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Vibration reduction analysis of ship ventilation ducts
based on spiral acoustic black holes
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Abstract: This paper investigates the vibration reduction characteristics of spiral acoustic black holes
(SABH) on ventilation ducts and the damping mechanism. Compared with conventional vibration damping
methodologies, SABH possesses distinct advantages, including its lightweight nature, ease of installation, and
the capacity for low-frequency broadband vibration absorption. The finite element simulation results
demonstrate the efficacy of SABH in suppressing the vibration of ventilation ducts. Compared with the
original duct without SABH, the resonance peak of the first three orders of acceleration levels at the
monitoring point are reduced by more than 10 dB after installing SABH. Additionally, the total level of
vibration velocity at the monitoring surface decreases by 3.73 dB. The experimental results of the vibration
analysis indicate that after the implementation of SABH, the resonance peaks of the acceleration level at the
measurement point in the low-frequency band are reduced by more than 10 dB. Furthermore, the high-
frequency effects are found to be more pronounced. The study demonstrates that SABH exhibits superior low-
frequency broadband vibration damping performance for ventilation ducts, and displays effective
convergence and dissipation of wave energy within the pipe structure.
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504 AT WA 5530 455 3 11

J572.45 Wim?, %5 BE |- d5% K 45 A RO N 56.54 W/m®s 7E 1325 Hz i, SABH |- #% ke 45 #4 75 38
1178.05 W/m’, 45 8E | e KE5HI TR K 148.78 W/m®, T I, SABH HARIFHIfE =T B IERE

Kl 9 Sy WA T BCSHFEIR 7 &, 5 R 0.08 —— : : :
W SABH B KAS ML, /% SABH 2 5@ | . i @ - VD
IKUAE T8 BB S H5RE X - 7E 0~2000 Hz 45 Bt A BH 0.06 1 + VDSABH 4
S B, AE AR B N AR W R (E A B s
0068, BREE MR SABH ARy 2 0% L o7
LR RE AL HE5 T UERE R RERCPERE . & b=
2.3 SEEGISE S B
5] £ 1) SABH 7 73 KB B kAT L
PR B SL 5, SABH i FH o502 9 4 R £ TR i 7K 0 500 1000 1500 2000
BB T RE b, MRIRUT I A f M 5 R ke ez
B, 43I H AR A ¥ SABH 54 # SABH i1y B9 EXE B IR T
PSS 1 A e KL Sl RS, T Fig.9 Model loss factor of a ventilation duct structure

10(b) Ar7w, 5 XUAS TE TP a0k 11 cm, SABH i & 745 BE P2l I, B B XL <S8 1 em; P45
2 A AR RER LR [, SABH A B AEREES I A5 2 AMIl| 2 cm &b, W 10(d) s .

i

Mmmn;\u

(a) A BRI A 14 X Bk

SS—— | —

— e — i

i ———

=: fsl\lwuuﬂ ol

(e ) A B ok 245 1 X 35§
& 10 5 o7 B
Fig.10 Schematic diagram of measurement points arrangement

TE e KAL) 38 AU T8 PN i A 25 0, UL A< T8 N &5 A B O 1633 + 25 mP/h, ] LMS
SCADAS Hlt4f R 45 2 40 I 15t RE 2 (R 9 3, S50 487 18 S5 850 R AR AU 11 Bz o PRSI st Ay o sk
FE AN 12 fif 78 o 0~2000 Hz 45 BE N, & A B SABH B, I 55 1 9 LA 137.09 dB, I 25 2 19 Lyl
138.74 dB; #i & SABH Z Ji, M A5 1 B Ly~ 126.7 dB, M55 2 B9 Ly A 127.21 dB, 50 AL T 10.39 dB,
11.53 dB. il B HARIEIEARREAL 10 dB DAL, 7F 2000 Hz ZJ5 AR, i g i & FIRE . PRahst
B4 RUUE T SABH IAR SEAr SR FFIE , X8 TE AR S SR W

d) W mi2fi g



53 TR S SR A R AR 505

(b) BllREMLR

Bl el
Fig.11 Diagram of experimental field

140 - o

s

=TT T RS

g 100 £ 100
\% ‘ § 2000|
2 80 CITTRIT TN, w0 . A
= =
= =
60 | 60 |
40— VD ] 40F —vD
—— VD+SABH —— VD+SABH
20 L—s : i . : . 20 L— : ; ; : .
0 5000 10000 15000 20000 25000 0 5000 10000 15000 20000 25000
B /Hz SR/ Hz
Ca ) W1k BE 4t 4 4 (b) W2 fin e B2t 2 K
Bl 12 SegdiRshihz
Fig.12 Vibration curve of experiment
A
34

