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A pilot model of an ozone generator with a pulsed power supply has been developed. The ozone generator can be
used for disinfection of domestic and industrial premises, in medicine and the chemical industry. Ozone is generated
by a surface dielectric barrier discharge reactor (SDBD), consisting of 18 parallel-connected quartz tubes, inside and
outside of which spiral the stainless steel high-voltage electrodes are wound. The measurements of the main
parameters of the ozone generator showed that the ozone concentration reached 57 mg/l, and the output ozone
concentration is 9.4 g/h. The developed design takes into account the technical features of the implementation of a
particular type of discharge used, allows reducing energy consumption for ozone generation, having improved output

parameters.
PACS:52.70.Ds;52.70Kz

INTRODUCTION

Ozone is a powerful oxidizing and disinfecting agent,
naturally destroying harmful microorganisms and
compounds by oxidizing them. Oxidation occurs when
ozone molecules come into contact with oxidizing
substances, including microorganisms (viruses, molds
and bacteria), organic and inorganic materials (iron and
manganese). Ozone suppresses viruses, partially
destraying their shell. The process of reproduction stops
and the ability of viruses to connect with the cells of the
body is disrupted. Under the influence of ozone on
microorganisms, including yeast, their cell membrane is
locally damaged, which leads to death or the inability to
reproduce. It has been established that gaseous ozone
kills almost all types of bacteria, viruses, molds and
yeast-like fungi and protozoa. At concentrations of 1 to
5 mg/l for 4...20 min, it leads to the death of 99.9 % of
staphylococci, streptococci, mucobacteria, Escherichia
and Pseudomonas aeruginosa, Proteus, Klebsiella,
Salmonella, dysentery pathogens and others [1].

Ozone is environmentally friendly and eliminates the
risk of chemical residues. Ozone can replace chlorine, hot
water and steam. In turn, this reduces the consumption of
chemicals, saves water and energy for its heating. The
versatility of ozone makes it a great alternative to
traditional disinfection methods, saving you money while
still delivering guaranteed results. The effectiveness of
the use of ozone for the destruction of the virus on
surfaces and air was confirmed by the international
organization International Scientific Committee of
Ozone Therapy (ISCO3) [2].

Ozone technologies and solutions are used in various
areas of everyday life, the agricultural sector, trade,
logistics and industry [3-8].

An ozonator is a device that generates ozone from the
air. The ozonator generates ozone from ordinary air. The
remaining ozone is again converted into oxygen after the
process of ozonization. This is another benefit of
ozonation. In the modern world, the environmental factor
is becoming more and more decisive when choosing
disinfectants, therefore, the absence of harm to the
environment makes ozonators the most preferable for air
and water disinfection. Today, ozonators are becoming
more in demand due to COVID-19 pandemic.

In the Institute of Plasma Physics of the NSC KIPT,
a series of ozonators have been developed that generates
a surface dielectric barrier discharge to form ozone from
passing air. They have a flexible system of settings and
are autonomous and mobile sanitary devices for
disinfection of enclosed spaces up to 500 m? [9]. In the
present research, a pilot model of an ozone generator with
pulse power supply has been developed.

1. EXPERIMENTAL SETUP

General view of the ozone generator is shown in
Fig. 1. On the front panel of the device there is a network
toggle switch, a timer that allows you to set the required
operating time of the ozone generator, a grid for air inlet
with its subsequent conversion into ozone.
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Fig. 1. General view of the ozone generator

The block diagram of the ozone generator is shown in
Fig. 2. The scheme consists of:

1. “Network” toggle switch, which turns on the ozone
reactor purge fan and brings all the elements of the device
into working condition.

2. Fuse.

3. A filter that filters out the high frequencies
generated by the ozone reactor and prevents them from
passing into the network.

4. A fan designed to cool all elements of the ozonator
circuit.

5. AC-DC modular power supply with an output
voltage of 12 V. The module is designed to power the
cooling fan and the switching power supply circuit of the
0zone reactor.

6. Pulsed ozone reactor source.

7. A timer that allows applying mains voltage to the
reactor's switching power supply board. The timer has
two modes of operation: constant switching on and
switching on of the ozone reactor up to 30 min with a step
of 2 min.

8. High-voltage transformer, which increases the
pulse voltage coming from the PWM controller up to
6.5...7 kV.

9. A fan creating an air flow of 165 m%h. The fan is
designed to purge the ozone reactor.

10. Ozone reactor. The ozone reactor is a module
assembled from 18 quartz tubes, 15 cm long, with an
outer diameter of 6 mm. Spiral-shaped windings are
wound inside and outside the tubes with stainless steel
wire, which are high-voltage electrodes. All electrodes of
the 18 tubes are connected in parallel.

11. Plastic housing for ozone reactor.

The ozone reactor is housed in a plastic housing
through which the purge passes. The switching power
supply creates a surface dielectric barrier discharge
(SDBD) on the surface and inside the tubes. SDBD is one
of the most effective methods for obtaining near-surface
plasma in various plasma technologies [10-15].
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Fig. 2. Block diagram of the ozone generator

Air ignition of the reactor is structurally carried out
both from the outside of the tubes and from the inside.
Visual observation of the ozone reactor showed that the
discharge plasma not only covers the spiral electrodes,
but also fills the volume between the turns of the
windings. With an increase in the voltage on the
electrodes of the reactors, the number of micro-
discharges increases and the color of the discharge glow
changes, which causes an increase in the active power of
the reactor, this characterizes the discharge in the reactor.

