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LONG-TERM GOALS

To study the physical processes controlling the propagation of high frequency acoustical signals. Of
particular interest is the relationship between bubble distributions, surface gravity waves and
turbulence and their effects on sound propagation.

A second long-term goal is to model these processes to improve our understanding and to enhance the
predictive capabilities.

OBJECTIVES

Our objectives are (1) to develop new techniques and approaches for high frequency acoustical
propagation experiments in environments with dense bubble distributions and significant turbulence;
(2) to carry out such experiments; (3) to model sound propagation in these environments; and (4) to
interpret the results in terms of appropriate acoustic models.

APPROACH

Our approach to studies of high frequency propagation in bubbly water near the ocean surface includes
observational and model analysis of forward and back-scattered sound as well as analysis of the
naturally occurring ambient noise field.

A preliminary attempt to acquire data during the Martha’s Vineyard Coastal Observatory experiment
(SPACEO02) was foiled by a failed mooring and loss of instruments. A revised experiment will be
carried out in Narragansett Bay using rebuilt equipment. The new instrumentation includes high-
frequency (100kHz) acoustical backscatter in both vertical and slant mode operation investigate dense
bubble clouds in the surf zone and their link to wave and bottom induced turbulence. In addition the
acoustic system is being set up on a bistatic array so as to permit transmission of communication
signals at the same time as surface and volume back scatter measurements are being acquired.
Instrumentation will be deployed and tested in November 2005.
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Key individuals involved in the work:
o D M Farmer is an acoustical oceanographer responsible for project design and analysis

o S Vagle is an acoustical oceanographer responsible for implementation of acoustical systems,
experimental execution and data analysis.

o G Deane is an acoustical oceanographer at Scripps who is collaborating in the research
including both field studies and acoustic analysis

o J Preisig is a researcher from Woods Hole who is collaborating in both field studies and data
analysis and interpretation.

WORK COMPLETED

The result of the accident the MVCO experiment (SPACE02), namely to obtain environmental
measurements at the specular points of J. Preisig’s acoustical arrays, was not met. Based on the
experiences from this effort we have developed a new experimental plan and have rebuilt the
instrumentation. This plan is less complex while ensuring that we obtain the essential bubble
measurements relevant to interpretation of propagation effects on the communication path to be used
by Jim Preisig..
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Figure 1. Diagram showing new instrumentation constructed for backscatter and
propagation measurements in Narragansett Bay. Sonars are mounted on two
tripods deployed approximately 50m apart.



A revised bistatic instrument has been constructed so as to allow a simple controllable experiment
aimed at investigating propagation of high-frequency sound through dense bubble clouds (Figure. 1)
while at the same time monitoring the surface and volume back scatter. Back-scatter Doppler
measurements can be acquired at frequencies of 100 and 200kHz. Propagation measurements across
the bistatic system can be made at a frequency of 120kHz. Finally, hydrophones are incorporated in
the system so as to measure the sound made by breaking waves.

The bistatic measurements will be acquired with a square array of source/receivers using a Im
baseline. Sidescan sonars will be mounted on motor drives. The entire system will be deployed in
Narragansett Bay close to the dock at the University of Rhode Island.

Figure 2. Propagation sonars and sidescan back
scatter sonars mounted on two tripods prior to
deployment in Narragansett Bay.

RESULTS

At the time of writing, the instruments have been built but not yet deployed. However, further work
has been carried out on the behavior of acoustical resonators such as we used in the original SPACE02
experiment. Modeling analysis was carried out to better understand the performance of these sensors,
especially in the light of recent studies carried out by Leighton on the influence of a reverberation on
bubble resonance. Leighton’s work focused on fixed bubble-cavity geometries. We have carried out
detailed model calculations to determine the influence of reverberation on bubble resonance when the
bubbles are randomly distributed in a freely flooding cavity such as the acoustical resonator we use for
our measurements. An important result of these studies is that while we were able to confirm
Leighton’s prediction of the influence of reverberation on bubble resonance, we found that the impact
for randomly distributed bubbles in a freely flooding cavity was confined to narrow peaks in the
frequency domain. If these peaks coincide with the natural resonance frequencies of the resonator, the
signal would be affected and the measurement perturbed. For the specific dimensions of the resonator
used in our studies, the peaks do not coincide with the resonator harmonics and therefore do not cause
a significant effect. A numerical scheme was developed to correct for the effect. The results have been
published (Farmer, Vagle & Booth 2005).



IMPACT/APPLICATIONS

Considerations of the hydrodynamic impacts of the surface wave field, the bubbles and the turbulence
are critical to the development of robust acoustical propagation models (Vagle, Farmer & Deane, 2001;
Farmer, Deane & Vagle, 2001). The present studies and modeling efforts, combined with a revised
experiment will improve our understanding of significant problems associated with sound propagation
in the presence of bubbles and turbulence, especially as it applied to underwater acoustic
communication. Analysis of the resonator performance, taking due account of reverberation effects,
will provide added confidence in the use of this instrument in bubble measurements.
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