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Abstract This paper investigates theoretically the noise reduction property of a submarine wall structure consisting

of submarine hull and underwater anechoic layers that contain inner holes. The case that both sides of the submarin
wall structure are excited by fluids is considered. Built upon the transfer function method, an analytical anechoic model is
developed to determine the pressure insertion loss induced by the anechoic layer. Numerical calculations are subsequen
carried out to investigate the influence of fluid medium type, thickness of submarine hull, thickness of anechoic layer as
well as shape of inner holes upon the vibro-acoustic properties of the structure. When the fluid medium inside is air, at
low frequencies, the reduced vibration due to the anechoic layer is smaller than the increased vibration of submarine hul
caused by the anechoic layer, and hence the vibration of the whole structure is increased; at high frequencies, howeve
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the anechoic layer leads to significant attenuation in vibration of the whole structure. When the fluid inside is water,
the anechoic layer attenuates the vibration of the whole structure at all frequencies, with the attenuation increasing witt
increasing frequency. Increasing the thickness of submarine hull or anechoic layer reduces the vibration of the whole
structure. When the hole diameter first decreases and then increases in the direction from inside to outside the submarin
the anechoic layer exhibits the best attenuati@eoct at high frequencies; when the hole diameter first increases and then

decreases, the best attenuation is achieved at medium frequencies.
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Table 2 Medium parameters

Medium p/(kgm=3) c/(ms™1
air 1.21 344
water 988 1483
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wall structure

M 8 FTLAE i, A5 1 4, dBWEY
BRE A, HAESRA ) 0.6 KHZ I A7 (EVRH, 1X
VA, EARARBE, W75 2 I AN H 38 T RESE 1R,
1E44 0.6 kHzZIH 50 W1 . (2RI HRBE, dBWEY Biisi%
WK, HEBHET 0, 752, W75 A
SEHRBN (B SR AR BRI, BT 0. 534h, FE
IRATIIN S 75 AT N 5K 1 Lpy WBNIIIE A 727 i
SRR, 1Lpey BEATA I KT 70 i 3K 7 AR A5 2K
ILp AP L dBWFY 15 dBWBF )& i, KA
it [dBWEW| > [dBWEF|, 7t A Ak T

o)
SO 2 A TS T B ) i
ﬁﬁﬂwmy<quﬂ,ﬁﬁﬁﬁﬁkﬁ%%ﬁ
fH, RIVE S 2 00N A 985 FEE A 111 5 A0 ) IR sh i 59 .

BEUEIL, AT 1AM, TP R R A
S AR R

SR LA, ILpe B SB b 61
{1, LB AU 0K 5 0, I )% T2
F, BTG A A B S AR R
UG, AUBAF. SRR, HE TR 1
% UM IBWEY 12, A% 1 K IN () dBWEY i
AT NS, (VS HUB I0WE(CWRFEAE
M A AR 1 Lpgoy B3 S

e, 54005 1 0% AU T LR, A0 18
(49386 BT 45 40 T 1 1 Jh7K 0 T 0 M A
(R R SR ST, (BB S A K.

23 BEREEHRN

AR 43 BT M 57 J5 PS5 KT e M T 45 ) 7 2 P e 11
. JLEAME MRS ERFEAR (R LRI 2),
ISR 72 JEFE h, 43 EL h = 0.01m, 0.02m Al
0.04m £ 9 frow. Hr, B 9(a) i 1A%
A A S BB h AR RO EE S B, 3 R ST R
J5E /IS RIS 1 75 24 A B (1), (2) F
(3) Fritts K 9(b) £ 1 /K, % E2ESERE h
AR LR R, e JE T AN K T X IV [ 75
PRI TR (1), (2) F (3) hrih.

B9 WL, HESE R RO, dBWRY [RI{E
AN, RITH T3 75 2 0N 5 |2 1 FEE 56 9 ) 38 5/
/N BRI, PR AR ABUR L, Bl 5 (3 K
B 38K, RIVRETHT 45 R4 0 94 [ i e o O o 52 38
EDNIIE DN

-10

=20

insertion loss and displacement ratio /dB

0 2 4 6 8 10
frequency /kHz

@M1 hEA

(a) Medium 1 is air
Pl O FHES 5 X PR FUE A THI 45 4% 75 iR 1 e 1) 5 i
Fig. 9 Influence of submarine hull thickness on

vibro-acoustic properties



901

W B A BTt B B R KT T 7R 2 R 2 PR R 221

-10 4

-20 1

insertion loss and displacement ratio /dB

frequency/kHz

(b) /v 147K
(b) Medium 1 is water
B O E7e 5O ¥ EAE 1T 45 Fg P FR PR RE RO S (48)
Fig.9 Influence of submarine hull thickness on vibro-acoustic

properties (continued)
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