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Summary

The ocean is a random medium having both deterministic and nondeterministic
characterigtics. This behavior often leads to the difficulty in performing such underwater
applications as telemetry and tomography. Propagation of acoustic rays in the ocean depends
on temperature, salinity and density (Frosch 1964). While pressure is primarily controlled by
depth, temperature and salinity variations in the ocean due to currents, the surface mixed
layer, eddies, internal waves and other oceanographic features. These features affect the
structure of the temperature and salinity fields, which in turn determines the sound velocity
fields. Furthermore, these features change both in time and space, modifying the temperature,
salinity and sound velocity fields. Other oceanographic features which affect acoustic
propagation are internal tides and waves. Internal tides are internal waves in the ocean with
tidal frequencies. As they propagate they alter the temperature structure and consequently the
sound velocity fields. A primitive-equation model (MIT General Circulation Model
(MITgcm)) with tidal forcing provided the temperature and salinity fields, from which the
horizontal and vertical dependence of sound speed fields of the Oman Gulf were generated.
This model solves the fully nonlinear, non-hydrostatic Navier-Stokes equations under the
Boussinesq approximation for an incompressible fluid with a spatial finite volume
discretization on an orthogonal computational grid. The model formulation includes implicit
free surface and partia step topography. The Makenzi formula for sound velocity was used to
calculate the sound speed from the potential temperature, salinity and pressure fields. Using
these sound speed fields and the Bellhop acoustic ray tracing software, the effect of interna
tide on sound propagation was investigated. Both ray paths and Transmission Loss (TL) were
analyzed for dependencies on the tidal cycles. This program traces acoustic rays along a 2-D
sound speed field, which varies both horizontally and verticaly. It was designed to “achieve
fast, accurate wavefront, and eigenray travel time predictions’” and is based on Bowlin’s RAY
program (Dushaw and Colosi 1998). In the sill region, the topography is supercritical with
respect to the M2 interna tides. The calculations of the sound field were performed for a
harmonic source operating at frequencies of 100, 400,800 and 1500 Hz at a depth of 350m. In
the different scenarios of simulations of propagation sound, the calculations were performed
during a period tide cycly (at hours 3, 9, 15 and 21).

The results of the modeling of sound propagation with nonlinear internal waves impact on the
sound propgation during the period tide is as follows (Freitas, 2008):

1- Propagation of the sound during a period of internal tide leads to energy of sound being
expanded and compressed at some points. At a frequency of 300 Hz, the sound scattering
occurs intensively in the environment, due to fact that the wavelength source of acoustic is
order of wavelength of internal tide (fine structure). As a result, fewer blind spots are seen in
the environment.

2- During a period of the interna tide, the basic structure of the sound velocity profile is not
similar for all hours.

3- Interna tidal waves in the hours of 9, 15 and 21 over the hill lead to the, intensity of
acoustic pressure increase and leading to the convergence of sound beamsin this region.
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