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As young researchers we are fortunate to have arrived at an old
and dirty problem that still receives much attention in research:
‘Cleaning with bubbles’. After obtaining our PhD degrees on how
to tame bubbles for its use in cleaning and other applications, we
started to look for ways to improve the way in which cavitation
is used to clean. This has lead to the foundation of a spin-off com-
pany (BuBclean). Meanwhile, both from the academic and industry
world we learned that even though ultrasonic cleaning is a mature
technology, there are fundamental unanswered questions, or at
least no consensus has been reached by the international commu-
nity. One omnipresent question is: What is precisely the reason why
bubbles can clean?

In trying to answer these questions, we found that the state of
the art includes extensive knowledge on cavitation phenomena,
but also some opposing views, which could be attributed to the
interdisciplinary nature of cavitation. Cavitation brings together
physics (from fluid to nuclear), chemistry, engineering and other
fields. This interdisciplinary character is a feature that makes this
field both rich and difficult. It is rich because there are many pos-
sibilities to find a solution, or propose answers to a difficult techni-
cal question. On the other hand, the disparate vocabulary and
sources from which knowledge can be accessed is overwhelming
at times.

The purpose of this Special Issue of Ultrasonics Sonochemistry
is therefore to address the different phenomena (radicals, shock-
waves and jets) associated with bubbles and cleaning, with per-
spectives offered from different research areas; see Fig. 1. You
are invited to read the contributions in any order, yet we think that
the following short overview may be of help. To start off, Prof.
Mason [1] wrote a short historical review that places all the contri-
butions to this Special Issue in perspective regarding the develop-
ments in ultrasonic cleaning.

The statement that the cleaning mechanisms of bubbles are still
not yet fully understood is strengthened by the fact that several
articles in this Special Issue are dedicated to elucidating the clean-
ing mechanisms of bubbles under different circumstances. Van
Wijngaarden [2] has written a short contribution describing the
dynamical phenomena accompanying the collapse of cavitation
bubbles. The discussion includes shock waves, microjets and the
various ways in which collapsing bubbles produce damage. More
insight into these phenomena is obtained by Chahine et al. [3]
who performed detailed numerical simulations of bubble collapses
near boundaries, without and including attached particles. The
same topic of bubbles collapsing near boundaries is investigated
experimentally by Reuter & Metting [4], who used laser-generated
bubbles at different distances from a wall to study the removal of
adhered particles.

The cleaning mechanisms of bubbles appear to be different for
various applications. Choi et al. [5] performed several experiments
on cleaning textiles. They report an interesting synergy between
the textiles being moved inside a washing machine and the expo-
sure to ultrasound. The effect of bubbles and several sonochemical
reactions on bacteria is discussed in detail by Yusof et al., [6] fol-
lowed by a review on the use of hydrodynamic cavitation for waste
water treatment by Dular et al. [7]. Finally, Skorb & Möhwald [8]
review the uses of cavitation for surface nanostructuring and par-
ticle synthesis.

A new development of cleaning by cavitation can be seen in
Tuziuti’s [9] reports on the addition of bubbly flow to ultrasonic
cleaning, with which an increased removal efficiency is achieved.
Newmethods for controlling the cavitation events are even leading
to new products on the market, such as the recently introduced
BuBble bags. Describing another invention that is expected to
reach the market soon, Birkin, Offin & Leighton [10] have written
about their device that generates a bubble swarm inside a water
jet, leading to increased cleaning performance.

As a final addition to this Special Issue, we have written a small
review of the methods available to measure cavitation and to eval-
uate cleaning, and tried to devise a combined concept that can help
in the future to better understand the cleaning mechanism in
specific applications.

