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Abstract: Absorbent materialsit's an acoustic solution that
can be used to control the reverberation time (RT) in deferent
spaces as: conference rooms, in halls, theaters, cinema.... and
also, it can beused in walls or ceilings of buildingsto improve the
acoustic insulation Which can be used for internal separations
between spaces. This study focuses on the experimental study of
the acoustic absorption coefficient of several granular food
materials as a function of frequency 50 to 1600 Hz. All acoustic
absorption tests performed in this study are performed by an
acoustic impedance tube or Kundt tube. And to the knowledge of
the author it isthefirst timein the literature that someone studies
theacoustic behavior of thiskind of materials. Several parameters
were studied such as the effect of thickness on the sound
absorption coefficient of the materials tested, like the influence of
thegrain form on the acoustic absorption by theintroduction of a
new parameter L / D, and finally the influence of density and type
of material on the sound absorption coefficient. The objective of
thiswork isto study the influence of the grain shape on the sound
absorption coefficient, and that'swhy we have chosen thesefifteen
materials each one with its own shape. The results of these
experimental tests show that when the sample thickness rises, the
acoustic absorption coefficient rises too with a shift from
resonance frequency to low frequencies. When the L/D parameter
rises, the absorption behavior increases too in all frequencies
mentioned. Finally, asthe density of the tested material rises, the
percentage of sound absorption of the materials also rises.

Keywords: Acoustic absorption coefficient,
materials, granular pastas, impedance tube

granular

. INTRODUCTION

Noise is a physical phenomenon which generates an

embarrassing or unpleasant sensation. Although it is
measurable, his perception remains an individua and
subjective sensation.

Severa statistics and surveys done on noise al over the
world, but sadly not one is donein Morocco (according to the
author'sknowledge). Thisiswhy we are using asareference a
survey conducted in France at the request of the Ministry of
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Ecology, Sustainable Development and Energy in September
2014 [1], the results of which were announced at the 7th
National Conference on the Quality of the Noise
Environment, reveals that 82% of French people are
concerned about noise (47% are "rather" and 35% are
"completely”, a sample of 1001 people representative of the
French population aged 18 and over). Asasign that noise is
an important issue in everyday life, less than one in five
people interviewed do not pay particular attention to this type
of inconvenience. And between the main sources of this noise
according to the survey conducted we find: road traffic (37%
of mentions "first", 67% in total) and the neighbourhood
(respectively 38% and 65%). Home equipment, other types of
transport, construction sites and other commercial activities -
cited by no morethan 15% of theinterviewed - areclearly less
identified as a source of discomfort.Transport is considered to
be the main source of noise pollution (54%), followed by
behavioural noise (21%) and industrial and commercial
activities (9%). Among transport noise, it is road traffic that
disturbs the most (59% of French people). Concerning
behavioural noises, two-wheelers come in the lead with 39%
of quotes, followed by conversations or yelling in the
neighbourhood (9%), pets (9%), DIY or gardening (6%), the
volume of TV-Hifi equipment (5%) and movements in the
building (5%). Finally, among the noises related to activities,
it isthe worksites that disturb the French the most (31%), far
ahead of garbage collection (9%), industrial or craft activities
(5%), activitiesin bars, restaurants, theatres and discos (4%),
and the operation of certain individua or collective
equipment in buildings (4%).

After these statistics are completed, he beginsthe role of
acousticians and acoustic researchers, by the introduction of
new materialswhatever their absorbency or insulation. Andin
this way and in the literature, there are several works and
studies already made on deferents kind of porous materials
(Fibrous or granular), as K.H. Or [2] et a who have worked
on bulk fruit fibers, and they found that the fibres of the empty
palm fruit cluster are a very good sound absorbent and can be
an aternative to the synthetic absorber (mineral fibres). The
increase in mass or density as defined by K.H. Or [2] givesa
high absorption coefficient in high frequencies. For 10 mm
samples with 4gram fibres, the absorption coefficient can
attain 0.75 at 2500Hz. For 20 mm, the average absorption
coefficient increases to 0.9. Finally, the increase in thickness
and the application of the plenum caused a rise in the
absorption factor. at the lowest frequencies. All sound
absorption tests in K.H. Or's work [2] were done with the
acoustic impedance tube or the Kundt tube. On the other
hand, Garoum et a [3]
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worked on the measurement of the acoustic absorption
factor in anormal incidence and aso on the estimation of the
physical parameters of a granular bulk cork, for a low,
medium and high granulometry. The experimental data were
adjusted using the Johnson-Stinson model. A contribution to
the numerical estimation of granular material parameters was
studied for the Johnson-Stinson model using

