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Abstract

This Technical Report provides descriptions of 25 techniques that have been found useful for detecting and
characterizing small gas-filled cavities or bubbles, and for monitoring cavitation activity. Acoustical, optical
and electrical methods are among those employed for determining numbers, sizes and spatial distributions
of bubbles. Physical, chemical and biological tests are used in monitoring cavitation activity. The
procedures described have been applied to medicine, to oceanography and to materials processing.
Guidance is offered on the techniques which have been found suitable for specific applications.
Advantages and disadvantages are discussed. References are provided for further reading.
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AMERICAN NATIONAL STANDARDS ON ACOUSTICS

The Acoustical Society of America (ASA) provides the Secretariat for Accredited
Standards Committees S1 on Acoustics, S2 on Mechanical Vibration and Shock,
S3 on Bioacoustics, and S12 on Noise. These committees have wide represen-
tation from the technical community (manufacturers, consumers, trade associa-
tions, general interest and government representatives). The standards are pub-
lished by the Acoustical Society of America through the American Institute of
Physics as American National Standards after approval by their respective Stan-
dards Committees and the American National Standards Institute.

These standards are developed and published as a public service to provide
standards useful to the public, industry, and consumers, and to Federal, State, and
local governments.

Each of the Accredited Standards Committees, operating in accordance with pro-
cedures approved by American National Standards Institute (ANSI), is responsible
for developing, voting upon, and maintaining or revising its own Standards. The
ASA Standards Secretariat administers Committee organization and activity and
provides liaison between the Accredited Standards Committees and ANSI. After
the Standards have been produced and adopted by the Accredited Standards
Committees, and approved as American National Standards by ANSI, the ASA
Standards Secretariat arranges for their publication and distribution.

An American National Standard implies a consensus of those substantially con-
cerned with its scope and provisions. Consensus is established when, in the
judgment of the ANSI Board of Standards Review, directly and materially affected
interests have reached substantial agreement. Substantial agreement means
much more than a simple majority, but not necessarily unanimity. Consensus
requires that all views and objections be considered and that a concerted effort be
made towards their resolution.

The use of American National Standards is completely voluntary. Their existence
does not in any respect preclude anyone, whether he or she has approved the
Standards or not, from manufacturing, marketing, purchasing, or using products,
processes, or procedures not conforming to the Standards.

NOTICE: This Technical Report may be revised or withdrawn at any time. The
procedures of the American National Standards Institute require that action be
taken periodically to reaffirm, revise, or withdraw this Technical Report.
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Foreword

[This foreword is for information only and is not an integral part of ANSI S1.24
TR-2002 ANSI Technical Report Bubble Detection and Cavitation Monitoring]

Few liquids or solids are homogeneous; most contain cavities filled with air or
other gas. The cavities may be large enough to be obvious, or may be very small.
They may be desirable, as in foods or lightweight construction materials, or harm-
ful if they cause weakness in structures or if they cause decompression illness
during underwater or space activities. In diagnostic medicine, small gas-containing
particles are introduced into the circulation to improve ultrasound images. In lakes
and oceans, bubbles produced at the surface provide needed oxygen for aquatic
life, but they present difficulties for sonar or other operations dependent on sound
propagation. In industries it is sometimes desired to introduce gas into manufac-
tured products, but the appearance of unwanted gas bubbles can be a serious
problem.

Gas-filled cavities respond to a sound field in a complex activity known as acoustic
cavitation. This includes simple breathing oscillations, shape oscillations, high-
speed travel, jet formation, dramatic implosions, fragmentation, and interactions
between bubbles. The high temperature produced in the gas phase during implo-
sions leads to production of sonochemicals and/or sonoluminescence. The me-
chanical stresses and chemicals produced by acoustic cavitation are capable of
causing a host of physical, chemical and biological effects which can be desired,
as in sonic cleaning or sterilization, or harmful if unwanted chemical action or solid
erosion is produced.

Many methods have been devised for detecting and sizing gas-filled cavities, for
determining their distributions in space and time, and for monitoring their activity.
In this report, 25 techniques are described by authors with knowledge and expe-
rience. Principles of operation are explained and applications discussed for each
of the varied techniques. It is expected that there will be increasing need for this
kind of information in the future, and it is hoped that this report will be a useful
resource.

Publication of this ANSI Technical Report has been approved by the Acoustical
Society of America. This document is registered as a Technical Report in a series
of publications according to the Procedures for the Registration of ANSI Technical
Reports. This document is not an American National Standard and the material
contained herein is not normative in nature. Comments on the content of this
document should be sent to the following address:

Standards Secretariat
Acoustical Society of America
35 Pinelawn Road, Suite 114E
Melville, New York 11747-3177
Tel: 631-390-0215
Fax: 631-390-0217
E-Mail: asastds@aip.org

This Technical Report was developed under the jurisdiction of Accredited Standards
Committee S1, Acoustics, which has the following scope:

Standards, specifications, methods of measurement and test terminology in the
fields of physical acoustics, including architectural acoustics, electroacoustics,
sonics and ultrasonics, and underwater sound, but excluding those aspects
which pertain to safety, human tolerance and comfort.
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