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This paper reports a substanti-
ated method and a designed device
Jor controlling the concentrations
of air ions in premises in accor-
dance with the European standards
SBM 2015. The use of an ultrasonic
humidifier with a capacity of 25 W
Jfor two hours increases the concen-
tration of negative ions around the
device from 240 to 560 cm?, posi-
tive ones —from 260 to 410 cm™. The
intensity of the electrostatic field of
a polymeric coating decreases from
5.1 to 0.2 kV/m. The disadvantage
of the humidifier is a small radius
of influence (1.0-1.5 m) and the
inability to control the polarity of
ions. It has been experimentally
established that air cooling systems
(split systems) deionize the air of
the premises. Degrees of deioniza-
tion and dominating polarity are
unpredictable and different for
devices of different manufacturers
and brands. To control the ion com-
position of the air simultaneously
with the maintenance of norma-
tive relative humidity and stresses
of static fields, the structure was
proposed and the effectiveness of a
bipolar ultrasonic air ionizer with
adjusted performance and domi-
nating polarity has been tested.
The maximum productivity of the
ionizer is 4,000-5,000 cm™. The
radius of exposure is 5 m (reduc-
ing the concentration of ions with
a distance to 500 cm™). To pass the
ionized air through an air capac-
itor, the number and predominant
polarity of air ions are regulat-
ed by the polarity and voltage on
the covers of the capacitor. It was
established that in order to service
a room with an area of 50 m?, an
ultrasonic emitter with a capac-
ity of 25 W would suffice. The
adjustability of the device perfor-
mance makes it possible to reduce
or increase the service area. The
ability to purify air from suspend-
ed particles is shown. During the
two hours of operation of the ioniz-
er, the dust content decreased from
4.3-4.4 mg/m’ to 1.4-1.6 mg/m>
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1. Introduction

environment. The presence in the air of chemical compounds

of man-made origin is considered at enterprises of a certain

The physical and chemical properties of air are one of the  profile or in areas of their location. In most industrial and
main indicators of the quality of the industrial and household ~ household conditions, air quality is assessed by microclimatic




indicators such as temperature, relative humidity, and the speed
of directed air movement. These parameters affect the heat
exchange of humans with the environment. At the same time,
such important indicators as air ionization and static electricity
remain out of sight. These indicators are considered climatic
and are quantitatively regulated by the European construction
standard SBM-2015 [1]. The concentrations of ions of both
signs should be greater than 500 cm™ while the intensity of the
electrostatic field — less than 0.5kV/m. However, the concen-
tration of ions in the air depends on the intensity of electrostatic
fields. The concentrations of ions and fine dust and aerosols are
mutually dependent. Suspended particles deionize air to values
lower than normative ones [2]. These factors and dependences
must be taken into consideration when assessing and adjusting
the parameters of the air environment. Even modern automated
climate control systems do not solve these problems. At the
same time, the ion composition of the air is influenced even by
the materials from which the ducts of ventilation systems, fan
blades, etc. are made. And deionized air negatively affects the
health, biological age, and performance of people [3].

Given the ambiguous impact of the ventilation system,
the electrification of polymer surfaces, the different air quality
outside the premises used for ventilation, it is a relevant task
to devise common principles for controlling air quality in
rooms for various purposes. This requires experimental studies
into the dynamics of microclimatic parameters, subject to the
functioning of cooling and humidification systems, artificial
ionization, etc. That would make it possible to work out or-
ganizational and technical measures for the normalization and
maintenance at the regulatory level of all critical parameters
that affect the air quality of industrial and public premises.

