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Fig. 1. The bubble clouds distribution: (a) Poisson-distributed population; (b) distributed around one

cluster centers; (c) distributed around two cluster centers; (d) distributed around three cluster centers.
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Fig. 2. Effective spatial correlation function of: (a) Poisson-distributed population; (b) distributed around

one cluster centers; (c) distributed around two cluster centers; (d) distributed around three cluster centers.
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Abstract

With using the effective medium theory to describe acoustic scattering from bubble clouds, one of the underlying
assumptions shows that the probability of an individual bubble located at some position in space is independent of the
locations of other bubbles. However, bubbles within the clouds that naturally occur are usually influenced by the motion
of the fluid, which makes them preferentially concentrated or clustered. According to Weber’s method, it is a useful
way of introducing the spatial correlation function to describe this phenomenon in bubble cloud. The spatial correlation
function is involved in acoustic scattering and it is important to notice that the spatial correlation should be dependent
on the position and radius of each bubble due to the “hole correction” or the effect of the dynamics of the fluid. Because
of these reasons, it is hard to invert the spatial distribution of bubble clouds by using the spatial correlation function in
acoustic scattering. A method is described here in which bubble clouds are separated into many small subareas and the
conception, called effective spatial correlation function which is the statistic of spatial correlation function, is used to
describe the correlation between subareas of bubble clouds. Since the effective spatial correlation function is independent
of bubble radius and positions, the bubble clouddistribution and the trend of clustering can be inverted by using this
function. The simulation indicates that the effective spatial correlation function can precisely trace the position of the
clustering center, even the clustering center covered by other bubble clouds can be detected. With using the multi-bean
sonar for measuring the bubbly ship wake generated by a small trial vessel, the method is used to invert the spatial
distribution and clustering centers of bubble field in the ship wake. The results show that the effective spatial correlation
function accurately inverts the distribution and clustering centers of bubbles in ship wake. Furthermore, the method
presented in this paper could distinguish between the bubble clouds caused by different reasons and detect upper ocean

bubble clouds covered by other bubbles generated by wave breaking as well.

Keywords: acoustic scattering, bubble clouds, spatial correlation, wake
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