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Abstract

Air-filled balloons are commonly used for party celebrations
and, in acoustics, as simple impulsive sources when burst for
measuring sound decay in rooms. However, their potential
applications in other acoustic fields, particularly as sound-
absorbing elements, have not yet been extensively
investigated. This paper examines the sound absorption
performance of air-inflated latex balloons. Acoustic
measurements were carried out on air-inflated latex
balloons with a diameter of 100 mm, arranged either as
single or double layers. Two measurement methods were
compared: results obtained using the impedance tube and
those measured in a reverberation chamber. The results
show that the absorption coefficients obtained from the
reverberation chamber and impedance tube are
qualitatively similar trends. This research suggests that such
configurations could be applied as rapid, low-cost mitigation
measures in temporary installations or spaces where
permanent acoustic treatments are not feasible.
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1. Introduction

Good acoustics within a space are achieved through an
appropriate balance between reflective surfaces, typically
the standard boundaries of a room (e.g. glazed windows,
plastered walls) [1, 2], and sound-absorbing materials (e.g.
acoustic panels, soft furnishings). This balance is essential
for controlling reverberation, thereby making the space
suitable for its intended acoustic functions, as indicated by
reference curves based on room volume. When this balance
is not achieved, acoustic treatment becomes necessary to
bring other parameters, such as speech intelligibility and
clarity [3], within optimal ranges. Common materials used
for acoustic correction include sound-absorbing panels [4],
resonant systems [5, 6], and more recent innovations such

Corresponding author: gino.iannace@unicampania.it

Copyright: ©2026 Giovanni Amadasi, Antonella Bevilacqua, Gino
lannace, Amelia Trematerra. This is an open-access article distributed
under the terms of the Creative Commons Attribution 3.0 Unported
License, which permits unrestricted use, distribution, and reproduction
in any medium, provided the original author and source are credited.

12t Convention of the European Acoustics Association
Graz, Austria e 8th — 12th September 2026

as sustainable acoustic tiles [7]. Even in ancient times, the
acoustics of theatres were enhanced through invisible
interventions [8], such as resonant vases placed beneath
the steps of the cavea, which amplified specific frequencies
according to their dimensions [9]. Churches represent
another challenging case, where the requirements for
speech intelligibility during sermons and for choral music
are often in conflict [10]. As a result, achieving an optimal
compromise across a broad range of acoustic parameters
can be difficult. While early experiments by C. W. Sabine
involved simple interventions, such as placing cushions
within a room to measure changes in reverberation,
modern solutions are far more advanced [11, 12]. These
developments have been enabled by innovations in
metamaterials and technologically advanced polymers,
which can be tailored to meet a variety of acoustic
requirements. This research study investigates the sound
absorption properties of standard latex air-filled balloons.
The focus on this common material arises from its ease of
preparation and placement within a room. Typically, such
balloons are used in acoustics as mechanical impulsive
sources when they burst [13, 14]. For this reason, their
acoustic absorption properties have not been widely
documented in previous literature [15, 16]. The study of air-
inflated balloons for sound absorption could be used
indoors for temporary installations or for specific artistic or
architectural purposes. In the present study, the balloons,
both individually and when one was inserted into another,
were inflated to a pressure of 20 mmHg (2.7 kPa). To
measure the pressure inside balloons, a manometer derived
from a medical sphygmomanometer was used.

2. Methodology for measuring the absorption
coefficients of a material

Different techniques have been developed to measure the

sound absorption coefficient of materials [17]. Among

them, the most common, also regulated by standards, are
the following:

e Impedance tube, also known as Kundt’s tube.
e  Reverberation chamber.
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The Kundt’s tube (or impedance tube) method is a
laboratory technique used to measure the sound
absorption coefficient and acoustic impedance of materials
under controlled conditions. It operates by generating plane
soundwaves, typically using an equalized pink noise signal,
from a loudspeaker at one end of a rigid tube. These waves
travel down the tube and strike the test sample at normal
incidence, while two microphones placed along the tube
record pressure variations to determine the material’s
acoustic response, in accordance with the standard EN I1SO
10534-2. Figure 1 illustrates the scheme.
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Figure 1. Impedance tube.

The second method uses the reverberation chamber, and
measures the reverberation time difference between the
reverberation times measured in the empty room and in the
room containing the material to be tested [16]. Once the
average reverberation times (with and without sample)
have been determined, the equivalent absorption area of
the material (in square meters) is calculated.

3. Measurement sets

Based on two different methods, two sets of acoustic
measurements were carried out:

e  Measurements using the impedance tube.

e Measurements in a reverberation chamber.

The samples considered during the measurements
consisted of air-inflated latex balloons with a diameter of
100 mm [17]. Each balloon was tested either as a single layer
or as a double layer, where one balloon was inflated inside
another; in the latter case, the external balloon remained
unsealed at the neck.

3.1 Measurements with Impedance Tube
The two types of balloons (single- and double-layer) were
tested in the impedance tube both as single elements and
as paired elements arranged in series (one after the other)
within the tube.
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3.2 Measurements in a Reverberation Chamber

