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THE Acoustic METHOD As A PrEcisE TooL For
THE DETERMINATION PpT DATA OF LIQUIDS

Schedule: Wednesday 09:30
Building: D1, Room: WA3

Invited Paper

MARZENA DZIDA
(University of Silesia; mhd@ich.us.edu.pl)

High-pressure thermodynamic properties of liquids are of
considerable interest from the fundamental and practical points
of view. Their knowledge lets understand better the type and
nature of the intermolecular interactions, thus develop ade-
quate models of the liquid state. The high-pressure data help
in developing technologies that require working liquids exposed
to changing pressure, e.g. those of fuels, refrigerants, cleaning
and foaming agents, etc. The acoustic method has found accep-
tance as a precise tool for the determination of thermodynamic
properties of compressed liquids. The ppT data obtained from
the experimental speeds of sound belong to the most reliable
ones because the speed can be measured accurately over wide
range of temperatures and pressures. In the calculations, the
experimental speeds of sound under high pressures have been
used, together with the densities and heat capacities at atmo-
spheric pressure as a reference one. The uncertainties do not
exceed &plusmn;0.05 % and &plusmn;1 % for the calculated
high-pressure density and the heat capacity, respectively.

AGGREGATION PROCESSES IN CONCENTRATED
MAaGNETIC FLUIDS As STUDIED BY ULTRASONIC,
MAGNETIC AND RHEOLOGICAL METHODS

Schedule: Wednesday 09:50
Building: D1, Room: WA3

Invited Paper

TOMASZ HORNOWSKI
(Institute of Acoustics, Faculty of Physics; hornaku@amu.edu.pl)

Magnetic fluids are colloidal suspensions containing mag-
netic nanoparticles, usually ferrite-based (MFe204), dispersed
in organic or inorganic liquid carrier. Due to the possibility
of remote controlling fluid’s parameters using magnetic field,
magnetic fluids have attracted considerable interest in their
potential application in technological, biological and medical

fields, such as seals, bearings, sensors, drug delivery, or mag-
netic hyperthermia. The internal microstructure formed in
magnetic fluid under the influence of the magnetic field gives
rise to a significant change in velocity and ultrasonic attenua-
tion of the ultrasound with the respect of the direction of mag-
netic field. This so-called field-induced ultrasonic anisotropy
depends, generally, on magnetic field strength, magnetic par-
ticles concentration and temperature. In this work the effect
of magnetic field on the aggregation processes in the trans-
former oil-based magnetic fluid with various concentrations of
magnetite particles was studied. Experimental data obtained
from ultrasonic, rheological and magnetic measurements give
the evidence of the microstructure formation in the magnetic
fluid studied under the influence of the external magnetic field.

CoNTROLLING THE DEPTH OF LocAL TISSUE
NEcCRrosis INDUCED BY PULSED NONLINEAR
FocuseEDp ULTRASONIC BEAM WITH
ELECTRONICALLY SLIDING Focus

Contributed Paper Schedule: Wednesday 10:10

Building: D1, Room: WA3

TAMARA KUJAWSKA
(Institute of Fundamental Technological Research, Polish Academy
of Sciences; tkujaw@ippt.pan.pl)
WOJCIECH SECOMSKI; MICHAL BYRA; ANDRZEJ
NOWICKI

To target a pulsed ultrasonic beam focus on a tumor located
deep in tissues during thermo-ablative treatment with HIFU
technique, beams with different focal distances are required.
To be able to control a depth of local thermal fields induced in
tissues by single beam both, the plane and concave 7-element,
annular phased array transducer with a frequency of 2 MHz
and diameter of 29 mm were designed and built. The radius
of curvature (ROC) for the concave transducer was equal to 60
mm. The transducer elements had the same area to provide
uniform pressure distribution on their surface due to the same
impedance and were excited by pulses with time delays provid-
ing the beam focusing at three different depths (25 mm, 30 mm,
35 mm). To select sets of time-delays for each focal depth the
measurements of pressure waveforms on the axis of the beam



generated in water were performed using a needle hydrophone.
For this measurements 10-cycle tone bursts with 1 kHz PRF
were used. In order to induce local thermo-ablative necrosis
inside a tissue at three different depths (10 mm, 15 mm and 20
mm) a two-layer system of wave propagation media comprising
of 15 mm water and 25 mm pork loin was used. To heat lo-
cally the pork loin the 20-cycle tone bursts with 0.2 duty-cycle
and average acoustic power of 12 W (the initial pulse intensity
ISATA of about 2 W/cm2) was used. In order to determine
the exposure time required to induce necrosis (rise in tempera-
ture above 56 degC) in the pork loin at the selected depth the
thermocouples placed on the acoustic beam axis were used. Af-
ter exposure to ultrasound 3 necrotic spots were observed after
the cutting the tested tissue sample along the beam axis. The
obtained results proved the feasibility of controlling the depth
of local tissue necrosis using pulsed focused ultrasonic beam
with an electronically sliding focus generated from the planar
or concave multi-element annular phased array transducer.