Beck criteria and the Marcquardt-L evenberg non-linear
datareduction algorithm. Garoum et a [3] also show from the
sengitivity coefficient curves plotted that the optimal
thickness for parameter estimation should be between [0.06 m
and 0.08 m]. The results of the sensitivity analysis of the
parameters show that the defined parameters (z, o, 6, B1 and
B2) can be subdivided into: high sensitivity types (r, 0),
average sensitivity (B1 et $2), and low sensitivity (o). In other
sense and by integrating the effect of the propagation medium
on the sound absorption behaviour, Paul T [4] and a, studied
the influence of the temperature of the propagation medium
on the acoustic absorption factor. The effect of the high
temperature on the acoustic performance of three porous
materials was studied by using a Kundt tube and adapted to
high temperatures according to the methods of Sun et a [6]. It
has been shown that when we use a heating belt, it is possible
to maintain an approximately linear temperature tube for all
tube in temperatures up to 500°C. The acoustic properties can
then be found after measuring two different surface
impedances [7]. The data measured by Paul T [4] Are rock
and basalt wool and fibreglass, for temperaturesfrom 20° Cto
500° C. The results show that, to forecast the acoustical
characteristics of a porous materials at high temperature, it is
sufficient to determine these characteristics at room
temperature and then adjust the temperature correction, which
is appropriate for the properties of the air flow resistance of
the material during the use of Bazley Delany Forms [8]. And
in another work that worked on rice grains, Hasina Mamtaz
and Al [9] worked on the characterization of sound absorption
of a fibrous-granular composite material with cylindrical
grains. This granular composite based on coconut fibres and
cylindrical grains of rice and may be used as an acoustical
absorbent product. The sound absorption of the composite
was studied using the JCA model. Experimental studies were
done using acoustic Kundt tube to confirm the analytical
method. The results showed that at the frequency f <780 Hz,

the acoustic absorption factor of the 30 mm of the composite
was between 0=0.8 and a=0.9.

Theimpact of sample depth, fibre/grain parameter, fibre
size and binder additive were also studied. The results
indicated that an increase in sample depth, grain thickness and
binder quantity improved low-frequency sound absorption. A
gradual shift in the maximum value of the acoustic absorption
factor towards the low freguencies was observed with an
increase in the thickness of the materials.

On the other hand, and still in the experimental context
of measuring the acoustic absorption coefficient, Lamyaa
Abd AL Rahman and Al [10], haveinvestigated the acoustical
absorption and insulation properties of fibres material and
composite samples and evaluated their performance. And to
the authors' knowledge, thisisthe first article in the literature
on the acoustic characterization of luffa biomaterials. The
tests showed that the acoustic absorption val ues of asample of
the fibres tested without a matrix is high enough for even a
small sample thickness (e=12 mm). In addition, the acoustic
absorption values may rise when a fabric is coated on the
sample. And generally, severa studies have been carried out
in the direction of acoustic characterization of porous
meaterials such as[11, 12, 13].

In this work we will work on 15 kinds of materials with
different forms such away asto control the effect of the form
on the acoustic absorption factor. all materials used are food
materials uncooked granular starchy foods, pastas, and
cereals (Beans, wheat tongue of the bird, rice, lentils, cowpea,
Maize, soybean, chickpeas, pasta grains, torti pasta
vermicelli, pipe rigate, pipette rigate, Pipe doppia Rigatura).
All sound absorption tests are performed using a 10 cm
diameter acoustic impedance tube (Kundt tube). The
objective of this study is to evaluate the acoustic absorption
parameter of these several materials according to the grain
size, L/D coefficient, density and thickness of the samples,
using a Kundt tube.

