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Fig. 1. Comparison diagram of transmission loss and experi-
mental data at 200 Hz0.
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Fig. 2. Sound speed profile in experiment area.
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Fig. 3. Pseudo color map of transmission loss with fre-

quency averaged.
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Fig. 8. Comparisons of transmission losses at different
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sound speed profile: (a) Complete channel; (b) incomplete
channel with source depth sound speed less than bottom
sound speed; (c) incomplete channel with source depth

sound speed greater than bottom sound speed.
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Fig. 9. Schematic diagram of the structure of caustic lines
formed by RR type rays at different source depths. The full
line is the caustic line formed by the positive angle of de-
parture, and the imaginary line is the caustic line formed
by the negative angle of departure: (a) 100 m; (b) 200 m;
(c) 500 m.
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Fig. 10. Transmission loss with receiver depth at 4000 m:

(a) 0-450 km; (b) enlarge view of the 7th lower turning

point convergence zone.
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Fig. 11. Comparison of transmission losses with receiver
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44 FEREHBEHEUNTRERSER
Al

DRI B R = Z TR, RN
TARBREF L, 7RO IERR I, O TIPS P
T FLEH AT T RO 2 R IX IR, (4] 12
ST R IR T 200 m A B 2R A 2R ]
T LT R p 2 B DX AR L B 5 A R 2R
TR XS L. IR 12 AT LA ), 7ER S8 8 il
H, B SR IX R B A Z A B P AR
SN, OATEANSERE R T, B RO R 2 R IX B
L D PR TR P 2T IS , 3R 102 7 AR A
AR PR L PR 7 7 A S, DRIt AR A2 P

024301-7


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 Z 3R Acta Phys. Sin. Vol. 70, No. 2 (2021) 024301

EHEIRIE . A, & F i T3 00 J= IR 8 7 7 A
Ry TEC R A8 P AT IR TR P 3, DRI T B
SR AERA RO R, R, &Z=m i
MR X B E 2

(a) 0 ™ 4B
500 /‘ 60
1000 70
1500
g 80
< 2000
P
® 2500 90
3000 | Y YUYYS 100
3500 | l\I ' 110
4000 F L
— : 120
1480 15600 100 200 300 400
7 /m-s—! PEES /km
(b) 0 dB
500 60
1000 70
1500
g 80
<2000 ,
= ' 90
® 2500 | 1
3000 F \ E; 100
3500 | ' 110
4000 F
: 120

1480 15600 100 200 300 400
I /mes! g /km

12 A BREHEBIE TR SRIXCERE LA () £
% (b) &%

Fig. 12. Comparisons of caustics at lower turning point con-

vergence zone in summer and winter: (a) Summer; (b) winter.
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Abstract

In a deep sea sound channel, rays will bend due to the sound speed profile, and convergence zone will occur
when the rays are intensive. Transmission loss in the convergence zone is smaller and it is conducive to acoustic
detection and communication. Therefore the study of acoustic characteristics in convergence zone is always the
focus of deep-sea acoustics. A long-range sound propagation experiment is conducted in the South China Sea.
An equivalent broadband explosive sound source of 1 kg is placed at a depth of 200 m, and the hydrophone
receives the data at 3146 m far. The processing and analysis of the experimental data indicate that there is a
convergence zone below the sound channel axis in the incomplete deep channel. Compared with the upper
turning point convergence zone near the surface, this convergence zone has a high convergence gain at a long
distance. The caustic lines of refracted type and refracted surface-refleted type are determined by means of ray-
normal mode theory. It is found that the location of the deep convergence zone observed in the experiment is
consistent with the position of the refracted caustic line. It is proved that the convergence zone is a lower
turning point convergence zone formed by the superposition of a large number of normal modes in the same
phase, and it has a convergence effect at a certain depth below the sound channel axis in the deep sea. The
formation conditions of the convergence zone and the influence of sound source depth on the caustic structure of
the convergence zone are studied. The comparisons of the transmission loss and the width between the upper
and lower turning point convergence zone at a long distance aremade. The analysis shows that the convergence
gain in the seventh lower turning point convergence zone is still no less than 10 dB. The influence of the
vertical structure of sound velocity on the lower turning point convergence zone is studied. The theoretical

analysis results are in good agreement with the experimental data.
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