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Nonlinear Sound Amplification and Directivity Due to Underwater Bubbles
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Since a bubble in water is a highly nonlinear acoustic scatterer, the acoustic scattered waves from underwater bubbles
show highly nonlinear acoustic properties. These acoustic scattered waves can be observed at the second or higher
harmonics as well as at the fundamental primary frequency of incident acoustic wave, When two primary acoustic
waves of different frequencies are incident on a bubble, the acoustic scattered waves can be also observed at the
sum and the difference frequencies of the primary waves, In this study, when the two primary acoustic waves were
incident on a bubble screen in water, we observed that the amplitude of difference frequency wave was amplified
by the bubble nonlinearity and its directivity was oriented in the propagation directions of primary waves, The
directivity of scattered difference frequency wave was analyzed as a coherent scattering for virtual source by using
the directivity of the primary acoustic wave,
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Fig. 1. Coordinate system used in calculating the nearfield of circular piston acoustic transducer.
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Fig. 4. Acoustic transmission loss spectrum of underwater bubble layer measured by using the frequency sweep in the range
from 100 kHz to 1.6 MHz. Since the acoustic transmission loss is dominated around the frequency 285 kHz, the bubbles
having resonance frequencies close to this frequency make the bubble screen. These bubbles have the resonance radii

around 12 um.
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Fii. 5. The experimental and the theoretical results of beam disiribution about the intensities of two primary acoustic waves
calculated from the Eq. (5} at an incident plane in the near field and the beam widths got from theoretical results.
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Fig. 7. Spatial distribution of the difference frequency wave scattered from the interaction zone between two primary acoustic
waves as the bubble exists or not. The difference fraquency wave is distributed centering around the main beam axises
of two primary waves that is, 9=0",23" and the amplitude of difference frequency wave is amplified by the bubble

nonlinearity.
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(2) the propagation direction of ihe difference frequency wave radiated by the incidence of primary acoustic wave at the
frequency 6.4 MHz in situation thal the acoustic virtual sources are excited by 7.9 MHz. In 1his experiment, the propagating
direction of the difference frequency wave is discovered as the combination of (a) and (b) processes
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Fig. 8. Propagalion direction of the difference frequency wave when Ihe interaction zone of two primary acoustic waves are
considered as the arrangement of acoustic virtuat sources radiating Ihe difference frequency wave.
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Fig. 9. Comparison of the sxperimental and theoretical results for the directivity of the difference frequency wave scattered
from the interaction zone of two primary acoustic waves on the bubble screen.
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