Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

AEERBHRIME TR EEIE

PiE FEHK KA Ex ABX TA

Sound propagation in deep water with a sloping bottom

Hu Zhi-Guo Li Zheng-Lin Zhang Ren-He Ren Yun Qin Ji-Xing He Li

5| Fi{Z & Citation: Acta Physica Sinica, 65, 014303 (2016) DOI: 10.7498/aps.65.014303

TEZ 7% 132 View online:  http://dx.doi.org/10.7498/aps.65.014303
AP 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/11

AT RE RSB E A L&
Articles you may be interested in

Yk IE B T R R 18 K B
Three-dimensional adiabatic mode parabolic equation method and its applications
PP 27 4%.2016, 65(3): 034301  http://dx.doi.org/10.7498/aps.65.034301

— o T ] TR DB AN SR P A2 R T U IS 2 B S s T
A far distance wideband geoacoustic parameter inversion method based on a modal dispersion curve
PP 2EH%. 2015, 64(17): 174302  http://dx.doi.org/10.7498/aps.64.174302

TR N BRI T R AN AR B A AR 20 M

Time-varying characteristics of the waveguide invariant under internal wave condition in the shallow water
area

YE % 4.2014, 63(19): 194303  http://dx.doi.org/10.7498/aps.63.194303

B T AR L S A
Propagation of nonlinear waves in the bubbly liquids
VP22 4%.2014, 63(3): 034301  http://dx.doi.org/10.7498/aps.63.034301

B v v T 8 7 ) 1 5 ) I 2 AR A S FL P B BRI A

Research on the temporal-spatial distributions and the physical mechanisms for the sound speed profiles
in north-central Indian Ocean

YyH%4.2012, 61(8): 084301  http://dx.doi.org/10.7498/aps.61.084301


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.014303
http://dx.doi.org/10.7498/aps.65.014303
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I1
http://wulixb.iphy.ac.cn/CN/abstract/abstract66519.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66519.shtml
http://dx.doi.org/10.7498/aps.65.034301
http://wulixb.iphy.ac.cn/CN/abstract/abstract65093.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65093.shtml
http://dx.doi.org/10.7498/aps.64.174302
http://wulixb.iphy.ac.cn/CN/abstract/abstract61060.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61060.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61060.shtml
http://dx.doi.org/10.7498/aps.63.194303
http://wulixb.iphy.ac.cn/CN/abstract/abstract57823.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract57823.shtml
http://dx.doi.org/10.7498/aps.63.034301
http://wulixb.iphy.ac.cn/CN/abstract/abstract47956.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract47956.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract47956.shtml
http://dx.doi.org/10.7498/aps.61.084301

38 % 4R Acta Phys. Sin.

Vol. 65, No. 1 (2016) 014303

RS RIS T A RIE

KA Fu L)

HHEDD BRI

F=D EH4MD AFFHY

1) (hEFREBE AR AT, iR E X E A=, JE 100190)
2) ([ BRE B P BT R HERT JUs, #ED 570105)
3) (P ERFEGE AT A S TR, 450 100190)

(2015 ££ 6 7 9 HULHI; 2015 4 8 H 18 HUkRIE4F )

I BT A 7 A H H A AR OKSEA, E F  TRIE X S ISR B B8 R AT 1 — I R i sk, B0
AN BRI R A AR IR BUR ML T — LA R TP R T RIBLR, 200 AR 1 i i AR x4
FALREZ 5 (IR A 45 R, R ARHIBONS 7 5 10 S S 1 i P ) s AR b 075 ) P AR A R IR 20 5 dB. 24
PR — RN IR 1326 )i JE 57 BB A /NI R A e (17 v B /N T 1/10 R ) I, ISR /IS L B BV RTx A A
SRS AE Y, S 7 S S DX 78 A% R B B AR P2 b B = A P S IX, BT IE I SRR R A R X A
Ak AL BRI K20 8 B, SEMARE ATAS IR AR 1500 m. 110 ¥ JEG AR 3RS 75 98¢ 1) e S5 REL$24 1 PR A4 MIAE THT
S BOKAATE R 35t = R X 2%, RS MOKAR ) B3 S IO > TR AR BRI, e M ) RUAE 75 1
SOMAAROR, FEKTT FARER AN B PP 0k 55 8 p sz 3> BLE AL

KA PR, WA, AL, SRIX
PACS: 43.30.Zk, 43.30.Dr, 43.30.Cq

15 =

TR IR T 7K P T ) T 48 VA R A A
MR 2R, X AR IR R AR K. o, MR AL
I EEE R — U FR R AR K

,f/]-:‘ [2—11}‘
RIETHE IRA BT T 7 2 RIX A X ILR
e YIS T RO, SO [4, 5] iR T 2 R IX
P37 3 B T IR R E, TR X A I B
W R S S T IE V% Y. Li % 101 H Uk S A e gt —
SRR T IR THRR. T ZFETARE
SR PR ¥ TR AR 35 T AR P SR ) B BR A VE AE
AT PR S T RN R, — g5
AR 46 S U SO RO 75 A% SR R R R
Northrop % [2) 75 3¢ [ I 48 J& V. i 358 512 56 2 3,

