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Low-order guided waves across-ice layers excited by transient
acoustic sources beneath Arctic ice

CHEN Sheng'*, ZHOU Hongtao" >, WENG Hongtao'**, PAN Yu'?, RUAN Hailin'"?

(1. Third Institute of Oceanography, Ministry of Natural Resources, Xiamen 361005, China; 2. Fujian Provincial Key Laboratory of
Marine Physical and Geological Processes, Xiamen 361005, China; 3. Key Laboratory for Polar Acoustics and Application of Ministry
of Education, Harbin 150001, China)

Abstract ; Understanding the characteristics of the propagation of low-frequency signals emitted by an acoustic source
across ice layers enables the effective performance of cross-ice acoustic positioning and acoustic communication tasks.
The characteristic equation of sea ice covered with water on one side was used, and the expression for the low-order
guided waves of the ice layer was derived. By establishing a two-dimensional finite element simulation model of ice-
water coupling, the horizontal and vertical propagation processes of low-order guided waves across ice layers excited
by a transient acoustic source were simulated. Furthermore, the frequency-wavenumber characteristics, propagation
path, propagation velocity, displacement peak, etc., of low-order guided waves crossing the ice layers were ana-
lyzed. The verification experiment was conducted in the Arctic. The results of the study indicate that, ideally, the QS
mode of the low-order guided wave can be distinguished from the SO mode in vertical and horizontal directions. In
contrast, in the Arctic, the QS mode of the low-order guided wave moving across the ice can be distinguished from
the SO mode in the vertical direction. Its propagation path can be set to initially exhibit a vertical distribution, and
subsequently, a horizontal distribution. The propagation speed tends to be constant with increasing horizontal dis-
tance. When the depth of the sound source is at certain values, compared with that observed in SO waves, the dis-
placement peak of QS waves is stronger in the vertical direction and weaker in the horizontal direction. These findings
will provide theoretical support for underwater sound source localization, communication, and related applications.
Keywords : Arctic; transient acoustic source; ice-guided wave; transmission path; geophone; across-ice layer;
characteristic equation; frequency-wavenumber
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Fig. 11  Cross-ice detection signal excited by transient
sound source under ice(n=1,h=15,0=0°)
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