[I. SAMPLESPREPARATION

Fifteen granular materials are characterized with
deferent forms and deferent densities. The table 1 shows the
dimensions of these different materials and their density, all
the values given in the table 1 are equivalent to an average of
five measurements taken.

Table- I: The different granular materials sizes, their densities and their L/D ratio.

Granular Material Grain Sizes L/eorL/D Density (Kg/m?®)
Pipe Doppia Rigatura L=20,13mm D=11,41mm 1,76 393,51
Pipette Rigate L=17,1mm D=6,51mm 2,63 450,32
Pipe Rigate L=13,37mm D=3,86mm 3,46 592,67
Vermicdli L=21,18mm D=0,8mm 26,48 336,12
Torti pasta L=18.9mm D=7.5mm 2.52 411,02
Pasta grains L=0,42mm e=0,256mm 1,64 929,47
chickpeas L=1,236mm e=0,907mm 1,36 822,33
Soybean L=0,687mm e=0,578mm 1,19 763,60
MAIZE L=0,784mm | D=0,604mm | e=0,4mm 1,96 886,00
Cowpea L=15,6mm e=7,6mm 2,05 888,53
Lentils e=2,17mm D=4,1mm 1.89 881,50
Rice L=3,01lmm e=1,01mm 2,98 876,24
tongue of the bird L=0,838mm | D=0,298mm | e=0,22mm 2,81 853,65
wheat L=0,755mm e=0,326mm 2,32 740,10
Beans L=11,88mm | D=7,22mm | e=1,08mm 1,65 797,50
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Fig. 1.Different material granulometry.

Fifteen types of materials have been examined “Fig.
2” (Beans, wheat tongue of the bird, rice, lentils, cowpea,
Maize, soybean, chickpeas, pasta grains, torti pasta
vermicelli, pipe rigate, pipette rigate, Pipe doppia Rigatura).
A set of five cylindrical samples was tested for all materials,
each one with a diameter of 10 mm. The thicknesses taken
into consideration are 20mm, 40mm, 60m, 80mm and
100mm. A total of 75 samples were tested.
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Fig. 2.Different loose granular materials.

[11. METHODOLOGY AND RESULTS.

A. Methodology

The Kundt’s tube is one of the reference tools for the
measurement of the acoustic properties of a sample in the
normal incidence. It makes it possible to evaluate the
absorption factor a of a sample over the whole range of
frequencies tested. The measurement method is based on a
particular frequency called clean cutoff frequency to each
kind of tube according to its geometry and independently of
the tested material, the propagated wave is a plane wave.
Working in normal incidence with rigid walls allows you to
situate yourself in aknown setting, for which we know how to
trandate the propagation phenomenon in a theoretical way.
The direction of propagation of the incident and reflected
waves are the same. The purpose of placing the sample on a
rigid support isto suppress the transmitted waves.

In this study, the apparatus consists of a closed rigid tube
with a circular form of 100 mm in diameter and 1200 mmin
length (Fig 3). The interior walls of the tube are the most
reflective possible. The clean cutoff frequency correspondsto
thistube sizeis 1400Hz. The signal used isa pink noise. The
sound pressure field is measured in two points in the tube,
near to the sample under the stationary wave effect. We know
the functions transfer of transmitted and reflected signals,
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therefore the absorption factor o of the sampels.
The tube is mounted in a vertical position for easy
measurement of bulk granular materials.

FE====
T 0o
(

Fig. 3.Acoustic impedance tube.

The principle of calculating the absorption coefficient is
related to the measurement of the transfer function H from 2
signals supplied by the 2 microphones mounted on the wall of
thetube. We create astationary plane wave systemin the tube
and the pressure measured on each microphone decomposed
into incident and reflected pressure. The equation used to
calculate the reflection coefficient is as follows

R — (H—e_ﬂ‘s) p2K(1+5)

efks—H

(M

With k is the number of waves, s represents the spacing of
the microphones and | is the spacing between the sample face
and the closest microphone to the material.

