Chinese Physical Society
M!l ﬁ Acta Physica Sinica

. Institute of Physics, CAS

YR FEALE R 3T IR A 1A =S (8] 14 A 22 I AL 2
Bl AA xLAL AR

Ocean surface wave effect on the spatial characteristics of ambient noise
Zhou Jian-Bo Piao Sheng-Chun Liu Ya-Qin Zhu Han-Hao
5| 115 & Citation: Acta Physica Sinica, 66, 014301 (2017) DOI: 10.7498/aps.66.014301

FE 251515 View online:  http://dx.doi.org/10.7498/aps.66.014301
AP 4% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/11

piad /\LE?E%SEE

Artlcles you may be interested in

7 I B PR 7 A R S 2 B

Inverse Doppler effect of acoustic metamaterial with negative mass density
PP 22 H%. 2017, 66(2): 024301 http://dx.doi.org/10.7498/aps.66.024301

N RIS P AR B HE LS i S R
Bending and splitting of self-collimated beams in high symmetry sonic crystal
YH % 4.2016, 65(9): 094301 http://dx.doi.org/10.7498/aps.65.094301

KA H AR B S S
Acoustic scattering from elastic target buried in water-sand sediment
VP22 4%.2016, 65(6): 064301  http://dx.doi.org/10.7498/aps.65.064301

A 81 J4ide R LA 9T
Studies on the mechanism of acoustic pulse train and full transmission
YE=4.2016, 65(6): 064302  http://dx.doi.org/10.7498/aps.65.064302

X Bjerknes JJ1EH TS AR FAIR B AU 75 3
Volume pulsation and scattering of bubbles under the second Bjerknes force
PP 2EH%.2016, 65(1): 014301  http://dx.doi.org/10.7498/aps.65.014301


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.014301
http://dx.doi.org/10.7498/aps.66.014301
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I1
http://wulixb.iphy.ac.cn/CN/abstract/abstract69195.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract69195.shtml
http://dx.doi.org/10.7498/aps.66.024301
http://wulixb.iphy.ac.cn/CN/abstract/abstract67178.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67178.shtml
http://dx.doi.org/10.7498/aps.65.094301
http://wulixb.iphy.ac.cn/CN/abstract/abstract66880.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66880.shtml
http://dx.doi.org/10.7498/aps.65.064301
http://wulixb.iphy.ac.cn/CN/abstract/abstract66826.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66826.shtml
http://dx.doi.org/10.7498/aps.65.064302
http://wulixb.iphy.ac.cn/CN/abstract/abstract66229.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66229.shtml
http://dx.doi.org/10.7498/aps.65.014301

38 % 4R Acta Phys. Sin.

Vol. 66, No. 1 (2017) 014301

Y E BB AR S 17 =S [E) 45 M RS2 A

A D2

A A DT

XTLFEV) AR D

1) (W RV TRER S, KA HR H ASRI0 =, WA/RIE 150001)

2) (W /R TR R K LRES B, MA/RIE 150001)

3) (AT R AR S EOR SR, 1l 316022)

(2016 4£ 7 7 22 HY®I; 2016 4£ 10 A 9 HIL BB )

X1 kHz UL b P, g T RS AR 2 o e I 7 A 9 7 25 08 28 S, A ) 75 AR R A e e e A
BOA 5 SR TR AR IR FE M. B0 IX — 8, A SCHE T B 1 2 57 1 BEATLES (R F 1 W P 37 3 ELRH PR A
(PR AL, 5 Lo Mt 1 I TS RO PR 7 56 2 L Tl ELAR DG VE S5 48 P PR RO B2 . G SRR, 3o T 3R e 7=, T
ATUR RS 75 304 - DA v T8 i 7 I 98 e R i A e o 5 I 8 P %, T DX W 7 it P8 R 3= 2 S ik 1) — 2 v R0 i i I
B2, Fiv LA R o 15 1 P 06R BE J59; 7 1 98¢ 2 1) RE B2 XA 5 S 350 BT B AS [R5 £ 7 1) b B3A ) P g
Wi J57 ¢ B ARk, 2 Fh 1T S S5 DR T A PR 75 8 7 LB v /s i 2 380328 0 7 I iy 2 A 598, 17D 28 P g Je B
RIS A1 23 0 7 9 i AR 58 36 T B TS AR 2 Il 5% B Bl LA, ASEAN R 7 ] L 30 AR SR P2 5, i

Mg 37 FA) 2 (AR SR Pt AR 5.

KRR R, BN, IREERE S 2 )R
PACS: 43.20.+g, 43.30.+m, 02.30.Gp, 02.30.Hq

1 5 =7

HEVE ISR R 7S R IR S I BB —,
FEREAE AT R A AR 2R A AR (75 37, 20K
FE AT TE P B AL R . AR GE KK Sk i
PRV MR P (R TE 22 2 O T B BT e v A 5
M R X KR B BT, R TF KR B i AR
fe M A —AN AR, i PR R i o
AABAFAERI 3, B 1 KA Rl e i T S A By
PEAE L. BITEL, RT DU R B R 75 1) A P R 7
J& 7 2 2 (28 Mg T b XU ()L SR B 3 4 M R
BT A5 ) FE i TR AR P BT S PR ) LR
P AL 51 P 5 e 7 00 AT s AR/ i A
AR T R A 25 2, TR IE FE i P A 5 e
PRI BAT R i X

DOI: 10.7498 /aps.66.014301

T A 45 e P S Y W] DRy M 7S A7 I G A R
5 TA)AH OGP S 48 1) M S S (I BB L. W VR IR
e 7 A5 R S £ MR P VA AT ) R 2 S R AR
B A Sk . Cron #1 Sherman (9] £ 5 3% T
ST, A T R S KRN EE B DG R, 1%
1Y A 5 S I B g2 e, T HLRE 5 B R 2
Pr i 28z, BT AR E T3 A1 R IR 7E Cron
Al Sherman 1 %4 ff) J At I, Chapman 7V I T i
JE T 2, T DA AC £ R A K T S R
JE AT 75 5 L AH 9% BR %, Kuperman A1 Ingenito [®)
) FH ¥ B0 B Ak TR A 5k ) B, [ B 5 R
B DL R m gy S EGE DTk, 48 T OKSE S 2
Ji g 7 37 48 [ M S BR AL Cary ) B ¥ 5 A%
3% 5 Y I T M PSR AR B ECOR, THER T KRR
S FE MR S H A, (HRETTER
WEauyy, H &G AR B S TR Perkins 1