DOTI: 10.7498/aps.65.014303

VIR A L, PR R KRG R 2 kR S i
N BRI B RR RS, B AR 1% (transmission
loss, TL) 298/, Ja R AT FHEL R AR A “ R
R, Dosso Fl Chapman 13 76 1152 K 76 5 52
(163 K s 38 A 4 X A 39 488 5 ke B AT T — D g
BN, R IFEIRAL T AR b i A B S
TL H P 40 i i K AT 9k /b 15 dB. Tappert 2 (14
it B 8 92 Kaneohe 785 Oahu & B 35 (1 75 #5451
AT T BT, B0 07 B bk 7 IR 5 A e A T Y U
Ji, IR I AT U A 2 YRS R A B I
AR FEE I T AR, O S A R P P AT
PR AL, e v AR 4R 2 4000 km LA B, 1F# R X
FRARHB AL IR GOK S HFR N RS, BT
RN T B LR AN AR R e . Duda %5 19 £E
S [ 210 24 1 4% P ¥ 3 1 K o 38 R Hludsom 5 B I8k 45
DX IEAT T = Yk A AR BUE AT, 45 T3 B T ik
25 RO X 45k 75 A 3% FUEREAE I [A) = AR A K, 7R 4

w [ERERBAIE S (HHES: 11434012, 41561144006, 11174312, 11404366) ¥ B (1 i5LA0.

t i E1E#. E-mail: 1zhl@mail.ioa.ac.cn

© 2016 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

014303-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.014303
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 65, No. 1 (2016) 014303

i) by R e 5 7 37 K T i, B 7 SR AE
F. Qin %5 101 &3¢ 7 7 i K Bl 3 AN IRESE AT 1 — 1K
S50 HOUL I 2 [ 2SS - B B A R T R B
BRI, BEFT T 75 U AN I VP e A I R P
FERRAREE, B B 1A E IR BT R B RO
Xof 7 B A A AL DG TR IS L THT
T A R 1) R S T RS R [ R [ A
IR RTTRE 7 IR L PR 85 R 1) 7 A% 9 st (17200,
48 S B BB T I RS Ly ARHB T 1 S S IR RN, 225
I LS PR TL EE P 3H IR A S R 19K 1 20—30 dB.
BT, [ P9 L 2 1S R A A JE 1L 44 75 A % L
BT TR, SESR 5 EUE LSRR, TR LA
35T P 2 S 184 5O, A AT IS LU 2 A TL 98¢
/NIE T dB; T4 iR L JE B9 TL, BT LR
I AR RN, 2 LT I R IR R 2 R X b
WK 30 dB LA L. Bz, BT £ 4 i KRR SR
AR DX R R M IS LA, H AR R R S i
JECHI T AR S PR BT 1) P A% FR A T/

) o o B ) — R R 2 S B
XoF Y JER AR 3 %t T AR A B8 1) 75 A A 2R AT
TRIEF, TSI ORI B T R R R P R
WEE T TLHBOKZE R, 27 A2 1 0 R 5 38 98 28508
R S 56 DN B 1) JE M T AN [ g e K L S 4, B
WIHE 176 /O KR %4 R TL, XRASAIE
FERE 7 7] L g U 51 M TL 2 5 R AT T 9
r, IRGF AR T SCBe IA.

20144E6 A, FigrE B E X E S LR =T
W R AT T — IR G A MR B e
FL AL 26 R A B 1 TR ) B 4 A IR bR 1
77 AT, O mU2 H B A UKW 28 4 i 26 4~
T8 3 B W, KW 48 40 A1 7 1301870 m iR &
Y0 R P, AN S5 ) B A R, B USOK T B I R R
—170 dB. H [E Bl 2= B A A R S 15 R
2 i DL 4 1 AT e B IR 6 R A A R R ] 2 B s
(P AN A R R AR A 5 ) 1R AT P8 AR SR DU =,
H S 7 ALK B R 172 km, FO IR AL
/AN, YERFAE 4300 m e ATy AR R R TT R A
I B iz B 64 km, HIGURAE 14—18 km #F 5 4k
H—A29320 m & PRI R, M 25 km PR ES A FF
B, IR M 4300 m BBk /N F] 2600 m, 7E 58 km #H

BE AL IR B /DN, R RN IR 2 30,
WAEJRIREZ 131 m £ 6 m, KHHE5 A0
%310 Hz. 7 56 100 Hz. B K420 s 19 X 43
(hyperbolic frequency modulated, HFM) {§5. &
SHES AWK 20 s HEMAS 55710 s, A5
& 20 s HEMAE 557540 s. KIS 5 B EEN
181 dB. K345 H T 5256 1R A iR 2R ¥R AX (conduc-
tivity, temperature and depth, CTD) Fl#if 7 =i
Bt (XBT) & B /K A . T L, A IE 2
FE 1150 m RS, f/ N 1484 m/s, b K
P 1541 m/s KT R (g 7K 75 18 1533 m /s,
BT AN TE A PR IE.