2. Literature review and problem statement

The problems associated with maintaining the normative
values of the main microclimatic parameters such as tem-
perature, relative humidity, and directed air movement speed
have been almost solved technically. Most current studies
into the quality of the air environment relate to its ionization,
the content of dust and aerosols. In work [4], it is shown that
the presence of a dominating number of negative ions in the
air contributes to an increase in human performance and
improves well-being. Study [5] proves that with the help of
artificial air ionization, it is possible to remove fine dust and
aerosols from the air, which reduces the likelihood of spread-
ing COVID-19, which is transmitted by drip. However, no
technical solutions have been provided. Work [6] shows the
possibility of using an air ionizer for partial cleaning from
fine dust. However, the use of air ionization due to crown dis-
charges has significant side effects — the generation of ozone
and nitrogen oxides, which have a toxic effect on the human
body. With the high productivity of the ionizer, exceeding the
maximum permissible levels of these chemical compounds
is possible. In addition, the deposition of dust on electric
plates requires its periodic removal. The mathematical ap-
paratus that makes it possible to evaluate the relationship of
concentrations of ions of both signs and suspended particles
in the air is given in [7]. With some improvement, it can be
used to calculate the desired performance of the ionizer. In
study [8], the modeling of the spread of ions from sources
of artificial ionization of air was carried out. However, the
spread of ions without their settling on dust and aerosols is
considered, so the patterns of distribution of ionized air should

be specified experimentally. Modeling the distribution of ions
in work [9] is geometric, that is, the recombination of ions in
the process of their distribution is not taken into consideration.
Article [10] shows the possibility of using ultrasonic emitters
for air ionization due to the baloelectric effect. It assesses the
quantitative characteristics of ionization using water of various
chemical composition. However, these experiments indicate the
impossibility of controlling the number of ions of each polarity,
which is inconvenient.

Ultrasonic humidifiers are produced industrially and are
fundamentally indistinguishable from those given in[10].
Therefore, it is advisable to use such a humidifier to investigate
the change in the ion composition of air in an isolated room
along with changes in temperature and relative humidity. At the
same time, it is also possible to determine the mutual impact of
the electrification of surfaces and air ionization. This will pro-
vide actual data on the dynamics of interdependent factors and
materials for designing the device to create the necessary con-
centrations of ions and ensure the most achievable air quality.

3. The aim and objectives of the study

The aim of this work is to devise a method for controlling
the concentrations of ions in the air of premises for various
purposes, which would ensure the normalization of ion con-
centrations, the intensity of electrostatic fields of the devel-
oped ultrasonic device.

To accomplish the aim, the following tasks have been set:

— to investigate the influence of the source of artificial
humidification of air on the concentration of ions of both
signs and on the intensity of the electric field of the electri-
fied polymer surface;

—to investigate the influence of the air-cooling sys-
tem (split-system) on the concentration of ions of both signs;

—to design an ultrasonic air ionization device with con-
trolled dominating polarity.

4. The study materials and methods

The measurements were carried out in a test room with
an area of 20 m? and a volume of 60 m3. The entire floor is
covered with a coating of synthetic material produced in-
dustrially. The surface electrostatic charge was created due
to the triboelectric effect. The temperature in the room was
set using a standard split system. There was no air exchange
with external space during the measurements. The research
was conducted on the fifth floor of a standard office building
in the summer. There is no forced ventilation system.

To change the humidity and ionization of the air, the
standard ultrasonic humidifier SaturnST-AH2107 (Ukraine)
with a capacity of 25 W with a water consumption of
0.28 kg/h was used.

Relative humidity and air temperature were measured by
the calibrated combined device CX 601 D (China).

The background radiation was measured by the calibrat-
ed device SRP-68-01 (Russian Federation).