* [E PR Seh G (k5 9140C200103120C2001). [H 5K A RFHFH G E I H (#HES: 11234002) FI/K=HLE —iii

SR BOR A (HEHE S 20160004) %5 B .
T #{E/E#. BE-mail: piaoshengchun@hrbeu.edu.cn

© 2017 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

014301-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.014301
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 66, No. 1 (2017) 014301

Kuperman [0 % F 4654 IR BEE ) 25 T =4E30
B3 W 75 7 1) 7% ) TR B | AH S 12 A A A T
A 1A 5%, Harrison 'R FSFERHE, 4 H T —Fb
T A AR P 7 2 (AR I B AR Y, A — e R
FE EBRAN T e h U5 R IR Yang Fl Kwang 2] F]
FH 35 37 PR3k 37 4 B4 72 37 ] TE R A Y 3 57 1 43 R A
JoT Fp R R AR 1) PR PR R, 07V E B T
LR P SO T )2 B ; Buckingham
26 TSVRFF 90T K 75 THURI 2 PRkt 1 75 377 1) 2 L4 17l
PRS2, FF e R i B AR ) MR R X e S
AR FGIE R E B #; Aredov M Furduev M1 i
T T A P LR A MR T SRR R, TR
WHIE T SN RECS AR B AL R, EA
AR PR MG S TR T THD AR T O R ) A,
T o I 25 115- 101 b A R g 75 o 2 37 495 R IK-T g 75
WEGEMYT REIREY, 7 TREghEERYS
J R 3 AN IEAE 7 B AR SRR, A5 3 T
o W P 37 72 A AH 50 SR B b 238 =X Bk IS A0 58
BT A SRR BT T R I R g e A A
DAV FC S B (R FE-F R (R PE A B e 7 FE0 A% 42
R M P AR AT S RV R 5 iz AR e R
TR AR, (LT SR 7 T Jp A Y 5 S 2R A R A 45 (¥
YRR TE B S 1) A (R AH OCRE I, A PRUE T SRS FE )
I B e 7 U AE s ANEE A% ) A T AL
FE 7K T e ST W 7S SR IG HH, H DAKOE A A A
Wk P, AZBIE SN T R U AT T AR 7K T i S e 75
PERFF 01T B B SRS BR A, He % POV E AT
Vi THT e P SR P Bt b, B T LOE PRI A B
Nh P TR Y, AR L M fFRE 1 S B0 N B ) M P K
FHORRRIE. DA b2 gt e R R 75 110 5 35 A K g
R T E TR,

MR BT PR YR A IR 22, T rp XA e A R Mg
P85 0 7 (Y B B2 2y, 0.3—50 kHz [X (8] N i
T P55 M 7 R 2 TR YO0 B I WL % X3 A
BRI R &R, AR 1A AN S0 B Y B R P
Nk 75 2 LR T XU T A B = AR Y. TR AR
KPS T SR BEHLAR LR, 5% T AR 1 5]
1) 7 B ) R LT 20 AL 70 SRR E B TR T
FASCAIF 9T 21231 (B A7 A6 35 T B B AR B T
RS RS 19 8. Thorsos 25 24291 7 JL4E 3 T4
B ERAR SR T — MR B R SR R P U Pk AR
B, IFWHTT 1 RO AR R RS ABATT R AT
FATRRY], X T ILA 2L B, 48R 8

DL BRI T P AL AT R X 75 A 7 52 1) B
59, ATUAATHEE. X1 kHz LR AR, S
EARNT 75 AR A B2 B2, JCHGE X Tk, B
HLAL AR T IR 75 A 46 1) 52 e A e 4 22 . Colosi Al
Morozov 1?9, Kaustubha Fil John 27 5 4% 4 2 i #
R Tk — 0 5838, 4 P R AR AN S TSR 75 7 il
FRAL I 25—k, AHEH AT 1 R S AR AN S T
RIS Z (A Re Al & AH AL I3 LA A S 3T
PRI RE A, FECUE BH 1 T AT AR e A 1
FE A 3R 1D 5 T A 5 22 g% T e 7 3 R e S p e
TR B AR RRRE M SR R v e 1, BT DAYR I s At
VEPRIRENG: PR 0 SR 2 32 T B AR B 2. AR
PR B e 7 P AR Y A Ah 3 S A% R O R B AR K
SRR A3, %A 5 i B LR
Wi S0 X — [l @, AR SR TR RV JTV, 4h
% [7] [F] P P-M IR 15 T RS 17 2 BAH OC A4 )
PEASERY A5 3L 53 B v 10 A ER 0 e 7 3 7 TR R M 1) 5
Mo, X647 3 485 B N AL 1) 7 TH 3EAT T R

2 FEALERMRFE T ryEE TR E R

2.1 fRIRipiEE

H A7 I BV T, AT 2 A o o g i U
{7 3R] LA 7S B — 2R 910 ) IR 38 (1 B -

N
pre) =Y. 2

Hort a,, (r) NS TR EE R, r 32 I 2R B R IR
IR EEES, b (2) I35 A AR I 5 37 S AR
PR, Ky, AP AR ) SEER, N AT R E 4.
YFTHF RS, @, (r) HHPJRER BE g, T 43 2
BEHLECAR 1), @, (r) EHPS YRTR R0 THD AR AR B 0 72
FESLE PesE.  SEBr B U 5 R i K R AT Joi R
FEAFLER WS, By LA S AR AEAE — RO B 8, W
WAMEE L, = ky + 10y, o, 0 DL REEE
BN

Creamer 81 45 1 7 g g T BE WL AR 1F T
WS L B2 a,, (r) B R 25 v A0 7 2

da,,

N
& " ilman ==i) Lan(ran(),  (2)

For I, D908 TR TR RS AR A P T A5 25 40 5 2 P
2T RN, K BE AR A T A B
ST AL, /Ny B AR 9 AR T B IR 2

014301-2


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

Y18 Z R  Acta Phys. Sin.

