https://doi.org/10.46813/2024-154-096

PORTABLE OZONE GENERATING DEVICE FOR TREATMENT
OF INFECTED WOUNDS

R.O. Pavlichenko®, A.V. Klosovskij*, Yu.S. Kulik, 1.0. Misiruk®, A.V. Taran®,
P.M. Vorontsov®, Yu.P. Gnidenko?, Ye.O. Nesterenko®

'National Science Center “Kharkiv Institute of Physics and Technology”,
Institute of Plasma Physics, Kharkiv, Ukraine;
2\/.N. Karazin Kharkiv National University, Kharkiv, Ukraine;
3Sytenko Institute of Spine and Joint Pathology
National Academy of Medical Sciences of Ukraine, Kharkiv, Ukraine;
*Kharkiv National University of Radio Electronics, Kharkiv, Ukraine

E-mail: avtaran@ukr.net

Ozone therapy for treating wounds is not commonly used in many regards and such a technology is still being
developed even with extremely promising results. The most important key of wound treatment with ozone is its
ability to eliminate bacterial growth and population. In this regard there is an urgent need for alternative options for
antiseptic treatment of wounds at the stage of evacuation and pre-medical care for their further effective treatment.
In this research, a portable ozone generating device for wound treatment has been developed and the main technical

characteristics have been discussed.
PACS: 85.50.-n, 81.20.-n, 52.75.-d

INTRODUCTION

In the conditions of russian aggression, injuries
among our defenders and, as a result, wound infections
of the skin cause complications that worsen and reduce
the effectiveness of traditional methods of treatment.
Problems in wound care are increasingly caused by co-
morbidities, as well as by the sharp increase in further
resistance to antibiotics.

Currently, there is a limited choice of methods of
treatment of infected skin wounds [1]. As a result, in the
conditions of war, there is an urgent need for alternative
options for antiseptic treatment of wounds at the stage
of evacuation and pre-medical care for their further
effective treatment, as well as for the development of
modern, portable plasma devices based on dielectric
barrier discharges.

Cold atmospheric plasma (CAP) wound treatment is
an alternative treatment method for surface wounds that
utilizes charged and reactive species produced by a high
energy source, such as dielectric barrier discharge
(DBD), to eradicate bacteria in the wound [1-4]. Due to
technological innovations that enable more efficient
production of CAP and its numerous beneficial
properties, there has been great interest in developing
portable plasma systems for wound care applications.
Although several studies have shown the efficacy of
many such systems in treating chronic and infected
wounds, they often require complex and costly systems,
which limits their accessibility to many patients and
health care providers [1]. Additionally, the high energy
of the plasma and the UV radiation produced in many
such systems can cause degenerative changes in the
cells and fibrous tissues around the site of treatment
[5. 6]

Gaseous ozone-based treatment is the process of
administering highly unstable gaseous 0zone molecules

to treat a wound or a disease. The fundamental process
involves the generation and application of gaseous
directly to the skin surface to promote wound healing,
antibacterial effect, and immunoregulation [7, 8].

Additionally, because ozone has a long lifetime
outside of the plasma region and can be delivered as a
gas flow, it can increase the accessibility and
application time significantly through simplified
systems without the direct application of high-energy
CAP plasma that can lead to toxic and harmful effects to
the skin tissue.

In this research directly applying gaseous ozone to
the wound surface using a portable system can provide a
means to administer the promising ozone therapy while
eliminating the complex storage requirements and
higher efficacy. It is crucial to develop a simple and
swift reliable technique for controlled and localized
delivery of ozone gases into the healing region.

The key functionality of DBD-based ozone
generation systems is their ability to be powered
through simple and low-power electronics, which can
aid their portability. Furthermore, many of such ozone-
generating setups are highly effective in generating
ozone at room temperature with ambient air, which is
necessary to develop a portable device. The developed
device is easy to use and can be powered either from
12 V, in the field, or from the mains in a hospital.

1. DESIGN OF THE OZONE REACTOR
BLOCK

There are two main methods of ozone generation
commonly used for constructing of ozone reactors.
Reactor can be based on a barrier volume discharge or
on a barrier surface discharge. Volume discharge
requires a higher breakdown voltage, forced cooling and
a pump to purge the reactor but it provides higher ozone
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concentrations. Barrier surface discharge is generated at
lower potentials since there is no air gap and only a
solid dielectric is necessary. There are many options to
construct various reactors. The cooling flow
simultaneously creates ozone output and air supply into
the reactor zone. Thus, it dilutes the ozone concentration
at the outlet and allows one to obtain high ozone
productivity, but at a low concentration. All “barrier
based” reactors can only operate on alternating current
and pulsed current.

There is a method for producing ozone using high
voltage direct current with a high-voltage glow
discharge. It has its own characteristics and is less
commonly used.

A surface discharge with a specific type of a reactor
has been applied in the device. To ensure optimal
discharge, forced cooling of the reactor is required. The
reactor is made of 6 mm quartz tubes. On the outside
there is a grounding electrode made of thin stainless-
steel foil, and on the inside, there is a thin twisted
stainless-steel spiral (Fig. 1).

Fig. 1. The reactor block of the portable ozonator with a
cooler front view (a); back view (b)

The occurrence of a barrier streamer discharge is
possible only when the critical breakdown field strength
is reached, and the number of streamers is proportional
to the derivative of the supply voltage (Fig. 2). This
means that the higher the supply voltage and frequency,
the higher the ozone productivity. The most
advantageous mode is provided with pulsed power
supply and high duty cycle. And the shorter the pulse,
the higher the steepness of the voltage rise. This mode is
also called the shock excitation mode, since the
inductance of the transformer winding and the reactor

capacitance constitute an oscillating circuit with a high-
quality factor. And, at the same time, the capacitance is
nonlinear.
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Fig. 2. The principal scheme of portable plasma
generator

At the beginning of the discharge, the capacitance is
small, but as the voltage increases, the surface area of
the discharge increases, and the capacitance increases
accordingly. In our version, we choose a duty cycle
ranging from 100 to 50.