The determination of the reflection coefficient makes it
possible to access to the absorption coefficient a and the
surface impedance characterized by the relationships:

a=1—|R|? @)

With ¢ the speed of the sound p the density and.

The amplitude and phase response of the 2 microphones
never being exactly the same, we proceed to a calibration by
performing 2 consecutive measurements of the transfer
function between the 2 microphones in their initial position
and then inverting them. The correction factor then
corresponds to the geometric mean of these 2 transfer
functions. The transfer function measured of the material will
thus be corrected by this correction factor, which will make it
possible to overcome differences in amplitude and phase
between the 2 microphones.

B. Resultsand discussion
B-1: Influence of the thickness

In first we measured the sound absorption coefficient
for al granular materials, for each material five thicknesses
have been tested (20mm, 40mm, 60mm, 80mm and 100mm)
for the purpose of determining the influence of the thickness
on the sound absorption response whatever the kind of
meterial.

"Fig. 4" illustrates the effect of the samples thickness
on the acoustic absorption performance of the pasta grains.
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The results show that as sample thickness grows, the  resonance frequency to the lower frequencies. The maximum
acoustic absorption performance in low frequencies grows  acoustic absorption valueis0.99 in 738Hz at 100mm.
too. this increase is accompanied by a displacement of the

— Fastagrains 2 Cm
Pasta grains 4 Cm

Absorption coefficient

500 1000 1500
Fregquency (Hz)

Fig. 4.Experimental absor ption coefficient spectra of the grainsof pasta for different Thickness

The same interpretation for al other materials, that's  can be compared between different materials. For comparison
why we can generalize that the influence of the thicknessis we selected the four octave frequencies (125Hz, 250Hz,
the samefor any material whatever their nature, their formand  500Hz, 1000Hz and 1400 Hz) to plot this curve.
their density (11, 12, 13).

B-2: Influence of the material

The figure 5 represents a comparison curve between
the fifteen granular materials for a thickness of 60 mm as it
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Fig. 5. Comparison of the normal acoustic absorption factor of the fifteen kindsloose granular materials

At 125 Hz the curves seem the same with a deference  low frequencies all the materials tested are characterized by a
of 0.04 between the maximum and the minimum values of the  low sound absorption value.
sound absorption coefficient, in this case we can not make a
comparison between the materials.

The same thing for the frequency 250Hz with a
deference of 0.041 between the maximum and the minimum
values of the acoustic absorption factor this deference is not
enough to interpret the results, in this case we can say that, at
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From the frequency 500Hz we start to observe a dlight
distribution of the curves with a deference of 0.2 between the
maximum and the minimum values of the sound absorption
coefficient but it’s gtill insufficient to compare between the
materials.

At 1000 Hz it’s the ideal frequency to compare
between the fifteen curves because the distribution of values
is maximum. The table-2 indicates the acoustic absorption
values coefficient at 1000 Hz for the deferent materials tested

Innovative Technology and Exploring Engineering (IJITEE)
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inincreasing order.

Table- I1: The values of sound absor ption coefficient at

1000 Hz for the deferent materials

Materials o at 1000Hz
Torti pasta 0,3294
Vermicelli 0,3491
Pipe Doppia Rigatura 0,3802
Pipette Rigate 0,5072
Pipe Rigate 0,6504
Chickpeas 0,6640
Soybean 0,7529
Cowpea 0,7959
Beans 0,8245
Lentils 0,9021
Maize 0,9259
Wheat 0,9420
Rice 0,9441
Tongue of the bird 0,9757
Pasta grains 0,9827

We observe that the 5 materials will have aMrregular
shape (Torti pasta, Vermicelli, Pipe Doppia Rigatura, Pipette
Rigate and Pipe Rigate) are the less absorbent compared to
other materials. The Pasta grains are the most absorbing
material with an absorption coefficient of about 0.9827 at
1000 Hz. The grains of Lentils, maize, wheat, rice, and the
tongue of the brid characterizing with an absorption value
greater than 0.9 because of the approximation of their forms

According to this comparison, it can be seen that the
value of the sound absorption coefficient does not depend to
the nature of the materials used, but it depends to other
parameterslike the form, the size, the density and the physical
parameters of materials as: tortuosity, porosity and the air
flow resigtivity.

