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Abstract

Currently, in the research of nonlinear hydroacoustic waves, it is commonly assumed that the dis-
persion relation is linear in order to simplify calculations. However, the linear dispersion relation
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is not suitable for large-amplitude waves. So, this study investigates the dispersion relation of
nonlinear hydroacoustic waves in a finite depth compressible single-layer fluid covered by an
elastic plate. The fluid is assumed to be inviscid, compressible, and irrotational. We construct the
governing equations and boundary conditions that represent the relationships between hydrody-
namic, elastic, and inertial forces, and obtain an approximate nonlinear dispersion relation for
hydroacoustic waves. The characteristics of hydroacoustic wave modes are analyzed, and the ef-
fects of important physical factors such as the thickness of the elastic plate on wave propagation
properties are discussed. This research provides theoretical references for engineering practical
problems such as polar marine resource detection, underwater target detection, seafloor seismic
and tsunami warning.
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Figure 1. Coordinate diagram of nonlinear interaction between underwater sound and infinite elastic plate in a single layer fluid
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Figure 2. Wave number-frequency relation of the second mode hydroacoustic wave when the thickness of the elastic plate is

40 meters
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Figure 3. Wave number-frequency relation of the second mode hydroacoustic wave when the thickness of the elastic plate is
60 meters
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Figure 4. Wave number-frequency relation of the third mode hydroacoustic wave when the thickness of the elastic plate is
40 meters
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Figure 5. Wave number-frequency relation of the third mode hydroacoustic wave when the thickness of the elastic plate is
60 meters

& 5. EMARERE 79 60 m B SE = ARTSKE IR E - SR K HR

HW, HREFAMEMR d XKFE A RR R . T LR OB RBER RSO R, 2 R
JEFE 9 d =20,40,60,80 m, He=1, FBIKAEREFIEE - SR RLE 6. B 7), ST /K7H B HT =kt
A, (ESRBARKT, BEEARERE RGN, [F—SE T s B i, I R A K B A AR B 8 i i
URF, T IR AR R 52 B S AR R B BRSSO s TEARIZR AT iR B, LA L P KB D A 9B 1) ) 5 T ik
N, IR B A SN, I B AR AR SR AR R B ek S

B 7 K ARSI AR TR R 2, i BUK A RS A Nn=2,34, d=20, £¢=101Ff¢=1.
B K PSP AR IAL IR RIS (LI 81 1] 9)o X T/KEIRT =AM, F—ME T
PIREEC I/ s AERIARINT, AN AR R L PR30 5 ) 22 S R, B AR 1S ORI 22 S ik sk /N, mp
WAESRZIARET , AR T B2 S A EOR, TIEAER AL i, R N B2 S R /N

DOI: 10.12677/ijfd.2023.113009 99 TARS) S


https://doi.org/10.12677/ijfd.2023.113009

0.008

1=2,d=20
— — = 12,040
—- == 12,460
1-2,d-80

n=3,d=20

— — = 3,40
0.006 — == n=3,d-60
. s 1=3,d=80
n=4,d=20
n=4,d=40
—- == 14,460
e n=,d=80

+%0.004 -

0.002

Figure 6. Wave number-frequency relation of water acoustic wave when ¢=1
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Figure 7. Wave numbe-frequency relation of water acoustic wave when £=1.01
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Figure 8. Influence of water acoustic wave modes on propagation characteristics for ¢=1
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Figure 9. Influence of water acoustic wave modes on propagation characteristics for &£=1.01
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