2. TRANSFORMER SYSTEM

To obtain the maximum natural resonant frequency
of the reactor-transformer system, it is desirable to
obtain the minimum inductance of the transformer.
Since the transformer is high-voltage, and therefore
multi-turn, this is the main compromise in its design.
Traditional construction methods involve layer-by-layer
winding with a closed magnetic wire. In our case a
linear transformer design with a linear open core has
been realized.

Fig. 3. The main view of the transformer

The winding construction is not layer-by-layer, but
linear with return turns, which ensures both the
minimum winding capacitance and a smooth increase in
the potential gradient from the beginning and end of the
winding. Such a design is the most reliable and
protected from breakdowns (Fig. 3). It was tested for a
critical mode up to 10 kV, which has a large margin of
reliability. The actual operating voltage comprises
3.5kV. The resonant frequency was obtained to be
about 180 kHz.
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3. MICROPROCESSOR CONTROLLING
AND DEVICE OPERATION

To ensure reliable and stable operation of the device,
a microprocessor was used to incorporate all the
functions of controlling and stabilizing the ozone
generator modes. The block diagram of the device is
shown in Fig. 4.
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Fig.4. Block diagram of the device

Fig. 5. depicts the control signals used for
programmatic microprocessor.
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Fig. 5. The control signals of the microprocessor

In field conditions, the device is powered by a 12V
battery. At the end of the tube there is a timer indicator
and two control buttons. (+/-), this is a button for setting
the work timer regime and (ON/OF) this is a start and
force stop button. Then, by pressing the button
(ON/QOF), the process of generating ozone by the reactor
immediately starts. Generation occurs according to a
complex algorithm.

At the end of the handle there are two sockets for
power cords, 12 V from the battery and 220 V from the
network. A two-digit indicator displays the timer
running time.

After starting, the countdown starts and the ozone-
air mixture exits at the outlet of the bell-nozzle.
Afterwards, you need to lean the bell against the wound
to provide treatment. The volume of the socket is filled
with ozone and the disinfection process occurs. At the
end of the time, the timer will automatically stop ozone
production.

The layout of printed circuit boards for the
microprocessor module, for the DC-DC converter

12...300 V and the indication and control board has
been carried out is shown in Fig. 6.

Fig. 6. The main printed circuits

In Fig. 7,a the key control signal is depicted on the
top beam, short 2 ps, opens the current key transistors,
which excites an impact oscillatory process in the
transformer winding with a frequency of about 180 kHz.
Fig. 7,b shows the image of low-frequency modulation
for controlling the performance of the ozonator.

A pulse-width modulated signal with a duty cycle of
about 60 and pulses of 1.2 us is generated, also
modulated with a frequency of 50 Hz, but also with
pulse-width modulation. This makes it possible to
regulate the output voltage amplitude from the high-
voltage transformer. The adjustment is carried out
according to a signal from the output winding of the
signal feedback (Feedback).

By changing the duration of short pulse packets
from 5 to 15 ms, it is possible to change the average
generation energy in a wide range and thereby
automatically maintain its value in a given mode.
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Fig. 7. The control signals of the microprocessor

CONCLUSIONS

Portable ozone generating device based on a surface
dielectric discharge with a specially constructed reactor
has been developed for wound healing. The developed
device is easy to use and can be powered either from
12V, in the field, or from the mains in a hospital. The
manipulation of the device itself is simple in principle
and does not require special skills from user personnel.
The entire operating algorithm is embedded in the
microprocessor. It generates all signal sequences for the
ozone generator and maintains a constant amplitude of
the output voltage on the transformer for the ozone
reactor.
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HOPTATUBHU O30HOTEHEPYIOUYUI PUCTPIN JJIsI OBPOBKU IHOIKOBAHHUX PAH

P.O. llagniuenko, A.B. Knocoscwvkuii, 10.C. Kynuk, 1.0. Micipyk, A.B. Tapan,
II.M. Boponuyoes, 10.11. I'nioenko, €.0. Hecmepenko

OsoHoTepartis IS JTIKyBaHHS paH 3a3BHYail HE BUKOPHUCTOBYETHCS B 0araThboX BiJHOIICHHSX, 1 TaKa TEXHOJOTis
BCE IIEe PO3POOJIIETHCS, HABITh 3 HAA3BHYAHO 0aratooOilsIOuMMH pe3yibTaTaMd. HaWBaXKIMBIIIMM KIHOYEM
JIKyBaHHSA paH O30HOM € HWOTO 3[aTHICTh yCyBaTH pIiCT OakTepii 1 iX momymsmiro. Y 3B’S3Ky 3 MM BUHHUKAE
HaraibHa TOTpeda B aNbTEPHATUBHUX BapiaHTaX aHTHCENTHYHOI OOpoOKM paH Ha eTami eBakyalliifHOI Ta
JIOTIKapChKOI JOMOMOTH A iX TOAAJbIIOro e(eKTHBHOro IiKyBaHHA. Y IIbOMY JIOCTIKEHHI PO3poOIeHO
MOPTATUBHUM MPUCTPIH TeHepallii 030Hy A JIIKyBaHHS paH Ta OOrOBOPEHO OCHOBHI TEXHIYHI XapaKTEPUCTHUKU

TaKOTO MPUCTPOIO.
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