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Optimization of flat multi-layer sound absorber by using multi-objective genetic
algorithm for application in anechoic chamber
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In an anechoic chamber, the flat multi-layer sound absorber is cheaper, easier to install and less
Received 24 November 2015 complicated in manufacturing than conventional wedge and pyramid absorbers. Therefore, design of the
Accepted 01 January 2016 optimum flat multi-layer absorber which has minimum thickness is desirable. In this paper, the genetic

Available Online 14 February 2016 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.

,‘i‘;ﬁﬁﬁg?j;hamber Theoretical and numerical method (finite element method specifically COMSOL Multi-physics version
Porous absorber 4.4) have been used to investigate the operation of sound absorption corresponding to the multi-layer
Flat multi-layer structure structure. In the first step, mathematical model is verified and finite element method, theoretical and
Multi-objective genetic algorithm 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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2- Propagation constant

3- Characteristic impedance
4- Genetic Algorithm (GA)
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Fig. 1 schematic of three layer porous absorber mounted on
rigid wall.
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3- Specific acoustic impedance
4- Absorption coefficient
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1- Flow resistivity
2- Particle velocity
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Fig. 3 Schematic diagram of genetic algorithm
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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
(0 = 22500Pas/m? ,L = 6¢m).
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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 (o, = 287 Pas/m?, L, = 24cm, 0, =
483Pas/m?, L, = 24cm,0; = 11180Pas/m?,
L; = 20cm).
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Table 2 Comparison between the obtained optimization results of present genetic algorithm and the results of Ref [17]
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Table 3 Optimization results

St s 3 Jgux

S Cules Y Cwlxs Y Cawlxs Y Cawlxs pow &Y i pyd Y Luix Jol &Y e Sl
cm Ll CM pgus cm g cm

771 247 298 226 20 Ll 12 Cil> 303l 1
83.8 276 287 275 17 Ll 13 Lil> 303l 2
86.4 35 15 36.4 17 Cil> 11 Ll 3 Uil 3
875 16.1 393 32.1 19 Ll 13 Lil> 303l 4
88.6 26.5 247 37.4 18 il 12 il 303l 5
88.8 32 215 35.3 16 Lil> 12 Lil> 3Ll 6
90.6 16.8 34.9 38.9 20 Lil> 13 Ll 8 Lil> 7
90.8 36.8 23.3 30.7 16 Lil> 11 Ll 3 Uil 8
91.2 15.3 36.9 39 20 Lil> 13 Lil> 7 Wil 9
91.6 25.3 34.9 314 16 Lil> 13 Lil> 3 Uil 10
92.3 2138 31.9 38.6 17 Lils> 13 Lil> 6 il 1
93.4 35 19.1 39.3 17 Cils 12 Ll 2 0l 12

94 35 201 38.9 17 Cdls> 11 Cil> 2 Uil 13

95 185 37.1 39.4 20 Ll 13 Uil> 8 Lil> 14
95.8 305 321 332 17 Cils 10 Lil> 7 il 15
96.1 35 22.1 39 17 Cil> 11 Cil> 1 il 16
97.6 295 342 33.9 17 Gl 10 Lil> 6 Cil> 17
98.3 304 35 32.9 17 Gl 9Ll 7 il 18
99.7 323 35 324 17 Gl 6 il 6 il> 19

3 Jgor 1o 1l sl () (S jLad sk o 4 Jgus

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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