41453 M Ao O R Vol.41, No.3
2022 %6 A Technical Acoustics Jun., 2022

IR KRR, ZRE. WS D RIS BETREIT L)), AR, 2022, 41(3): 419-425. [ZHANG Jianmin, An Junying. Research on
low-frequency target scattering in deep water waveguide[J]. Technical Acoustics, 2022, 41(3): 419-425.] DOI: 10.16300/j.cnki.1000-3630.2022.03.016

BT EAME ST RS 5

KER", ZRE
(1. P ER G AL IS, IR T 266114; 2 P EEERE RS BRI E T2, AR 5 266100)

WE: A RIEIR I B AR LRI A8, ST RIS o E ARSI BN 7 B 1 TR RSl S s E IR R .
BERVIA T RGNS Munk FEEFIE AT A REE, RERERIGRE S P E AR, R8T AR
AL T AR, e b B B RSHEST [Rp o Bt A YR S B A 2 ]/ BR S AL IR et . (7 ELAE RR WY, A RAR
FE24 100 m(EIFIET)S 1 400 m(FEEH) N, 258458 RN, 152 5 X PR Y Bl P 80T [ s BE AR s PR YRIR N
4 900 m(UTHFSRNT, 52 EIRWE — YO RGN, AE R ITRE RS (/T 40 k) Y0 P HICH TRIGGRBEROR s X T4
WOKIT 23T &, BT 06 SR B LR i R 3h4R 0 BE 2 B .

KR RGN B BRIt 2RK: EARE

hE S TP301 XERFRSAD: A XEHS: 1000-3630(2022)-03-0419-07

Research on low-frequency target scattering in
deep water waveguide

ZHANG Jianmin!?, An Junying!
(1. Qingdao Branch, Institute of Acoustics, Chinese Academy of Sciences, Qingdao 266114, Shandong, China;
2. College of Information Science and Engineering, Ocean University of China, Qingdao 266100, Shandong, China)

Abstract: For active detection of underwater target in deep sea environment, the model of normal mode coupled
boundary element method is established. In this paper, the acoustic propagation characteristics in deep sea under Munk
sound speed profile are simulated firstly, and then based on the propagation characteristics the scattering echo strengths
varied with horizontal distances and vertical depths are calculated when the source located at different depths. The
simulation results show that the target scattering echo strength near the convergence zone is large due to the influence of
complete sound channel when the source located at the depth of 100 m (near the sea surface) or 1 400 m (channel axis).
and the target scattering echo strength is large in the middle and short ranges (less than 40 km) due to the influence of
direct wave and surface reflected wave when the source located at the depth of 4 900 m (near the sea seabed). The results
also show that the larger detection range may be achieved when the receiving hydrophones located at the depth deeper

than critical depth.

Key words: deep water waveguide; sound scattering; boundary element; convergence zone; reliable acoustic path

0 51 &

It | KR I PR S, KT H B AR
SRR B TT W IZH N BRI HE Uk TR
BRAA R WEEFEE. R T 5 X5
TR R AR AR, IR s i H
PRFEHUM R R 5 A . G55 IR
RINZRFENEARKIRE, A SREEAEE T L3R

ks HEA: 2022-01-04; &= BEJ: 2022-01-26

EEWH: D ERERIRES BRI b a3 et 5 H
(QYJC20191 )% BhTi H .

EZ BN IKERA981—), T, \WWARMEMA, BIFFF R, HFFI7H K
N HARAE R

BIEEE: kER, E-mail: qd_zjm@163.com

IR, AR XTIR IR S B AR IR AT B R 1
BEATHE I

s E R AN @ n B et Rt e e S SR Y
B BB INEREAY B REE K (Kirchhoff) T AU Y
AR S £ P AR R 2 . Wl SRR A T A A
S b H AR AEUR 1 ATk, e AR
PSS R T IR AG 7 VAN T IR vk, IRxT
HARP S R ERI B AT TR0 B . T
SHPCRH M IR AR u Tk, HERT
Pekeris %5 H' H A% Benchmark A5 7 (1) 75 5 R34
FEor b T P TR TN RO P 3 2 (A A S s L
S VO AR — D Sk TR, K RIER S H
FREUR () Kirchhoff T VEM S56 , 01 LI 1K
Pekeris ¥ 57 Benchmark #7514 Bsf38 (1] 57 [ 1%



