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Abstract. High-frequency resonance electroionization ozone generator ВГО-250 has been developed for 
generating ozone-air mixture with ozone concentrations of up to 25 g/m3 with the purpose of decon-
tamination of media in industrial and living environments, in various technological processes.  
ВГО-250 provides maximum ozone generation capacity of 250 g/h with specific energy consump-
tion of 5 watt-hours per gram of ozone.
Cascade turbo ozonator with ВГО-250 generators has been developed for producing concentrated 
0.5 g/l aqueous solution of ozone with the purpose of ozone treatment of main streams at water  
diversion and water treatment facilities by way of proportional mixing. KTO-XX is designed for 
cascade power gain depending on required capacity. The applied technology of dissolution of ozone 
in water on active microporous surface allows dissolving up to 90% of generated ozone. Cascade 
turbo ozonator provides low specific energy consumption of up to 2.6 kilowatt-hours per 1 cubic 
meter of concentrated ozone.
Key words: water, high-frequency ozone generator ozone, resonance, electroionization. 

INTRODUCTION

The traditional way of producing ozone is by means of Dielectric Barrier Di-
scharge or so-called Silent Electrical Discharge. Typically, dry feedgas -either air or 
oxygen – is passed through a gap formed by a high voltage electrode and an earth 
electrode. When high voltage at high frequency is applied to the high voltage elec-
trode ozone is produced in the feedgas by the micro-discharges taking place in the 
gap. The geometry of the gap and the quality of the dielectric material are of para-
mount importance and are normally closely guarded secrets by the ozone generator 
manufacturer. Modern ozonatornye generators have high specific energy consump-
tion (16-20 kVt- h/kg ozone) and low frequency voltage (50-1000 Hz), the internal 
electrodes are made of glass and require frequent replacement, cooling system di-
scharge gap on the outside or the inside does not allow for heat dissipation and leads 
to partial decomposition of ozone, low specific ozone yield per unit area of electrode 
surface (less than 0.9 g/dm2- h) leads to an increase in weight and size.
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The basic trends in the development of ozonation systems consist in the search 
for ways of increasing their capacity and reducing energy consumption of ozone ge-
neration. Research has been conducted for this purpose, and a cascade turbo ozona-
tor with high-frequency resonance electroionization ozone generator has been deve-
loped.

RESULTS AND DISCUSSION

Energy-efficient technology for ozone-air mixture generation
Most ozone generators use silent electrical discharge technology. All of the 

supplied electric current is active.In some instances, high-frequency plate-type gene-
rators with reactive supplied current are used.

Ozone generator (Fig. 1) has high-voltage source 1 with electrical cable 2 con-
nected to a solid inner electrode 3, hermetically enclosed between two glass or cera-
mic plates of dielectric barrier 4. Grid electrode 5 is closely arranged on the external 
surface of the dielectric barrier plates 4, and is functionally linked to the air supply 
system 9, comprised of a fan 7 with electric drive motor 8. Ground cable 6 electrical-
ly connects high voltage source 1 to the grid electrode 5.

Fig. 1. Ozone generator layout

Ozone generator operates as follows. Electric drive motor 8 is used for swit-
ching on the air-supply system, by making the fan 7 rotate, while simultaneously 
operating potential difference is supplied from the high-voltage source 1 through the 
cable 2 and the ground cable 6 to the solid inner electrode 3 and the external grid 
electrode 5. As a result, in the electric field of gas-filled capacitor, formed by the 
electrodes 3 and 5 with the dielectric barrier 4, made of glass or ceramic, at voltage 
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exceeding air breakdown voltage, a silent electrical discharge occurs, at which oxy-
gen molecules actively break down into atoms with consequent formation of ozone 
by the following reaction:

O2 ↔ O+O →3O2 = 2O3

Generator capacity is limited by the electric charge on the electrodes 3 and 5, 
calculated by the formula: 

Q=Cc (U-Ur) ·ω·10
19,

where Q - quantity of charge;
Cc –  capacity of gas-filled capacitor, formed by the electrodes 3 and 5 with the 

dielectric  barrier 4;
U – crest voltage, supplied from the source 1; 
Ur – air breakdown voltage (~ 3000 V/mm);
ω – operating cyclic frequency of the high-voltage source generator 1.

Ozone concentration at the ozonator output can be generally defined by the 
expression:

C=k0/k1[1-exp(-k1·P/V)],

where C – ozone concentration at the ozonator output;
k0, k1 – constants of ozone breakdown and formation, respectively;
P – discharge rate;
V – air flow rate in unit time.

Effective output of the discharge device from the ozonator’s dynamic proper-
ties is defined by the expression: 

P=2/πωUr[(U-Ur)Cb-UrCc], 

where P - discharge rate; 
ω – cyclic frequency;
U – crest voltage value on the ozonator’s electrodes;
Ur – firing point (breakdown voltage);
Cb – capacity of the dielectric barrier;
Cc – capacity of the gas-filled capacitor (discharge gap).
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Thus, it is evident from the above expression that the increase in capacity of the 
gas-filled capacitor (discharge gap) results in the increase in capacity of the ozonator 
and can be achieved with hermetic enclosure of the solid inner electrode 3 and speci-
fic structure of the external grid electrode 5, as well as selection of materials for the 
dielectric barrier 4.

The object of this work is to achieve energy efficiency through creation of reso-
nance oscillations of the “high-voltage transformer – plate-type discharger” system.

