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Fig. 2. (a) Marine environment model with liquid seabed; (b) sound pressure in water with liquid seabed; (c¢) marine environment

model with elastic seabed; (d) sound pressure in water with elastic seabed.
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Fig. 3. Sound pressure obtained by the method in this paper when (a) f = 50 Hz, without, (b) f = 50 Hz, with, (c) f = 25 Hz,
without, (d) f= 25 Hz, with, (e) f= 25 Hz, ¢, = 2000 m/s, without, (f) f= 25 Hz, ¢, = 2000 m/s, with considering the normaliza-
tion of amplitude and phase processing, compared with the sound pressure obtained by RAMS and COMSOL.
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Table 1.  Average time consumption for acoustic

field computation under the environment shown in

Fig. 2(c).
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Fig. 4. Sound pressure obtained by the coupling matrix method when the leaky mode is (a) not considered or (b) considered, com-

pared with the sound pressure obtained by the RAMS and COMSOL program; (c) the FK transformation result of the sound pres-

sure obtained by RAMS.

214304-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 70, No. 21 (2021) 214304
—30 — —-30 ST —-30 T
(a) — MBHFE, ARMIES (b) —— HEAHERE, Bt (c) —— FAEHERE, FUtmS
—40 iy, WEHERE, RS —40 Hl —— WA, RIS —40 —— RREHERE, TCIRRES
M — — COMSOL @ — — COMSOL M Wl = — COMSOL
= —50F W 2 = —50F a < —50 W
,H\< AN AN :H\( =H\< ! 3
ﬁ —60F Mt ! 5{% —60 | ﬁ —60 !
L —-70f ! o —T0t 5 —70F i
<~ i ~ <~ i
—80f ' ' —80 | i —80f ?
[ 1 |
—90 L L L —90 L L L —90 L i L L
0 1000 2000 3000 0 1000 2000 3000 0 1000 2000 3000
HEES /m PEE /m PEE /m
1.5 — 14 - 12
(d) [ =n=2-8 Bu RUEH 121 (e 10F ) «n=1-810-14,
~ 1.0f «  xn=9-14, B, NEH xn =1, B, i " 8t Bn HEHL
L oosl - L 10F on=2-46-3 B 1338 16l »
S . T 8F < n=9-14, B WEY et
i of T o6r T2t
E —0.5F ) 9/ 4t E 0r
E : E 5l E 21
T 1o} B = _a}
. . OF o o & < —6 F
—1.5 1 1 1 1 1 1 1 -2 1 L 1 1

Z2-10 1 2 3 4 5 6 7
Re(Bpmn)/10-4

—-8-6—-4—-20 2 4 6 8 10
Re(Bpmn) /1074

-8
215 —10 —05 0 05 10
Re(Byny)/10~4

5 2 =30m, z = (a) 50, (b) 70 Fl (c) 100 m Hf KA E; m = (d) 1, (e) 5 Fl (f) 9 Bf, z = 0 m AL AIHEA 28X B,
Fig. 5. Sound pressure in water when z = 30 m, z, = (a) 50, (b) 70, and (c) 100 m; the coupling coefficient B,,, at £ = 0 m when

m=(d) 1, (e) 5 Fl (f) 9.
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Fig. 6. Acoustic pressure when the real part of the coupling coefficient without wavenumber difference is taken when z = (a) 50,

(b) 70, (c) 100 m, compared with the sound pressure when the coupling coefficient is kept as a complex number.
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Fig. 7. When z = 50 m, (a) |a,,| and (b) the phases of a,, of each order of normal mode varying with distance. (c) When f= 50 Hz

and the marine environment is shown in Fig. 2(c), the real part of the normal mode eigenvalues of each order varying with distance.
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Fig. 8. FK transformation results of normal mode sound pressure of each order when z = (a) 50 and (b) 100 m.
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Fig. 9. Sound pressure in water when the seabed slope is (a) 0.0125, (b) 0.025, (c) 0.05 and (d) 0.075 on the upslope elastic seabed.
The |B,,,(z)| considering the leaky mode when 2 = 1 km when the slope is (e) 0.0125 and (f) 0.025.
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Fig. 10. (a) Downslope seabed marine environment; sound field in water with (b) downslope and (c) upslope elastic seabed with a

slope of 0.05.
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Fig. 11. Sound pressure in water when ¢, = (a) 1800, (b) 1900, (c) 2000 m/s; (d) sound pressure comparison obtained by mode

coupling method while condidering leaky modes when ¢, = 1800, 1900, 2000 m/s.
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Fig. 12. Sound pressure in water when ¢, = (a) 600, (b) 700, (c) 800 m/s; (d) sound pressure obtained by mode coupling method

considering leaky modes and when ¢, = 600, 700, 800 m/s; (e) the attenuation coefficient of the 2"! normal mode varying with range

when ¢, = 600, 700, 800 m/s.
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Abstract

In this paper, a sound field model of elastically coupled normal mode suitable for complex eigenvalues is

established. The normalization and coupling coefficient expression of elastic normal mode are given when the

leaky mode is included. The coupling coefficients satisfy the conservation of sound energy flow. This model is

used to analyze the coherent coupling characteristics of the normal mode of the sound field under the condition

of the inclined elastic seabed. It is found that when the leaky mode is considered, the normal mode coupling will

not only cause the amplitude of the normal mode to change, but also bring additional phase shift. The

simulation calculation shows that under the condition of inclined elastic seabed, the acoustic propagation loss

obtained by considering the effect of the additional phase shift of the leaky mode coupling is closer to the

calculation result obtained by using the finite element commercial software, and that the mode coupling greatly

enhances the amplitude of interface wave. In addition, this paper also analyzes the influence of changes in

marine environmental parameters on sound transmission loss.
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