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The paper presents the variation of the sound absorption coefficient in case of materials and structures 
realised in Romania. In order to characterize the materials the Kundt’s tube method with excitation in 
1/3 octave frequency bands has been used. The traced curves put into evidence the effect of the sound 
absorption in case of frequencies higher than 250 Hz and reduced results in case of low frequencies. 
The traced curve family assures the selection of the most efficient acoustic solution. 

 
 
 
 
1. INTRODUCTION 
 

In order to evaluate the characteristics of 
sound absorbent structures a parametric 
instrumental method of transmission and acoustic 
wave reflection have been used with the purpose of 
estimating the sound absorption degree. Aiming 
this, the parameters of the acoustic pressure and 
the incident, reflected and transmitted acoustic 
energy flux will be determined. 

Basing on experimental determinations 
carried out by means of Kundt’s tube for a great 
number of tests, the variation curves for the 
absorption coefficient in respect to the generated 
acoustic signal frequency have been drawn. 
In this case, materials as well as structures could be 
assessed by taking into account the noise reduction 
efficiency by means of absorption. 
 
2. THE ANALYSIS OF ESSENTIAL 
PARAMETERS 
 

The expression for the reflection coefficient 
in case of normal incidence, where we note with            
Z = ρc the impedance of the material and with                
Z0 = ρ0 c0 the impedance of the air, can be defined 
as: 
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where rp  and ip  are the amplitudes of the 
incident wave pressure, respectively the reflected 
wave pressure (represented in the complex form). 

We state that the instantaneous expressions 
of the two pressures are: 
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Taking into account the relation (1), we 

have: 
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where φi and φr are the phase differences 
corresponding to the incident and reflected wave. 

Using relations (1) and (4) one can obtain 
the following relation: 
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where ir ϕ−ϕ=Δ , 
0Z

Zz =  and 1−=j . 

The pressure of the transmitted wave 
through the material is: 
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where ttt jpp ϕ= exp . 
The wave transmission coefficient is given 

by the following relation: 
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where 
0Z

Zz =  and itD ϕ−ϕ= . 

By taking into consideration the sound 

power S
c
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, where S is the area, the 

specific parameters of reflection, transmission and 
absorption can be defined: 
 
a) the sound power reflection coefficient Rρ  as 

the ratio between the reflected sound power 
and the incident sound power, thus: 
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b) the sound power transmission coefficient Tτ  

as the ratio between the transmitted sound 
power and the incident sound power, thus: 
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or 
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and thus we have 1=τ+ρ TR . 
 
c) the sound power (energy) absorption 

coefficient α  as the ratio between 
ri WWW −=Δ  and iW , thus: 
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The porous materials must have open small 
pores and communicating between them. In this 
way, the air circulation effect in porous spaces 
leads to energetic dissipation intensification under 
adiabatic regime. The porous material behaviour 
under acoustic waves incidence put into evidence 
existence of dissipation internal forces with 
viscous character and proportional to the velocity. 
Thus, the internal viscous force specific to the 
interaction between the air under acoustic pressure 
and the porous spaces for its circulation is 
expressed by relation bvFv = , where b is the 
viscous damping coefficient and v is the air 
velocity inside porous spaces equal to the acoustic 
wave propagation velocity. The expression of b is 
given by Poisseuille relation, of the form: 
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with ρ is the air density, ν – the kinematical 
viscosity, a – the average diameter of the interior 
pores. 

On the basis of air motion equation inside 
material pores under the acoustic waves action, 
finally the absorption coefficient relation is 
obtained. Thus, it results in: 

 

χνω=α
ac
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where c is the propagation velocity for the acoustic 
wave, κ – the absorption coefficient, χ – the 
adiabatic coefficient, ω – the acoustic wave 
pulsation. 

From relation (16), for certain given 
geometrical and physical characteristics, the 
acoustic absorption coefficient increases with 
sound frequency f ( fπ=ω 2 ). So the porous 
materials efficiency is higher for noise absorption 
characterised by a high-frequency spectrum. 
 
3. EXPERIMENTAL DETERMINATIONS 
 

 Figure 1 illustrates schematically the 
testing method using Kundt’s tube and Brüel & 
Kjær equipment. 
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Figure 1. The scheme used for the testing method 
 

Using Kundt’s tube the absorption 
coefficients have been determined for frequency 
bands of incident sound in the range 100 … 3150 
Hz. Thus, simple porous materials having a 

thickness appropriate to a single layer as well as 
structures consisting of many material layers have 
been subjected to tests. Table 1 presents values (in 
percent) of the coefficient α for the following 
materials: porous textile material “Intersin” having 
the thickness of 6 mm, noted 1; latex plate 13 mm 
thick, denoted 2; rigid plate consisting on textile 
waste “Tefo” 13 mm thick, noted 3; synthetic 
leather glued on textile support “Neterom” 13 mm 
thick, noted 4.  
 Figure 2 illustrates a sound absorbent 
structure consisting on more layers of porous 
textile material. For the structure with four layers, 
the absorption efficiency increases even for 
frequency values in the interval 250 … 630 Hz. 

 

 
Table 1. Values (in percent) of the coefficient α for f in the range 100 ... 3150 Hz 
                  f, Hz 

material  
100 

 
125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150

1 5 4 4 12 3 14 5 6 5 11 10 44 24 31 42 60 
2 4 4 4 8 8 17 14 20 16 25 44 80 82 46 70 85 
3 5 5 7 5 5 10 7 10 11 11 20 38 40 41 51 82 
4 4 8 15 17 18 15 13 11 16 21 19 21 80 65 90 91 

 
 

Figure 2. A sound absorbent structure consisting on more layers of porous textile material 
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4. CONCLUSIONS 
 
 Analysing the experimental results we can 
conclude the following: 
a) for simple materials, the acoustic absorption 

coefficient has low values, approx 20% for 
frequencies in the range 0 … 500 Hz and high 
values for frequencies between 1000 and             
2000 Hz.; 

b) for sound absorbent structures consisting on 
simple materials in more layers have values of 
about 50% for α in case of low frequencies             
(0 … 500 Hz) and high values of about 91% 
for high frequencies (500 … 3150 Hz). 

 The traced curve family assures the selection 
of the most efficient acoustic solution. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
REFERENCES 
 
[1] P. Bratu - Internal Acoustics, Impuls Publishing House. 
Bucharest 2002.  
[2] R.H. Lopez - Acoustics Engineering, Paraninfo Editorial, 
Madrid 1995. 
[3] R. Ohayon, C. Soize - Structural Acoustics and Vibration, 
Academic Press, San Diego 1998. 
[4] A.F. Seybert, D.F. Ross, “Experimental determination of 
acoustic properties using a two-microphone random-excitation 
technique”, Journal of the Acoustical Society of America, vol. 
61, no. 5, pp. 1362-1370, 1977. 
[5] ISO 10534-2: Acoustics – Determination of sound 
absorption coefficient and impedance in impedance tubes – 
Part 2: Transfer-function method. 
[6] ASTM E1050: Standard test method for impedance and 
absorption of acoustical materials using a tube, two 
microphones, and a digital frequency analysis system.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