ASCHAT 1A BRITEE 05 B LA R R ) 5250, B0l T SABH X il XU T i 4R shim il v fe, 2224518
wmr:

(1) SABH A LA A3 24 iy 1 4 388 XU 3 A9 4k 20 o 38 KU G A B SABH 7 H 5 SE B 45 R R W
SABH A AR 1RSI gl b PR, BAT R4 AIsIRSCR o

(2) SABH 48 18 45y HAT AR b O RE R SR FEBLME T o A B SABH Jm (22 1487 18 (Y RE 70 A
SABH YZ5H4 P50 038 K TS5 M, A8 S T RERH 2R A B SABH Jmili XU T8 AR A I FE 1A 1
WK, SR T IR AE R AYFEHL, [RIE F N B A AR A 2 5 158

& £ X #k:

(1] XUBE, FhF AR, AT A 4 T WA [ R 5 i 20 B A% 40 10 0T 5 AR B e 201 AR 3 2+, 2001(2): 82-90.
Liu Z Z, Sun Y D, Wu Y S. Current situation and trends on the study of coupled fluid-structure vibration and sound
propagation of pipeline systems[J]. Journal of Ship Mechanics, 2001(2): 82-90. (in Chinese)

[2] #07¥, E A, g, 5L R R A VR T 0 B A 8 TR PR h 4 PR AR (00, IR 4, 2018, 174(4):


https://doi.org/10.3969/j.issn.1007-7294.2001.02.010
https://doi.org/10.3969/j.issn.1007-7294.2001.02.010
https://doi.org/10.3969/j.issn.1007-7294.2018.04.007

506 fE AR 127 55 30 5 3 40

446-453.
Xu W H, Xie W D, Gao X F, et al. Study on vortex-induced vibrations(VIV) of free spanning pipeline considering pipe-soil
interaction boundary conditions[J]. Journal of Ship Mechanics, 2018, 174(4): 446—453. (in Chinese)

B] AR, b B, WG, 55 3T 2 0 s T A9 A5 T8 B e SIS (). AR D727, 2009, 13(4): 579-586.

Yul X, Yang Y, Fu M Y, et al. Polynomial-approximation-based study on response spectrum for a pipeline span[J]. Journal
of Ship Mechanics, 2009, 13(4): 579-586. (in Chinese)

[4] Norton M P, Karczub D G. Fundamentals of noise and vibration analysis for engineers[M]. 2nd ed. Cambridge: Cambridge
University Press, 2003.

(51 % 9,2 i, B RS R A H IR Sl i 1% 18 % BE B 23 A5 nT AL T 52 (0], A0 12, 2011, 90(4): 419-426.

LiK, Li S, Zhao D Y. Visualizing vibration wave flow characteristics in plate structures by vibration intensity techniques[J].
Journal of Ship Mechanics, 2011, 90(4): 419—426. (in Chinese)

(6] XA A, =) 2 A, o A . TRV 7 R B8 R 4k 3 5 8 ko 55 W] SE MR RIS (0], IR 1 %%, 2023, 238(8): 1231-1239.
LiuJ C, Yan H S, Meng X W. Vibration and corrosion fatigue reliability analysis of submerged floating tunnel cables[J].
Journal of Ship Mechanics, 2023, 238(8): 1231-1239. (in Chinese)

(7] W U0, SRR, £ e, S R A BRI k5 R (0] BeAad 4, 2022, 67(12): 1203-1213.

Gan N S, Zhang Z C, Wang Q, et al. Progress and applications of acoustic black holes[J]. Chinese Science Bulletin, 2022,
67(12): 1203-1213. (in Chinese)

[8] Pekeris C L. Theory of propagation of sound in a half-space of variable sound velocity under conditions of formation of a
shadow zone[J]. Journal of the Acoustical Society of America, 1946, 18(2): 295-315.

[9] Mironov M A. Propagation of a flexural wave in a plate whose thickness decreases smoothly to zero in a finite interval[J].
Soviet Physics Acoustics, 1988, 134: 318-319.