During the experiments, the background was sta-
ble: 0.18-0.20 uSv/h. The concentrations of ions of both
signs were measured by the calibrated ion counter Sap-
phire-3K (Russian Federation) according to the operating in-
structions. The maximum basic measurement error was 20 %.
Each measurement consisted of three series. Each series includ-



ed 24 readouts from the device in both
polarities. The results of measurements
were treated according to the procedure 700
given in [11]. The result was entered 600
in the table (n~, n"). Measuring instru-

ments were located at a distance of 1m 500
from the humidifier at a height of 0.5 m 400
from the floor level. The measurement
of the intensity of the electric field was
measured by the calibrated portable me- 200

y=986,67x4 - 3666,7x3 +3773,3x2 - 613,33x + 240
R =1

y=460x4-1700x > +1685x-175x+260

ter VEZ-P (Republic of Moldova). The 1q0 R,1

maximum basic measurement error did T.h

not exceed 10 %. Measurements were 0 ’
. 0,0 0,5 1,0 1,5 2,0

carried out at 10 points within a radius
of 1 m around the humidifier, and were
processed according to the instructions
for operation of the device; we entered
them in tables.
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well as designing and testing a bipolar
air ionizer 43
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5. 1. Investigating the dynamics of con-

centrations of ions of both signs depending 39
on the time of operation of the humidifier 37
Taking into consideration the depen-
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Fig. 1. Change in ion concentrations depending on the time of operation of the
humidifier at a distance of 1 m from the device

Y =-1,3333x% + 2x2 + 5,3333x + 36,8
R? = 0,9449

T,h

dence of air ionization on its condition 35
outside the room, depending on the time 0.0
of day, the time of measurements was reg-
istered. The first series of measurements
began at 12:00 Kyiv time. The time 7=0
corresponds to the data measured before
turning on the humidifier. The results of
measurements are given in Table 1.

E, kV/m

Table 1

Change in air ionization (n), relative
humidity (), and electric field (£) intensity
of polymer surface electrostatic charges
depending on the time of operation (7) of
the ultrasonic humidifier in the daytime

N W A

n, cm™

Th|t°C|¢,% | EkV/m

+

0.5 1.0 1.5 2,0

Fig. 2. Dependence of relative humidity on the time of operation of the
humidifier at a distance of 1 m from the device

y =-1,2286x2 - 0,0429x + 5,1257
R? = 0,9961

T, h

n n 0
00 | 240 | 37 5.1 240 | 260 0,0
05 | 235 | 39 48 480 | 410
10 | 225 | 44 4.0 720 | 530
15 | 225 | 44 2.1 430 | 380
20 | 225 | 45 0.2 560 | 410

The dynamics of concentrations of ions of the relative
humidity and intensity of the electrostatic field are shown
in Fig. 1-3.

Concentrations of ions are approaching the minimum
permissible values over two hours of operation of the hu-
midifier. At the same time, the relative humidity rises to
the values regulated for most industrial and household
conditions (40-60 %), and the temperature is within the reg-
ulatory limits (20—24 °C) [1]. This process is accompanied
by neutralization of electrostatic charges, as evidenced by a
sharp decrease in the intensity of the electric field.

0,5 1,0 1,5 2,0

Fig. 3. Dependence of electrostatic field intensity on the time of operation of
the humidifier at a distance of 1 m from the device

Similar measurements, but in increments of 1 hour, were
performed in the morning (beginning — 6:00 am Kyiv time,
Table 2).

The data in Tables 1, 2 indicate that the initial param-
eters in the room (concentration of ions, intensity of the
electrostatic field) differ depending on the time of day, de-
spite the close values of temperature and relative humidity.
The concentrations of ions in the morning are higher (with
dominating negative ionization), and the intensity of electro-
static fields is less. That can be a consequence of the different
composition of the air that comes from the outside, as well
as other reasons. For example, it is known that the Earth’s
electrical charge is negative. Therefore, in the absence of



air movement (including convection, under the influence of
sunlight), mainly positive ions accumulate in the near-surface
layer. This proportion in Table 2 at the beginning of measure-
ments may be a consequence of this phenomenon. Subsequent-
ly, with the work of the humidifier and mixing the air, this
phenomenon becomes insignificant. However, the above data
show that with the help of a standard device with unregulated
generation of ions of each sign, it is impossible to achieve the
desired (predicted) result. In addition, this is complicated by
the presence of other factors influencing the concentration of
ions, for example, air cooling and ventilation systems.

