SHE28FsH5|X| M38E M|IZ pp. 67~72 (2019)
The Journal of the Acoustical Society of Korea Vol.38, No.1 (2019) pISSN : 1225-4428
https://doi.org/10.7776/ASK.2019.38.1.067 elSSN : 2287-3775

[—] o
= HRES ZIMHA1 TojAlS

Simulation of underwater echo reduction
using miniaturized Helmholtz resonators
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ABSTRACT: In this study, we investigate the echo reduction performance of miniaturinzed Helmholtz
resonators using smaller than wavelength acoustic metamaterial structures. The Helmholtz resonators are formed
using air structures which exhibit large impedance mismatch with the surrounding underwater environment.
Using the multi-physics software package, we find that significant reduction in the sonar signature is expected and
frequency tailoring is possible by controlling the degree of space coiling and inner volume of the resonators. We
find that for the basic Helmholtz resonators, up to 7 dB reduction in echo is expected at 10,000 Hz while when the
miniaturized Helmoholtz resonators are used, up to 14 dB reduction in echo is expected at 5,000 Hz. In addition,
frequency tailoring is demonstrated by varying the internal volume of the Helmholtz resonators and broadband
characteristic is shown using superposition of various degree of space coiled structures. Through this study we
investigate the effectiveness of the miniaturized Helmholtz resonators formed using air structures and the echo
reduction results show promisses in the application of achieving underwater stealth.
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Fig. 1. Conceptual diagram of the miniaturized Helmholtz
resonator applied on the submarine hull.
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® ©

Model 2 Model 3

Fig. 2. The 2D simulation model of the underwater
Helmholtz resonators. (a) the basic Helmholtz resonator
model. (b), (c) miniaturized Helmholtz resonator models
using various degree of space coiling acoustic meta-
material.

Table 1. Dimensions of the simulation model.

Length (cm)
h 15
15
s 3
t 3
w 15
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Table 2. Material properties of the structure (Air) and
the medium (Water) used in this study.

Density (kg/m’) Speed of sound (mv/s)
Air 1.29 330
Water 1003.9 1403

Table 3. Boundary conditions used in this study.

Periodic condition A-A', B-B'

Plane wave radiation A-B

Hard wall A'-B', Water-Air boundaries
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