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A Study of Factors Influencing Sound Absorption Properties of Porous Materials
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A big accent is put on environmental protection at the present time. Noise belongs in general to negative factors of
our environment. For this reason, it is necessary to perform suitable measures in order to eliminate noise. For
example, it is possible to apply sound absorbers in order to damp noise. Materials with porous, spongy and fibrous
structure belong generally to suitable materials in terms of noise damping. The aim of the paper is to investigate
sound absorption properties of different types of porous materials. Frequency dependencies of the sound absorp-
tion coefficient over a frequency range of 150—6400 Hz were determined by the transfer function method using the
acoustic impedance tube. Different factors, that have influence on sound absorption of the investigated porous
materials, were studied in this paper. It can be concluded that sound absorption properties of the tested porous
materials are significantly influenced by material structure and thickness, excitation frequency and air gap size
behind the investigated samples.
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1 Introduction NRC =
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This work is focused on different factors that have in-
fluence on sound damping properties of investigated po-
rous materials.

Noise is occurring in many areas (e.g. means of
transport, machinery equipment, aeronautics and military
technics) and belongs to important factors of our environ-
ment [1]. It is defined as a displeasing and unwanted
sound [2]. It belongs to one of the most encountered
stressor to which mankind is exposed. Noise stress can
lead to frustration, poor reading, impaired hearing and
difficulty in problem solving activities [3]. For these rea-
sons it is necessary to reduce the undesirable noise by ap-
propriate means. There are different possibilities of the

2 Experimental

2.1 Measurement methodology of sound absorption
properties

Sound absorption properties were experimentally me-

noise elimination [4 - 6], e.g. complete removal of a noise
source, utilization of sound insulating panels and suitable
sound absorbing (incl. multilayer) materials, application
of protective equipment (i.e. ear plugs and headphones)
etc.

The material ability to damp sound is characterized by
the sound absorption coefficient «[7], which is expressed
by the equation (1):

S/t 1
p=p (M

Where:

P....Absorbed acoustic power [W],

Pi...Incident acoustic power [W],

P:...Reflected acoustic power [W].

The sound absorption coefficient of a given material
depends in general on different factors, e.g. on material
structure and thickness, excitation frequency of acoustic
waves, air gap size behind the investigated material, sur-
face shape, temperature etc. The effect of the excitation
frequency on the sound absorption coefficient can be ex-
pressed by the noise reduction coefficient NRC, which is
defined by the formula (2) as the average value of the ma-
terial’s sound absorption coefficients at frequencies of
250, 500, 1000 and 2000 Hz [8]:

asured at an ambient temperature of 22 °C by means of
the measuring equipment (see Fig. 1) that consists of BK
4206 two-microphone impedance tube, BK 3560-B-030
three-channel signal pulse multianalyzer and BK 2706
power amplifier (all from Briiel & Kjer, Denmark).
Furthermore, the measurements were performed for diffe-
rent sizes a of air gap (ranging from 0 to 10 cm) behind
the tested material samples, as shown in Fig. 2.

4206
F Y I I
F
PC | PULSE 2706
* T T|¢

Fig. 1 Schematic representation of forced oscillation
method
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Fig. 2 Schematic of impedance measurement tube equip-
ment (I — incident acoustic wave, R — reflected acoustic
wave)

Frequency dependencies of the normal incidence
sound absorption coefficient over a frequency range of
150-6400 Hz were measured by the transfer function me-
thod [9 - 11], which is based on the partially standing
wave principle. In this case, the sound absorption coeffi-
cient o is expressed by the equation (3):

2
a=1-1"[-]. 3)
Where:
r...Normal incidence reflection factor [—].

The normal incidence factor, which consists of the
real and imaginary part, is defined by the formula (4):

e H,-H, . i [_]’ @

Hj,...Complex acoustic transfer function [—],

Hj...Transfer function for the incident wave [—],

Hg... Transfer function for the reflection wave [—],

ko...Complex wave number [m™'],

x1...Distance between the microphone M; (see Fig. 2)
and the tested material sample [m].

The transfer functions are expressed by the equations
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Where:

pi...Complex acoustic pressure measured by the
microphone M; [Pa],

p2... Complex acoustic pressure measured by the
microphone M» [Pa],

X2...Distance between the microphone M (see Fig. 2)
and the tested material sample [m].