Vol. 66, No. 1 (2017) 014301

HAbTr A, FEZ iR KR (2) X # an(r) ZHT
B S ARAR TR A IR AN, 2 4 5
TIOR8, P — B B B e, A 5 4 T
LA F AR 22

—h(r) 1 ,

= g l) T 080, 3

Horb h(r) NHEFEIALES, po(0) 9 i THI Ab 7K %
@1, (0) NHETIAL S m BTSSR BR AU S 8. X B
TATRL B A Gt & (p(r, 21)p*(r, 22)):

Horp s FORILHE, (@, (r)a(r)) FREAS EAR SCHE R
Xt (2) NI G315 2] d(ay,) /dr, 2RJEFIHAH R
BRI HOME T, B n] LAAS BB B OCHE P e B
AR R
d(a,a’)

P
dr

+ i(l; — ln)<ana;>

N
Z Z<ama;>‘[;1n,qp + <aqa;kn>Impaqn

N
=14qg=1

- <a’na2>I:;1p7qm - <aqa;>Imn,qm~ (5)
AR5 7 RN AE NI G 77 B2, AT BRI Adams-
Bashfourth-Moulton HiEKffE. HA 1, on SAEET
R, Rik=0n 29

Lngp = /0 d€Amn,qp(§) e~ Wart, (6)

K kgp = kp—kgs Dmn,gp(€) = (Dinn (1) Lyp(r+€))
N m B A n RS ARE B R R 5 58 p B AT ¢ BB s
15 R FR 7K T A O B L

X BATIE B P-M PR AT T, P-M UK
IRE S, (k) Tk 2o

Sp(k) = %exp ( - Zé)v (7)

Hea =81 x 1073, k, = Bg?/U%, B = 0.74,
g =9.81 m/s? U Jilgi 77 19.5 m & B R
. R (7) AR BENLE ARG h(r), RS
ARNE (3) AN (6) 2, 8 W] 45 3 KE RS ¥ T 52
yia) [

1
k? — kgp
isgn(kpq)

0 < |kpgl <k

X

(®)

0 <k < |kpgl

Xt (8) 3 A AR 3 B BEAT = A AR I AL A ) A

133

/Oo Sh(k) dk

0 k? — kgp

/2 )
—(13[]/ e~ "5 5in2 99
2[kpq|® L Jo
/2 e—aQ/sinQQ

i k ———db|. 9

+ isgn( pq)/o <ind 0 ] 9)

¥ (9) KANR (8) 2, Jl I BUEAR 7 AT 153 21
BOR B, AR E (5) 3 A BRI AT SR A AT B4 A5 AH 56
I (anal).

2.2 BREIGEERXEER

R 15 Gt T T A FH O 11 18 75 YL 38 &) 0 A7 A8 i TH]
DR S 751105/ W 53y 1T S s a6 = G N 9]
It ds, IZIH NS EER N EE W LAY
B H %% B dCo 7] PAR IR

d012(217 Z2) = 21)q2p(7“, Zl)p* (T7 32)d53 (10)
Forp o g LA TR PR YR B, g R RS RS AL R
TR TR RS P A 7KF 7 Tl & 1) (R PR Y, HLIE R
5K A TR, HAFA12N Ruoise IR X 35,
S ] P R S YRAE O T R A 1) L R R N

C1a(z1, 22)
RniOSC
= 4qu2/ p(r, z1)p" (r, zo)rdr. (11)
0

B (4) ARNEN (11) 30, )45 21 55 1 B2
[0 P 7 3 ) T R

Cia (217 22)

= 4mwg?

Ruiose (@n(r)ay(r))pn(21)Pn(22)
« /O Z Z N dr.

(12)
My = 2o, (12)N KRN B2y 5B E
§§§7 %21 75 Z22, 4%‘(12):4&%[ = — 1k &b B
Ci2(z1,22)/1/Ca(z1, 21)Cra(22, 22), T 43 A [ IR
J5 2y K 2o bR A5 T ELAH OGP

014301-3


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

38 F W)

Acta Phys. Sin.

Vol. 66, No. 1 (2017) 014301

2.3 REEIFERIEOMHRE

BB R R, X452 A 0, 45

3 ELFESIBCR L K, W LA 2 6 J7 1) _E 2k S
Wema R B(6) 1
2
B 9):/q2 Zp(r,zt)e_ikcztsme d?r, (13)
t

Horb ke P PEPEL, 2 D NCEIRE. BB
W PR R R L8 51, HAFAE A Ko 2, BT
LA

B(6 —2nq /{ZZprztl “(r, 2t,)

t1 t2

x e—mdﬁl—%ﬁsma}rdr. (14)

B (4) AN 2 (14) 2RI AT 43 21 0 7 377 14 38 HL
[

N N

o= [{EEY

t1 t2 n=1p=1
¢n(zt1)¢n(zt2)
\/7

> efikc(ztl —Zty) sine}rdr.

(a, r)a )

(15)

W, A L R T A D R Iz g 3 AR
M, 37 VE A4S B S 3 A HERR I, BT DL
AR T R I3 7 9 P MR 7 e LA 1 kA TR A
L3 RIzE 39 93 T 2% FE, 323 75 7 2R Y 1 129 05 4%,
11173 377 75 37 W) P A3 2 B3 PR3 37, 5 . Westeood
S5 PV T R T 2B R R R IE BB, %
R AE T 790 FEl R RE 4 RS B IO X L BRAT T+
I Westwood 8545 H 4 ] 1E IR 5 74 S 5K A AR E b %50
FAAEAE, B LB (15) BRI A4S 31 55 37 5 B
fRIAtE, TTHRAIA T 35 8.

