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Wilson's poroacoustic model has been shown to be an accurate predictor of sound absorption in porous metals
with bottleneck type structures. When used to optimise pore structures, using porosity and permeability as var-
iables, the most broadband absorption is predicted for the highest porosity achievable (approximately 70%) and
for a permeability of the order 10−10 m2. Although performance close to that for glass wool is not possible, with
these porosities, specific strength and stiffness exceeding those for many polymers are obtained, making these
materials viable for load bearing components with credible soundproofing.

© 2018 Acta Materialia Inc. Published by Elsevier Ltd. All rights reserved.

Keywords:
Porous material
Simulation
Modelling
Acoustic
Permeability

Noise reduction is of importance for both safety and comfort, across
a wide range of industries and is often tackled by using porous in-fill
layers ofmaterials, such as foams orwadding, to dissipate sound energy.
Open celledmetal foams (ormore correctly, porousmetals) are capable
of absorbing sound, but also offer multi-functional performance (e.g.
high specific stiffness, good energy absorption and fire resistance) in a
self-supporting 3-dimensional form. This uniqueness makes porous
metals suitable for a wide range of applications for noise control,
where they are candidates to replace complex multi-component
structures.

Fig. 1 compares the normal incidence absorption coefficient (the
fraction of energy from the soundwave that is absorbed when it is inci-
dent normal to the surface of a material) for bottleneck [1] and sponge-
type [2] porous metals and compares this with non-structural glass
wool (GWF [3]) and sintered metal fibre (SMF [4]) materials. Although
this property is dependent upon thickness, and the samples presented
range in thickness from roughly 17–25 mm, the figure shows that
sound absorption in porous metal structures does not compare
favourably with those for established soundproofing materials. Of
those presented, absorption is best in porous metals with medium
levels of porosity (60–65%) that have so-called “bottleneck” structures,
where pores are connected to their neighbours via narrow pore open-
ings or “windows” [1]. The typical structure of such a porous material
(also from [1]) is shown in Fig. 1. These materials, made by the creation
of porosity through pressure-assisted infiltration of a packed bed of a
sacrificial “space holder” or “porogen” such as salt, have well-

documented relationships between pore and window size and the
number of windows per pore [5]. Good sound absorption in these
types of structures is attributed to effective energy dissipation via fric-
tionwith the pore surface, as the air increases in velocitywhen it travels
from the large pores through the much smaller pore openings [6]. With
lower porosities than typical porous metals, these porous materials
have credible structural performance, particularly if “hard-backed”
with an Al sheet on the external surface.

The potential to narrow the performance gap between current
soundproofing materials and novel, self-supporting sound absorbing
structures can be determined through optimisation of the structure of
the porous body and its geometry. With numerous combinations of po-
rosity, pore size, window size and absorber thickness being possible, a
simulation-based approach provides the most convenient route to de-
termining the capacity for these materials to absorb sound.

Whilst modelling of sound absorption in more traditional porous
structures, and even porous metals, is commonplace, there has been
rather limited effort to model sound absorption in bottleneck type
structures. It is generally considered, though seldom demonstrated,
that established models, such as those by Delaney–Bazley [7], Johnson,
Champoux and Allard [8] and Wilson [9] are inappropriate for these
types of structures, since these models mostly deal with porous mate-
rials where the pores do not abruptly change in cross section. In re-
sponse to this, Lu et al. [10], developed an analytical model to describe
sound absorption in semi-open cellular (bottleneck) structures, finding
(as did [6,11,12] who compared this model to their experimental mea-
surements for sound absorption in porousmetalswith bottleneck struc-
tures) reasonably good agreement between predictions and
experimental measurements, especially at lower frequencies. This
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model was then used to study the individual effects of porosity, pore
size and window size, finding absorption behaviour improving initially
as the pore size and window size were decreased (with little influence
of porosity), but that with further decreases, the foam became a poorer
absorber [10].

Software such as Comsol Multiphysics 5.2™, enables the extension
of simple sound absorption modelling to complex 3D structures and
non-incident sound wave scenarios, yielding accurate absorption pre-
dictions for conventional soundproofing materials. The empirical
poroacoustic models of Delany-Bazley-Mikki (DBM), Johnson-
Champoux-Allard (JCA) andWilson (W) are embeddedwithin this soft-
ware. Despite their questioned applicability for bottleneck structures,
they are convenient to use. In addition to inputs for the properties of
the fluid, values for parameters such as the permeability, tortuosity,
thermal and viscous length are required, which can be determined
from directly measurable structural parameters such as the porosity,
pore size and window size (for greater detail of the context of these pa-
rameters refer to [13]).

Fig. 2 plots simulations for sound absorption coefficient against fre-
quency, using a model of a 20 mm thick, hard-backed porous structure
within a two-dimensional representation of a standing wave tube (the
2D solution varying insignificantly from the 3D) for key poroacoustic
models within Comsol Multiphysics 5.2™ software. Simulations were
performed using only the data given in [1,6,10] for porosity, pore size
and window size, in combination with well-established expressions
for permeability in the Darcy regime [14,15], tortuosity [16], (given in
Eqs. (1) and (2)) and thermal and viscous length [17] for porous mate-
rials with bottleneck type structures. The permeability for bottleneck
structures was developed from models in [14,15] by expanding the

coordination number, Nc, in terms of key structural parameters
(shown in Eq. (2)). This was performed by fitting Nc to measurements
and modelling in [5], and fitting the permeability through correlation
with CFD simulations presented in [18], for the case where the ratio of
the window to pore size is in the range of 0.15 to 0.4. The viscous and
thermal lengths were approximated to half the window diameter and
half the pore diameter respectively [17].

τ ¼ 2þ 2 cos
4π
3

þ 1
3

cos−1 2∅−1ð Þ
� �

ð1Þ

k0 ¼ 1:03 Nc∅r3w
6π rp

where Nc ¼ 17∅
rw
rp

� �0:27

ð2Þ

It can be seen that both the DBM (best suited to fibre structures such
as glass wool) and the JCA model fail to describe the sound absorption
accurately over any portion of the frequency range for the data in [1].
Despite the reported shortcomings, the Wilson model predicts the
sound absorption response very accurately for both this sample, those
in [1,6] for different pore andwindow sizes and for samples with differ-
ent morphologies in [10] (also shown in Fig. 2), matching more closely
than themodel presented therein. The reason for this close fitting is not
discussed in detail in this brief paper, but similarities in the model de-
veloped and the Wilson model are noted in [10] for structures and fre-
quencies explored in this study.

With confidence in the Wilson model, optimisation of the acoustic
response, to achieve performance more like glass wool, was performed,
within the realistic constraints of the materials being modelled and the
applicability of the structural models being used. Simulation using the

0

0.2

0.4

0.6

0.8

1

0 2000 4000 6000

A
bs

or
p�

on
 c

oe
ffi

ci
en

t 
/ 

-

Frequency / Hz

GWF - 25mm
SMF - 23mm
Bo�leneck - 20mm
Sponge - 17.5mm

1mm 

Fig. 1. Plots (left) of normal incidence absorption coefficient (Ac) against frequency for hard-backed porous materials [1–4] and (right) an example of porous Al with a bottleneck type
structure [1].
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Fig. 2. Plots ofmeasured andmodelled normal incidence absorption coefficient against frequency for hard-backed 20mm thick structures (left) for [1] comparedwith several models and
(right) for [10] compared with the Wilson model [9].
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