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Numerical and experimental studies on acoustic scattering from
multi-cabin cylindrical shells
ZHANG Di, ZHOU Fulin, LI Bing, FAN Jun

(State Key Laboratory of Ocean Engineering, Collaborative Innovation Center for Advanced Ship and Deep-Sea Exploration,
Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Based on the finite element method, the numerical calculation model for the sound scattering from
multi-cabin cylindrical shells filled with different media is established, and the sound scattering characteristics of a
two-cabin cylindrical shell filled with air-air, air-water, and water-water respectively are simulated. The sound scattering
experiments for the three types of two-cabin cylindrical shells are carried out, and the corresponding time-angle spectra
and frequency-angle spectra are obtained and analyzed. The influences of the surface and end face of the shell and the
internal water on the scattering sound field are analyzed by the physical acoustic method. The formation mechanism of
the interference fringe characteristics in the frequency-angle spectra of the two-cabin cylindrical shell is revealed. The
results of the research provide a theoretical support for the active sonar detection and identification of the underwater
targets with sub-cabins, such as underwater unmanned vehicles.
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Fig.1 Schematic diagram of the finite-element model of
acoustic scattering of three two-cabin cylindrical
shells filled with different media
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Fig.2 Numerical simulation results of frequency-azimuth
spectra of three two-cabin cylindrical shells filled
with different media
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Fig.3 Formation mechanism of interferometric fringe
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cylindrical shell
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Fig.6 Time-domain results of a two-cabin cylindrical shell
model filled with air and air

SAEBUERBOR, IR B PTINE =  ECK
£ 03 IS IS LT, B AE BOWIEST LSS 23S
REB A T RMEBIAE R, RTERBOYRX, B
A BRI, DRI DA 7 3 i B 30 3 i B
PERRS, DUHBL KRR, BRI ND. £
180°3m HI S I O R, B AR BONE S BRI 78K
R B, A0 P A i T A 2R S I [
Bt @, TR A KR BOE N 2R
fEBLAL, 7Erh ARG REAL A A v i, T RS L h—
#8732 T I T A R — AR R @,
P8 73 WUE ST o 0 S A Il 78K AR B, ELREAE A I R
ek, FEA RN 208 BOZ B =08 [T O A @
B 7(0) Pk PITR) . FEIEBR(O0) NGB R,
PAE S DB RE T A A 28— IR R Q) #8737 i
FEFE AN BS SR — O, 55— & 7
BEANTOKAEBL AR RAE I A A SO, 52X
FITTRRIE K, s @, 78 I 2 IR AR
FHOLT, BRER — SR B 2R 4, £E 90°~180°
Kb BT R K AR B BB A AR, REAR R A ) 5 [a]
P AT L o

B, ATXTIRFER-K B PR B AR SR,
LA 2 - T 3 J&] S L[l a5 LT e an B 8
e MTBLEH, TP TR B SR S R

T0 30 60 90 120 150 180
FARENC)

O 2 9 oeee
(ONENE RO
7 AR WAL B R AR B I S 45
Fig.7 Time-domain results of a two-cabin cylindrical shell
model filled with air and water

[y SR NEE . 76 0% 180°um I N S A
N A R RE B ARG BT I 1T R AR 5 SN
TR — Nl R @, FRE A AR A | A
FE/K M BOE S AR BE AL, 75 H AR R Ak e AR
S, o 4 3 S R A B N R A K AR
B, A5 vl 7 AR SO, DRI A U AE P S FE K A
BN Re R EAL R, TEREZ AR, @M@
(I 8(b)hH Sk HTR) . FEIERE(90) NG F L
T, RS M FEREELS T AR - KM B Rl A
oy, DX AR T 8 DX TR T %) S 3 B 58 o 8 M g [
FERE R SEOLR, KA B I i . A
it BE DL K% i g T 340 HE I IR0 2% 60, R J3l) s A6 i
R0 it T -5 T T T2 S £ B S A4 380

TR =S RS BB AL K T A 5 A A 5
ATARVE AT, 159 20 BE 77 57 7 AT A AN R 432 A T
WK, WE 9 Fs, 5K 2 R Bl R AT
CIFSE

(1) PIREBCE A, BB LA T
RN S Fe AR LIRS IR, 1S Rl
N7 FTWRE AR, BRI ELL S A
8BS RV B

® ®



5

RIS AR BT 7 7 B B A AR 7 599

(2) —AEB eI, BEAREE MG IX [ A 1h Y
SRAEA RIS SO T o, Tl 2 M A A T
A BT A5 2o RIS 2257 3 A 1) 7K A i T B
TS, [RREOT G MU BIVESEIX, IR RO A A
FE KA S T 2 SRR B T TRV R 25 U g 7
2 R A B A U BN RS IR 787K A
B A AT A5 B — e # s

(3) PIREBLATEIKIN, P AR RN BE AT A
B IR IX AT T ) S A [l 39 2% Uik — 20 1 5,
i T RV AR BE OB AR B T LI T30 26 40 BIAESE N 78
TR AE B 1R 25 U0 S SRS AR 57 A 38 P 28 DL K%
PREE NI Rl E N, 2 By on, SHUEf R
LRV SRS

g | ->H
13.0

g |

12:5

0 3 60 90 120 150 180
FARENC)
(a) ff - )i

D0ee® ® O @ @ 0
(b) L R SRR
B8 7KK T BRSO B

Fig.8 Time-domain results of a two-cabin cylindrical shell
model filled with water and water