3 HEITHE

e E BRI AN E R

DY S At TS R A T T M 7 37 ) AR A
(RS2 X B 7 SR AR AR A T R A R I
SR A L E R ] 1 TR, R H = 40
m, WK A A ¢ = 1500 m/s,
pw = 1.0 g/em?, oy, = 0.000063 dB/\. EJE N
TS 2 TG BR 73 1], I IS 7P T % R AN 3 ek 43 Sl

3.1

cp, = 1623 m/s, p, = 1.77 g/cm3, oy, = 0.2 dB/),
15 ELH AT 1000 Hz, #1f KE N 5.5 m/s.

i T
l pw=1.0 g/cm?
H=40 m ¢y =1500 m/s
= 6.3x10-5 dB/A
1 s

oy = L7 @
cp,=1623 m/s
ap=0.2x10-5 dB/A

Bl SRR
Fig. 1. Schematic of waveguide in which simulations

are performed.

N TR H M TR RO 75 A R IR e, IX HL 4 722

WS T 7K DA S SRR e B sz . e, BE R AR T AR
T A2

dA

dr

He, A= [(Ja})(|a3]) - - - (Ja& )" NI A R BE

g, FAN—N x NME, STREN

F,

=F"A, (16)

mn

2Re(Imn,mn)a m 7é n,
N
2Re(Ipp nn) — 2Re Z( mn,mn)s T =T.
m=1
(17)

(16) RHIEFT LS R A(r) = Vexp(—Ar)VTAY,
HF X = diagh - M\ FIV = [vg -0, 51N
FERE FT BRI AL R 2, AC AR 2 & i
SREEVIIE. X RIS FRRHAEE,
NERIRNREBSYIIRGEE A° B IR R8s
IR . X B2 T A S R R, BT DA
A BIR/NIE T 58 n M B SRR 1 B B S D2
JE X Ry = AP N n MBS G EE R, i fa 1B
PR AT RN, KON JEE IR AL 51 AL 1) B B 2 A S
H AR AL AL RE B R 58 1), A8 25 A B S UEE 18 0 LN
P, = 20,7t

B 2 255 L AR 25 B RS TR R 5 B 120 A S Ol R
B, Bl RS I B N, BEAS B ZE IR R B D, W
U s I AR 28 A A7 R B, TR B A2 TR Dy e 55
FATERUN, SZI IR RGE I B /N, BT L] DLz #E BY
. SRS E B U 6 B O g i k. 2

014301-4


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

) I % R Acta Phys. Sin.

Vol. 66, No. 1 (2017) 014301

R, < P, I, Zon BB e RAERE RAPOET L
A DORZEREE AR . B 2 Al DUE 255 B B
LS RS HR AT LUA R RE R A, 110 58— Bt
AR SZ AR R, 345 2 Fln,
e P S5 m B RS AN SR n B A2 O R 5 o
B NI 3 Al A B, AR TR G 2 R AR,
RS Z R R & — R E R TR S Z T/
FEr, ELHr O 2280 fa) IR 2 TR 6 A RE S
M BE 71— BB 58 T B Z BRI 1 L.

1015 T
B
o HAHESS

100 |

10° |

PEES /km

o
%o
100 P00 I
OOOOOOOOOOOOOO

10-5 : . '
15 20 25 30

e

10

K2 BSH&RE B M

Fig. 2. Mode coupling range and attenuation range.

Bl 4 45 2 UECN 0 F 5.5 m/s (PR B
1£F1 Monte Carlo 7792:) I 75 FEAR #& 451 0%, BB 75
VIRTE 2o = 10 m, FEBURE 2, = 20 m. WA
LAF 2, AR H AR 4 3 A A Monte Carlo
BERAG BI 25 REEARTRT &, Wik 1 A& 5 P AL
AR, BeAh, WA TR AR 7 A F A0 K 2
AT BB, UL RO m A A R R
RO TR T B v RS A RN, D AEE AR Y
EALINAS GV

X103

¥ 16
14
12
10
8

5 10 15 20 25 30 35 40 45 50

=2

IS

(V)

3 (MTIRG) B AR
Fig. 3. (color online) Strength of mode coupling.

10

20

30

40

50

fEffinde /B

60

70

80

kb

1.4

2.0

90

P4
Monte Carlo 7575 (B 2 RIZE)

1.0 ¢1‘1 1.2 1.3
I LI | L
1.0 1.5

/104 m

(TR ) 7 AR FE R, 0 m/s (B (A SRER) . RE 5.5 m/s AR5 BB U5 ¥ (AL k) W 5.5 m/s

Fig. 4. (color online) Pressure propagation loss, for wind speed 0 m/s (blue solid line), transport theory

with wind speed 5.5 m/s (read dot line), and Monte Carlo simulation with wind speed 5.5 m/s (black dot

dash line).

Yo H FEALES A X R 75 52 RS2 A

HT SCHR [16] 77 %0, ¥ T RS AR f5e L 4% A 5 T
B RE R ARAE, X B So AT 7T T R AR

3.2

=4

=]
T

SXof I 7 8 BE PR . D5 45 )R U D 0, 5.5 AT
10.0 m/s I 1000 Hz W75 58 B2, | T 126 R Mg 7
VSBE B AR, T LA gE Y M 7S O R Dy A T o
FE. ZRGE YT, I BCA EAR, LI R i R

014301-5


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

) I % R Acta Phys. Sin.

Vol. 66, No. 1 (2017) 014301

5/ L E SR 8: ) N 1 T ) 1) RSB e 3
] Py R 7 i 38 AT ook 953, I SHL A 8 AT 9 G PR
A, P G LR IR TR SR [12] TR,
AN G T A YA T 55 o B MR P RS A 5 P