For the tests carried out in the reverberation chamber, the
balloons were placed on the floor, covering a surface area
of 5 m2. The reverberation chamber has dimensions of 10 x
7.0 x 3.0 m, with a volume of 210 m3. Figure 2 shows the
arrangement of the balloons on the floor during the
acoustic tests. The walls and ceiling of the chamber are
smooth plaster, and the floor is tiled with stoneware. This
configuration provides a sufficiently long reverberation
time. The surface area occupied by the balloons, 5 m?, is
limited compared to the standard allowance, but this choice
is due to the large number of balloons in use (approximately
over 100) for each configuration. The floor area occupied by
the balloons was marked off with vertical boards, ensuring
aclear, visible surface. The area covered by the balloons was
delimited with vertically arranged boards, so as to limit the
effects of lateral absorption and have the effects of
absorption on the visible surface. Figure 2 shows the image
of air-inflated balloons arranged on the floor within a
confined surface area during acoustic testing in the
reverberation chamber. The air pressure inside the balloons
was 20 mmHg. This measurement was obtained using a
manometer derived from a medical sphygmomanometer.
The sound source is of the impulsive type, placed in three
different positions; the microphone is positioned in six
different points. Once the measurement is completed, the
reverberation time of the room in each frequency band is
expressed by the arithmetic mean of the total number of
reverberation times measured. The mean reverberation
time of the empty chamber is denoted by T1, whereas T2
represents the mean reverberation time measured with the
test specimen installed. Once the average reverberation
times have been evaluated, the equivalent absorption area
of the material in square meters is calculated using the
following formula, c1 and c2 are the speed of sound
propagation in air; c2. V is the volume of the room (m?3):

1 1
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Figure 2. View of air-inflated balloons arranged on the floor within
a confined surface area during acoustic testing in the reverberation
chamber.

4. Results

Figure 3 to 7 show the measured results obtained using
different methodologies and test samples: impedance tube
and reverberation chamber. Two balloon configurations are
considered: single balloons and double-layer balloons.
Double-layer balloons are obtained by inserting one balloon
into the other and then inflating it, creating a double-skin
surface and analyzing the acoustic behavior of this
configuration.

4.1 Measurements with Impedance Tube

Figure 4 shows that, when using a single-layer balloon in the
impedance tube, an absorption coefficient of approximately
0.1 is obtained with a single element, whereas a higher
value of around 0.5 is achieved when two balloons are
tested in series within the tube. The difference between the
two configurations is particularly evident at low
frequencies, up to 1500 Hz, while above 1600 Hz the results
become comparable. Figure 3 shows the two measurement
configurations: (a) a single balloon in the tube, on a rigid
wall; (b) two balloons arranged in series, one on a rigid wall
and the other towards the source in the tube.
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Figure 3. Measurement configurations inside impedance tube: (a)
a single balloon in the tube; (b) two balloons arranged in series.
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Figure 4. Normal-incidence sound absorption coefficients
measured for one and two single-layer balloon specimens
arranged in series

The configuration with balloons inserted one inside the
other was analysed, in order to have a double-layer
configuration. Figure 5 shows the two measurement
configurations: (a) a single balloon in the impedance tube,
on a rigid wall; (b) two balloons arranged in series, one on a
rigid wall and the other towards the sound source in the
impedance tube. Figure 6 shows the sound absorption
values with two balloons (inflated one inside the other to
create a double skin). In this configuration, there is a
significant increase of the sound absorption. With a single
element, the sound absorption coefficient is approximately
0.3 between 500 Hz and 1100 Hz, decreasing to around 0.1
at higher frequencies. When two elements are arranged in
series, inside the impedance tube, the results are slightly
higher at low frequencies (around 0.4), but significantly
higher at mid-high frequencies, reaching values of
approximately 0.6 between 800 Hz and 1800 Hz.

4.2 Measurements in Reverberation Chamber

For the reverberation chamber measurements, the results
are presented in Figure 7. It can be observed that the data
obtained for a single thickness are consistent with those
measured using the impedance tube. Similarly, the results
for the double-thickness configuration closely match those
from the impedance tube tests. This agreement indicates
that, provided equivalent samples are accurately
reproduced, both measurement methods yield comparable
results.

Figure 5. Measurement configurations inside impedance tube: (a)
a single balloon in the tube; (b) two balloons arranged in series.
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Figure 6. Normal-incidence sound absorption coefficients
measured for one and two double-layer balloon specimens
arranged in series

Figure 7. Sound absorption coefficients of the balloons inside the
reverberation chamber, single and double thickness.

5. Conclusions

Air-filled balloons are commonly used for party celebrations
and, in acoustics, as simple impulsive sources when burst for
measuring sound decay in rooms. Due to their classification
as tensioned latex membrane systems, they can serve a dual
purpose: providing acoustic correction while acting as
decorative elements. Considering this, the present study
investigates the sound absorption properties of air-inflated
latex balloons for temporary or removable installations,
particularly in contexts where permanent acoustic
treatment is not allowed. The air pressure inside the
balloons was 20 mmHg (2.7 kPa). This measurement was
obtained using a manometer derived from a medical
sphygmomanometer. Measurements were conducted
using two methods: the impedance tube for normal-
incidence sound absorption and the reverberation chamber
method, comparing reverberation times with and without
the test material. The samples consisted of balloons inflated
up to 100 mm, either as a single layer or placed within
another balloon left unsealed at its neck. The
measurements obtained using the two methods show
broadly similar trends, particularly the improvement
associated with the double-membrane configuration.
However, direct quantitative agreement should not be
expected because the impedance tube and reverberation
chamber represent different sound-incidence conditions.
From a practical standpoint, air-inflated balloons are not
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recyclable and thus cannot be considered environmentally
friendly. Based on the measured values, the performance
may be considered broadly comparable to that of a Class D
absorber. However, because the tested specimen area was
smaller than that prescribed by I1SO 354, this classification
should be regarded as indicative rather than as a formal
product rating [17]. Latex balloons are significantly cheaper
than conventional acoustic panels with similar properties.
Measurements in a reverberation chamber and
measurements performed with impedance tubes have
shown that the double-balloon configuration, i.e., one
balloon inserted inside another, increases the sound
absorption coefficient. The improvement may be attributed
to additional energy dissipation caused by friction and
relative motion between the two latex membranes. Owing
to their very low cost, such configurations could represent a
practical temporary solution for improving acoustics in
venues where permanent treatments are not feasible.
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