PRI 9 AN 2 2 R BLARA ] 56 505 K
PRI A7y FEVE U IR AN 58 42— B (B2 SUMi
PR R — B X2 d e s 2 A
i BV MR A AE IR Z TG s LT T2
re FHWTEL 5 mE e LA AN IS, X T2
RS B SR B B AN [R5 8 EL S 2R 3 B 1T s 7
Tl R [ W S S BAN T, S S A REAL P B
) ARG A R T A ) 2 R 2 80 et iR

-10
-15
N -20 8
= i
A1 25
" A | jiaz3)
x il AR Se &
R QYN 30
LG | AN -
(4] et "Ny 35
i) 3‘\&!‘:‘&(‘“
(LM A\ AN X SR
pl (4] fa-“%}‘-;ﬂv:\ \'»t-} 40
0 30 60 90 120 150 180
FHEZ/(°)
() TR

FF /kHz
H 5585 /dB

HEE/dB

7

FF /kHz

B

60 90 120
AEI(°)

(c) /K-/K
9 SHFAIF AR AT PIAC BRI 5 A M B 1 2 R
Fig.9 Experimental results of frequency-azimuth
spectra of three two-cabin cylindrical shells
filled with different media

2B TREINEAS . TR SRR .

AP -2 2K RIK K =R
SR P A B AL S5 ORI TN B, MIEE T IR T
JFUBH K a8 2 130 A (0 A e X Rl T il 0] B AR S
HUN PR AR T, TR T AR BT
T F AR AR ) HARSREE, RIUR MBS, Jf
XA R BOHAT T 93 H7 o I T =R ) e



600 =R

%

VN 2021 4F

AU S, VEAR T T H AR RIR A5, FFH A
A FLVE SO RS R L, W TR a0y
TR FRIEHRIT:

(1) HFEA S IHTTK MG BRI 454 22 57 4L
Ko BT Al G S DL ARG BE 7R, e 787K
At BORARAE 2 BRARAL R 10RF 5o FEIR (8] A7) BETE TR
AR : SIS N IZ WSS ) 2 e s, Ik
BENG T 52 DX B T PR B S A I o, RN R 78
TR AE BTt T AR A EE LU A S i T 227 Hh B RT3 2%
B, R R AN B A i 1] 5 153 TR B A S A
Lo

(2) M TEREZIPIAE BLah, S5 B ANE S
EE A R A1 A AR 6 22 7 AR T LRI T2, A
FBEIE RN <O\ TR TR, 5 RN
S 1 LT 7 B R AL — B

(3) AT IAKAEBE, P UAERAR BE AN PTG B
PRI IX TG A T PSS S S 4 [ 98¢ S ST 58, i T TSR
A BE (R4 R B LI T30 2 80, AR 52 N 7S 7K A B
) 25 U0 S SRS AR 7 R BER AP 3 PR 2L A S 4 B T
P IEAHELE N, 77K A B K m] AT R 2
BORNFE, AUONEMEEL UUV AR MR IR [ 1
B St

2 £ X W

[1] %4, FEECF, BIL UUV BARKRS RGERITHLRRI]. AFH
AR, 2014, 22(6): 401-414, 419.
QIAN Dong, TANG Xianping, ZHAO Jiang. Overview of
technology development and system design of UUVs[J]. Torpedo
Technology, 2014, 22(6): 401-414, 419.

[2] WA, ZE, HES Ko bR ARG M. b5 Rl R,

B3]

(4]

[3]

(6]

(7

(8]

[]

[10]

(1]

[12]

2018.

MENR, HZE, BER AKERKEEER S . #R)
R 2009, 34(6): 490-497.

ZHENG Guoyin, FAN Jun, TANG Weilin. Acoustic scattering
from fluid-filled finite cylindrical shell in water: [ .theory[J]. Acta
Acustica, 2009, 34(6): 490-497.

MWER, W%, WK, RKERKE AT EG: 1T.5258(0].
PSR, 2010, 35(1): 31-37.

ZHENG Guoyin, FAN Jun, TANG Weilin. Acoustic scattering
from fluid-filled finite cylindrical shell in water: I .experiment[J].
Acta Acustica, 2010, 35(1): 31-37.

FARAN J J. Sound scattering by solid cylinder and spheres[J]. J.
Acoust. Soc. Am., 1951, 23(4): 405-418.

GAUNAURD G C, UBERALL H. RST analysis of monostatic
and bistatic acoustic echoes from an elastic sphere[J]. The Journal
of the Acoustical Society of America, 1983, 73(1): 1-12.
GAUNAURD G C, WERBY M E Lamb and creeping waves
around submerged spherical shells resonantly excited by sound
scattering[J]. The Journal of the Acoustical Society of America,
1987, 82(6): 2021-2033.

W, X%, HIER. KPR TR R TR ARG ). e
1, 2003, 28(4): 345-350.

FAN Jun, LIU Tao, TANG Weilin. Acoustic scattering from
double infinite concentric cylindrical shells in water[J]. Acta
Acustica, 2003, 28(4): 345-350.

Wz, JWE. K F T NG B R e v B C/ o E R 2 2 4
2009 FHFFEERL VIR, Kb, 2009: 85-86.

W22, W8, TR, . 002 E BN B R A 52 7 U ARy
HERFFLT]. WIEE2EER, 2014, 63(21): 214301.

PAN An, FAN Jun, WANG Bin, et al. Acoustic scattering from
the finite periodically ribbed two concentric cylindrical shells[J].
Acta Physica Sinica, 2014, 63(21): 214301.

P, BT BT R (5 H AR U LD MR R
ETFERY, 2014.

ZHOU Fulin, FAN Jun, WANG Bin, et al. Numerical and
experimental studies of the acoustic scattering from an externally
ring-stiffened cylindrical shell[J]. Journal of Ship Mechanics,
2019, 23(6): 728-740.