2.2 Investigated porous materials

The experimental measurements of frequency de-
pendencies of the sound absorption coefficient were per-
formed for different material types of porous materials.
The detailed designation, characterization and density of

H R H 12 the investigated materials are shown in Tab. 1.
Where:
Tab. 1 Specification of investigated materials
Material designation Material characterization Density p [kg:m™]
PUR S1 Polyurethane foam with small open pore volumes 49
PUR S2 Polyurethane foam with small open pore volumes 25
PUR M Polyurethane foam with mean pore volumes 31
PUR L Polyurethane foam with large open pore volumes 29
PUR REC Recycled polyurethane foam produced from waste‘pol}./urethane 83
- foam of small open pore volumes and filled with binder
RUB Rubber of spongy structure with mean open cell volumes 183
RUB RECI Recycled rubber produced from smqll waste rubber particles and 675
- filled with binder
RUB REC2 Recycled rubber produced from large waste rubber particles and 650
- filled with binder

3 Measured sound absorption characteristics

This chapter deals with different factors that have in-
fluence on sound absorption properties of the investigated
porous materials.

3.1 Effect of material thickness

The material thickness has generally a big influence
on sound damping properties. The effect of the material
thickness on sound absorption for the polyurethane foam
PUR_S2 is shown in Fig. 3a. Similarly, the frequency de-
pendencies of the sound absorption coefficient for differ-
ent thicknesses of the recycled polyurethane foam
PUR_REC are shown in Fig. 3b. It is evident that sound
absorption properties are in general increasing with the
increasing material thickness (see Fig. 3). For this reason,

the material thickness has a positive influence on sound
damping. However, materials are acoustically effective
from a certain excitation frequency f, [12] at which the
sound absorption coefficient increases above 60 % of its
maximum value (i.e. o > 0.6-0mqr). This excitation fre-
quency can be approximately expressed by the formula

(8):

S =——[Hz] ®)
10-¢
Where:
c...Speed of sound in air [m-s™'],
t... Thickness of the tested sample [m].
The minimum material thickness #yin, that is necessary
for the acoustically effective damping from the required
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frequency f., can be determined from the Eq. (8) as fol-
lows:

bin === [m]. ©)

100 1000

JS[Hz]

As mentioned above, better sound absorption proper-
ties are generally obtained at higher thicknesses of the in-
vestigated materials. Nevertheless, the increasing mate-
rial thickness leads to higher financial costs. A better so-
lution is to place a thin porous material at a certain dis-
tance a from the fixed wall (see Fig. 2).

1.0 ¢

b)

Fig. 3 Frequency dependencies of the sound absorption coefficient for the polyurethane foam PUR_S2 (a) and the recy-
cled polyurethane foam PUR_REC (b) without the air gap (a = 0 cm) behind the tested material samples

3.2 Effect of air gap size

Sound absorption properties of porous materials are
also influenced by the air gap size a (see Fig. 2) between
the tested porous samples and the fixed wall, which is
characterized by ideal sound reflection (i.e. dtyn = 0) of
incident acoustic wave. The effect of the air gap size on
frequency dependencies of the sound absorption coeffi-
cient for the polyurethane foam PUR_S1 is shown in Fig.
4a. Similarly, the frequency dependencies of the sound
absorption coefficient at different air gap sizes for the re-
cycled rubber RUB_REC?2 are shown in Fig. 4b. It is ev-
ident that the air gap size has a positive effect on sound
absorption (mainly at low excitation frequencies). The
transformation of acoustic energy into heat is connected
with acoustic velocity [12], which is zero on the wall be-
hind the tested material sample. The acoustic velocity in-
creases with the increasing distance from the wall. The
first maximum of the acoustic velocity is obtained at the
distance / = A/4 (i.e. antinode of the standing waves),
where A is the wave length in the given environment.
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Therefore, it is suitable to locate a thin material sample at
the same distance (i.e. / = 4/4 = a + #/2) in order to trans-
form the acoustic energy into heat. Then the maximum
values of the sound absorption coefficient are generally
obtained in antinodes of the standing waves at excitation
frequencies that are expressed by the equation (10):

4.1
Where:
n... Integer (n=0, 1, 2) [-].
Similarly, the minimum values of the sound absorp-
tion coefficient are generally obtained in nodes of the
standing waves at excitation frequencies that are given by
the formula (11):

c-n
_S M
Wik (n

It is evident from the above-mentioned reasons that
the frequency dependencies of the sound absorption coef-
ficient are periodic (see Fig. 4).
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Fig. 4 Frequency dependencies of the sound absorption coefficient for the polyurethane foam PUR_S1 (a) of the thick-
ness t = 22 mm and the recycled polyurethane foam RUB_REC?2 (b) of the thickness t = 30 mm at different air gap sizes
behind the tested material samples
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3.3 Effect of material structure