Pulsating voltage of 15 kV is supplied to the plates of a surface-barrier dischar-
ger.

The thickness of the dielectric plate is 0.5 mm, the breakdown voltage is 1.5 kV. 
The Q-factor of the gas-filled capacitor is: QGFC=Umax

/Ubreakdown=15/1.5=10.

High-frequency resonance electroionization ozone generator ВГО-250
Designed to generate ozone air mixture with ozone concentrations of up to  

25 g/m3 with the purpose of decontamination of media in industrial and living envi-
ronments, in various technological processes. The ВГО-250 (Fig.2) design features 
and the application of resonance-type methods of transformation provide maximum 
ozone generation capacity of 250 g/h with specific energy consumption of 5 watt-
hours per gram of ozone.

Fig. 2. High-frequency resonance electroionization ozone generator ВГО-250
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ВГО-250 characteristics:
Resonance frequency 200 - 250 kHz
Capacity of the gas-filled capacitor (CGFC) 1nF 
Reactive voltage (UR) 8000 V
Reactive current (IR) 0.8 A
Reactive power (WR) 6400 Wt
Active power (WA) 760 Wt
Maximum ozone generation capacity 250 g/h 
Working gas external air Maximum ozone concentration 25 g/m3

(Nominal) pressure in the ozonator chamber 1 atm. 
Airflow 120-500 l/min 
Energy consumption of the ozonator not exceeding 1 kWt 
Nominal voltage 200-240 V
Electric supply frequency 50-60 Hz 
Cooling (depending on the operating mode) air/water 
Dimensional specifications of the generator 200 х 120х 150 mm 
Weight of the generator not exceeding 3 kg 
Operating mode continuous Service life 50 000 h

Designed to generate concentrated 0.5 g/l aqueous solution of ozone with the 
purpose of ozone treatment with required ozone concentration (ozonation) of main 
streams at water diversion and water treatment facilities by way of proportional mi-
xing. Cascade turbo ozonator (Fig. 3) is designed for cascade power gain depending 
on required capacity. 

The applied technology of dissolution of ozone in water on active microporous 
surface allows dissolving up to 90% of generated ozone. Cascade turbo ozonator 
provides low specific energy consumption of up to 2.6 kWt-h per 1000 liters of con-
centrated ozone.

External air enters via an air filter into the high-frequency ozone generator and 
gets enriched with ozone to 17 g/m3, then the ozone-air mixture is supplied to an ae-
rodynamic cooling tower, the inter-cone space of which is filled with active micro-
porous surface material, where ozone interacts with water finely sprayed through 
nozzles, following which concentrated to 0.5 g/l aqueous ozone solution flows down 
into a storage tank. From the storage tank the concentrate ozonizes the main water 
stream via an injector (dispenser), uniform mixing is provided by a mixer installed 
into the delivery line. The exhaust air mixture passes through a coal filter, where re-
sidual ozone is condensed and vented into the atmosphere. A programmable control-
ler is provided for generators control and supply of air and water into the system de-
pending on the level and flow sensors readings.
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Fig. 3. Cascade turbo ozonator layout
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Table 1.  Power consumption of �ascade turbo ozonator ozonation plants depending on the contami-�ascade turbo ozonator ozonation plants depending on the contami-ascade turbo ozonator ozonation plants depending on the contami-
nation level and the amount of water for ozone treatment at specific diversion and drainage 
facilities

Water treatment,
1000 m3/day

Power consumption of сascade turbo ozonator ozonation plants

ozone concentration, 
up to 4mg/l

ozone concentration,
up to 7mg/l

ozone concentration, 
up to 20 mg/l

1-4 3 kWt 6 kWt 16 kWt

5-7,5 6 kWt 10 kWt 30 kWt

10-15 10 kWt 16 kWt 60 kWt

30-50 36 kWt 60 kWt 180 kWt

CONCLUSIONS

Constructive solutions and technologies, used in the cascade turbo ozonator, 
provide high capacity and low power consumption, operational versatility due to the 
cascade power gain feature, low cost of equipment, assembly and maintenance, as 
well as high reliability and long service life.
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Badania efektywności generatora ozonu  
o wysokiej częstotliwości

Streszczenie. Ozonator wysokiej częstotliwości WGO-250 został zaprojektowany do wytwarzania 
mieszanki ozonowo-powietrznej o koncentracji ozonu sięgającej 25 g/m3 w celu usuwania zanie-
czyszczeń z mediów w przemyśle i środowisku naturalnym różnych procesach technologicznych. 
Ozonator WGO-250zapewnia maksymalna wydajność na poziomie 250 g/h, przy zużyciu energii na 
poziomie 5 W/h na gram wytworzonego ozonu. Turbo kaskadowy ozonator z generatorem WGO-
250 umożliwia uzyskanie stężenia ozonu w roztworze wodnym na poziomie 0,5 g/l. KTO-XX umoż-
liwia skokowy wzrost mocy w zależności od zapotrzebowania. Zastosowana technologia rozpusz-
czania ozonu w wodzie przy zastosowaniu powierzchni aktywnych mikroporów pozwala na 
rozpuszczenie do 90% ozonu. Kaskadowy ozonator charakteryzuje się niskim zużyciem energii do 
2,6 kW/h na 1m3 ozonu.
Słowa kluczowe: woda, generator ozonu, wysokiej częstotliwości rezonans, elektrojonizacja.




