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ABSTRACT

In this study, a hybrid silencer was designed to improve noise attenuation performance and fluidic
characteristics. Generally, a silencer with aligned inlet and outlet centers is filled primarily with
absorptive materials to attenuate incoming noise. However, this design results in high flow resistance,
leading to reduced efficiency in internal combustion engines. Additionally, its noise reduction performance
is significantly lower in the low-frequency range compared with the high-frequency range. To overcome
the limitations of dissipative silencers, a hybrid silencer design strategy was proposed, replacing half
of the absorptive material-filled space with a reactive silencer. The internal structure of the reactive
silencer was based on acoustic metamaterials. To optimally determine the unit cells of the acoustic
metamaterials, an acoustic shape optimization problem was formulated and solved using a generative
design technique. The optimally designed reactive silencer was fabricated, and its improved noise
attenuation performance and fluidic characteristics were experimentally validated in comparison with

an existing dissipative silencer.
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Gtep 1: Formulating the acoustic shape optimization problem )

[ Defining the objective function and constraints for unit cell design ]

Step 2: Generating various initial value sets of design variables D

[ Using Latin hypercube sampling method ]

Step 3: Solving the formulated shape optimization problem D

[ Obtaining various optimal unit cells depending on various target ]

frequency and initial value sets of the design variables
ion performance of

a meta-silencer filled with identical unit cells ]

the noise

[E"

Step 5: Determining the optimal unit cells
for an acoustic meta-silence

Generating various acoustic meta-silencers
filled with different unit cells
[ Eval

Etep 6: Validating the design results

Eep 4: Selecting candidates for optimal unit cells

the noise ion performance
of the various meta-silencers in the low frequency range

Fabricating the acoustic-meta silencer
with the final determined unit cells

Comparing the acoustic and fluidic characteristics
of the acoustic meta-silencer and absorptive silencer

Fig.1 Flow chart for optimal design of unit cells for
acoustic meta-silencer
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Fig. 3 Representative initial shapes for unit cell design

Table 1 Initial values of the design variables in Fig. 3

[unit: mm)]

Design Initial shape of unit cell
variable 1 P 3 4

Sy 267 213 188 172

5 193 170 147 74

S3 156 259 227 113

Sy 39 78 85 91

Ss 53 154 11 7

S 135 83 148 127

S 22 104 26 23

Sg 86 83 36 99

l 300 220 200 180
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Fig. 5 Cross sections of finally selected unit cells

Table 2 Dimensions of the design variables of finally
selected unit cells

[unit: mm]

Design Unit cell

variable A B C D
St 296 216 181 175
Sy 280 194 171 170
Sq 261 259 252 248
Sy 165 102 113 226
S5 53 154 126 7
Se 35 35 40 32
Sz 189 125 102 119
5 182 83 113 99
{ 300 220 200 180
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Table 3 Comparison of sound pressure levels at inlet
and outlet and NR of acoustic meta-silencer,
dissipative silencer and hybrid silencer

[unit: dB]
Sound pressure level
Silencer NR
Inlet port Outlet port
Acoqstlc meta- 832 783 5
silencer
Dissipative silencer 88.2 533 349
Hybrid silencer 101.6 62.6 39
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