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Abstract

In this paper, the thin-film acoustic metamaterial is applied to the muffler. By using its unique
sound absorption performance, the sound absorption characteristics of the acoustic metamaterial

MES|H: KDL, PERIE, SRk, EIZEA. TR LR N I A SR AR R T PR R ). S EE, 2024,
14(7): 560-570. DOI: 10.12677/app.2024.147060


https://www.hanspub.org/journal/app
https://doi.org/10.12677/app.2024.147060
https://doi.org/10.12677/app.2024.147060
https://www.hanspub.org/

kA &%

are transformed into the characteristics of calculating the transmission loss of the muffler. By in-
troducing the acoustic siphon effect, the silencing effect of the muffler is effectively improved, and
a better acoustic performance is achieved. A thin film sound-absorbing muffler with simple struc-
ture, small size and low and broadband noise control in pipeline acoustics is obtained. Based on
the introduction of cell expansion into the acoustic siphon effect, the silencing effect of the muffler
is improved. The results show that when the cell is expanded into two unit structures, the trans-
mission loss of the muffler is improved, and four transmission loss peaks are obtained. The max-
imum transmission loss peak is 18 dB, which provides a new optimization idea for improving the
silencing effect of the muffler.
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Figure 1. Muffler structure diagram. (a) Unit cell structure diagram; (b) double unit structure diagram; (c) structure diagram
of thin film metamaterials

1. HERESHE. () BHAEHE; (b) WETLHEME; () FRBMRILEHE

VAT 75 25 1) P AR AR IR R FH = AN S 4 A2 (Insertion Loss, L), %3645 2% (Transmission
Loss, TL) LA K % 7 (Noise Reduction, NR). X =ANSHLETRATTRH 75 28 75 SR BEIVEM A T B AL AR 1E
[8]-[10], R—FMERMIITIE. LI HEASHNIRrE, TATIERE T A28 JAE PPN RS 75 25 75 24 1%
RERIARAE, DS B T AR R R L RB A 20 0 fse L JEE ¥ 75 88 1) 7 22 M R

HAEBALL AR AR m\

Wi

~— Wr Wi

Figure 2. Definition of transmission loss of muffler
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Figure 3. Transmission loss of single cell muffler
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Figure 4. Sound pressure level cloud diagram of unit cell structure
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Figure 5. Vibration displacement diagram of unit cell structure
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Figure 6. Transmission loss under different mass block thickness
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Figure 7. Transmission loss under different film tensions
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Figure 8. Transmission loss at different back cavity depths
8. NEIEIZRE THERMIRK

20

18

16

14

12

10

fEHmAi sk (dBD

Figure 9. Comparison of transmission loss between double-cell structure and single-cell structure

1000

—— H
—— XHETT

PR [ S S ST SR [N S SR SR S [ SR S

200

400 600 800

. (Hz)

E 9. WEATEMEMIAALS BREEmRAI

1000

RERTT 1, R T RIS, PR S T e MR, TS P A A R R

AT T RE T

A EAT R TIPSR T RS AR a0 11 foR, ERXVUMIRESIES T, RaiEhfEsot 1
JEErb, PR IR RN, TS R A SN GR R IAIR Bl A R A R A i 52 B RO (4 A A
ARCRKIALRS, ARETRIA BT 1 BRI, Dl A AR, A I AR A R B, T A A

ARAT A T RO

DOI: 10.12677/app.2024.147060

568

IAREE7/EL


https://doi.org/10.12677/app.2024.147060

kA &%

freq(29)=380 Hz RE: SFEER (dB)

f=380 Hz

freq(78)=870 Hz =RE: SFEER (dB)

=870 Hz

freq(46)=550 Hz

freq(91)=1000 Hz

RE: DFEER (dB)

f=550 Hz

RE: SFEER (dB)

f=1000 Hz

Figure 10. Sound pressure level cloud diagram of double unit structure
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Figure 11. Vibration displacement cloud diagram of double unit structure
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