency range, to
reduce the far-field sound pressure level (OASPL).

The mean convective velocity U, can be computed based
on the auto correlation of the pressure fluctuations R,
for both the reference and porous case. The such ob-
tained convective velocities are shown in Fig. 6. For the
solid case, the mean convective velocity attains an ap-
proximately constant value of 0.7U.,. In literature sim-
ilar values are reported for experimental investigations
[15]. For the porous case, a drastic decrease of the con-
vective velocity is seen. According to Ref [16], far-field
noise resulting for the interaction of eddies with the trail-
ing edge, scale with p/2 ~ Ui. This scaling implies that
the observed length scale reduction leads to a far-field
noise reduction of approximately 11 dB for the low-to-
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Figure 6: Mean convective velocity U, of the pressure carry-
ing eddies for solid and porous trailing-edges (on the suction
side near the trailing edge).

mid frequency range.

Finally, the directivity of the Overall Averaged Sound
Pressure (OASPL) are presented in Fig. 7 for an 0.8 m
observer distance for two different frequency intervals.
For both frequency ranges, the expected dipolar be-
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Figure 7: Far-field directivities of Overall Averaged Sound
Pressure Level (OASPL) for the frequency intervals (left) low-
mid frequencies 500 Hz to 3 kHz and (right) mid-high frequen-
cies 3 kHz to 15 kHz.

haviour can be recognised. In all radiation directions
a noise reduction is seen for the low-mid frequency range
[Fig. 7(left)]. In this frequency interval, a maximum noise
reduction of approximately 5 dB can be observed. As op-
posed to this, in the mid-high frequency interval (ranging
from 3 kHz-15 kHz), a small noise reduction in the up-
stream direction is seen, whereas, in the downstream di-
rection a clear increase can be appreciated resulting from
the above mentioned increase friction due to the porous
material.

Summary

In this manuscript, the local application of porous ma-
terial, aimed at achieving a noise reduction, is reviewed.
The considered wings consist of symmetric and asym-
metric profiles, where the latter 10% is substituted with
a porous material. This proceeding does not claim to
give a complete overview of the literature, just a narrow
overview highly influenced by the past research efforts of
the authors.
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For the symmetric wing at no-lift condition, the surface
PSD clearly indicated that the application of porous ma-
terial leads to a broadband hump at large frequencies,
also observed in experiments. This hump is relate to the
additional friction exerted by the porous material and
hints at one of the major disadvantages: additional drag.
Moreover, typically the application of porous material in-
flicts a penalty in the generated lift.

The asymmetric wing (lift generating condition) showed
the flow-through phenomenon, i.e., flow through the
porous material due to the pressure difference between
suction and pressure side. This flow-through led to a
thickening of the boundary layer on the suction side as
well as the disappearance of a periodic vortex shedding
frequency which was related to the (blunt) trailing-edge
height.

Two major noise reduction mechanisms were identified
for this asymmetric case when a porous material was ap-
plied: (i) breakdown of the span-wise coherence of sur-
face pressure carrying eddies at the lower frequency range
(i.e.,, 1 to 3 kHz), and (ii) a drastic reduction of mean
convective velocity of the pressure carrying eddies. This
reduction of the mean convective velocity is especially
pronounced on the suction side of the wing.

The far-field sound pressure level (SPL) directivities
hinted at a noise reduction of approx. 11 dB for the
low-to-mid frequency range. As opposed to this, the ad-
verse effect of applying porous material becomes clear
(broad-band hump is seen) when considering the mid-to-
high frequency range.

The in this preceeding presented results were obtained
for homogeneous and isotropic porous material. It is ex-
pected that anisotropic and/or graded porous materials
would minimise the (aerodynamic) disadvantages while
maintaining the noise reduction potential.
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