Sound absorption properties of porous materials are
significantly influenced by their structure, e.g. by num-
ber, size and form of pores, size and form of particles,
binder type, its concentration etc. The structure effect of
the investigated porous polyurethane foams (with the
thickness ¢ = 5 cm and the air gap size @ = 3 cm behind
the samples) on their sound absorption properties is
shown in Fig. 5a. It is evident from this comparison that
better sound absorption properties were generally found
for polyurethane foam with smaller pore sizes and higher
density. This fact is observed mainly at lower excitation
frequencies (i.e. at f < 1 kHz). The influence of the mate-
rial structure for the recycled materials and the spongy
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rubber (with the thickness ¢ = 2 cm and the air gap size a
=1 cm behind the samples) on their ability to damp sound
is shown in Fig. 5b. It is visible from this comparison that
sound damping properties depend mainly on the excita-
tion frequency. In the case of low excitation frequencies
(i.e. at <900 Hz), better sound absorption was obtained
for the spongy rubber and the recycled rubber material
with small rubber particles. On the contrary, the tested re-
cycled polyurethane foam is more suitable for sound
damping at higher excitation frequencies (i.e. at f> 1050
Hz). The investigated recycled rubber material with large
rubber particles is the most suitable in terms of sound ab-
sorption only in a very narrow frequency range (from 0.90
to 1.05 kHz) from the compared materials (see Fig. 5b).

10
[— PUR_REC

0.8 [{-RUB_RECI
‘|- - - RUB_REC2

Fig. 5 Frequency dependencies of the sound absorption coefficient for: (a) polyurethane foams of the thickness t = 50
mm with the air gap size a =3 cm, (b) recycled rubber materials and spongy rubber of the thickness t =20 mm with the
air gap size a =1 cm

3.4 Effect of excitation frequency

The excitation frequency has a big influence on sound
absorption properties of a given material sample too. It is
evident from the measured results (see Fig. 3 and Fig. 5)
that better sound damping properties are generally ob-
tained at higher excitation frequencies. In the case of low
excitation frequencies, it is possible to increase values of
the sound absorption coefficient of porous materials by
means of the air gap behind the investigated material sam-
ples (see Fig. 4). Furthermore, the effect of the excitation
frequency can be expressed by means of the noise reduc-
tion coefficient NRC from the Eq. 2.

The dependence of the noise reduction coefficient on
the thickness of several materials with different air gap
sizes behind the tested samples is shown in Fig. 6. It is
visible that the noise reduction coefficient is generally in-
creasing with the increasing material thickness. It can be
also concluded that higher values of the noise reduction
coefficient (i.e. better sound absorption properties) were
obtained for the polyurethane foam with small open pore
volumes with higher material density (i.e. PUR_S1 type)
compared to the similarly structured sample of lower ma-
terial density (i.e. PUR S2 type). This fact is in a good
agreement with the frequency dependence of the sound
absorption coefficient of these polyurethane foams (see
Fig. 5a).

It was also verified that the air gap has a positive in-

fluence on sound damping. It is evident from the compar-
ison (see Fig. 6), that higher values of the noise reduction
coefficient were obtained for the recycled polyurethane
foam with the air gap (i.e. a = 10 cm) compared to the
same material sample, which was located inside the meas-
uring impedance tube without the air gap (i.e. a = 0 cm).
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Fig. 6 Dependence of noise reduction coefficient on
thickness for different material types and air gap sizes

4 Conclusion

This purpose of this paper was to examine different
factors that have an influence on sound absorption of po-
rous materials. The research consisted in experimental
measurements of frequency dependencies of the sound
absorption coefficient by means of the transfer function
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method. The measurements were performed on different
types of porous materials, e.g. on polyurethane foam,
spongy rubber and recycled waste materials. It was found
in this study that sound absorption properties of porous
materials are influenced by many factors. It can be con-
cluded that better sound absorption properties of the in-
vestigated materials were generally obtained at higher ex-
citation frequencies, higher material thicknesses and for
materials with small open pore volumes. However, the
application of thicker materials is economically disadvan-
tageous. For this reason, it is possible to apply sound
damping systems with air gap in order to increase sound
absorption of materials with porous structures. In this
case, sound absorption coefficient values are generally in-
creasing with the increasing air space size. This phenom-
enon is evident especially at low excitation frequencies of
acoustic waves. Great emphasis is also placed on environ-
mental protection at the present time. It was found in this
work that the tested recycled waste materials exhibited
relatively good sound insulation properties in some cases.
This is one of the possible applications of these materials
in practice.
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