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Acoustic scattering characteristics of ribbed cylindrical
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Abstract: Applying an acoustic coating to the hull effectively reduces target strength while reducing both
mechanical and hydrodynamic noise. In this study, a finite ribbed cylindrical shell is studied based on the
modal superposition method. A computational model is developed to predict the acoustic scattering of a finite
ribbed cylindrical shell with multilayer gradient acoustic coating in an infinite ideal fluid. The influence of
characteristic impedance parameters—such as sound speed and density—on the scattering form function is
examined, and an optimized impedance distribution for the multilayer gradient acoustic coating is proposed to
suppress scattering across different frequency bands. In addition, the effects of frequency-dependent
characteristic impedance of embedded-cavity acoustic coatings and stiffeners of cylindrical shells on the
scattering form function are investigated. Results show that multilayer gradient acoustic coating with

characteristic impedance gradually increasing from the inner to the outer surface can effectively reduce the
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scattering form function in lower frequency ranges. Furthermore, frequency-dependent acoustic coatings
frequencies above 500 Hz.

5530 45 5 ]
result in broadband scattering control from low to high frequencies, and applying an optimized layered
coating to the rib-stiffened cylindrical shell yields a substantial reduction in its scattering form function for
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Fig.1 Schematic diagram of a finite stiffened cylindrical shell covered with multilayer gradient acoustic coatings
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Fig.3 Acoustic scattering model of finite cylindrical shell (COMSOL)
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Fig.8 Influence of acoustic parameters of uniform acoustic coatings on the scattering form functions of the cylindrical shell
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Tab.3 Calculation parameters of the multilayer gradient acoustic coating
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Fig.9 Typical modal displacement amplitude on the outer surface of uniform and multilayer gradient acoustic coatings
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Fig.10 Effect of multilayer gradient acoustic coatings on the total scattering form functions of the cylindrical shell
33 HENS=EESENARKEFESTFRSHHE

55 3.1 RIS 3.2 WA IR 14 5 5 P A 5 2 A R LT g R, AR R N A
2, TR R BEHE S R BT R B R . B BISEBRE A 1R — B S fLIRE S AR A i,
PRSP SARMISE (LB 1D, B 11 R a8 I 5 2 0 S8 BE 2R Mp. = p(1 - at/1,),
Hoia =nd/4a®; 3 55 )2 09 55 007 8 e 5 25 OB kA K, ke AT RN K, = Kokt (kt = (t = 1)Ko), Fo P
Ko = k(1 —a)(1 + ax/u(l —w?/Q2)) ", kKB 35 )2 RRH A FOB i, o BT U0, Q) R 25 i i FL 3R AR
H PN 8 23 TR 2 ) S A0 B 5 7R R AT, SR3OS R AN R 2 IR 2 L RO KA I/ 5 &R
BEA A R TGN, TSR0 B AN RN A3 o Oy ok e 2 i 2 R e IR S T 25 R R AR,
— P R R E | PR BEIR A A A R . LAOCHR[41-42] 45 i PDMS R SRPERREA 1, 7E
RS R R IS 7 25 )2 B R 850 kg/m”, Bl ey, = 0.85, 78 35 2 75 HUUAEW o, - a, = 0.3 — LOKISS
T, AR AT ARG AN . Cased. 1 S3651) 75 S BEAT R A MRS i1, Cased.2 i Cased.3 T4l 1 43



55 5 1 AT 5 BRI Z M R 5 R AT BRI A - 837

FUA =K R E e, o ar f2,ay > OFll s o as f2, a5 < OBESRFRAZAL (ULIE 12) o 2 S HO A B A S 5B
AREILIE 13(a) o 7558 55 )2 Cased.2 55 1 75 80 LA VK R 5 il AT 5 38 in H 2 500k 1, 7
300~2000 Hz 451551 [l N, BEA% IH 0 FEARELSIE 285 pR L, Hor 300 Hz BHIERE{IRZY 1.5 dB, 500 Hz 2472
5dB, 1000 Hz /=45 A] 3% 13 dB, 1500 Hz LA WA 7~10 dB, AU T Cased.1 Fil Cased.3 BAIHIBCR, H.
AR R (IR e

-
Water 2000
; « T_g
£ 1500 |
s
= E 1000 | ]
S
T i W
\\
ﬁ& 500 —— Cased.1, C1 A
42 —— Cased.2,C2
e —— Case4.3,C3
DY B B == D P
0 . . .
0 500 1000 1500 2000
HL, EHL, f/Hz

)

