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Fig. 1. Gaussian eddy model.
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Fig. 2. Geometry of the noise model.

144301-3


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 69, No. 14 (2020)

144301

AL, MR YR AT AN IR Y 507 6 o oK.

IR 2 RN vy TEREN dr IR, X4 dr
B/ INEF AT I ARLIA A i (B 3 P i e s Y 3 R
2 BRS04 bR BTN G (2,7, 2s) , WIIE
RPN BITAT W 7 YRR T P AR B 7 N

N(r)
Pur(2) = G(2,7m,25) Y ;&%
j=1

= G(2, 7, 26)Q(r)e?("), (9)
A, N (r) NBIFRAREE R IR, g BRI
DRI I B BEHLAS TRAIR IR, Q(r) b (BB P4 BT A W
DRE G 7 A BOIRIE @, o B 7 R B BE LA
Bz, @ (r) F IR ER P BT A W P S s 7 A B BE A LAH
7. A B T RR PN ) M 7 R A S (r) (B
dB, re 1 pPa?/m?), | (9) K] kE K
Por(2) = G(2,7, 20)\/2mrdr S (r)e® ). (10)
MR, TREER 2 BRSO AL A 75 R I AT 15 34
DA AR MR P A2 i A B PR TR, B

m@)=£mm4@=ém0@n%0

x /2mrdrS(r)el®). (11)
(10) A (11) 3 TH53 M 75 e 1y 1] A TR 7 2
ARG PE R BLA.

232 HREEASTGHR

Mg P (1 T 5 [l PR R T TR N A% 1]
PRI ST, e — IR #R 0 b AR 7S RE 5 AT A o
IEL Ry RSN & A VN Fer & =R
S TCHIIRE N 25,5 = 1,2, -, L, FEFIRIE 9]
B [1 mikmeost L e—ikchosé]T. % T 3 — (5
PPN NGRS T 7 A MR g 3 AR ) AL
T JHE

2
>» (12)

a@:<

Stef, R, 0° T 180° 515 7% 1 T FIHER I

i, Wk = wfe, (VRAITTEE. 4 (10) 2

fRA (12) 38, B
1

B,.(0)= ﬁQan(r)

L
1 .
Z § pn,r(zj)elkzj cos 6
j=1

2
dr.

L
Z G(Zj7 T, Zns)eikzj cos 0
j=1 »
T AT W 1 0 R S

158 B4 T R PR A T %A B A B B RO AN AT O
1, A

mmﬂw&w>
2

L 0027[7"5(7") dr. (14)

L
§ G(Zj, r, Zns)elkzj cos 6
J=1

e R O R (14) 2oE i BUE T
R AT =10 m, FEEHSEE N
0—200 km, 200 km LL&ME: 7 5 (1Y) B &2 57 BRAR /N,
Al LA
233 HRFEAMXKE

M 7 () 3 LA OGRS AR T 3 L ) AN
W AR MRS A DGR BE , 78 SO IR —AR 5 PR R ) I
PG RE . X TIREE N 20 F 2o BRI,
7 H SR

S(z1,22) = (pa(21)py(22)) , (15)
e 7 i LA DG R
(21, 2) = Stuz) (16)

B V/S(21,21)S (22, 22)
Ad =21 — 2|, MR 2 = 21, ['(21,20)7]
MG (2,d). FXHFR (2, d)HIRE 2 RIS
T FAHICPRAL T (d).

Cox!* 45 4, M AH G pRE AT LU MR 75 7 T 7
FoR. FEANE 2 FroR IR i MR RS R 53 AT AT
IR 5L o Tk, I, 72K J5m L, i
PO 1] [A PR Y. FEXFRIE GG T, MR T8 FLAH OC bR
B r(d) nT LA S 3 BT ) B(6) %o, B

r(d) = %/ Bo(0)e3 P singdg,  (17)
0
2, Bo(0) MIE— kA e 7 [ 1,
;/On By(0)sinfdf = 1. (18)

(17) 20 (18) 2R FH 5300 75 e 2 TRV AH DG A
IF b e | L P i AR DM E A I A

3 HEELE

FESS 2 TR L, AR EL AT BT AS [ aE
) ¥4 T RN 22 10 %o T 7 5 R AR 2 S e 5 L
BB R AR N 500 Haz, MR IR 0.5 m.
Bellhop A9 54k H &1 B 0°—180°, f#i FH Bouncel*d

144301-4


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 % 3R Acta Phys. Sin. Vol. 69, No. 14 (2020) 144301