We imagined before we started in early 2014, and now can cor-
roborate, that the ultimate reason of why bubbles clean might not
be found. Nevertheless, we managed to shine light over this
long-standing puzzle by bringing together the opinion of leading
scientists from different applications (ultrasonic cleaning, water
treatment, nanomaterials synthesis, among others) and research
methods (theory, numerics and experiments). The general conclu-
sion that can be drawn from all of these contributions is that both
jets and shockwaves may play a role in removing particulate and
film contamination. Their relative contribution depends on the
local circumstances, including bubble stand-off distance, pressure
conditions, and material properties. Radicals may play a role in
removing microbial or chemical species; however their relative
contribution is application-dependent. Unfortunately, for reasons
beyond our power, we could not get the valuable opinions of other
experts; hence this is not a complete overview of the problematic
but will surely motivate further studies.
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Fig. 1. Overview of the contributions to this Special Issue: Cleaning with bubbles.
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As a final addition to this Special Issue, we have written a small
review of the methods available to measure cavitation and to eval-
uate cleaning, and tried to devise a combined concept that can help
in the future to better understand the cleaning mechanism in
specific applications.

We would like to express our gratitude to all contributors to
this Special Issue, who willingly agreed to share their view on
how bubbles clean. Another thanks to all reviewers, without whom
this Special Issue would not have achieved the quality that it has
now. Finally, we thank the Elsevier team for agreeing to this Special
Issue and for their support.
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B. Širok, M. Zupanc, M. Žitnik, B. Kompare, Use of hydrodynamic cavitation in
(waste)water treatment, Ultrason. Sonochem. 29 (2016) 577–588.

[8] E.V. Skorb, H. Möhwald, Ultrasonic approach for surface nanostructuring,
Ultrason. Sonochem. 29 (2016) 589–603.

[9] T. Tuziuti, Influence of sonication conditions on the efficiency of ultrasonic
cleaning with flowing micrometer-sized air bubbles, Ultrason. Sonochem. 29
(2016) 604–611.

[10] P.R. Birkin, D.G. Offin, T.G. Leighton, An activated fluid stream – New
techniques for cold water cleaning, Ultrason. Sonochem. 29 (2016) 612–618.

David Fernández Rivas
Mesoscale Chemical Systems Group, University of Twente,

7500AE Enschede, The Netherlands
BuBclean, Institutenweg 25, 7521PH Enschede, The Netherlands

Bram Verhaagen
BuBclean, Institutenweg 25, 7521PH Enschede,

The Netherlands

http://refhub.elsevier.com/S1350-4177(15)00266-7/h0055
http://refhub.elsevier.com/S1350-4177(15)00266-7/h0055
http://refhub.elsevier.com/S1350-4177(15)00266-7/h0060
http://refhub.elsevier.com/S1350-4177(15)00266-7/h0060
http://refhub.elsevier.com/S1350-4177(15)00266-7/h0065
http://refhub.elsevier.com/S1350-4177(15)00266-7/h0065
http://refhub.elsevier.com/S1350-4177(15)00266-7/h0065
http://refhub.elsevier.com/S1350-4177(15)00266-7/h0070
http://refhub.elsevier.com/S1350-4177(15)00266-7/h0070
http://refhub.elsevier.com/S1350-4177(15)00266-7/h0075
http://refhub.elsevier.com/S1350-4177(15)00266-7/h0075
http://refhub.elsevier.com/S1350-4177(15)00266-7/h0080
http://refhub.elsevier.com/S1350-4177(15)00266-7/h0080
http://refhub.elsevier.com/S1350-4177(15)00266-7/h0080
http://refhub.elsevier.com/S1350-4177(15)00266-7/h0085
http://refhub.elsevier.com/S1350-4177(15)00266-7/h0085
http://refhub.elsevier.com/S1350-4177(15)00266-7/h0085
http://refhub.elsevier.com/S1350-4177(15)00266-7/h0085
http://refhub.elsevier.com/S1350-4177(15)00266-7/h0090
http://refhub.elsevier.com/S1350-4177(15)00266-7/h0090
http://refhub.elsevier.com/S1350-4177(15)00266-7/h0095
http://refhub.elsevier.com/S1350-4177(15)00266-7/h0095
http://refhub.elsevier.com/S1350-4177(15)00266-7/h0095
http://refhub.elsevier.com/S1350-4177(15)00266-7/h0100
http://refhub.elsevier.com/S1350-4177(15)00266-7/h0100

	Preface to the Special Issue: Cleaning with bubbles
	References