420 B

EAN S

2022 4

EA A .t =SSR R, B
—HE. T %E@/ﬂi—;‘?fﬁﬁl‘l‘ﬁ TR T,
HMURIG(EIE. Pekeris (538 LA =258 H HARK S
IR CE T e eSSV IE A SR STWAR, >
il 1R R I H AR U R . Sarkissian® R FH i S
I I T T A 2 DU R H bR IR0
Duan 2557 i3 3B 092 06 32 AR AR A5 10 P BR 5
MRS R AT T B, FER A S R BT
Ml (Closed Virtual Impedance Surface, CVIS) /7%
T8 bR SR AR S 75 TR 0 H IR S AR A R . RHE
SRS T — PP T R YRV A B S 2 VR R
WUk T H bR L S 2675 50k, BN 4
RS 75 A PN ST 2 IR 8, B S A a6 i)
BIUR 7 3 SR AT B S 1 Rl 5 37

b SCRR R AT AT 32 B R AR VR A BT B
AET E bR EUR, SR T bR RS S
REME I A D o SR ] IR A 1 A e 7
2, BRI EUME T IR Munk PO AAE T
FEAERRREYE, fEUCEAE L BOHE T IRIEN S T
Benchmark A58 AT B e, 00T 17 R PR IR
FZ 53 5 79 100 mQGE T A Y5) < 1 400 mi( 7 38 il 7
P54 900 m(IT iR ), S B AREU R
T 5 PRE I 7K ST B B DA S TR FE AR A () R P

1 B3 HAREUR B8 7 e 57k

FREEBELRMAKEFERS, AFR
Sy (Xg» Vor 20) DETIRFE N H Wi 3o, BUR AR
N, nf T RAANER & QF RoRHURARR
HREIX S . P B AR EUS 3 5 T (Boundary
Element Method, BEM)A AL 411 & 1 fl 7

O, x i
x | n
«
y | r
¥
z
Q+

1 P rh B ARE Fid oo
Fig.1 The BEM model of target scattering in waveguide

W3 b HAREUR ) Helmholtz 77 24
pP)=[, | @ ELA- PO G(p.0) [ar-+p P,

P(x,,y,,2,)€£2", Q(xq,yq,zq)ef (D

Het: p(P) p(P) AN AP TS RSN
WK, GP,Q) N FH IR (Green) iR .

MR bR S H AR IR 3T, R
Ffy 2 3 5 R 1Y) Green BRELLL K H AR R 3% p(O) -
op(0)/on .

2 HARR A NIPEIL &R, op(Q)/on=0,
Y37 08 P BT HUMAREN, #2807

<XFWU%=Lp05@%§%DdF+HUn,Per(m

e 4nC(P) & Hw P AR AR AR A o

BB R ER i 0 B R A — e BE g,
() FH 1 Green BREL T DL H B 238 1 Green
R BRI AL, RIS TR A T SR 2 IR
U

HURRR T A8 e 5, KA )IHEZ S P
ARHIBU R IAE, S B Green BT LR A7
IEP IR

G(P, Q)=4Lpo 3 0,20, )HY' (h, R)

R=\(x,~x,Y+(y,-»,)
s &, RACFEL 0, 525 K, SR AIE R H

¥ B AR AT WS R4 T, PR AR
o, ~ k, (5SS, P NS R 0] LR &
IEHFEF KRAKENC #EATRME. *HT og, /02 ATK:
F 253 2R

6¢m(20)z¢m(22)—¢m(21)

Oz z,—z 4
H: zo z, ATE 2 SH, |z-z)<e o SEPRMA
B, AESIEE e MO, R T EA R
M EIRZ.

BT, % (DT B UL, BV af 3R g S
B ARSI B (138 A oA

M SCRR[4-5] T I8AE 1 HEASAR R (KA 2, PR
ASCHR[S] AR 3 S o 9 BR 1K) B A 9 3k AT
FAPH, RIGUEA S B H R T e .

FRARYE 5 P ) B S R SRR, R SRR,
WRIREN 100m, FEN 1500ms'. HiRA
150 Hz IR RMEFEIRM T/K T 50m, FHiR5¥
2N 10 m WIPEER G B AR R 0/KCFEEES 1000 m, 3
MR T E - EEH R PR EAA

AR S P AE R L S H T 5

3)

0,1 L sinth, ) )
—a(/’gz(z) =2k, cos(h.,2) ©)

NG 150 Hz I, AP Efisisy 20



53

KRR WEBT T B MRS B R T 421

By, o3 AR AT RS 22 0 R RS 20 I ARTERR
e, EZoEsEK |z, -2]=0.05,
mE 2 775D, ZETHUPK N 0.05 m B, AR1E
RS E AT RS ZE RV A LU, BRART Y
REELNN 0.8x1073,
0.10
0.08
0.06

i 0.04
0.02

AR B R

cooooo
——oooo

— AT == 2 i
20 40 60 80 100
R /m
B2 55 20 B AE b8 0 T BUROARAT AR 5 22 0 AR LE A
Fig.2 Comparison between analytical and difference solutions
of the derivative of the 20th order eigenfunction

RGBT IR 5 9310 Ao ik it 5
EIREARG T P NIPEER IO RN, S5RNE 3 B
o B3 FRMBC L F AR B AR 55 A
FERTAREO A R — 20 WiE 1 IR SR
RS AR

-90

ONOOOO‘\-PNO

-100r #%

1104 ¥

-1204

HUS 7 Hs/dB

-130 —?BZ‘%L??H:’

140 * BRI

() 10 20 30 40 50 60 70 80 90 100
Y IR /m

K3 i Fonik i FAS R I

Fig.3 Verification of BEM simulation results
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Fig.5 The transmission losses for the source at different depths
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