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Acoustic insertion loss by a bubble layer for the application to
air bubble curtain and air masker
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ABSTRACT: This paper derives the insertion loss for the bubble layer of an air bubble curtain and an air masker
which are used to reduce ocean anthropogenic noise such as the piling noise and the ship noise. The air bubble
curtain is considered as a ‘fluid-air bubble layer-fluid” model and the environment for the air masker is simplified
as an ‘vacuum-thin plate-fluid-air bubble layer-fluid’ model. The air bubble layer in each model is assumed as the
effective medium which has the complex wavenumber and the complex impedance corresponding to the bubble
population distribution. The numerical simulations are performed to examine the insertion loss depending on the
bubble population, the void fraction, and the thickness of the layer.
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Fig. 1. Reflection and transmission of a plane wave
incident on a bubble layer.
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Table 1. Parameters for bubble curtain simulation.

Medium Parameter Value
density (p,) 1.0 kg/m’
sound speed (c, ) 1500.0 m/s
water
depth (2) 10.0 m
ambient pressure (Pa) | 1.013 < 10° X (1+0.12)
radius (a) 0.5 mm ~ 2.5 mm
specific heat ratio 1.4
bubble P - o
layer thickness (k) 5cm, 10 cm, 30 cm
void fraction (v) 0.01, 0.001, 0.0001
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Fig. 2. Insertion loss at different layer thickness (v =
0.001): (a) insertion loss (10 Hz - 100 kHz), (b)
insertion loss (10 Hz - 2 kHz), (c) relative effective
sound speed.
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Fig. 3. Insertion loss at different bubble void fraction

(h = 10 cm): (a) insertion loss, (b) relative effective
sound speed.
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Fig. 4. Comparison of the insertion loss of a bubble
layer and the attenuation in the bubbly water.
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Table 2. Parameters for air masker simulation.

Medium Parameter Value
Young’s modulus ( 5) 19.5 %< 10*° N/m?
Poisson’s ratio (o) 0.3
plate -
density (p,) 7,800.0 kg/m’
thickness (h) 1.5cm
density (p,) 1,000.0 kg/m’
sound speed (c,,) 1,500.0 m/s
water depth (2) 3.0m
ambient pressure (F2) | 1.013x10° X (1+0.1z)
layer thickness (#,) 0cm, 10 cm, 30 cm
radius (@) 0.5 mm~ 2.5 mm
specific heat ratio () 1.4
bubble :
layer thickness (/1,- ) 10 cm
void fraction (v) 0.001
60
~ 7H1 =0.0cm
40 \ H,=10.0cm
. ~H,=30.0cm
) TN
T 20
=
0
-20
107 10° 10" 102
freq. (kHz)

Fig. 6. Comparison of insertion losses for the different
water layer thickness.
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