E, = 2n/(|an2)/kndr,

A2 2 T A AR A AR, 55 n B A A2
AE oL Z (H

R
= anl?) = {|an,|? r
D, - / 21 ({Jan s ?) — (| [2))/hndlr,

Forb (lang[2) F (| ane ) 23 500 i T A & AR A
R n SRS R. & D, > 0, IR
Vi THT BEATLAES AR AT AT A B AR AS ) A F2 R R, 0T Mg
5 P ) DT R R 555 e 2 T 2 B i THD B AL RS R A
PRZN RS IRIF RE &L, 1A o) e 7 3 8 & DU iRk
Haom. B 7 2 R T AR ET 20 km Y P
M FE YR AR R & B e SRR B, BT A R
Pl vk, (KB fa] I PR S WOk SR AR 55, BRI
I REAS e R IR, (RS T P 3 32 DTk
(1), F P IEAS H S AR RO, 529 T 22 RS T LA™
B EFHBE SRR AR, BT AT I s o 5 e 32 2 51
BRI B R R A A B S A TR A iR
FRANA T AR BT S5 B M P RS i 5 22, 0 TR A
SHEMEE, D, < 0; mixtF iz, D, > 0.
7l VR U T BT AR 2 e b (RIS BB & ) v B DA %
KIS, (R MBS SR M Re =R
A B RLAS SRS R S 2 R ek R ) LL R ™
B Re R IR GE Rk, P DL I R AR T B R R

PRI /m

40 L S sy n i i
2 4 6 8 10 12 14 16

MR /dB

5 (TR ) AN IR RGH T g ik 2
Fig. 5. (color online) Noise intensity for different wind

speed.

0

s
tor < RELE 1000 Hy
sl 4% 2000 Hy
E B B
~

B 20}
%

251

301

351

,,A,.._...._.__.__._‘._._..-.._.N..‘
! NNy

J A

10 15 20 25 30 35

40
5

K6  (MFIRO) AR T b i

Fig. 6. (color online) Noise intensity for different

frequencies.
4
odjoo
o o
o
3 ) o
)
o
)
§ 2 °
o
)
1 [} o
| © o
° C0000000000000000000000000000
0 (o] N N N N N
0 10 20 30 40 50 60

B4
K7 iR A R

Fig. 7. The noise modal intensity for unperturbed surface.

0
1.5t oo o
o
o) o]
1.0t o
o
= le) °
Q 0.5 o
o
o [¢)
0 [’ %@O
—0.5 L L L L L
0 10 20 30 40 50 60

RS

P8 T oD PRI D AR e P A S e B 2
Fig. 8. The difference of noise modal intensity between

unperturbed and perturbed case.

6 25 2 1000 Hz (5 £8) A12000 Hz (40
VAR FRE (KLU = 0 m/s, HLU =
5.5 m/s) T B MR R 5R B0 HA5 R, R AR T i
AROKE R R 7 R S A ST A A A [ g T AR AR A

014301-6


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

43 2 )  Acta Phys. Sin. Vol. 66, No. 1 (2017) 014301

531000 Hz M 5 58 2 2 6 29 1.5 dB, T {8 2000 Hz K, AN TRV (] 1) AH 5 11 22 ek oV, e 2 s
Ngh 75 5 FF T kR B2 5 dB. W 0L, MR RAR R RS 5 P 2 U T 7 AR o) B0 R F5E D 5 1 O Dy W S
FEBATA R R, RE R ARARER ™ . X — S5 X R DAT b A T R R ) M 7 37 A 6 e T i B .

iy T DA R 75 YR P A AR AT R BT 1 R R

G R TR A 0 A 8 T A R X 7 1 4 e
SRR A, BT LA TR A 45 0 1 e 7 e 7
ﬁ?igﬁfﬁﬁfﬁd\ 0.5}
#
K
3.3 AR RIIEEIH XM -
w OF
S T AR R AR 2 B A 26 B T T S M 5 A
ANk, T2 P E % RS (KRB, T LA, A R |
AL 2 B W W 7 R 6 7 47 0 25 [ A 5 -5 .
—6 4 ) 0 2 4 6

PR, B9 T XGE N0, 5.5 8.0 m/s i
1000 Hz ()0 7 3k ELAHOCPE. U 2R A5 R K A S ] N \

5 BE B E AR AL ZE 00 R, T 24 A7 AE R LS different wind speed.

R, BB RS AL 2 4 S R B0 ¥ T B ML A IR B 12

A, BT RASE T AN RIS AR DGV A1, B2 330 e, 500 He
IR SRS, B 11 R 12 50 45 H R R | | | e M0
A0 FI8.0 my/s B AN [FLAS 13— 0 AH 5C B 4L ((a) Rl I S R
A& LRI 2, 213 BA K 3 A0 4 B 9 — A0 AH OC R 4L,
(b) & 10 111, 11 AT12 DL 12 AT 13 B s I3 — 1k
Fo AR, () /220 A121, 21 122 LA Jz 22 F1 23 By
B S — A o A2 4. B — A SR R UE
Hpnp = anap)l//(anl?){Jap?), Honfipsl ‘0‘: R — - —
FRERIE AR 2T R AR BN, Fr A P

FRSRIE T BRI LU 218, 1M e I AR 2 A2 Wi THD A AR

Wi EEEOR, It DA% B B A OGPt T B, X EE

FEHEWE (D/X)

1.0

e A

K10 (RITIR ) AN AN RGE T 3 EAR SR

Fig. 10. (color online) Vertical spatial correlation for

N e N Y 3 . oty
ﬂ] Nﬁ?lﬁ@’]‘%#}*ﬁﬁé%iﬁ, A U\ﬁiﬂ /@ﬁﬁﬁ(ﬁ% different frequencies and different wind speed.
1.0 1.0 1.4
A\ a b ek . c s
0.9 (=) 0.0f\ ? #ik: mode 10: 11 ) #2: mode 20 : 21
= 214%: mode 11 : 12 1.2 ST mode 21 : 22
0.8 R T 0.8 M. mode 12 : 13 =.2%: moae :
: TSRS : e ' H: mode 22 : 23
1.0
0.7 0.7 oy
K . . K T ®
Z 06 ;ﬁi?ﬁ mode 1 : 2 Z 06 “’?.‘Mg‘dw’ z ol
% £1£%: mode 2 : 3 b g "Wigp, | % 0.
® 05 B2 mode 3 : 4 ® 0.5 "-’q,ﬁ& 1\,1‘,".“ % ;
= = T, 5 0.6
1 04 104 Bty | ’
o o W @
0.3 0.3 0.4
0.2 0.2 i |
0.2 F A
0.1 0.1
o L
0 0 5 10 15 20 0O 5 10 15 20
PEES /km B /km % /km

11 (TR U = 5.5 m/s B IH— A1 B

Fig. 11. (color online) Normalized mode coherences for the case with U = 5.5 m/s.