THRG I R BURAVE TR A, SERUE I 1Y)
YEH. RAM HHL PadéB %L m = 10, TREE A
PR E AR A B 0.5 A1 5.0 m, A7 RER 4R
S LR 14°—166°. LLAN, (i BRI AR H S
PR A 17,

3.1 fAERE

3 45 T A SO B . TR I, 1
S =2, 04000 m J9ifEK, 40004500 m
SHUTAR)Z, 4500 m DL AT AS [R]. TR ek sl
Asf, 7 AT S Munk #hk, 7 EHEE R 1000 m,
I AR EE A 3690 m. AFAEIRTERT, B LIS MHA,
SERFFAE. e O EN (R, =0m, Z, =
800 m), I 1 Ml /K 242 43 K D, = 400 m Al
D, =120 km. % i€ 3 B D, 43 5 B —40, —20, 0,
20 140, HH D, = 0 RIR/RAAFAEIRBE. BR7 AR
R MRS R BE R E A S(r) = 0 dB (re 1 pPa?/m?).
WTCHFRR LR, T SO R RES I ESHORAE.

4 45 T IRBERE D, BURFIER, 0—200 km
A 1y P S T R 08 P S T (] ) B 1 B A
20 km. AILVE Y, B OB 3N T & s
B, BRI RO A TR R T SRR L, B B IO R
T, R E T 7 A AR R R R /N YA, TR X
RIS B L2 X5 BE | D, | A 3SR 34558

3.2 mEXREEREMENRIE

A7 L M P e B [ PE P BT L = 21,
Tl Az = 1 m B3 B [ i LI RO it

AR f B O E T 2 = 100, 200, -
3900 m, B A WA 4T A RO 10, B
(14) I EA RN R BE SR E D, BUR RME R, £ 08 5
R R E O M B(9), Qi 5 TR,

&l 5(a) ATLVE 1, TCiREER B(O) A LT
FRAE: 1) 7EIG FLREELL b, B(0)7E 90° J7 A AR
FEAE— DT VIR LIRS S B e PR T R 8 i
K, Bl ORI T R 2R et/
2) B(0)FE K- IUTRE 9 T 10 2 (3 30 168 i 7 17 19 31
) WWAAFAE—IE(E, BB ITR; 3) T
TR UTRUZ R, WIS SRR R, >k AR T
Mg 7 i et B B 55 Tk R THT J Ta RS e F. XS LE
& 5(a) FE 5(b)—[& 5(e) 7T LAE H, IRHEXT B(6)
BRI AT 1) V& IR 7K 7 IR ) 5 B K
M 3 7 A Y TR 11 0 0/ 5 2) 908 TR %o G v T
BE 1) B(0) w2 e A, FEICR BE B B i OBz, 9
BEXT B(0) B R ME/N; 3) 1 HEXT B(0) Y 50 il He
S X} 5 B | D | R K MG

Kl 6(a) Al (b) 2P0 T #.0EREE (800 m)
FIE B35 D IR (2000 m) b, IRTERE D, BUAS[H]
{ELHS f) M 75 3 07 1807 B(). M sE B0 #r B(0)
IRV U ) v BE AR Ak, T SCH AT s ZR e e
TER A BEAE N S0 55, 50 R RS A4 7 R B
IWEHE. B 6(a) 1, D40, —20, 0, 20 Fl
40 B, MURS T 301 2 0 8 T 76 14 #R BB 43 330 ok 110°,
108°, 105°, 102° A1 97°, W M4 58 5 43 51 b 40°,
36°, 30°, 22°F14°. WTLLE ), M 58 BEBE D, 44
TR/ 1N, BRI i 4 ol A ML 5 4 DI R ik

AFRIF RO ril
W 7 5 T
R.=0m Zns = 0.5 m
Ze=800m | p _120km 7 f---------- FIERIT000 m
° i p=1g/cm?
. ¢ WK
FRUKWT 2%
®
®
4000 m
p=1.6 g/cm3 ¢ =1565 m/s -
=02 dB/A  cy=1600 m/s B2
4500 m
p=194 g/ecm3 ¢=1749 m/s TGS )
2l a=10 dB/A
K3 iR

