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Design and Performance Test of Silencers with Ring-shaped Resonators
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ABSTRACT

In this study, ring-shaped acoustic resonators were proposed to be installed in a silencer to in-

crease the acoustic performance of silencer in the low-frequency range. Evaluation of noise reduction

performance of acoustic resonator arrays was carried out by measuring the random-incidence absorp-

tion coefficient. It was found that the absorption coefficient of resonator array was measured up to 1

at 125 Hz of 1/3-octave band center frequency. Insertion losses of silencers with ring-shaped acoustic

resonator arrays were measured based on ISO 7235. The results were shown that the ring-shaped

resonator could increase the insertion loss up to 13 dB without flow, whereas 7 dB when flow speed

reached 15 m/s. As increasing the flow speed above 15 m/s, the effect of acoustic resonator decreased

due to the effect of nonlinear air damping of the resonator. It was also found that the increment of

pressure drop by the presence of resonator arrays was about 9 % at flow speed of 25 m/s.
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Fig. 1 Conceptual design of silencers with ring-shap-
ed resonator arrays
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Table 1 Design specifications of ring-shaped reso-
nator arrays

Depth of ring-shaped
90

resonator array (mm)
Outer diameter of ring-shaped

828
resonator array (mm)
Inner diameter of ring-shaped

400
resonator array (mm)
Inner diameter of neck (mm) 10
No. of resonator hole 4
Neck length of resonator (mm) | 25 20 15 10
Resonance frequency (Hz) 114 | 122 | 130 | 140

n

0.8

0.0

Normal incidence absorption coefficient, o,

60 80 100 120 140 160 180 200
Frequency [Hz]

Fig. 2 Prediction of normal absorption coefficient for
ring-shaped resonator arrays
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Fig. 3 Drawings of ring-shaped resonator array



o

d s77E AxE asr] A B e A

frequency)t= ¥97] AU F5E 4 WO
olgstion, ¥H7] & AEFS 10mm, &8I
& T T mole)e] M= 47, T Hof Aol
= 10, 15, 20, 25 mm= 3} 140, 130, 122, 114 Hz
oA Aol FAYAL FEES 2SStk

Fig.2& @9 T3 <(narrow band frequency)
of A sixe ¥y FAUA FSEDS Yeh)
3 =4, 114 Hz~141 Hz 3= o)A 0.9 o]
A

g FLES e 9es & 5 ek

298 TW) NRRY Fg3n 2ol )
Wae AASGE, 3W)E BYoR AAHY
36 FoR 1079 4ue ALk SuaAY
F371e] 9ol @gow JAE ¥ A9 AL
B ALgtel 20709 FHI7E AR, FHA
g 3919 ASeE §37] 2ol AA%} 227

__ P
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using reverberation room method)
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Fig. 6 Proposed silencer shapes for comparisons of
insertion loss
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Fig. 7 Insertion loss test for silencer with ring-shap-
ed resonator

Fig. 8 Ring-shaped resonator installed in test silencer

Table 2 Combinations of silencer types for compar-
isons of resonator effect

Case no.|Resonator effect Notes

Side-located resonator effect

Case 1 of baffled silencer

Type 1-Type 3

Side-located resonator effect
of absorptive silencer
with center-located resonator

Case 2 | Type 2-Type 5

Side-located resonator effect

Case 3 of absorptive silencer

Type 7-Type 4

Center-located resonator effect
of absorptive silencer
with side-located resonator(I)

Case 4 | Type 2-Type 6

Center-located resonator effect
of absorptive silencer
with side-located resonator(II)

Case 5 | Type 2-Type 7

Center-located resonator effect

Case 6 of absorptive silencer

Type 5-Type 4

Side-located resonator and
center-located resonator effects
of absorptive silencer

Type 2-Type 4
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Fig. 9 Comparisons of measured insertion loss varying with flow speed
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