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where, fR  is the flow resistivity, also a ak c  and  

a a aZ c  are the free-space wave number and impedance of 

air, respectively. For materials like glass wool, Bies and 
Hansen give an empirical correlation [10], [11]: 
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where,
ap  is the apparent density of material and avd  is the 

mean fiber diameter. Lightweight glass wool of ρap=12 kg/m3 
and dav=10 μm has been used in this model as the main 
absorptive material. 

C. TL in an Absorptive Silencer  

A significant parameter for every silencer is the TL or 
sound attenuation. It is defined as the ratio between the 
incoming and the outgoing acoustic energy. The TL (given in 
dB) of the acoustic energy is [10], 
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Here, inE  and outE  mark the incoming power at the inlet and 

the outgoing power at the outlet, respectively. Each of these 
quantities can be calculated as an integral over the 
corresponding surface, 
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Satisfactory range should be above a criterion value of 10 

dB. It means that, if the amount of TL is more than 10 dB the 
performance would be acceptable [10].  

D. Boundary Conditions 

There are three boundary conditions used in this model 
[10]. At the solid boundaries, which are the outer walls of the 
expansion chamber, the model uses sound hard-wall boundary 
condition. The condition imposes that the normal velocity at 
the boundary is zero, and is described mathematically by, 
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The boundary condition at the inlet includes a combination 

of an incoming imposed plane wave and an outgoing radiating 
plane wave. Mathematically, it is formulated as, 
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In (14), 0P  represents the applied outer pressure, T is the 

boundary tangential Laplace operator. 
At the outlet boundary, the model specifies an outgoing 

radiating plane wave, 
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IV. RESULTS AND DISCUSSION 

Presented graphs, have compared TL spectrums in all 
mentioned situations. 3-D FEM calculation has been applied 
for gaining these graphs. All geometries have been analyzed in 
frequency range of interest (50 Hz-1500 Hz). 

A. Case Study 1: Consideration about Various Absorptive 
Materials with Constant Thickness for the Main Geometry 
(Rounded Rectangle) 

The performances of absorptive materials have been 
compared in Fig. 4. In this case, the thicknesses of absorptive 
materials assumed to be constant at 15 mm. Absorptive 
materials in Fig. 4 are glass wool with density of ρ=12 kg/m3 
and flow resistivity of Rf =1425 Pa.s/m2, uncompressed wood 
fiber with density of ρ=50 kg/m3 and flow resistivity of Rf 
=5000 Pa.s/m2 and a kind of spongy material with density of 
ρ=8 kg/m3 and flow resistivity of Rf =650 Pa.s/m2. The main 
geometry of the silencer has been illustrated in Figs. 1 and 2 
(e). 

As shown in Fig. 4, it is obvious that uncompressed wood 
fiber has the best performance between the proposed common 
absorptive materials. However, since the uncompressed wood 
fiber is rather dense, glass wool has been preferred in some 
cases, which being lightweight is considered as a determinant 
parameter. The frequency ranges above the criterion value 
(=10dB) are 657-1500 Hz, 939-1500 Hz, and 1234-1500 Hz 
for sponge, glass wool, and wood fiber, respectively. So, wood 
fiber has the widest frequency range between these three 
absorptive materials.  

B. Case Study 2: Consideration about Variation of 
Thicknesses of the Constant Absorptive Material for the Main 
Geometry 

Different thicknesses of an absorptive material have been 
compared in Fig. 5. In all cases the absorptive material 
assumed to be the same (glass wool of mentioned density and 
flow resistivity). Thicknesses of 5 mm, 15 mm, and 30 mm 
have been analyzed in Fig. 5. The geometry is the same as 
illustrated in Figs. 1 and 2 (e). 
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