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Fig. 1. Principle of wave superposition method in shal-

low water.
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Fig. 2. (a) Multi-physical field numerical model of structure in the shallow water; (b) fluid-solid coupling

model; (¢) acoustic perfectly matched layer.
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Fig. 7. Acoustic radiation comparison in near field:
(a) f =30 Hz; (b) f =50 Hz; (¢) f = 100 Hz.
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Fig. 9. Contrast of sound field in the depth: (a) f =
30 Hz; (b) f =50 Hz; (c) f = 100 Hz.
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B11 FHHEARRBEEERSA  (a) f = 30 Hz, | = 20 m; (b) f = 30 Hz, | = 50 m; (c) f = 30 Hz, | = 100
m; (d) f =50 Hz, | = 20 m; (e) f = 50 Hz, Il = 50 m; (f) f = 50 Hz, [ = 100 m; (g) f = 100 Hz, | = 20 m;
(h) f =100 Hz, | = 50 m; (i) f = 100 Hz, [ = 100 m
Fig. 11. Spatial distribution at different distance: (a) f = 30 Hz, I = 20 m; (b) f = 30 Hz, l = 50 m; (¢) f = 30 Hz,
1 =100 m; (d) f =50 Hz, I =20 m; (e) f =50 Hz, { = 50 m; (f) f =50 Hz, I = 100 m; (g) f = 100 Hz, [ = 20 m;
(h) f =100 Hz, | = 50 m; (i) f = 100 Hz, [ = 100 m.
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Table 2. Calculation time of different frequencies.

l/km f/Hz t/min #E

5 30 24.6181

WG WES0 m, AL

5 60 404695 4 FEE: FIESE: A3 m, K
ik 2R O B .
5 00 61.9964 S0 m, WEHIR25 m; WAL 4
MR 1055 £ HE LI 1008 4
5 100 68.7837

TE: DNBREEM TOERE; f O HTIR; ¢ T

3.3 EETHEBRESH

RIS T B IRt 5 AR5 T 3
RIS [R] 1 5 LR PR AE T B ST 7 3 S
F BRI TSGR R 45 U Ui,
MmHE SN R BB AETWSIMEN. N T%
TR SN A S s, AR SRR R BT A B
[ P 3T 4007, 3 R 13 R, B FE
D EKIHE by = 25 m, 3 RIEFRAE R M0 25 m
(I b 58 T A T LR R e A 2k, A A 90°
F270° 4ab 73 Tk e THI AT JE.

Xof b = AR AR A 8 T R B A b 7R 3 A )
YA Y, S A R ST 1 A i )
Yoy A M BVBCOR B B, (518 N SRS A 3 T )

250 EF SR s, 75 % B T ) Oy g
Yy, SFECE R F EX IR0 55, B R R
T S TR A (B R e A 3 4 A R e A
AN, 245 Ry 200 Hz I, 78 E R B E
SIACEZE T R FE A E R, A I
(F) i 7t R spdiggm b (F) -5 & (1) 75 3% 5 A B
8 {EAFA A 30, 50 1100 Hz I, 13 18 F 55 12 2%
MRS N e AN E s T —
By, B BT MRS A A T A B A
A AU E. FAE, A TR A, 30 He
F50 Hz M2 T 45 5 75 16 25 18] 2 AT B s s, 1R 1%

1 S 10

z
- 0
AN N —20" 10

13 BHEITEY SR E

Fig. 13. The diagram of vertical field selection.
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Fig. 14. Comparison of radiation sound pressure levels in different fluid environments: (a) f = 30 Hz;

(b) f =50 Hz; (¢) f =100 Hz; (d) f = 200 Hz.
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Abstract

It can be a difficult problem to precisely predict the sound field radiated from a finite elastic structure in shallow
water channel because of its strong coupling with up-down boundaries and the fluid medium, whose sound field cannot
be calculated directly by current methods, such as Ray theory, normal mode theory and other different methods, which
are adaptable to sound fields from idealized point sources in waveguide. So far, there is no reliable prediction method to
solve this kind of problem. A combined wave superposition method is proposed for such a problem, which combines the
traditional wave superposition method with the transfer function in shallow water channel and the multi-physics field
coupling numerical model. This method mainly consists of three sections: 1) obtaining the normal velocity on the elastic
structure surface in shallow water channel by the finite element method (FEM), whose FEM model includes the up-down
boundaries and the completely absorbent sound boundaries in the horizontal direction; 2) getting the equivalent point
source strength by traditional wave superposition method; 3) calculating the total sound field by adding up each point
source field which is obtained by normal mode method. This method is verified by numerical simulation and theoretical
analysis by using an imaginary and elastic spherical sound source respectively, and the results demonstrate that the
method is valid and has high precision and calculating efficiency. The acoustic radiation characteristics from elastic
cylindrical shells is investigated for different acoustic radiation sources, ocean environments and measurements. The
cylindrical shell material is steel, whose radius and length are 3 m and 30 m respectively. The shallow water channel is
an ideal waveguide with 50 m in depth, at the upper boundary, i.e., the free surface, the lower boundary is the Neumann
boundary, i.e., the normal derivative of the acoustic pressure should be zero. The analysis frequency range is from 30
Hz to 200 Hz. The results show that due to a significant coupling effect of up-down direction boundaries on the sound
field, the elastic structure can be equivalent to the point source only in low frequency and far field. The spatial field
directivity distribution is more obvious at high frequency. The acoustic power measured by vertical line arrayis greatly

influenced by ocean boundary and the depth of target.

Keywords: shallow water channel, elastic cylindrical shells, combined wave superposition, acoustic

radiation characteristics
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