Table 2

Change in air ionization, relative humidity, and intensity of
the electric field of electrostatic charges of the polymer
surface depending on the time of operation of the ultrasonic
humidifier in the morning

Th | ¢°C 0, % EkV/m e i -
n n
0 | 240 40 1.2 300 | 490
1| 235 44 08 810 | 710
2 | 230 52 0.5 1,700 | 960
3 | 225 51 01 1,540 | 1,150

3. 2. Investigating the effect of the air-cooling system
on the concentration of ions of both signs

Ventilation and cooling systems can significantly affect the
concentrations of ions and their predominant polarity [11].
This is especially true of split systems. Therefore, a study was
conducted on their impact on air ionization. The room was
previously ventilated. The time 7=0 corresponds to the param-
eters before the air cooling is turned on. The humidifier was
not used. The measurements start at 6:00 — Kyiv time.

The results given in Tables 1-3 were obtained using a
single split system.

Table 3

The effect of the air-cooling system on the concentration of
ions of both signs

Th t,°C 0, % - n, cm? .
n n

0 26.0 52 180 430

1 230 45 130 450

2 25 47 120 410

3 225 16 110 320

Table 3 shows that as a result of exposure to the air-cool-
ing system, partial deionization of air occurs, while it is dis-
proportionate to ions of various signs.

We investigated the change in the concentrations of
ions in three premises with different brands of split sys-
tems (trademarks are not accepted to advertise for ethical
reasons).

The results of measurements are given in Table 4.

As seen from the data in Table 4, there is no clear ten-
dency to change the ion composition of the air. It should be
borne in mind that significant differences in data can be due
to the service life of the devices (for example, the layering
of dust on the blades). This may be due to design features,
for example, various electrification of polymers, from which
ducts and fan blades are made.

Table 4

Degrees of air deionization by air cooling systems of
different brands

T=0h T=3h

Room n, cm™ n, cm™
n n* n n
No. 1 630 740 420 480
No. 2 620 740 600 390
No. 3 480 690 120 100

The above predetermines the relevance of designing an
ultrasonic air ionizer with adjustable polarity of ion gener-
ation.

5. 3. Design of an ultrasonic air ionization device
with controlled performance and dominating polarity
of ions

The data provided in Tables 1, 2 were obtained at a dis-
tance of 1 m from the humidifier. At greater distances, the
concentration of ions decreases rapidly due to natural pro-
cesses (for example, recombination of ions). In the absence
of a sufficient number of ions, surface electrostatic charges
are not neutralized. Overcoming these defects is possible by
the forced spread of air jet ions. In addition, the generation
of ions by a standard device is not regulated. It is necessary
to ensure the control of the polarities of ions, depending on
the parameters of the factors of deionization of air in the
room, signs of electrostatic charges on polymer surfaces,
indicators of external air.

Based on this, the main requirements for an air ionizer
should be as follows:

—sufficient performance in generating ions of both signs
at least for normalization and maintenance at the normative
level of their concentrations and neutralization of surface
electrostatic charges;

—the regulation of the generation of ions of each sign
depending on the sign of static surface charges and the actual
polarity coefficient of air ionization in a given room;

— the absence of side effects regarding the generation
of potentially dangerous substances (ozone, nitrogen ox-
ides, etc.).

Such requirements are met by an ionizer using an ultra-
sonic emitter as a working unit that ionizes water molecules
due to the baloelectric effect. The generation of ions is al-
ways even, and the difference in concentrations is due only
to the geophysical factor and the absorption of ions of one
sign by surfaces or objects charged opposite. To obtain the
desired result, a large generation of ions of both signs and
partial absorption of ions of one sign by a special node of the
device would suffice.

The schematic diagram of the bipolar air ionizer is shown
in Fig, 4.

