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Introduction

In many applications of acoustic cavitation [1], it is hoped
to find a diagnostic tool in the acoustic emission spectra
or features thereof [2]. Here, the acoustic emissions of
bubble populations in an ultrasonic wave are calculated
on basis of summation of single bubble signals, where the
life time of bubbles can be tuned. Using such models,
the features of acoustic emission signals (e.g. attractor
dimension [3]) or their spectra (e.g. harmonics, sub- and
ultraharmonics, broadband noise [4]) can be investigated
with respect to their origin and their dependence on pa-
rameters like driving power, bubble density, or spatial
bubble distribution and bubble coupling. In the follow-
ing, we focus on the dependence of high-frequency noise
on bubble life time at constant bubble number in a stand-
ing wave.

Emission from a single bubble

For the simulation of driven bubbles, the spherical bubble
Keller-Miksis model [5] is used for every bubble, and stan-
dard parameters for water are employed. The emitted
sound by the n−th bubble is taken in the far-field approx-
imation as pn(t+dn/c0) = (ρ/dn)[R
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the bubble radius and its derivatives are taken at the time
t, the distance to the hdyrophone center is dn, and c0 is
the sound speed in the liquid [6]. If the driving pressure
is raised beyond static pressure (here at 100 kPa), the
bubble dynamics develops an inertia driven collapse, and
the emitted pressure transforms from a sinusoidal signal
containing also bubble eigenfrequency oscillations into a
pulse train. For even stronger driving, the first collapse
outweighs by far the afterbounces, and the emitted first
pressure peak dominates the rest of the signal. Thus,
roughly speaking, the emitted sound shifts from “sinu-
soidal” (weak driving) into “delta peaks” (strong driv-
ing). This effect is illustrated in Fig. 1. With respect to
the acoustic power spectrum, this leads to occurrence of
many harmonics, but not to a noise component, if the
bubble oscillations are assumed to be strictly periodic
(and thus last infinite in time). Noise can be introduced
by various sources for a single bubble, for example by
modulations of amplitude or phase of otherwise periodic
oscillations [7], by chaotic oscillations [8], by aperiodic
transients, or by a finite emission time.

Emission from many bubbles

Now we turn to a summation of the signals of a number
of bubbles which are distributed in space and driven by a
standing wave; see Fig. 2. The simulated hydrophone was

Figure 1: Far-field pressure signals (blue) emitted from
spherical bubbles of equilibrium radius R0 = 5µm at a driv-
ing frequency of 25 kHz and driving pressure amplitudes of
95 kPa (top), 105 kPa (middle), and 200 kPa (top). Radius
vs. time in red.

located near a pressure antinode which lead to a strong
fundamental underlying the bubble emissions (190 kPa).
While all bubble equilibrium sizes are constant (5 µm),
the local driving pressure amplitudes differ in the stand-
ing wave, and thus do the emitted sound signals. The
bubble “life times” are now restricted in the sense that
after a certain number of driving periods, a bubble is
“re-initialized” (but starts to emit immediately after this
again - therefore the bubble number is preserved). The
life time τ is chosen randomly and evenly distributed in
an interval of 25% around a mean value τ̄ , and the re-
initialization values of bubble radius and bubble wall ve-
locity are chosen randomly and evenly distributed from
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Figure 2: Schematic set-up of the simulated line of 20 bub-
bles crossing a standing wave field at 25 kHz and 200 kPa
maximum pressure amplitude. The lines symbolize the differ-
ent distances to the hydrophone which are taken into account
for signal deacy and delay.

the intervals R ∈ [0.5, 2.5]R0 and Ṙ ∈ [−25, 25] m/s.
This method somehow simulates bubble collision with si-
multaneous bubble birth, and its effect is to introduce
aperiodic transients in the time traces. The shorter the
mean bubble life times, the more frequent the transient
phases occur, and thus an increase of noise level is ex-
pected. Indeed, the noise in the spectra rises, as is shown
in Fig. 3. The dependence of a measure of the noise in
the spectrum (namely the median in a frequency window
around 500 kHz) on τ̄ is evaluated to get an idea about
the (isolated) influence of frequent transient phases in
the signals. Figure 4 reveals an approximate power law
dependence with an exponent of -1/4.

Figure 3: Acoustic spectra of the recorded emission from the
driven bubble line. Colors indicate different bubble life times
at constant bubble number. The noise level increases from
longest life time (light blue, 100 ± 25 periods) to shortest life
time (dark blue, 5 ± 1.25 periods).

Conclusions

The phenomena in strongly driven multi-bubble systems
are complex, and the definite link of spectral features
of acoustic emissions to specific properties or dynamics
of the bubble populations remains a difficult task. Syn-
thetic acoustic spectra might open the way for a sys-

Figure 4: Noise amplitude (median, taken around 500 kHz)
vs. mean bubble life time in log-log scale. The values for
smaller life time fall roughly on line (red), which can be fitted
by a power law with exponent around -0.25.

tematic exploration of various processes on bubble level
on the spectrum, and possibly identification of general
properties of cavitating systems. Of particular interest
is the generation of the high-frequency noise component
which is already used for assessment of ultrasonic clean-
ing baths, for instance in form of the cavitation noise
number [9, 10]. A peculiar sharp bend of this quantity
(when drawn against driving active power) was found in
some cases after onset of transient (or “hard”) cavita-
tion, and a link of bubble population properties to this
feature is desirable. Here we have shown that in a simpli-
fied multi-bubble system and for unchanged driving pres-
sures and bubble numbers, the high-frequency noise de-
pends on mean bubble life time roughly with an exponent
of -1/4. Of course, other effects have to be considered as
well. In particular for a change of driving power, bubble
numbers and densities should change, and the individual
bubble emissions transform like shown in Fig. 1. More
investigations with synthetic emission signals might clar-
ify these issues, especially if connected with experimen-
tal observations of real bubble systems and their acoustic
signatures.
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