014301-7


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

43 2 )  Acta Phys. Sin. Vol. 66, No. 1 (2017) 014301
1.0 1.0 1.0
b .
0oh ™ s mode1:o 00| ® #%: mode 10 : 11 0.9} © g2 mode 20 : 21
#1%%: mode 2 : 3 0.8 %%, mode 11 : 12 0.8 21%;: mode 21 : 22
0.8 2. mode 3 : 4 ' e mode 12 : 13 ’ M. mode 22 : 23
0.7 0.7
ﬁé }E 0.6 % 0.6
P % %
= ® 0.5 R 0.5
£ S 2
! | 04 | 04
g g iy
0.3 0.3
0.2 0.2 0.2
0.1 0.1 0.1
0 0 0
0 5 10 15 20 0 5 10 15 20
B /km B /km P /km

B12  (MTIRE) U = 8.0 m/s BiAIH— 1A %5 %

Fig. 12. (color online) Normalized mode coherences for the case with U = 8.0 m/s.

K] 10 45 H4 52 500, 1000 F112000 Hz =AM 4%
NS R RGN R R 7 37 3 AR DG . b i 2 ) B
(12 KA 0 m /s RS55S4 0] B XUE A 5.5
m/s I S5 R, i A R ARET, 17 B A T g
75 37 1) 2 B AH DG ME SR A RIATR TG G, AR T 1
V) B2 R 8 9 K P AL, T 24 9 T A7 FE AR AR I, A
[Fi) 3 256 7 30 52 6 TR AR AR S M AR BE AN [, B DA A e g
75 3 T BLAR SR A5 T 3 B (PR, IR R4 R
B, KT A AR AN A AR I A A i 37
AVREIE ) — AN B3 2

3.4 BHMNMERNBEEEEREMY
HISZNm

Mg 7 37 3 LA 1) P I 12 = BT i B AN
THUT Sy 2T (75 0 LGRS 2 BT A A A AR
FIr IR e R ARG, SRS R R 0, L
SRS RE B SS, RE R O AR A N AR A A B
PP RSS2 2 K8, R DR S AR RS 0T LSS A JEE
BUIE 7 W ML g . X AT Ak R S
T A B A 2 e B R 5 Ok 20 A I R AR R 7R 3
3 ELIS A PR AR

N T SR AIE A ST P W 7 L4 ] A R Y O
BAPE, 1B 1395 1 RS 349 B (1 i T A AR
I 500 Hz Mg 7537 3 ELAR [ P, b B Zi A2 2k 7y
Il PRI 37 J7 i AN A SC R I 59645 B R 46 AL
PR 37 J7 VA AR I 3730 B P9t RE 2 Y EU S Al 1 75
Wfi, By DABRIE 7 TR B R R 45 B2 HIE T
LT Mg YRR PSSR M R] LUE B AR

R RN AT E N R A R e if e, R
R AUENA M ZESR, B EER

100

—— Yl rik
- - ATk !
50

/()

—50F

—100 . : . :
10 15 20 25 30 35

R E G /dB
B3 (FTIR ) s 15 1 B

Fig. 13. (color online) The noise vertical directionality.

100
— U=0m/s 4\) X: 30
s0f — - U=55m/s L7/ Y25
;
E R
ol
E .
(:’
ol \ X: 30.5
\ Y:5.0
‘/
/'/.
—100 - y ' :
20 25 30 35

Wk A A AR a1 /A B

Bl 14 (FTUREE) i 1R T ORI 7 7 2 B0 3
Fig. 14. (color online) The noise vertical directionality

for unperturbed and perturbed case.

014301-8


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

) I % R Acta Phys. Sin.

Vol. 66, No. 1 (2017) 014301

1.0 0.010 T
Wk mode 1 o 2. mode 20
QIQ‘E mode 2 méﬁ mode 5 :
MeB. mode 3 0.8 % 2]:?%: mode 6 0.008 . 4T%. mode 21
2. mode 7 ’ :
- - M2 mode 22
i i
= = 0.006 .
= = B
"o i =
= = £
ﬁé b 2 0004 ff
b
0.002 |
(a) (c)
0 - - - 0
0 5 10 15 20 0 5 10
Wit /km Higs /km
0.012 0.035 - -
! W4, mode 23 #4%: mode 40 0.06 f\-\ #%2%: mode 50
24%: mode 24 0.030 \ . 4% mode 41 [‘.'\'\ 214%. mode 51
0.010 R} WL mode 25 : L. mode 42 AR L. mode 52
\ 0.05 f
3 0.025 |
0.008
= N 0.020 |
B L B
% 0.006 .ﬁ’é‘
= ® 0.015F
0.0041
0.01f
0.0021 0.005 |
0 % 0.02 0.04 0 0.02 0.04

#EES /km

PEE /km

15 (PR () 0 D ORI T R AR I 45 B RS R X L

Fig. 15. (color online) The mode energies for the unperturbed and perturbed case.

J7 ) b B e N B K S R 440 17.3 dB, T R AR B R
ZEAHIT 0.4 dB, BARIXAN 2 7 5E AR n 52 3
. IEBA T AR SCRIT I P P 0 7 TR LR ) P A A T
fE1.

