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A study on the acoustic performance of an absorptive silencer

SkM L

ds 3+t

gt 583 A80\0| 88

applying the optimal arrangement of absorbing materials

Z=5" ok

USH, Uslid? M2

(Dongheon Kang,'! Haesang Yang,®" and Woojae Seong')

'METHEtm A MBSk, HETsm AR St}
(Received March 12, 2024; revised May 13, 2024; accepted May 22, 2024)

£ B BERdEE3Y 4971 PSS T S S A 418 HAslalg 487
o] a2 FIREAR ThErS}g o, Rk A2 AN Hlo) et 7N A 2R 9L AMY
o S B3 2871004 ol A hpEhy 209 Bol e RS ALgstgl o, Wie] 3717k Bt

o] Biot-Allard 28 285151tk 2 kHz ) 7] A Fa14: 98 HAste] S-SA7 gE0 =2
o 23R ong:g_zL }dx]iﬂ_ solatolon], Zaloet B2 ufeho & T ul ]_4% zo
3 Nelder-Mead B8 283} AL7| Y o}= &

e st W 559 Lo ok i S ] SR A et
HNBO: FY 427, S FoA, MYt

ABSTRACT: In this paper, the acoustic performance of an absorptive silencer was enhanced by optimizing an

arrangement of multi-layered absorbing materials. The acoustic performance of the silencer was evaluated
through transmission loss, and finite element method-based numerical analysis program was employed to
calculate the transmission loss. Polyurethane, a porous elastic material frequently used in absorptive silencers, was
employed as the absorbing material. The Biot-Allard model was applied, assuming that air is filled inside the
polyurethane. By setting the frequency range of interest up to the 2 kHz and the acoustic performance affecting
properties of the absorbing materials were investigated when it was composed as a single layer. And the acoustic
performance of the silencers with the single and multi-layered absorbing materials was compared with each other
based on polyurethane material properties. Subsequently, the arrangement of the absorbing materials was
optimized by applying the Nelder-Mead method. The results demonstrated that the average transmission loss
improved compared to the single-layered absorptive silencer.
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Fig. 1. 2D Axisymmetric model of absorptive silencer.

Table 1. Polyurethane properties.

Polyurethane
Type
A B C D E
Density [kg/m’] 652 | 770 | 828 | 915 | 992
Shear Modulus [MPa] | 1.15 | 1.85 | 2.84 | 3.51 6
Loss factor 0.1 | 0.1 | 0.1 |0.09|0.09
Poisson’s ratio 0.4
Porosity 0.5
Flow resistivity [kPa-s/m?] 1,000
Viscous characteristic 20
length [Lm]
Thermal characteristic 20
length [Lm]
Tortuosity L5

Table 2. Steel & Rubber properties.

Type Steel Rubber
Density [kg/m’] 7,850 1,230
Young’s Modulus [MPa] 210 % 10° 10.56
Poisson’s ratio 0.3 0.45
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Fig. 2. Transmission loss according to changes in material properties. (a) Flow resistivity, (b) Porosity. (c) Density.
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Fig. 8. Transmission loss of 3—layer absorptive

silencer (Objective function 1),

Table 3. Optimization result of 3—layer absorptive
silencer (Objective function 1).
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Fig. 9. Transmission loss of 3—layer absorptive

silencer (Objective function 2).

Table 4. Optimization result of 3—layer absorptive
silencer (Objective function 2),

Objective | Random arrangement
Case .
function 1 ) (i)
Arrangement AAD ACE ECE
Avg. TL [dB] 25.91 23.19 16.95
Increased TL [dB] | 2.72 ~8.96 - -
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Objective | Random arrangement
Case .
function 2 () (ii)
Arrangement AAC ACE ECE
Avg. TL [dB] 24.80 23.19 16.95
Increased TL [dB] 1.61~7.85 - -
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Fig. 10. Transmission loss of 5—layer absorptive

silencer (Objective function 1).

Table 5. Optimization result of 5—layer absorptive
silencer (Objective function 1).

Objective | Random arrangement
Case .
function 1 0 (i)
Arrangement ABBCC ABCDE | EDCDE
Avg. TL [dB] 25.32 23.13 17.33
Increased TL [dB] | 2.19~7.99 - -
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Table 6. Optimization result of 5—layer absorptive
silencer (Objective function 2),

Objective | Random arrangement
Case .
function 2 @ @ii)
Arrangement ABDCB ABCDE EDCDE
Avg. TL [dB] 23.93 23.13 17.33
Increased TL [dB] 0.8~6.6 - -
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