B-3: L/D Influence

The Torti pasta, Pipe Doppia Rigatura and the Pipette
Rigate are the three of the 15 materials that have the same
shape with deferents values of L and D, therefore they are the
ideal choice for determining the effect of the L / D parameter
on the acoustic absorption factor of the materials.

The L/D parameter has a strong impact on the acoustic
absorption. The “Figure 6” shows this effect for three kinds of
materials, the frequencies concerned are 125Hz, 250Hz, 500
Hz and 1000 Hz. The tests showed that when the L/D
parameter increases the absorption coefficient also increases
in al the frequencies mentioned.

The same asthe influence of the material it’s difficult to
observe the influence of the L / D ratio at the low frequencies
(125Hz-250Hz) because all absorption coefficient values in
this area are amost equal .
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Fig. 6. theeffect of theL / D parameter on the acoustic
absorption cactor for thethree materials (Pipe Doppia
Rigatura-Pipette Rigate-Pipe Rigate)

B-4: Influence of density

We have chosen five materials from the pasta family
(Vermicelli, Pipe DoppiaRigatura, Pipette Rigate, Pipe Rigate
and Pasta grains) to deduce the influence of density on the
sound absorption coefficient. Each material among thesefiveis
characterized by its own density, the vermicelli is the least
dense material (336,12 Kg/m®) and the Pasta grains are the
densest material (929,47 Kg/m3). The figure 7 represents the
relation between the density and the sound absorption
coefficient at the three frequencies (500Hz, 800Hz and
1000Hz).

For the three frequencies we have the same interpretation,
when the  density of the material increases
(336,12K g/m3->393,51K g/m3->450,32K g/m3->592,67 Kg/m*->
929,46 Kg/m®) the acoustic absorption rate of the samples aso
increases. at 500Hz (0.12->0.13->0.16->0.2=0.19) ,at 800Hz
(0.25->0.39->0.51->0.59->0.7),at 1000Hz (0.34-> 0.38-> 0.5->
0.65-> 0.98).

1

08

06

04

Absorption coefficient

02

[ A | | i1 ]
200 400 600 800 1000

Density (Kg/m3)

Fig. 7. Influence of density on the acustic absor ption
coefficient
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IV. CONCLUSION

In this study, we have measured the acoustic absorption
factor of fifteen types of granular materials of different shapes
and thicknesses (0.02m, 0.04m, 0.06m, 0.08m,and 0.1m)
divided in two groups, the first one is the pasta group
containing six different materials (vermicelli, Torti pasta,
Pipe Rigate, vermicelli, Pipette Rigate, grains pasta and the
Pipe Doppia Rigatura), The other group contains nine
deferent materials ( Rice, Chickpeas, Soybean, Cowpea,
Beans, Lentils, Tongue of the bird, Wheat and Maize). The
results show that as sampl e thicknessisincreased, the acoustic
absorption performance in low frequencies rises too. The
increasing thickness is combined with a shifting of the
resonance frequency to the low frequencies. The comparison
between the fifteen deferent materials shows that the 5
materialswill have anirregular shape (Torti pasta, Vermicelli,
Pipe Doppia Rigatura, Pipette Rigate and Pipe Rigate) are the
less absorbent compared to other materials, and The Pasta
grains are the most absorbing material with an absorption
value of about 0.9827 at 1KHz. another factor has been
introduced, is L/D ratio, the results prove that the L/D
parameter has a strong effect on the acoustic absorption. As
the L/D parameter rises, the absorption factor also rises.
Finally, theinfluence of density also considered, the results of
the density effect show that when the density of the material
risesthe acoustic absorption rate of the material risestoo. And
this increase sound absorption is logical because of the
viscous and thermal dissipation of sound waves caused to the
variationsin physical properties (porosity, tortuosity, air flow
resistivity...). And asargumentsfor all the resultsfound in our
study comes the role of acoustic modelling which links the
acoustic absorption coefficient by the physical parameters
related to the shape of porous materials.
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