Bl 1445 H 1 1000 Hz e 37 16 B4 A . H
HH R 2R FH 21273 1) 2 T 1T XU 9 0 F15.5 m/s AN
[ A 30 ) P R . T S S8 D) I ) e
TELI 7 2 T THI S S 7 2 AR I VA T S i 7S 4%, T
7L A FEE ) S DU %o 2 P 2 Y IO S S 75 2. A /NS A
0] < 5° 3 Bl P, ¥ TR AR 6T S AN A 5 Y L P Bk
(1) 75 358 T I8 5 A A RE R R 5° < (0] < 25° Y
P, 5 TT V32 A S ORI 3 At S A 3 L 810K 11 75 8
7 58 T T A PR BT 4D P e 825 % B KA
11, M\ THT S 5 2138 1Y) 75 30 SR B AR 55, T M IR Je
WRAE P R AR SR, IS4 IR U = 0 m/s
MU =55 m/sB o EERRE (Ja,|?), e
SER IR U = 0 m/s B EI 4558, R 28 5 B ) 2

c

= 5.5 m/s BFIE5ER. AR E — S
BEE M ARH /N, 58 S 7 min,n NARRIEETH 55 n A5
AR AL X N B K AKCFEE B, B r < rp T0
Bl P, RS R B L RS IR 1R R i, T X
MEE ST ER M LM RS e R, 7
020 km YU Bl N, W IA AR 5T = BS R
B KT A AR X T U A RE B g T i
ARAFIX JUB A R D, 1% L S SRS I RE 2 K
FeAlmsb B RER (WLE 15 (a). BN EEE
T, R B HOR R R TS, BT A RS
IRE S AR D, BT DMK S P sAs EmAR Ak 1 3RkA3
BE B, (HL 2 X 0 40 A A o I 45 S A 132K 1) 75 I8 i)
LSRG AN . B E RS I B IIE I, 7, AR
SR/, TELERHR 4y P B b W TH A AT AR B S R
i M R T A RRE Re R i 2R bR (W
B 15 (b)), RT3 70 B8 5 KR 1) LAt B A A
. BRI B4k S, BASTEREAN L 1R B 25

014301-9


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

Y18 Z R  Acta Phys. Sin.

Vol. 66, No. 1 (2017) 014301

AR A e R, AR R (LI 15 (c)), ¥
TS AR 3 BUX LA SR AT 1 e /D T e AT A Ah
Mo BRI RE R, Fir AT A8 o3 B 2 06 IO 1) 5 S 32k 81 4 75
B2 i 7 /N 3 T A A R A B T 8 A 28 6 i .
a8 ATLAE B, 27 16 B RS 1R S e A2 1) fE e B
%, AR, JXE T MR A1 0 = 17° 750
AR GIAF IR TR T2 22 B B AR, I
HERRIEAAN LR AL RE &R, BT LUK BIr AR A3 B 52
S 11 5 ) B B B P R N B AR AT AR, 3
W [22] VTSR0, =24 i R SRS ORI, 9 A S 20
SGEIA T, PR R ON i TR G A SR RE R,
JEHSE RS T RIS IR, BEERAE T ™
B, FIT AU IR RS ORI 228 bl s T s S 31326 1Y) 7P e
AR, TR AR R A SRS I BE R K
TSR LR, BT LRI T 17 LUK I8N f
BT PR 75 B AR 55

4 % B

AR SCHE T AL S AR AR G T T B L RS AR T
T A M 7 3 2 (A PSR R (e R AR 7
I AT T T AL ORGS 75 AT L I 0l S TR 7 T
B SRIE AR [ PRS2 0. (7 A5 R R W, i b
PURIRRES (A3 W IER S Z WA AR RS, W
A AR & 1F ) 2R R S R RE A . Xt
TR T M 7 A T R A 45 ] B A 2 K e
B, MARE AN I B ARG RE &, 1T X IR 75
JEE T ZE TR AT 18 R R RIS, B LI TR AR
A P o LRSI B AR A [ SN RS 1 RE
TIRAG I RE R, DR IX AR A0 BAsU A 2IIA 1
PR N 2 AR 55 T A AR, P R R T 1
Ja e RKAERE RN, it DL drig i B K3t £ 2
B SR AR 55, T RS SR I RE K T 1)
HNERZ IR RERR, BT LAZE b JE B AR KU Ay BTK 1
PR 5 P AR . I T R A DR M 5 i A A i
NS REAAL, BB Z AR,
PR I AR VR SS . A SCITSs AR AT
25 8 I T RS (RO v A0 A 1 ) R 0, X0 HE B A 1
re PR 7R R A AR S A, R A VS
A P 75 3 I 2 52 9 T RS AR S M L B X2, T DA
AT T NE BRFIREL, Froiaf %
J& PR HEAT 1 2 S i =5 T A

S

(1
2]

(17]
18]

(19]

014301-10

Guo X Y, Li F, Tie G P 2014 Physics 43 723 (in Chi-
nese) [F8HE%, 2, BME 2014 ¥ 43 723]
Buckingham M J, Jones S A 1987 J. Acoust. Soc. Am.
81 938

Harrison C H, Simons D G 2002 J. Acoust. Soc. Am.
112 1377

Lin J H, Chang D Q, Ma L, Li X J, Jiang G J 2001 Acta
Acust. 26 217 (in Chinese) [WRE1H, HIHEER, &), 2%
% FEE 2001 FER 26 217

Arnaud D, Eric L, Mickael T 2003 J. Acoust. Soc. Am.
113 2973

Cron B F, Sherman C H 1962 J. Acoust. Soc. Am. 34
1732

Chapman D M 1989 J. Acoust. Soc. Am. 85 648
Kuperman W A, Ingenito F J 1980 J. Acoust. Soc. Am.
67 1988

Carey W M 1986 J. Acoust. Soc. Am. 80 1523

Perkins J S, Kuperman W A 1993 J. Acoust. Soc. Am.
93 739

Harrison C H J 1997 J. Acoust. Soc. Am. 102 2655
Yang T C, Kwang Y 1997 J. Acoust. Soc. Am. 101 2541
Buckingham M J, Deane G B, Carbone N M 1995 J.
Comput. Acoust. 10 101

Aredov A A, Furduev A V 1994 J. Acoust. Phys. 40 176
Huang Y W, Yang S E, Piao S C 2009 J. Harbin Engi-
neer. Univ. 1 1209 (in Chinese) [#aifE, #5138, AMEH
2009 ME/RTE T R4 1 1209)

Huang Y W, Yang S E 2010 J. Harbin Engineer. Univ.
2 137 (in Chinese) [BaiHE, # 13k 2010 W/RIE TR
4% 2 137)

Tie G P, Guo X Y 2014 Tech. Acous. 33 209 (in Chinese)
[BRT WS, SEH%% 2014 FH2EBAR 33 209]

