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for HVAC Ducts of Ships

FERQ-QAR AN F D] F
2T A9 8P F A"
Bonheon Ku', Sejung Won", Byeongmin Kang ', Ilbae Ham"", Jonghak Lee™"
Heungtae Kim™~, Hee-Chang Lim’ and Chinsuk Hong'

(Received October 1, 2025 ; Revised October 28, 2025 ; Accepted December 14, 2025)

=71 =

Key Words : 255> 3™ 7] (Helmholtz Resonator), WIEFI A Meta-atom), < 3F2}o] 1 (Acoustic Liner), A&

%) (Transmission Loss)

ABSTRACT

Fan noise generated within shipboard heating, ventilation, and air conditioning (HVAC) ducts exhibit
dominant narrowband low-frequency components, which are challenging to mitigate using conventional
absorptive materials. This study proposes a metamaterial acoustic liner composed of Helmholtz resonator-based
meta-atoms, each precisely tuned to target key tonal frequencies commonly found in fan noise (115 Hz,
230 Hz, 345 Hz, and 460 Hz). The meta-atoms were arranged into an array structure, and their acoustic
performance was evaluated using finite element analysis. The results demonstrated notable transmission
loss improvements, with each resonance achieving more than 10 dB of attenuation over an effective
control bandwidth of approximately 16 Hz at 115 Hz, 32 Hz at 230 Hz, 56 Hz at 345 Hz, and 35 Hz at
460 Hz. A peak transmission loss of nearly 90 dB was observed at 115 Hz. These results indicate that
the proposed metamaterial liner offers both selective attenuation of tonal low-frequency noise and broader

bandwidth control, making it a promising solution for noise reduction in ship HVAC systems.
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(a) Schematic configuration

(b) Finite element analysis model

Fig. 1 Helmholtz resonator-based meta-atom
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Fig. 2 Concept of wave decomposition in the duct model for finite element analysis
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Fig. 3 Three-dimensional finite element model of the duct with sound source and microphone positions for evalu-

ating meta-atom and liner performance

(a) Single meta-atom tuned to 115 Hz

(b) Four meta-atom array tuned to
115 Hz, 230 Hz, 345 Hz, and 460 Hz

Fig. 4 Finite element analysis models for acoustic performance evaluation
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Fig. 5 Transmission loss characteristics of single meta-atoms tuned to the target frequencies of 115 Hz, 230 Hz,
345 Hz and 460 Hz
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Fig. 8 Multiple array structure (10-unit metamaterial
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Table 1 Configuration of the multiple array structure

L [m] D [m] a [m] b [m] h [m] V [m’] Frequency [Hz]
1 0.005 0.002 0.6 0.6 0.3 0.108 116
2 0.005 0.002 0.3 0.3 0.3 0.027 232
3 0.005 0.00111 0.3 0.3 0.3 0.027 130
4 0.005 0.00295 0.3 0.3 0.3 0.027 320
5 0.005 0.001 0.015 0.015 0.3 0.0000675 244
6 0.005 0.00216 0.015 0.015 0.3 0.0000675 490
7 0.005 0.002 0.015 0.015 0.3 0.0000675 462
8 0.005 0.0016 0.015 0.015 0.3 0.0000675 377
9 0.005 0.00211 0.015 0.3 0.3 0.00135 340
10 0.005 0.00226 0.015 0.3 0.3 0.00135 360

(a) Overall 3D configuration

(b) 3D configuration of a single surface
with 20 units

Fig. 9 Multiple array structure (80-unit metamaterial acoustic liner)
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Fig. 10 Transmission loss of the 80-unit meta-atom array
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