Pl 12 )RR A SRR A R T A

P11 SR s s R R B R S

Fig.11 Schematic diagram of a viscoelastic coating layer with Fig.12 Schematic diagram of acoustic parameters of uniform

embedded cavities acoustic coatings varying with frequency

SR U
30 - : 30 : :
20 : 201
/m /m
3 i =
§ 10 1 ;% 10 }
% ! ¥
2 l 2
ol — KR ol ]
—— Case4.1,C1 —— Case4.1,C1
—— Case4.2, C2 —— Case4.2,C2
—— Case4.3,C3 —— Case4.3,C3
=10 . . . -10 . . . .
0 500 1000 1500 2000 0 100 200 300 400 500
JSMHz f/Hz
(a) W5 HERE
JuN: i) SEUR
: 30 T :
20
8 ‘
g I %
b2 i :g 10}
= ! 4
| =Y
N . ol
—— Cased.2-¥95) )2 —— Cased.2-¥J5))2
— Case4 4-75HBEEE 100 — Case4.4-75 HARE 100
—— Cased.5-F AR 150 —— Cased.5-FHHBE 150
_10 N N N _ 1 1 1 1
0 500 1000 1500 2000 0 100 200 300 400 500
Sz f/Hz

(b) EHEE R

P 13 BAAR DG 32 U IR A R

Fig.13 Frequency-dependent total scattering form functions of the acoustic coatings



838 AT WA 5530 55 5

BN 51 35 2 Cased 2 Y RN 2B 35 2, FREN 10 om, VR 7 M 45534
52, & E BB 850 kg/m’, FEEE 100 m/s I 150 m/s PR RS RS B2, 43 13K Cased.4 1 4.5 &
1], AT B A BURTE A R AL 13(b) o THEEE R FEW]: 78 100~500 Hz S #4 [Fl 4, Cased.4 45
TRHEUSHE S R RUER HE Case4.2 BBIIEAN 1 dB L2475, 78 500~1500 Hz SHBLG # FL I A REARRIUR 1
Jn 1~2 dB. 4327 SRR BE R K A7 55 )2 Cased.5 7E 100~350 Hz S5 70 [l 38K T AR BURHE &5 sy
RO, 53 3dB A A, M AE 350~1500 Hz #3132 5 [, Cased.5 53491 B AR B 56 98 285 e B RO /N T
Case4.2 fll Case4.4 B 1] %L . £ 1500 Hz L F 4 R, JCi Cased.4 B 4] if J& Cased.5 5 B 4R 5
Cased.2 BB FEAR—B FIEA BRI 52 B HUR TR AS sR B, ASRISRET 55 )2 RRIE A BT S
B ESRANR] 7 55 2 HA R/ IME S R 4 i i) U5 — A AR AE 75 BELAC, AR T A e A0 1 [l
FEARHIUR R 25 RN, A0 3G 2 BRI, WU mT [ AT Je s il i R i AN rpS B R AR 1K
3.4 Bi% B = B R PRI 0 Ay B+ 55 A5 B AT 1

2 R A )2 A BRI IR S S5 4 1 P AR, PSR T T A I v A 1) S ] R
i, BIARSHOLER 4. KRTER | BORISHO R 4 S0, TH0A5 30 09 22 5 AR A VR F T ol [ A
SERIBCRTE S BN 14 Fts . B ], 76 500 Hz DL SSBCh [BIA: 72 He e i B4 5 i B e 245
PRSI 0 35 I, LT R B B I T IR e 7S e R AR (R AN TR RS 5 B 5 ) [ A e
TEAS R, SRR IR B BT A AN ], A 035 255, IS A Il R A 52 K sl 71 e i s
SRS R, DR R R 1R I B I G B 5 ama B HS R B R, SRS
A5 IR T DR B v S R e o8 5 LR ) B e 5 1y 0 L, 4 1P DB 4 5 Dl e B R A A A A LA
FHBHE A0 (E . T T30 SR WK SN 0 Ry S5 RS0l , e A 76 4 5 (0 18 500 v 5 Jon P B8 A 5t 1) 30 4
A VE R A iR 5 S L PR IGAE, R BEA " 55 A G s 1 A ST 18 75 30 A B — 5, A B
SFPRSS I 2RI T HE AN, PRI PR A A RBA R 2 I RIS PR BV, T S 7K 3 T W 7S 1 7 A
DRGSR

*4 AEZMETESH

Tab.4 Calculation parameters of the cylindrical shell ribs
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Fig.14 Total scattering form functions of stiffened cylindrical shell under normal incidence of plane wave
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