[10] Krylov V V. On the velocities of localized modes in immersed solid wedges[J]. The Journal of the Acoustical Society of

America, 1998, 103: 767-770.

[11] Krylov V V. New type of vibration dampers utilising the effect of acoustic 'black holes'[J]. Acta Acustica united with
Acustica, 2004, 90(5): 830-837.

[12] Krylov V V, Winward R. Experimental investigation of the acoustic black hole effect for flexural waves in tapered plates[J].
Journal of Sound and Vibration, 2007, 300(1-2): 43-49.

[13] Tang L L, Cheng L. Enhanced acoustic black hole effect in beams with a modified thickness profile and extended
platform[J]. Journal of Sound and Vibration, 2017, 391: 116-126.

[14] Lee J Y, Jeon W. Vibration damping using a spiral acoustic black hole[J]. The Journal of the Acoustical Society of America,
2017, 141: 1437-1445.

[15] Ma L, Zhou T, Cheng L. Acoustic black hole effects in thin-walled structures: Realization and mechanisms[J]. Journal of
Sound and Vibration, 2022, 525: 116785.

[16] Zhou T, Tang L L, Ji H L, et al. Dynamic and static properties of double-layered compound acoustic black hole
structures[J]. International Journal of Applied Mechanics, 2017, 9(5): 1750074.

[17] Bu Y, Tang Y, Ding Q. Novel vibration self-suppression of periodic pipes conveying fluid based on acoustic black hole
effect[J]. Journal of Sound and Vibration, 2023, 567: 118077.

[18] Deng J, Chen X, Yang Y, et al. Periodic additive acoustic black holes to absorb vibrations from plates[J]. International
Journal of Mechanical Sciences, 2024, 267: 108990.

[19] MRS, B ELSC, s o, A, 7 2 R A A 5 R Y 7 IR AR PR 2 BT (0] I 03 2%, 2024, 245(3): 442-449.

Wen H B, Huang H W, Shi Z Q, et al. Acoustic and vibration characteristics analysis of acoustic black hole stiffened plate
structures[J]. Journal of Ship Mechanics, 2024, 245(3): 442—449. (in Chinese)

[20] BABRFE, 22 T, Mok K. 35 IR 4R 2% 0 A RUE IR 35 1 AR ], 712422 4%, 2023, 55(11): 2636-2646.

Zhao X Y, Wu W G, Lin Y S. Low-frequency vibration reduction design and application of waveguide absorber[J]. Chinese
Journal of Theoretical and Applied Mechanics, 2023, 55(11): 2636-2646. (in Chinese)

[21] ERFHE, MoKk, XIS T57, A5 5 T 080E 75 2 JR IR (4 B Tl 81 AT 7 0 45 AR 47 023047 (01, v AR AR AIF 52 , 2024 1-10.
Wang W H, Lin Y S, Liu HY, et al. Investigation on vibration reduction performance of spiral acoustic black hole for ring-
stiffened cylindrical shell[J]. Journal of Ship Research, 2024: 1-10. (in Chinese)

[22] Park S, Lee J Y, Jeon W. Vibration damping of plates using waveguide absorbers based on spiral acoustic black holes[J].
Journal of Sound and Vibration, 2022, 521: 116685.


https://doi.org/10.3969/j.issn.1007-7294.2018.04.007
https://doi.org/10.3969/j.issn.1007-7294.2011.04.014
https://doi.org/10.3969/j.issn.1007-7294.2011.04.014
https://doi.org/10.1360/TB-2021-0439
https://doi.org/10.1360/TB-2021-0439
https://doi.org/10.1121/1.1916366
https://doi.org/10.1121/1.421240
https://doi.org/10.1121/1.421240
https://doi.org/10.1016/j.jsv.2006.07.035
https://doi.org/10.1016/j.jsv.2016.11.010
https://doi.org/10.1121/1.4976687
https://doi.org/10.1142/S1758825117500740

	0 引　言
	1 螺旋声学黑洞模型及方法验证
	1.1 结构模型
	1.2 计算模型
	1.3 数值模拟方法验证

	2 SABH安装前后通风管道系统振动性能比较及分析
	2.1 谐响应分析
	2.2 减振机理
	2.3 实验验证

	3 结　论
	参考文献

