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ABSTRACT

Mineral foams with high porosity, large cells and thin
cell walls are perforated to achieve high sound absorption.
Impedance tube measurements show that a thin layer of the
perforated foam can reach an absorption coefficient higher
than 90% for frequencies below 1000 Hz. Numerical mod-
els, leading to the identification of the JCAL homogenized
properties, confirm and accurately predict the functional-
ity. Differing the perforation diameter and distance effec-
tively changes the absorptive properties over a wide range,
which can lead to practical applications.

1. MATERIAL PROPERTIES AND SAMPLE
PREPARATION

Mineral foams with a gypsum of cement matrix can be
manufactured in large volumes with accurate control over
the porosity and cell size, much like standard synthetic
foams. Their unique features are a high temperature re-
sistance, and the rigidity of the cell walls. The gypsum
foam manufactured by DeCavis (https://decavis.com/) has
a total porosity of up to 97%, with a mainly closed cell
configuration. Cell sizes up to 5 mm and a wall thickness
around 0.1 mm are available as shown in Fig. 1(a). Due
to the closed pore structure, the raw material has a low
acoustic absorption coefficient, the inherent microporosity
is responsible for values up to 25% at 1600 Hz.

It has been reported that perforated closed-cell foams
can be used as efficient acoustic absorbers [1]. For this pur-
pose, microperforations were made by needles of 0.25 mm
and 0.45 mm through a material sample with thickness
25 mm. The distance between two perforations is 10 mm,
in a square pattern. The same samples are then perforated
again leading to a pattern with 5 mm distance. This leads
to 4 different samples, on top of the 2 unperforated ones.

The quality of the perforations can be inspected
from scanning electron microscope images as shown in
Fig. 1(b). The perforations are not perfectly circular due
to the brittleness of the walls, and there are deviations to a
perfectly square pattern.

2. IMPEDANCE TUBE MEASUREMENTS

The absorption coefficients of all samples were mea-
sured in an impedance tube (Brüel & Kjaer type 4206) of
100 mm diameter according to standard ISO 10534-2. The
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Figure 1. Gypsum foam samples with varying porosities
(a) and scanning electron microscope image of perforated
foam surface (b). The white circles show the positions of
9 perforations in a 5 mm grid.

foam samples were cast in a solid gypsum ring which was
sealed to the impedance tube by means of vaseline to avoid
leakage.

The results are presented in Fig. 2. As expected, the
perforated samples show a peak of high acoustic absorp-
tion at fairly low frequencies, after which the absorption
coefficient drops again. The 0.25 mm perforations lead
to higher absorption values than the 0.45 mm samples. A
higher perforation rate increases the absorption coefficient,
but the central frequency shifts to higher values.

3. NUMERICAL DETERMINATION OF THE
JCAL PARAMETERS

The acoustic properties (impedance, sound speed, wave
number) of porous and perforated media can be described
by means of an equivalent fluid with frequency-dependent,
complex material properties. The viscous and thermal
losses that are responsible for sound absorption can be de-
scribed by a set of non-acoustic parameters for use in a
series of models with various levels of complexity. Most
fibrous materials only require one single value to predict
its acoustic behavior over the entire frequency range: the
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Figure 2. Absorption coefficient of 25 mm thick perfo-
rated gypsum foam samples with different perforation pat-
terns.

flow resistivity. Porous materials with intricate paths of
sound propagation and a large range of geometric scales
affecting the overall behavior demand up to 6 parameters
to achieve good agreement between model and reality. An
advanced model is the one by Johnson-Champoux-Allard-
Lafarge (JCAL) [2].

Estimated JCAL input parameters (open porosity, flow
resistivity, high-frequency tortuosity, thermal and viscous
lengths, and thermal permeability) can be measured for ex-
isting materials. However, they also offer the possibility to
predict properties of engineered materials. In this case, the
free choice of the perforation pattern introduces a certain
tunability of the absorption. Perforating and experimen-
tally investigating many samples would be too time con-
suming and expensive, and only offers limited insight in
the underlying processes. A numerical predictive model
allows us to investigate many more cases.

A validated scheme to retrieve these parameters numer-
ically has been presented in [3,4]. The complex cell struc-
ture can be replaced by a periodic packing of Kelvin cells,
using the averaged cell size and wall thickness of the ma-
terial. The numerical model can then be constructed on a
unit cell, which reduces the calculation time significantly.
Three different models are necessary: viscous static flow
to predict the flow resistivity, an electric conduction equiv-
alent of inviscid flow for tortuosity and viscous length, and
a thermal diffusion model for thermal permeability. The
two remaining parameters can be derived from the geome-
try and require no numerical models.

4. CONCLUSION

Thanks to the advantageous geometrical properties of min-
eral foams (large cells and thin cell walls), microperfo-
rated samples show very high sound absorption for thin
layers. The absorbed frequencies are much lower than for
commercially available open-cell synthetic foams with the
same thickness. Numerical models can assist to define a
well chosen perforation pattern in order to tune the acous-
tic properties of the material.
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Figure 3. Modeled air cavities in an assembly of Kelvin
cells with an inner diameter of 3 mm and showing a per-
foration with diameter 0.4 mm (a). Air flow lines due to
a pressure difference between inlet and outlet to determine
the flow resistivity (b).
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