45 5 F 3 L ARBEXFFROARHAF RO Vol. 45 No. 3
2026 % 6 A Journal of Shandong University of Science and Technology(Natural Science) Jun. 2026

DOI: 10. 16452/j. cnki. sdkjzk. 2026. 03, 006 NXERS:1672-3767(2026)03-0062-11

T3 SRS A J7 R 1T S %Y e o {7
Wi by itk Jiik

LpE . EZXH,E E,X I, EXLH,EES,XER

(PEBERF BERFAFFR.LE FH 266100)

1 E AL FY TR EE B T BRI E B A ROL 36 AR B A 45 3 A AR B FOR L X LR R AR
AL BFRBETHAEFDHIE, A, KFFRET B K-S0k R B A% S F 3R ) i Ao 8 iy S 2 2
JRJR G 75 39 45 36 AT P 3 PR £ - (FDTD) S ABBE B0, SH ¥ B A7 B e aF 3R W M H A BB R AFERS
AFHGEFRFRGAER KRR RARENERRAT I, SEREAA MK TLAKREAY  ABBASRD R
GRATIHDFREFERARD PHEHTE YA R LR, AR SEIHERLOR
WAHE, KRG ETAHALLEFRRENFTOEFFERRFY G FREE LR,

B A B A T AL IRA L E S F TR IR A AR R

hESES:P733. 21 MERARRAD: A

A sound field prediction method in typical seabed marine environments
based on fluid-solid coupling equations
KONG Yanming, XIA Dongming, TAN Jun, SONG Peng,

MAO Shibo, ZU Guochang, LIU Guangzhao
(College of Marine Geosciences, Ocean University of China, Qingdao 266100, China)

Abstract: Conventional sound field prediction models often neglect shear wave propagation, P-S mode
conversions, and viscoelastic attenuation in seabed sediments, making it difficult to accurately characterize the
actual sound field features in complex marine environments. To address this issue, this study conducted finite-
difference time-domain (FDTD) simulations of acoustic propagation in typical seabed sediments with clayey.
silty, and sandy bottoms based on acoustic-viscoelastic wave fluid-solid coupling equations. The simulated results
such as time-domain waveforms, spectral characteristics, and transmission loss were then compared with the
results of the numerical simulations of a pure fluid model based on a traditional acoustic wave equation. The
results show that, relative to the pure fluid model, the fluid-solid coupling model can more accurately characterize
the wave propagation in marine sediments, P-S mode conversions, and viscoelastic energy dissipation, thereby
significantly improving the simulation accuracy of transmission loss. The proposed approach provides a
theoretical basis for acoustic modeling and acoustic field inversion in shallow water environments with complex
seabed conditions.
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equation respectively (taking the model with a muddy seabed as an example)
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Fig. 8 Comparison of amplitude spectra at a range of 2.5 km from the sound source for three seabed

models, obtained using the acoustic wave equation and the fluid-solid coupling equation

O P T A 7 4 T PN 2 o A ) JEG B 288 2R 7 90 A% % 2 L 23 SITE 20,30 1 40 Hz =AM
AL 0~5 e Y Bl A A ST AL A 408 2 il 2, 9 20 010 X LU 7S O O A 55 0 TR 5 T R B A5 R (T 9~ 1),
BEARRTE =Rl JTURAE T B AL 4R 451 % il 2 24 12 10 8 0 2 e AR o LI I g 72 Al 9 A 3 B0 D ] PR 90 3 K
DLW 7K P J2 R e T e 5 v 9 7P 393 23 A1 52 10 TR 103 USSR L 22 B AR A% i AR B i 4 L [R] 52 0 o B 2 By
LR IR BR L P TT R4 2R 25 S AR OB/ s R A VP S B TR 2 T A B 25 S T B



. 70 - L AMBERFFROEZRFAFZRO 2026 % 3 #7

AR TR B2 AR T 08 E W op s ) O el DL TR 5 5 A 22 80 B B Ay T A 4 O R T R D
7 R 25 2R L 2 IR 5L ) IO A 90 8 X 4 1 2 L 1P il 2 8 B 7 1) TR G ) T U AR . SR TR B S
Ak P i A7 A S S T2 B B 22 e A A T A R SR TR S SR AR S S A AT O, A R T S B AR Ry L — R o
R RE 240K T3

0
0 Y 0 e AR
— - ’ — - , PR
A\ A LG TR A\ TR R 20 A\ TEER G R
20 HY - 20 Hy P —_—— m [| A\ A\ ~p ==
% i \\‘,\ s, - _cg | Y ) ,=" S ] {\ \ AR =L
= ‘ \ r N = | \ \WAZa o e IR TAY B
M V¢ v Ll v
é 40 s ! E 40 A B 40 frt
=~ 60 - ~ 60 | =~ 60
80 1 1 1 1 80 1 1 1 1 80 1 L L L
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
R /km S /km PR /km
(a) PS5 (b) B R S () WP IR
B9 =MERBESFAFEFERNREREAEITENNES 20 Hz WEBRXHEME
Fig. 9 Simulated transmission loss curves at a frequency of 20 Hz for three seabed models computed
using the acoustic wave equation and the fluid-solid coupling equation respectively
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Fig. 10 Simulated transmission loss curves at a frequency of 30 Hz for three seabed models computed
using the acoustic wave equation and the fluid-solid coupling equation respectively
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Fig. 11 Simulated transmission loss curves at a frequency of 40 Hz for three seabed models computed

using the acoustic wave equation and the fluid-solid coupling equation respectively
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