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specific purpose. For instance concert use refers to different types of music, like folk 
music and rock music which requires different acoustical characteristics. 

When a multipurpose hall switches from conference use to concert use, 
reflective surfaces should be replaced with sound absorptive materials. Panels with 
acoustically differing faces configured to serve different functions can be developed and 
proposed as a variable acoustic solution [4]. In this case, sound absorption 
characteristics of selected materials are determined according to the specific volume of 
interest and defined uses.  

If the volume of the space is assumed to be constant, changing sound absorption 
properties of materials may supply proper reverberation time [5]. Porous or fibrous 
materials, panel absorbers, or volume absorbers can be preferred as sound absorbent 
materials. The properties of porous materials (such as fibre length, density or material 
thickness), the air gap width behind panels and the lining separating porous material 
from the auditorium may be decisive in the characteristics of a variable acoustic system. 
If this lining is a multiple perforated panel, sound absorption performance of the system 
depends also on the properties of each perforated panel such as perforation type, 
diameter, central distance and perforation ratio 

Therefore, by modifying some or all these parameters, a range of sound 
absorption coefficients provided by one such variable system is possible. Within this 
range, perforation can be arranged according to the hall needs from functional 
differences. 

In this paper a preliminary study is carried out to assess sound absorption of 
perforated shapes that may be suitable for achieving a variable acoustic solution, for 
room acoustic design, making use of combinations of macro-perforated panels with 
different perforation rates and micro-perforated panels, porous materials and airgaps of 
varying thicknesses. With this propose an analytical model making use of the transfer 
matrix method to obtain sound absorption coefficient for normal incidence is used to 
evaluate different configurations using circular shaped perforated panels. 
 
2.  ANALYTICAL MODEL DESCRIPTION 
 

The approach used in this paper to model the sound absorption of perforated 
panels is based on the conversion of the acoustic impedance of a single hole in an 
average value corresponding to the open area of the panel. The perforated panel is 
considered as a set of short tubes of similar length to the thickness of the panel, and the 
non-perforated material is assumed to be rigid. It is also assumed that the wavelength of 
the sound that propagates is sufficiently large compared with the cross-sectional 
dimension of the tube (i.e., hole). This method includes the terms due to viscosity of air, 
radiation (from a hole in a baffle), interactions between holes and the effects of 
reactance of the cavity. 

The perforated panel is studied using the concept of the transfer matrix method 
[6], where the acoustic impedance along the normal direction of an interface of a 
material is determined using the continuity of particle velocity (on both sides of the 
interface) and knowing the acoustic properties of the medium (characteristic impedance,

acZ , and the wavenumber or propagation constant, ak ). 

Knowing the acoustic impedance it is possible to determine the sound absorption 
coefficient and then estimate its value for diffuse field. 

The arrangement of the absorber is shown in Figure 1. The system is considered 
as locally reacting, assuming the normal incidence of sound to the plane of the interface. 
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where 0  is the air density,   is the angular frequency, 0l  is the thickness of the 

perforated panel, r  is the radius of the circular hole,   is the coefficient of air 

viscosity,   is the wavelength, nJ  is the nth order of Bessel function and 

0isk      is the Stokes wave number. 

The second term on the right hand side is the end correction, which also accounts for the 
interaction between the orifices via the expression (see [7] and [8]) 
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The sound absorption coefficient for a sound incidence angle   with respect to the 
normal of the surface is given by 

  2
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where 0 0 0Z c  is the acoustic impedance of the air. 

3. PROPERTIES OF THE LAYERS COMPOSING ABSORBING SYSTEMS 
 
The panel systems analysed consist of one or two layers of perforated panels with 
circular holes with thickness, diameter of the hole and perforation rates defined in Table 
1, which are mounted over a resonating cavity whose thicknesses may vary between 0 
and 150 mm. The resonating cavity may be partially filled with a porous material, with 
the properties of the mineral wool which are also defined in Table 1.  
 

Table 1 – Properties of perforated panels and porous materials 
ID Perforated 

panels 
Thickness 

(mm) 
Diameter 
of the hole 

(mm) 

Perforation rate 
(%) 

MPA Macro-Perforated 12 8 6.4 
MPB Macro-Perforated 12 6 3.6 
MPC Macro-Perforated 12 6 64 
mP Micro-Perforated 0.8 0.5 6.4 
ID Porous material  Thickness 

(mm) 
Density 
(kg/m3) 

Flow resistivity 
Pa.s.m-2 

MW Mineral Wool 40mm 40 28377 
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4.  CONCLUSIONS 
 

 In this paper a parametric study was carried out to analyse sound absorption of 
perforated shapes that may be suitable for achieving a variable acoustic solution, for 
room acoustic design, making use of combinations of macro-perforated panels with 
different perforation rates and micro-perforated panels, porous materials and airgaps of 
varying thicknesses. From the performed analysis we may identify the following 
conclusions for definition of guidelines for future design:  

- Placing the porous material on the back of the perforated panel allows to 
increase sound absorption amplitudes; 

- When increasing the airgap thicknesses from 0mm to 150mm it is possible to 
move the peak of sound absorption to lower frequencies;  

- When assembling two macro-perforated panels of different perforations with the 
perforated panel with smaller diameter on the back, the behaviour of the system 
is similar to the macro-perforated panel with smaller diameter of the hole, placed 
on the back, but with thinness similar to the total width of the panel;  

- Micro-perforated panel lining a macro-perforated panel with low perforation 
rates displays similar behaviour to that obtained for the macro-perforated panel. 

- Inserting inside a perforated panel a second movable perforated panel lined with 
a porous material may increase the frequency range of sound absorption.  
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