AMBIENT NOISE PREDICTION IN A 3D VARIABLE SEA ENVIRONMENT USING PARAXIAL APPROXIMATIONS OF THE REDUCED WAVE EQUATION
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Abstract

Predictions of acoustic propagation in the sea can determine the effects of various man made sources (like ship propellers, submarines movements) to the ambient noise levels and thus allow the study of its effects to natural life of mammals, fishes etc. It is therefore of great importance the disposition of effective computational tools to predict sound propagation in the sea under all the complex assumptions that realistic simulations require. Indeed, in some realistic cases of three--dimensional (3D) oceanic environments, sudden changes in space of sound velocity and sea-floor interactions can have significant effects on sound propagation, leading to the need for 3D models.
In this context, parabolic equation (PE) based models are largely used in the underwater acoustics community since they are efficient for solving complex sound propagation problems in various complex oceanic environments. Most of the 3D PE based models use the simple stair-step technique to approximate variations to the slope of the sea bottoms. Thus, they violate the proper incorporation of important physical factors into the computational model that affect the propagation. In strict mathematical terms these factors appear in the way the modeling of the boundary conditions along the water-sea bottom interface is done.
We present a 3D PE model that treats the interface scattering very accurately. We use a narrow-angle, paraxial approximation of the Helmholtz equation, and assume a general (not necessarily with cylindrical symmetric) bottom topography. An important feature of our model is that the classical normal derivative conditions are replaced by parabolized conditions tightly following the paraxial approximation used. The waveguide is composed of three fluid layers: one water layer, one sediment layer lying on top of an artificial absorbing layer simulating a fluid bottom half space. In order to handle sloping interfaces we transform the physical domain into a simpler one using changes of variable. We investigate two changes of variable (for both of them, the water depth becomes flat). The first one is based on a global affine mapping. The mathematical model is rewritten in the new domain (the characteristics of the bottom geometry are now included in the variable coefficients of the modified equation) and correct energy properties of the model are derived. The numerical scheme is presented and numerical simulations considering several test cases are shown. The 3D effects are discussed and compared to others results obtained by a 3D PE model that uses the simple, stair-step technique. The second change of variable considered is based on a piecewise affine mapping relatively to each of the three layers. Unlike the first change of variable, no homothetic condition is required on the interfaces in the physical domain. Again, the mathematical model is rewritten and it is shown that it still preserves the energy estimate which ensures the existence and uniqueness of a solution.