2. RESULTS AND DISCUSSION

A circuit of a switching power supply has been
developed for a power the spiral windings of the reactor.
The circuit was developed on the basis of the PWM
controller TL494 (pulse-width modulation). For optimal
operation of the ozone reactor, the PWM controller
generates voltage pulses of a certain frequency and
duration. Supplied to the input MOSFETS, the load of
which is a high-voltage transformer that steps up the
voltage to 6.5..7.0kV, from the output of the
transformer, the high-voltage voltage is supplied to the
ozone reactor module.

The power consumption of the ozonator, ozone
concentration, and air flow rate were measured. The
0zone concentration was measured on an automated
stand using an MDR-2 monochromator (LOMO) and
PMT.

The ozone vyield rate could also be calculated
theoretically from equation (1)

y/A=V?fe/d, 1)
A — is ozone yield per unit area of electrode surface; V —
voltage across the discharge gap; f— frequency of applied
voltage; ¢ — dielectric constant; d — thickness of dielectric
and air gas. The power dissipated during the ozone
generation is calculated by Manley equation (2).

C ~
p=qué+@xmmW—mw, 2

where f is the applied frequency (Hz); Cq is the
capacitance of dielectric (F); C, is the capacitance of gas
gap (F); V is the peak value of applied voltage (V), and
Vmin is the minimum external voltage to initialize
discharge (V). Equations (3) and (4) show how the
capacitances of gas gap (C,) and dielectric layer (Cq) can
be expressed for a cylindrical DBD
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Cq = 2mSyl/In (b/1)), 3)
C, = 2mS,yl/In (ro/b), 4)

where | is the discharge length (cm) and ¢4 and ¢4 are the
relative permittivity of background gas and dielectric,
respectively. In DBD cylindrical tube r; — inner radius,
b air volume and ro— outer radius [14].

The parameters of the ozonator are given in Table.

Parameters of an ozone generator with pulse power

Consumed power, W 230
Ozone concentration, mg/Il 57
Air flow rate, m¥h 165
Ozone yield rate, g/h 94

CONCLUSIONS

An ozone generator with a pulse power supply has
been developed. The ozone generator can be used for
disinfection of domestic and industrial premises, in
medicine and the chemical industry. The main element of
the ozonator is a plasma reactor based on a surface
dielectric barrier discharge. The measurements of the
main parameters of the ozone generator showed that the
0zone concentration comprises 57 mg/l, the generator
ozone productivity is 9.4 g/h.
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IT'EHEPATOP O30HY HA OCHOBI IOBEPXHEBOI'O BAP’€EPHOT O JIEJEKTPUYHOI'O PO3PALY
3 IMITYJIbCHUM JIZKEPEJIOM KUBJIEHHSA

A.C. Jlosina, A.B. Tapan, |.€. I'apkywa, II.M. Boponyos, B.B. Kpacnuii, FO.11. I'nioenko,
A.B. Knocoscovkuit, O.I. Yeuenvnuybkuii

Po3po0OsieHo MIOTHY MoOzeNb TIeHepaTopa O30HY 3 IMITYyJIbCHHUM JKUBJICHHSM. ['eHeparop 030HY MOKHA
BUKOPHCTOBYBATH JIJIsI Ie3iH(eKii M0OyTOBUX 1 IPOMHUCIOBUX ITPUMILLIEHb, Y MEJUIIMHI Ta XIMIYHIH TPOMHCIIOBOCTI.
O30H TeHEepyeTbCs PEaKTOPOM MOBEPXHEBOTO JiEJIEKTPHUYHOro Oap'epHOrO po3psay, IO CKiagaerbes 3 18
napaesnbHoO 3'€JHAHUX KBApLIOBHUX TPYOOK, BCepeIHHi 1 30BHI SKMX PO3TAIIOBaHI CIipaibHi 0OOMOTKH 3 HEp)KaBilo4oi
CTaji, IO CITy’KaTh BHCOKOBOJBTHUMHM €JIEKTPOAaMH. BUMipIoBaHHS OCHOBHHX NapaMeTpiB TeHepaTopa O30HY
MoKa3alo, IO KOHIEHTpalis O30HYy AocsAria 57 MI/i, a BHXiAHAa KOHIEHTpAIlisl 030HY cTaHOBUTH 9,4 T/ron.
Po3pobneHa KOHCTPYKIiS BpaxoBye TEXHIUYHI OCOONHMBOCTI peami3amii KOHKPETHOTO BHIY pO3psImy, IO
BHUKOPUCTOBYETHCS, IO3BOJISIE 3HU3UTH SHEPrOBUTPATH Ha TEHEPALlil0 030HY 1 MOKPAIIUTH BUXIIHI HapaMeTpu.
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