The ionizer works as follows. From the ultrasonic gen-
erator 1, the electrical signals of the ultrasonic frequency
are fed to emitter 2. From tank 3, tube 4 feeds water to
the emitter, which is ionized under the influence of ultra-
sonic vibrations. Fan 5 is used for the ionized air to blow
between the covers of the air capacitor 6. Key 7 switches
on the covers of the capacitor voltage of the desired sign
from source 8. Tons of the opposite sign are deposited on
the covers of the capacitor and their number is regulated
by rheostat 9.



]

|

L

O

Q

2l>

Fig. 4. Schematic showing a bipolar ultrasonic air generator: 1 — ultrasonic generator; 2 — ultrasonic emitter; 3 — water tank;
4 — water supply tube; 5 — fan; 6 — capacitor covers; 7 — capacitor polarity switch key; 8 — constant voltage source;
9 — rheostat

It is easy to calculate the necessary parameters of the
device. For all aspiration systems, to determine ion concen-
trations, the following ratio is used:

_
4nCU’

(1)

where K is the mobility of ions, cm?/V's;

Vy is the volume of air that passes through the capacitor
per unit of time, cm?/s;

C is the capacitor capacity, cm;

U is the voltage on the cover of the capacitor, V.

All standards consider that

tralize static charges in a room with an area of up to 50 m?, a
generator with a capacity of 25 W with an amplitude of os-
cillations of 18—20 pm at frequencies of 23-25 kHz is enough.
Air capacitor can be both flat and cylindrical in shape. The
battery voltage of 12 V is enough.

The adjustability of ion concentrations by this device
ranges from the background to 4,000-5,000% cm™ ions of
each sign throughout the test room area. A comparative
analysis of the distribution of ions of both polarities from the
designed bipolar air ionizer and humidifier is shown in Fig. 5.
The measurement was carried out after two hours of opera-
tion of the device.

ions of mobility cm?/V's are light. n, e
That is, it is possible to deter- 1000 y;;s_Zg ;71;:‘48 1
mine the parameters of the ca- v
pacitor, fan, and voltage of the 800 — 89%+ 1039
battery with the known mobility y i; _ (); 9674 2
: 600 =5
of ions.
By adjusting the voltage with
resistance 9, the concentration 400 y =2'90X +670 . 3
of ions that settle on a capacitor  54q R*=10,9951
over 1 s is determined from the
ratio: 0 1, m y;z-iSOX ;5324 4
0,0 1,0 2,0 3,0 4,0 5,0 6,0 ’

U=IR=Rn'eV, 2)
where [ is the electric current in
the circuit;

R — resistance 9 at a given
time, Q;

n'is the concentration of ions
that settle over 1 s, cm?/s!;

e is a single charge of the ion (1.6-10°1% C).

Therefore, with the known performance of the ionizer, the
device absorbs the necessary part of the ions of the desired
sign to maintain the concentrations of ions at regulatory
levels and polarities in the room.

Laboratory studies of the bipolar ionizer layout have
proved that to regulate the ion composition of air and neu-

Fig. 5. Propagation of ions from the source of air ionization:
1 — change in the concentrations of negative ions with a distance from the air ionizer;
2 — change in the concentrations of positive ions from bipolar air ionizer;
3 — change in the concentrations of negative ions from humidifier;
4 — change in the concentrations of positive ions from humidifier

The decrease in concentrations of ions with a distance
from the ionizer occurs almost linearly and depends on the
fan speed and the amount of water supplied to the emitter.

All industrial air ionizers generate ions with high-volt-
age crown discharges and are varieties of the well-known
Chizhevsky chandelier. Such ionizers do not provide for the
forced spread of regulated polarity ions and have a funda-



mental drawback — the generation, as a result of discharges,
of ozone and nitrogen oxides harmful to humans.

