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Fig. 2. Geometric distribution of the noise sources.
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Fig. 8. Vertical directionality of the noise at 1300 and 5000 m with the thickness of the surface duct varing from 0 to 50, 100, and

150 m: (a) 1300 m; (b) 5000 m.
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Fig. 9. Vertical directionality of the noise at 1300 and 5000 m in absence of surface duct and with the sound speed gradient in the
100 m-thick surface duct varying from 0.002 to 0.009 and 0.0167 s—*: (a) 1300 m; (b) 5000 m.
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Table 1 The intervals of k., for different kinds of normal modes in absence and in presence of surface duct.
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Fig. 10. Distribution of different kinds of normal modes on the complex plane in absence and in presence of surface duct: (a) In

absence of surface duct; (b) in presence of surface duct.
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Table 2. The indexes of different kinds of normal modes in absence and in presence of surface duct under the simulation environment.
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Fig. 11. Modal intensity ¥(zo) of noise-sources-generated normal modes in absence and in presence of surface duct: (a) The overall

plot ; (b) zoom in Fig. (a).
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Fig. 12. Modal intensity ¥(zo) of noise-sources-excited normal modes with different p and different G: (a) Different p;

(b) different G.
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Fig. 15. Vertical directionality of the noise calculated involving only Refr-M in absence and in presence of surface duct at 1300 and

5000 m: (a) 1300 m; (b) 5000 m.
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Fig. 16. Vertical directionality of the noise calculated involving only Refl-M in absence and in presence of surface duct at depth

1300 and 5000 m: (a) 1300 m; (b) 5000 m.
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Fig. 17. I'(d), I'(d)re-m and I'(d)genw in absence and in presence of surface duct at 1300 and 5000 m: (a) 1300 m; (b) 5000 m.
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Influence of surface duct on the vertical spatial characteristics
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Abstract

Vertical spatial characteristics of the wind-generated noise include the noise vertical directionality and the
noise vertical coherence, which seriously affect the performance of sonar devices and play an important role in
ocean environment parameters inversion. In this paper, we investigate the influence of surface duct on the noise
vertical spatial characteristics at the depths below the duct. The Kuperman-Ingenito (K/I) model is employed
to describe the distribution of the noise sources, and Pekeris-branch-cut-based normal modes are used to
represent the Green's functions between the noise sources and the receivers. Both the noise vertical
directionality and the noise vertical coherence are expressed as a function of the normal modes, so that we can
investigate the physical reason for the variance of the noise vertical spatial characteristics by analyzing the
variance of the normal modes. The numerical simulations on the noise vertical spatial characteristics show that
the influence of surface duct above the critical depth is different from that below the critical depth. Above the
critical depth, there exists a peak in the noise vertical directionality at the edge of the horizontal notch close to
the bottom side. In the presence of surface duct, this peak significantly rises up, and the noise vertical coherence
deviates from that in the absence of surface duct and tends to be perfect positive coherence and perfect negative
coherence periodically as the vertical distance between the two receivers increases. On the other hand, below the
critical depth, the noise power comes from the horizontal direction becomes stronger and the noise vertical
coherence tends to be perfect positive coherence in the presence of surface duct as compared with the case in the
absence of surface duct. Moreover, the influence will become severer as the thickness of the surface duct
increases, while almost keep unchanged when the sound speed gradient in the surface duct varies. The modal
analysis indicates that the noise source excites more refracted normal modes with stronger modal intensity in
the presence of surface duct, and the excited refracted normal modes become more and stronger if the surface
duct is thicker. As the result, the increase of the refracted mode number and the enhancement of their modal

intensity cause the vertical spatial characteristics of noise to change.

Keywords: wind-generated noise, surface duct, noise vertical directionality, noise vertical coherence,

normal modes

PACS: 43.20.+g, 43.30.4+m, 43.50.+y DOI: 10.7498 /aps.68.20181794

* Project supported by the Key Program of the National Natural Science Foundation of China (Grant No. 11534009), the
National Natural Science Foundation of China (Grant No. 51479169), and the Opening Project of State Key Laboratory of
Acoustics, China (Grant No. SKLA201702).

1 Corresponding author. E-mail: csun@nwpu.edu.cn

024302-14


http://dx.doi.org/10.7498/aps.68.20181794
mailto:csun@nwpu.edu.cn
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

