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In an anechoic chamber, the flat multi-layer sound absorber is cheaper, easier to install and less 
complicated in manufacturing than conventional wedge and pyramid absorbers. Therefore, design of the 
optimum flat multi-layer absorber which has minimum thickness is desirable. In this paper, the genetic 
algorithm has been employed as an effective optimization tool to determine flat triple layer porous 
absorber. To obtain a broader range of porous materials, a combination of foam and fiber types is used. 
Theoretical and numerical method (finite element method specifically COMSOL Multi-physics version 
4.4) have been used to investigate the operation of sound absorption corresponding to the multi-layer 
structure. In the first step, mathematical model is verified and finite element method, theoretical and 
experimental results are compared together for two different samples of structures which show 
appropriate matching. Furthermore to verify the operation of programmed genetic algorithm, the results 
obtained from the optimization of flat triple layer porous absorber are compared with suitable article 
which show accuracy and efficiency of this method. The optimization results indicate that a flat triple 
layer porous structure can achieve results comparable with quality wedge type structure with overall 
thickness slightly smaller than a fifth of a wavelength at 80 Hz cut-off frequency. 
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Table 1 Properties of used porous materials [19,20] 
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1410   13 60  1 

1724  14 79  2 

2184  15 176  3 

3085  16 287  4 

3190  17 356  5 

5745  18 453  6 

6229  19 483  7 

7153  20 535  8 

11180  21 549  9 

12378  22 659  10 

13915  23 671  11 

47637  24 816   12 

1- Flow resistivity 
2- Particle velocity
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Fig. 1 schematic of three layer porous absorber mounted on 
rigid wall.  
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Fig. 2 Final mesh of the structure 
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Fig. 3 Schematic diagram of genetic algorithm 
3   

 
Fig.  4 Comparison of sound absorption coefficient that has 
been measured in impedance tube [21] and calculated with two 
methods for single layer of mineral wool 
( = 22500 Pas m , = 6cm). 
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Fig.  5 Comparison of sound absorption coefficient that has 
been achieved with FEM and calculated theoretically for triple 
layer porous absorber ( = 287 Pas m , = 24cm, =
483 Pas m , = 24cm, = 11180 Pas m , 

= 20cm). 
5 

  )= 287 Pas m  
= 24cm = 483 Pas m = 24cm 

.( = 20cm = 11180 Pas m  

 2  
 

[17] 

100 Hz   

5 -3-    

 .
[22] .

 -
 .

[8] .
80 Hz 

 .425 cm 

100 cm )
80 Hz .  (

  .
[16] 

 .

12 % [18] .
1000 Hz  

1000 Hz - 80 Hz 
 

119 
80 Hz 

100 cm  .
3  . -

77.1 cm  
 

  [23]

 .
) )  ( (

6  . 

80 Hz-1000 Hz 
4  

5 -4-   
 

  -
 :)  

 .7 ) 
cm 9– cm 0 (1 )

 .6 

cm 3cm 6  9 cm  0.1%1.4% 
3.2%  .

cm 3cm 6 9 cm 
2.3%4.6% 6.8%  .

cm 3

cm 6 9 cm  4.7%8.5% 11.3%  .
  

 
2 [17]  

Table 2 Comparison between the obtained optimization results of present genetic algorithm and the results of Ref [17] 
 

  
  

  
(Hz)    

2(Pas m ) 
  

2(Pas m )  
  

2(Pas m )  

  

(cm) 

  

(cm) 

  

(cm) 

  

(cm) 

  
[17] 

100 417  1707  6188  25.5 15.3  12.1 52.9  
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3   
Table 3 Optimization results 

       
cm  cm cm  cm  

1  3  12  20 22.6  29.8  24.7  77.1  

2  3  13  17  27.5  28.7  27.6  83.8  

3  3  11  17  36.4  15  35  86.4  

4  3  13  19  32.1 39.3  16.1  87.5  

5  3  12  18 37.4 24.7  26.5  88.6  

6  3  12  16  35.3 21.5  32  88.8  

7  8  13  20  38.9  34.9  16.8  90.6  

8  3  11  16  30.7  23.3  36.8  90.8  

9  7  13  20  39  36.9  15.3  91.2  

10  3  13  16  31.4  34.9  25.3  91.6  

11  6  13  17  38.6 31.9  21.8  92.3  

12  2  12  17  39.3  19.1  35  93.4  

13  2  11  17  38.9  20.1  35  94  

14  8  13  20  39.4  37.1  18.5  95  

15  7  10  17  33.2  32.1  30.5  95.8  

16  1  11  17  39   22.1  35  96.1  

17  6 10  17  33.9  34.2  29.5  97.6  

18  7  9  17  32.9  35  30.4  98.3  

19  6  6  17  32.4  35  32.3  99.7  

4  (%) 1 3 
Table 4 Sound pressure reflection factor (%) for structure 1 in Table 3 
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Fig. 6 Sound absorption coefficient for structure 1 in Table 3 
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Fig.  7 The effect of air gap on sound pressure reflection 
coefficient for optimum structure 1 in Table 3, (a) if the air gap  
has been located between the wall and third layer, (b) if the air 
gap has been located between the third and second layers, (c) if 
the air gap has been located between the second and first 
layers.(           without air gap,            3 cm air gap,             6 cm 
air gap,              9 cm air gap)  

7 1 
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