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Application of improved homogenization theory in fast
prediction of acoustic coating absorption coefficient
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Abstract: This paper aims to propose an improved theory of homogenization for acoustic coatings, the
acoustic coating with periodic cavities can be considered equivalent to a uniform layer, thus improving the
computational efficiency of sound absorption. Based on the traditional homogenization theory, parameters of
equivalent density, modulus, and thickness for the acoustic coating by are derived incorporating the potential
flow theory and the Minnaert resonance scattering theory. The sound absorption coefficient of the coating is
then obtained through analytical calculation. This paper specifically addresses the effectiveness, efficiency,
and adaptability of the proposed algorithm, thus offering technical support for accurately predicting the sound
absorption coefficient of acoustic coatings within the middle and low-frequency range.
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Fig.1 Schematic diagram of acoustic coating equivalization in 3D case
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Fig.2 Schematic diagram of acoustic coating equivalization in 2D case
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Fig.3 Finite element model and algorithm validation
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Tab.2 Comparison of computational efficiency
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Fig.4 Comparison of sound absorption coefficients for different cavity shapes
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Fig.5 Comparison of sound absorption coefficients using differ-
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Fig.8 Comparison of sound absorption coefficients using different Young's moduli
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Fig.9 Comparison of sound absorption coefficients using different matrix parameters

ARSCLAAE Gt 22 T T B R, £ 4 B R SR S | Minnaert AR A BT BIEHES: 1% JH
W 25 I A 7 A B 2 SIS R IR 2% 15 2 R 451

(1) 7RSO M B30k BETE Hh AR AT ] A A M A IR P 28 0, R TR e RT3k RE R MR 2 755
TRRCR, ZRIEREE N THRAR LB BIAE | BRI & 2 R R

(2) BRI 25 0 I ) RO R 45 IS 2R 500 WP 2 JECTURONS PSR, R I 2R M s Tl R IR R
SFHAEA R, i AN, FHRECR AT .

(3) & T3 25 I B A8 B 40t BEL 28 28 ROV RE IS v 3 V090 26 2 O S AR BE o TRAR L SE Y,
SRR RO LR A AN K o SR TTAE oy BT A, A8 (B X000 R SO AT — R 52

(4) JEA A% B AS SRR B EOR, 5 A B, 1 AR ORI, 930 3 1 v,
T AR B B A1 E A B RO B BRI AN R

2 £ X H:

(1] ARAE T, BB T B By G B R (M. ¥ b ¥ 50 R H ik, 2012.
Zhu B L, Huang X C. Key technologies of submarine stealth[M]. Shanghai: Shanghai Jiao Tong University Press, 2012. (in
Chinese)

(2] X 7% . 7 7 i A B 18 K PR TR P A ORRIR P R ST (D], A v [ B R 2 HOR K2, 2008.
Zhao H G. Research on sound absorption characteristics of underwater acoustic absorbing materials based on phononic
crystal theory[D]. Changsha: National University of Defense Technology, 2008. (in Chinese)

[3] 5 wp, fariHoF, 5 ak iR T 5RO 25 R 7 35 )2 SR SRR 4B [J]. BRI 144, 2017, 21(1): 99-106.
Zhang C, He S P, Yi S Q. Modeling and performance analysis of spherical cavity sound absorption coating under static
pressure[J]. Journal of Ship Mechanics, 2017, 21(1): 99-106.(in Chinese)

[4] SNG4, DEAR AR 75 2 0 o 2 X HEAE 20 5 45 M K T JR 3 W (4 2 i [J]. v [ 8 A, 2011, 52(A01): 59-67.

Miao X H, Pang F Z. Effects of acoustic coating on underwater vibration and noise of cone-column composite structures[J].



%53 1 [IESHIS I Sl iR S vk =k V=l SR 505

Shipbuilding of China, 2011, 52(A01): 59-67. (in Chinese)

[5]1 M, £ K, 8 %5, . 5 TOR L A A R A B R AR S ORI DT A WEIE D). AR D 5, 2023, 27(3):
456-469.
Wang S B, Wang B, Fan J, et al. Research on inversion method of equivalent parameters of acoustic coating based on genetic
algorithm[J]. Journal of Ship Mechanics, 2023, 27(3): 456—469. (in Chinese)

[6] Shi K, Jin G, Liu R, et al. Underwater sound absorption performance of acoustic metamaterials with multilayered locally

O

resonant scatterers[J]. Results in Physics, 2018.
MR, B S, RN HE T COMSOL % Jia 7 2 B8 5 J22 O RE A SR IR MR R 3 1T [J]. 41k 3l 45 o, 2019, 38(12): 6.
Ye H F, Tao M, Li J J. Analysis of oblique incidence sound absorption performance of cavity acoustic coating based on
COMSOL[J]. Vibration and Impact, 2019, 38(12): 6. (in Chinese)
(8] Bk 4%, WIS, KB, 45, 9 25 I 24 8 55 2 SF S BOHE 5 W LB S (D). W 5 PR s 5, 2022, 42(6):
79-82+123.
Chen Y, Hu H H, Dong T R, et al. Study on the equivalent parameter theory and sound absorption mechanism of cavity-
containing acoustic coating[J]. Noise and Vibration Control, 2022, 42(6): 79-82+123.
[91 2% F&. 7527 1 2 S5 O RS BR80T 12 WF5E[D]. W R T I ZK T TR R 2%, 2018.
Li S. Research on inversion method of equivalent material parameters of acoustic coating[D]. Harbin: Harbin Engineering
University, 2018. (in Chinese)
[10] 5K 5 Ah, B3 SR, B — WL, 55 . 56 T % 138 JRE IR 12 A9 75 2 3 0 )2 328 B R BOTIUARIE 52 (0], MR 75 5 4R 3 42 16, 2024, 44(1):
80-85.
Zhang ] W, Hu H H, Huang Y F, et al. Study on prediction of coating acoustic transmission coefficient based on transfer
matrix method[J]. Noise and Vibration Control, 2024, 44(1): 80—85. (in Chinese)
[11] Khelif A, Adibi A. Phononic crystals: Fundamentals and applications[M]. Springer, 2015.
[12] Cai X, Wallis G B. Potential flow around a row of spheres in a circular tube[J]. Physics of Fluids A, 1992, 4(5): 904—912.
[13] Leroy V, Strybulevych A, Scanlon M G, et al. Transmission of ultrasound through a single layer of bubbles[J]. The
European Physical Journal E, 2009, 29(1): 123-130.

[14] Kobelev Y A. Scattering of a plane sound wave by spherical particles performing monopole oscillations and positioned at

[7

—

the sites of an infinite plane lattice with identical cells[J]. Acoustical Physics, 2014, 60(1): 1-10.
[15] Kessissoglou S N. Sound scattering by a lattice of resonant inclusions in a soft medium[J]. Physical Review E, 2019,
99(6aPta2).


https://doi.org/10.3969/j.issn.1006-1355.2024.01.013
https://doi.org/10.3969/j.issn.1006-1355.2024.01.013
https://doi.org/10.1134/S1063771013060092