Fig. 3. Simulation environment.
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Fig. 6. Noise vertical directionalities with different D at 800 and 2000 m depths: (a) 800 m; (b) 2000 m.
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Fig. 7. Noise vertical correlation functions with different D, at 800 m depth: (a) Re [I'(d)]; (b) Im [I"(d)].
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Fig. 8. Noise vertical correlation functions with different D¢ at 2000 m depth: (a) Re[I'(d)]; (b) Im [I'(d)].
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Fig. 9. Traces of the rays launching from the (0, 800 m)
point with the launching polar angles varying within
95.5° — 110.5° under the conditions where D, equals to 0,
—40, and 40 (green dashed lines, red solid lines and gray
dotted lines in each subfigure indicate the NR, SR, and SRBR.
rays, respectively): (a) Dc=0; (b) Dc=—-40; (¢) D.=40.
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Table 1. Minimal lunching polar angle 6Osg min,
maximal launching polar angle 6sg max, central
launching polar angle 6sr ., and launching polar
angle width Afgr of the SR rays launching from the
(0, 800 m) point with the launching polar angle be-
ing greater than 90° under the conditions where D
equals to 0, —40, and 40.

De OsR, min OSR  max Osr ¢ Afsg
0 104.3° 105.1° 104.70° 0.8°
—40 109.3° 110.0° 109.65° 0.7°
40 96.3° 97.7° 97.00° 1.4°
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Fig. 10. Noise vertical noise directionalities B,.(6) generated
by noise sources within dr at 800 m depth with r varying

from 40 to 50 km under the conditions where D, equals to
0, —40, and 40: (a) D¢ =0; (b) Dc = —40; (¢) D. =40.
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Table 2. Minimal launching polar angle 6sg min,
maximal launching polar angle Osgr max, central
launching polar angle 6Osg ., and launching polar
angle width Afgsr of the SR rays launching from the
(0, 2000 m) point with the launching polar angle be-
ing greater than 90° under the conditions where D,
equals to 0, —40, and 40.

D, OsR, min OsR, max OsR ¢ Absr
0 102.3° 103.4° 102.85° 1.1°

—40 102.0° 103.4° 102.70° 1.4°
40 102.7° 103.4° 103.05° 0.7°
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Fig. 11. Traces of the rays launching from the (0, 2000 m)
point with the launching polar angles varying within
95.5° — 110.5° under the conditions where D, equals to 0,
—40, and 40 (green dashed lines, red solid lines and gray
dotted lines in each subfigure indicate the NR, SR, and SRBR
rays, respectively): (a) De = 0; (b) D = —40; (¢) D, = 40.
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Fig. 12. Noise vertical noise directionalities By (6) generated
by noise sources within dr at 2000 m depth with r varying
from 40 to 50 km under the conditions where D, equals to
0, —40, and 40: (a) D =0; (b) D. = —40; (¢) Dc = 40.
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Bellhop3D program in N x 2D and 3D modes: (a) N x 2D;
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Effect of mesoscale eddies on the vertical spatial
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Abstract

Mesoscale eddy is a marine phenomenon occurring frequently in deep ocean, and it will disturb the sound
speed in the upper water layer. As a result, the mesoscale eddies will influence the propagation of wing-
generated noise and cause the noise field to vary. In this paper, we investigate the effects of mesoscale eddies on
the vertical spatial characteristics (including the noise vertical directionality and the noise vertical correlation)
of wind-generated noise at different depths of its horizontal center of the eddy. In the study, the Gaussian eddy
model is used to describe the sound speed fluctuation, and the ray and parabolic equation theories are used to
describe the noise propagating in the near field and far field, respectively. Simulations indicate as follows. 1) At
the depth of the eddy center, a clod-core eddy causes both the width of the horizontal notch and the noise
vertical correlation to decrease, while the effect of a warm-core eddy is contrary to that of the cold-core eddy. 2)
At the depth far from the eddy center, the effect of eddies is reduced, a cold-core and a warm-core eddy only
lead the peak at the down edge of the horizontal notch in the noise directionality to rise and fall, respectively,
and do not influence the noise vertical correlation. 3) The effect of an eddy becomes severe as its absolute
strength becomes higher. The ray reversion method based on the principle of reciprocity is used to explain the
physical reason behind the above phenomena. By the method the rays are launched from the noise receiving
point and the polar angle and the strength of the noise arriving reversely along the ray paths are analyzed. It is
shown that the change of the polar angle and the strength of the noise arriving reversely along the surface
reflected ray paths in the presence of eddies are the main cause for changing the noise vertical spatial
characteristics. Furthermore, simulations show that the analyses and conclusions in the study are still
approximately valid when the receiving point deviates from the eddy center but the horizontal distance between

them is short.

Keywords: eddy, wind-generated noise, vertical directionality, vertical correlation, ray model, parabolic

equation model
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