Lin J H, Gao T F 2003 Tech. Acous. 22 119 (in Chinese)
(PR fE, mRIK 2003 24 A 22 119)

Sun J P, Yang J, Lin J H, Jiang G J, Yi X J, Jiang P
F 2016 Acta Phys. Sin. 65 124301 (in Chinese) [ ¥,
M, WfE, HEE, KEH, TS« 2016 YH K 65
124301]

He L, Li Z L, Zhang R H, Peng Z H 2008 Chin. Phys.
Lett. 25 582

Guy V N, Jorge C N 1994 J. Acoust. Soc. Am. 99 2013
Kuperman W A, Ingenito F 1977 J. Acoust. Soc. Am.
61 1178

Rouseff D, Ewart T E 1995 J. Acoust. Soc. Am. 98 3397
Thorsos E I, Elam F S, Hefner W T, Reynolds B
T, Stephen A R, Yang J 2010 Second International
Shallow-Water Conference ShangHai, China, Septem-
ber 16—20, 2009 p99

Thorsos E I, Henyey F S, Elam W T, Reynolds S A,
Williams K L 2004 High Frequency Ocean Acoustics Cal-
ifornia, America, March 1-5, 2004 p132

Colosi J A, Morozov A K 2009 J. Acoust. Soc. Am. 126
1026

Kaustubha R, John A C 2015 J. Acoust. Soc. Am. 137
2950

Creamer D B 1996 J. Acoust. Soc. Am. 99 2825
Westwood E K, Tindle C T, Chapman N R 1996 J.
Acoust. Soc. Am. 100 3631


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7693/wl20141103
http://dx.doi.org/10.1121/1.394573
http://dx.doi.org/10.1121/1.394573
http://dx.doi.org/10.1121/1.1506365
http://dx.doi.org/10.1121/1.1506365
http://dx.doi.org/10.1121/1.1570436
http://dx.doi.org/10.1121/1.1570436
http://dx.doi.org/10.1121/1.1909110
http://dx.doi.org/10.1121/1.1909110
http://dx.doi.org/10.1121/1.397590
http://dx.doi.org/10.1121/1.384439
http://dx.doi.org/10.1121/1.384439
http://dx.doi.org/10.1121/1.394356
http://dx.doi.org/10.1121/1.405437
http://dx.doi.org/10.1121/1.405437
http://dx.doi.org/10.1121/1.420319
http://dx.doi.org/10.1121/1.418496
http://d.wanfangdata.com.cn/Periodical_hebgcdxxb201002001.aspx
http://d.wanfangdata.com.cn/Periodical_hebgcdxxb201002001.aspx
http://dx.doi.org/10.7498/aps.65.124301
http://dx.doi.org/10.1088/0256-307X/25/2/062
http://dx.doi.org/10.1088/0256-307X/25/2/062
http://dx.doi.org/10.1121/1.381417
http://dx.doi.org/10.1121/1.381417
http://dx.doi.org/10.1121/1.413790
http://dx.doi.org/10.1121/1.3158818
http://dx.doi.org/10.1121/1.3158818
http://dx.doi.org/10.1121/1.4919358
http://dx.doi.org/10.1121/1.4919358
http://dx.doi.org/10.1121/1.414817
http://dx.doi.org/10.1121/1.417226
http://dx.doi.org/10.1121/1.417226

32 % R Acta Phys. Sin. Vol. 66, No. 1 (2017) 014301

Ocean surface wave effect on the spatial characteristics
of ambient noise”

Zhou Jian-BoY?  Piao Sheng-ChunV?! Liu Ya-QinY? Zhu Han-Hao®

1) (Acoustic Science and Technology Laboratory, Harbin Engineering University, Harbin 150001, China)
2) (College of Underwater Acoustic Engineering, Harbin Engineering University, Harbin 150001, China)
3) (Marine Science and Technology College, Zhejiang Ocean University, Zhoushan 316022, China)

( Received 22 July 2016; revised manuscript received 9 October 2016 )

Abstract

The ocean ambient noise field experiences a stochastic process of many such noise sources and the respective
interactions of their wave fields with the waveguide boundaries. At frequencies of about 1 kHz and higher, forward
scattering from surface wave can strongly affect shallow water sound propagation. However, most of the available
ambient forecasting models do not consider the effects of multiple forward scattering from surface wave. Therefore, there
is a need for an accurate method of predicting ambient noises at middle and high-frequency which can account for surface
scatterings. Aiming at such a requirement, a propagation model based on transport theory method is described which
yields the second-order moment of the acoustic field. Monte Carlo simulations of acoustic propagation loss are employed
to validate the transport theory method. The mode number dependence of mode coupling phenomenon is demonstrated
at 1000 Hz via the competing effects of mode coupling and attenuation ranges. Low and middle propagating modes are
seen to have a smaller coupling range than the attenuation range, allowing mode coupling effects to take precedence over
attenuation effects. The mode energies and the coherences are also examined, and it is found that the mode coupling rate
for surface wave is significant, but strongly dependent on mode number. Mode phase randomization by surface waves
is found to be dominated by coupling effects. On the basis of transport theory propagation model, connecting with the
properties of ambient noise sources, a spatial characteristic model for ambient noise under surface wave is presented.
Further, the effects of surface wave on ambient noise intensity, vertical correlation and vertical directionality are analyzed.
Simulation results show that the surface wave may result in energy transfer from medium modes to low modes and high
modes, the rate of energy transfer depends on the mode energy difference. Since the medium mode plays an important
role in noise intensity, the noise intensity decreases with the increase of surface wave. In addition to noise intensity,
the vertical correlation of ambient noise also decreases due to mode phase randomization by surface wave. Besides,
mode coupling can also lead to a change of vertical beam intensity distribution, positive high-angle beams associated
with direct, surface, and bottom-surface-bounced rays become weaker, while negative high-angle beams associated with
bottom bounced rays become stronger. Since the vertical directionality is sensitive to surface wave, the model can be
applied to ocean surface parameter inversion. In summary, the model provided in this paper is closer to actual ocean

waveguide and has future prospect in ocean acoustic engineering application.

Keywords: transport theory, random fluctuation, ambient noise, spatial characteristics
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