6. Discussion of results of studying the dynamics of the
ion composition of air and testing the bipolar ionizer

Our experimental data (Tables 1, 2) show that after one
two hours of operation of the ionizer and an increase in ion
concentrations, their decrease occurs. The explanation for
this is a sharp decrease in the levels of electrostatic fields.
The ionizer is located close enough from the floor, there
begins a steady drift of ions to the charged surface. After
neutralizing the surface potential, the concentration of ions
begins to increase again. The prolongation of this process in
the continuous operation of the ionizer makes the process of
air purification from fine dust and aerosols promising. In the
presence of indoor ion generation or high natural air ioniza-
tion, finely dispersed suspended particles become heavy ions
small-dispersed suspended particles become heavy ions. Ba-
sically, this is the process of attaching light ions to particles.
It is described by equations:

dn”

o g-onn =B n"N"-B;n" N, 3)
d?’l+ -+ + +AT— +,+
?zq—(xn n" B +n"N —-B;n'N, (4)

where n’, n*— concentrations of negative and positive light
ions, cm™;

q — the level of generation of pairs of light ions, cm™;

o — coefficient of recombination of light ions;

B, B* — coefficients of deposition of negative and positive
light ions onto heavy ones;

N, N* — concentrations of heavy negative and positive
ions, cm™>;

By, By — deposition coefficients of negative and positive
light ions on neutral particles;

N — concentration of neutral particles, cm™.

This balance is true for space far from charged surfaces, near
which at distances of several centimeters the balance is differ-
ent [2]. The required coefficients are mostly known from refer-
ence sources [7, 8]. The values of coefficients: a=1.6:106 cm?3/s;
B=4-10%cm3/s; B'=3.97-10%cm3/s; By =1,6710"° cm?® /s;
B:=1,210"° cm® /5. Therefore, for the introduction of air
purification, one can evaluate the desired generation of light
ions with an ionizer. In this case, the process of interaction
with the electrified surface would have a certain sequence.
Light ions settle on suspended particles, under the influence
of air movement and electrostatic forces, they drift to the
opposite-charged surface on which they settle. To check
the possibility of air purification from fine dust, the dust
content in the air of the room with a volume of 60 m? was
measured before the ionizer started operation and after two
hours of its operation. The measurements were carried out
by aspiration method — pumping a fixed volume of air using
the EF-2C electric device through a container with water.
Weighing of the container with water was carried out before
and after pumping air. It was found that the initial content
of suspended particles in the room was 4.3—4.4 mg/m?. Af-
ter two hours of ionizer operation, the particle content was
1.4-1.6 mg/m?>. Thus, the dust content in the air decreased
almost three times.

In this case, the surface electrostatic charge is neutral-
ized. The main condition is the remoteness of the ionizer from
charged surfaces in order to avoid the predominant process of
rapid sedimentation of ions on an electrified surface after one
hour of operation of the ionizer (Fig. 1).

The results given in Tables 3, 4 indicate that the degrees
of air deionization and the predominant polarity by split
systems have no patterns and are unpredictable. Therefore,
before the introduction of organizational and technical mea-
sures for managing air quality in the room of any purpose, it
is necessary to monitor the levels and dynamics of the neces-
sary physical factors. It excludes the control of air ionization
in the room; this indicator is for outdoor air entering the
room; degrees of air deionization by cooling and ventilation
systems; the value and polarity of static charges accumulated
on polymer surfaces. This information could make it possible
with less time and resources to manage air quality even in
rooms with complex dynamics of microclimatic indicators
under an automatic mode.

Our truly original research indicates the possibility of
using a standard air-cooling system and a bipolar air ionizer
to control all microclimatic parameters, at least those nor-
malized by international standards [1]. Unlike traditional
serial air ionization devices that, due to crown discharges,
generate ozone and nitrogen oxides, the designed device is
completely safe. High-voltage devices as ultrasonic humidi-
fiers have a limited radius of influence (1.0-1.5 m), which is
due to the lack of systems for the forced propagation of ions
and the danger in the case of increased power. The designed
device, even in the layout version, has a guaranteed service
area of up to 5 m, on which the concentration of ions of both
signs of 500 cm™ is achieved. The advantage of the ionizer in
comparison with analogs is the simultaneous increase in air
humidity to normative values of 40 % or more, as well as the
possibility of air purification. This is important due to the
fact that according to the standard [1] for residential prem-
ises, the concentration of suspended particles should not
exceed 50 um/m? (for particles less than 10 pm). Therefore,
it is advisable for them to use a device that has no harmful
side effects in the form of chemical compounds and performs
several functions — ionization and purification of air, as well
as neutralization of static charges.