Wik ."’
T bR P | Sl

+ X RES% |
PR \ e || XBT
|
R\ f'kﬁg
T\

< | ERAS
R . e i NS, 01 A

O

K1 i BB A ORI

Fig. 1. The configuration of the experiment.
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Fig. 2. The bathymetry along the two different propa-

gation tracks.
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Fig. 3. Sound speed profile measured by CTD during

the experiment.
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bottom (64 km); (c) sloping bottom.

014303-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 65, No. 1 (2016) 014303

TFE R 3 b 225 1) R J7 7] 28—36 km
AL I TL B RAG TP 7 R R 45 5, ik
RIEN 144 m I TL 3 K218 dB, Fifi & BSR4
I, 32 ki BE BT, R 7 B TL MR ) o
FEIZMAR A, B1677 m B 564 2R 2) RIS KT
6] 41—45 km #5841 TL HSF 5 1) k2D 29
5 dB, Fifi 5 VR FE RN 22 B4R /N, 7E 865 m R E L
FH LR, 3) 76 52 km BEES AL, RHBGHEE A TL H
AL IR I 7 ) () 5 — 2 SR IX, (B PR
IREE N B 2 R XS5 7, 78 R I 7 ) 4
BA B

60 fi —— PR
- - R
T 80
—
=
100
0 1.0 2.0 3.0 4.0 5.0 6.0 70
B /km
GOR —— TP |
2 o BRI
3 80 1
=
100} (b)
0 1.0 2.0 3.0 4.0 5.0 6.0 70
g /km
60 —— TP T
2 - R
> 80 1
= WA A
100} (c) et

0 1.0 2.0 3.0 4.0 5.0 6.0 70
PSS /km

5 F 4 o SEL R PR G A7 £ 487 1

SANAR AR FE i TLox b, 3o B B0 B 40

(a) 144 m, (b) 865 m, (c) 1677 m
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(b) 865 m; (c) 1677 m.
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Fig. 10. The numerical TLs in the sloping environment for the source at four different ranges (a) 32 km, (b) 43 km,

(c¢) 50 km and (d) 60 km, respectively, where the source depth is 137 m, and the center frequency is 310 Hz.
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Fig. 11. Comparison of the TL results with/without the sea hill along the sloping bottom track, where (a) is with
the sea hill, (b) is without the sea hill, the source depth is 137 m, and the central frequency is 310 Hz.
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Abstract

Variation of bathymetry has a large effect on the sound propagation in deep water. An acoustic propagation
experiment is carried out in the South China Sea. Some different propagation phenomena are observed for two different
tracks in the flat bottom and the sloping bottom environments. Numerical analysis based on the parabolic equation
model RAM (range-dependent acoustic model) is performed to explain the causes of the differences. The experimental
and numerical results show that the transmission losses (TLs) decrease down to about 5 dB above the slope due to the
reflection of the bottom, with a high-intensity region appearing below the sea surface. When a sea hill with a height of
320 m, which is less than 1/10 of water depth, exists in the incident range of sound beams on bottom first time, the
sound beams are blocked due to the reflection of the sea hill. Then their propagating directions are changed, which
makes an inverted-triangle shadow zone appearing in the reflection area of the sea hill. Compared with the TL results
in the flat bottom environment, TLs increase up to about 8 dB in the corresponding area of the first shadow zone, and
the abnormal TL effects can reach a maximal depth of 1500 m. Consequently, the shadow amplification effect caused
by a small variation of bathymetry in deep water for long-range/large-depth sound propagation should receive enough
attention. Furthermore, the convergence-zone structure in the sloping environment is different from that in deep water
with flat bottom. The first convergence zone caused by refractions from the water above the axis of sound channel
disappears. There are only the sound beams refracted back from water below the axis of sound channel. The numerical
simulations show that the reflection-blockage of sound beams caused by the sloping bottom is significant. When the
source is located somewhere above the slope, sound beams with large grazing angles can be reflected by the sloping
bottom, and only some sound beams with small grazing angles can be refracted in the water without touching the slope
and then come into the depth range of the vertical line array (VLA), forming the first part of the convergence zone
refracted back from water. As the source moves farther from the VLA, the reflection-blockage of the sloping bottom
becomes stronger. Sound beams are all reflected by the slope at a depth of about 3000 m, and they go through below
the VLA, which leads to the absence of the first convergence zone caused by refractions from the water above the axis
of sound channel. Therefore, the accuracy of bathymetry is meaningful for the sound propagation and target detection

in deep water.
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