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We have analyzed the principles of air disinfection by combining two radiation methods – ionizing and ultraviolet (UV). Key air ionizer designs have been described to select the most effective system of disinfection and physical and mathematical simulation of ionizer functioning.

We have suggested an electrophysical model of an ionic wind UV air disinfecting ozonator, which takes into account electrical wind creation processes, negative air ions, ozone, and disinfection using UV-radiation, which can be used when designing the respective equipment. 
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Statement of the problem. Preventing the spread of diseases is the major task of air and surface disinfection process. This problem is particularly pointed in crowded places, animal areas, poorly ventilated spaces, as well as in places with air recirculation. The use of various physical effects in currently becomes more relevant, as it is one of the key methods of virus, bacteria and fungi inactivation [1, 10, 11]. 
Literature source review. Artificial ionizers can be electrical (unipolar and bipolar), radioactive, with water splash effect, UV etc. Most often artificial ionizers are used based on the use of corona discharge. The first used ones were unipolar ionizers which in addition to useful effects produced electrostatic field and ozone [1–8].

Goal of research: simulation of the physical processes of media ionization; creation of simple in design and technologically effective media ionizers based on the principle of ionic wind, Biefeld-Brown effect, corona discharge and UV-radiation.


Research methods. We have used literature source description and analysis methods, physical and mathematical simulation of the process of ionic wind creation and availability of air ions with different polarity, improved mathematical models of the Biefeld-Brown effect and Chizhevskyj’s air ionization, the method of experimental research to determine ionic wind velocity.
Results of research. Ionic wind is an electrophysical phenomenon where gas movement is created with the help of electric field formed by electrostatic accelerator. Electrostatic accelerators (EA) are gas accelerating devices. They are commonly used to accelerate air particles without any moving parts. Instead of mechanical energy of rotating blades, as in ordinary fans, EA use electric field to provide moving torque to electrically charged air molecules [8]. 
Electron ionization processes are described with the help of the following equation [8, 10, 11]:
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where 
dn – number of free electrons which appeared as a result of n electrons running through the electric field at a distance of dx. 

( – ratio which depends on gas properties and density and is the function of dielectric filed intensity. 

The number of air ions in the air created between the corona and the precipitating electrodes in 1 second can be calculated from the following formula [7]:
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where 
S – screen area (precipitating electrode), cm2; U – voltage between the electrodes, kV; δ – air density to normal at pressure p = 760 mm Hg and temperature t = 25 ºC; 
r: internal (corona) electrode radius, cm; d – distance between the electrodes, m; nел – constant considering corona electrode contamination, its surface roughness and axial displacement, nел = 0,6–1, for pure coaxial electrodes nел = 1.

At the time of burning of corona discharges of any type there emerge gas-dynamic phenomena in the form of electric wind (EW) [9]. 

Estimates have been made for the selected design of the ionic wind antibacterial disinfecting ozonator. Using dependences, electric wind velocity (rate of flow going through the installation) has been calculated:
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where
r – wire cross-section radius (corner radius), r = 0,00015 m; d – distance between the electrodes, d = 0,052 m; U – voltage on the electrodes, U = (5–25 kV).

Device design engineering. Given the theoretical framework and analysis of existing systems, we have suggested an ionic wind antibacterial disinfecting ozonator meant for indoor air disinfection in the presence of people. It is used to reduce microbial content in the air and on surfaces thanks to indoor air mass circulation through corona discharge field where it is enriched with air ions and ozone and then exposed to UV-radiation. A condition which is taken into consideration in the device is that air intake and emission are performed unrestricted and coincide with the directions of key convention streams (e.g. next to heating devices, windows and doors). The disinfecting ozonator can be mounted inside the ventilation system either vertically or horizontally at a height of at least 1,5 m from the ground.

Experimental research. In order to check theoretical estimates of the ionic wind antibacterial disinfecting ozonator parameters, a range of experiments have been done to define key process parameters including electric wind velocity dependence on electrode voltage: 
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 (refer to Pic. 1).
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Pic. 1. Electric wind velocity dependence on electrode voltage in the ionic wind antibacterial disinfecting ozonator, 
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Conclusion. The principles of air disinfection by combining two types of radiation (ionizing and ultraviolet) have been analyzed. Key designs of air ionizers have been described to select the most effective disinfection system and physical and mathematical simulation of its functioning.
An electrophysical model of the ionic wind of UV disinfecting air ozonator has been suggested to take into consideration the processes of electric wind creation, negative air ions, ozone and disinfection using UV-radiation, which can be used when designing the respective equipment. 
Done experimental research shows that the rate of air flow through the disinfecting ozonator ranges from 0,16 m/sec to 0,65 m/sec at electrode voltage ranging from 5 kV to 25 kV which enables disinfection of considerable spaces and areas. Electrode dependence on air flow rate is linear. It means it can be increased by using higher electric power. 
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