The limitations of the current research is that the nor-
malization of parameters that affect air quality is consid-
ered. It is advisable to consider the possibility of managing
the entire complex of physical factors of the industrial and
household environment. The tasks of protecting people
from the effects of man-made electromagnetic and acoustic
fields using a risk-oriented approach based on modeling
the spread of physical factors are relevant [12, 13]. Such
issues can be resolved in conjunction with those discussed
in this paper. Thus, work [14] designed and investigated
the protective properties of the composite electromagnetic
and noise protection screen. This material is made of cheap
materials — iron ore dust and latex. Such components, if
necessary, can be used for facing surfaces of large areas for
shielding electromagnetic fields and noise of wide frequency
bands. The advantage of the main component (latex — by
weight up to 85-90 %) is that it is not electrified under any
physical influence. That is, in this case, the task of avoiding
air deionization is simplified. The process of air purification
from suspended particles that can be deposited on charged
plates, similar to the covers of the bipolar ultrasonic air
ionizer capacitor, is also simplified.



The copy paste area of research is considered promising
as it could create a holistic system for managing the levels of
physical factors of production and domestic environments.

7. Conclusions

1. Our original studies into the dynamics of the ion com-
position of the air of industrial and household premises have
proved that the means of normalizing the concentrations
of ions of both signs, relative humidity and temperature is
the use of air-cooling devices (split systems) and ultrason-
ic humidifiers. In addition, it makes it possible to almost
completely neutralize the electrostatic charges formed on
polymer surfaces. It makes it possible to increase the con-
centration of ions to the minimum permissible levels within
a few hours and almost completely neutralize the surface
electrostatic charge. The disadvantage of the technique is the
uncontrollability of the dominating polarity of ions depend-
ing on the conditions of use of the equipment (background
ionization values, electrostatic charge signs) and a small
radius of efficiency (1.0-1.5 m).

2. It was found that the split air-cooling system in the test
room deionizes it. In the process of reducing the temperature
from 26.0 °C to 22.2 °C and relative humidity from 52 % to

46 %, the concentration of negative ions in the air decreas-
es from 180 cm™ to 110 cm™, positive — from 430 cm™ to
320 cm™. It is established that this phenomenon is systemic
in nature. Air cooling means with the same principles of ac-
tion deionize the air in an unpredictable way, with different
predominant polarities of deionization. Three different split
systems under the same modes of operation showed that
the concentration of negative ions decreased by 33 %, 3 %,
and 75 %, and positive — by 35 %, 41 %, and 72 %. Such data
should be obtained for all specific conditions and taken into
consideration when using artificial air ionization.

3. The designed bipolar air ionizer makes it possible to
regulate the predominant polarity of the generated ions de-
pending on background air concentrations and the properties of
deionization sources. The device makes it possible to maintain
the normative concentrations of ions within a radius of 5 m.
Due to the directed movement of air, the decrease in ion con-
centrations occurs almost linearly. The maximum performance
of the ionizer is 4,000-5,000 cm™ of both signs. Measurements
showed that in the test room, over the work of the ionizer for
two hours, the content of suspended particles in the air de-
creased from 4.3-4.4 pm/m? to 1.4-1.6 um/m? within a room
volume of 60 m?. The advantage of the bipolar ionizer compared
to serial high-voltage ionizers is a large radius of exposure and
the absence of generation of harmful substances.
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