THE AcousTic CAVITATION AND SONOCHEMISTRY

Schedule: Wednesday 11:00
Building: D1, Room: WA3

Invited Paper

KYUICHI YASUI
(National Institute of Advanced Industrial Science and Technology
(AIST); k.yasui@aist.go.jp)

Although acoustic cavitation noise is often measured in ex-
periments of acoustic cavitation and sonochemistry, the mech-
anism of the broad-band noise is still under debate. In the
present study, numerical simulations of acoustic cavitation
noise are performed taking into account the temporal fluc-
tuation in the number of bubbles. The results indicate that
the temporal fluctuation in the number of bubbles results in
the broad-band noise [K.Yasui et al., Ultrason.Sonochem. 17,
460-472 (2010)]. At a high number density of bubbles, the
bubble-bubble interaction intensifies the broad-band noise. In
low-concentration surfactant solution, the broad-band noise is
much weaker than that in pure water because the bubble size
is much smaller due to the inhibition of bubble coalescence by
surfactant so that the bubbles are shape stable resulting in
much less temporal fluctuation in the number of bubbles. It is
consistent with the experimental observation by Ashokkumar
et al. [J.Am.Chem.Soc. 129, 2250-2258 (2007)].

A SEARCH FOR THE PHYSICAL ORIGIN OF
Acoustic WooD ANOMALIES.

Invited Paper Schedule: Wednesday 11:20

Building: D1, Room: WA3

NICO DECLERCQ
(Georgia Tech-CNRS UMI2958; nico.declercq@me.gatech.edu)
JINGFEI LIU

In the spectrum of a broadband beam reflected from a pe-
riodically corrugated surface spectral anomalies such as sharp
dips have been observed earlier and identified as acoustic Wood
anomalies due to its similarity to the optical Wood anomaly.
Although some assumptions have been proposed for the cause
of this phenomenon in the past, its real physical origin is still
not clear. In this work a thorough investigation of the physical
origin of the acoustic Wood anomaly is made. The experi-
ment is performed on a periodic brass surface with a rectan-
gular profile. The existing explanations of acoustic the Wood
anomaly are reviewed, examined and evaluated based on the
analysis of the experimental results obtained from three types
of interfaces: liquid-solid, solid-liquid and solid-air interfaces.
Time-frequency domain analysis is introduced and the resul-
tant sonogram of the specular reflection disproves the com-
monly accepted energy loss assumption for the origin of acous-
tic Wood anomalies. It is pointed out that the spectral dip is
not an actual destructive interference, but a virtual one caused
by the data processing method (FFT). Based on the phase dif-
ference between the reflected signals involved, spectral dips and
tips are proved to be the result of constructive and destructive
interference effects, respectively. Finally, a complete explana-
tion of the physical process of the acoustic Wood anomaly is
given.

FurLL ANGLE ULTRASOUND SPATIAL COMPOUND
IMmAacING

Invited Paper Schedule: Wednesday 11:40

Building: D1, Room: WA3

KRZYSZTOF OPIELINSKI
(Faculty of Electronics, Wroclaw University of Technology;
kopi@pwr.wroc.pl)

Multi-angle spatial compound images (MACI) are usually
generated by averaging the recorded single-angle images ob-
tained by means of a conventional B-mode ultrasonic scanning.
In this technique, images are recorded from a number of differ-
ent angles (typically 3 to 9). These single-angle images are then
combined to form the compound image. Compound images can
be recorded using a linear array of piezoceramic transducers
connected to an ultrasound system with a high number of chan-
nels that allow for a precise beam-steering. MACT offers no-
ticeable image improvements, due to reduced angle-dependence
and reduced speckle in the compound image, compared with
a conventional B-mode imaging. This work approaches the ul-
trasound compound imaging with a full angle spatial concept.



