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DEVELOPMENT OF PHOTOCATALYTIC AND ULTRASONIC EQUIPMENT

TO PREVENT THE SPREAD OF CORONAVIRUS SARS-COV-2.
PHOTOCATALYTIC SAMPLE OF SEPARATION STAGE

Abstract. The Full-scale experimental photocatalytic sample of separator consists of 5 equal purification
modules. Each of the modules consists of separation elements for increasing of purification level. The
equipment is designed for air volume G = 50... 150 m® | hour, should reduce the degree of microbial
contamination of the air to the required level (capture particles of 0.1 xm) and help reduce the risk of
airborne diseases. Project considers solving an important scientific and technical problem of creating and
development of photocatalytic and ultrasonic heat and mass transfer separation equipment for air clean
from dust and viruses (coronavirus SARS-CQOV-2). Filtration is a quite economical and efficient method of
improving air-conditioning system, the air filtration systems represent a good solution for the improvement
of Indoor Air Quality (IAQ), and the Antimicrobial treatments (coronavirus SARS-COV-2 prevention) of
filters may be a solution to these problems. It is possible to prevent the accumulation and dispersion of
microorganisms by adding anti-microbial agents on the surfaces of filter, which contributes to the
improvement of air quality. Purification from dust and viruses and liquid media smaller than 1 um requires
development of air-purifying separation equipment able to capture particles of this size with
implementation of resource-saving features base on photocatalytic and ultrasonic equipment. Development
of photocatalytic and ultrasonic heat and mass transfer separation equipment for air clean from dust and
viruses (coronavirus SARS-CQOV-2 prevention) is based on multilevel gradient aerosol technologies, as well
as research of methods of their control, is their joint use in the presence of substantial gradients of the
hydrodynamic and thermophysical parameters (temperature, pressure, velocity, density, etc.).
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Problem statement

The aim of the work is to develop photocatalytic
and ultrasonic equipment for air purification for
infectious safety of buildings from coronavirus SARS-
COV-2.

The equipment is designed for air volume
G = 50... 150 m® / hour, should reduce the degree of
microbial contamination of the air to the required level
(capture particles of 0.1 um) and help reduce the risk of
airborne diseases.

Science project considers solving an important
scientific and technical problem of creating and
development of photocatalytic and ultrasonic heat and
mass transfer separation equipment for air clean from
dust and viruses (coronavirus SARS-COV-2).

The separation technologies and the devices
employing them are able to perform purification from
particles with the size exceeding 0.10 pum with the
efficiency up to 99%.

Dust and liquid drops are the important medium for
microorganisms and viruses to spread.

It is necessary to termly clean the components that
are easy to be infected in air-conditioning systems (e.qg.,
filter, heat exchanger and muffler) and to replace them in
time in order to avoid the aggradations of pollutants.
Moreover, the condensing water should be eliminated in
time in air-conditioning systems to prevent bacteria from
propagating.

Filtration is a quite economical and efficient method
of improving air-conditioning system, the air filtration
systems represent a good solution for the improvement of
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Indoor Air Quality (IAQ), and the Antimicrobial
treatments (coronavirus SARS-COV-2 prevention) of
filters may be a solution to these problems.

It is possible to prevent the accumulation and
dispersion of microorganisms by adding anti-microbial
agents on the surfaces of filter, which contributes to the
improvement of air quality.

Purification from dust and viruses and liquid media
smaller than 1 pm requires development of air-purifying
separation equipment able to capture particles of this size
with implementation of resource-saving features base on
photocatalytic and ultrasonic equipment.

Development of photocatalytic and ultrasonic heat
and mass transfer separation equipment for air clean from
dust and viruses (coronavirus SARS-COV-2 prevention)
is based on multilevel gradient aerosol technologies, as
well as research of methods of their control, is their joint
use in the presence of substantial gradients of the
hydrodynamic  and  thermophysical  parameters
(temperature, pressure, velocity, density, etc.).

All the conditions are met at purification of aerosol
media in the gradient fields of temperature, acoustic
oscillations, concentrations and pulsations when they
pass through multifunctional surfaces able to separate
and coagulate and to prevent coronavirus SARS-COV-2
spread.

Latest research and
publications analysis

Over the last years some progress in the creation of
technologies and production of purification equipment
has been achieved. In this area there are some widely
known studies by V. Strauss [1] S. Calvert and G.M.
Inglund [2, 3], researchers of IAMSTI (Nikolaev), as
well as by foreign researchers [4; 5].

These studies show the developed and used types of
separation equipment. The presented analysis of the
composition and aerosols characteristics [1 — 4], which is
supplemented with new data, indicates that the particles
have polydisperse composition (from less than 1
micrometer to large ones — more than 100 micrometers)
and vapours.

This allows defining new methods of particle
settling intensification on account of hydrodynamic
forces. It also advantageous for the use of intensification
of processes of particles transport to the deposition
surfaces due to the velocity gradient fields, pulsation,
pressure, temperature, acoustic vibrations for creating a
compact separation equipment.

THE ARTICLE AIM is to develop aerosol gradient
technologies (AGT) for separation equipment to present
infectious safety of buildings from coronavirus SARS-
COV-2. AGT is expected to use the gradient fields of
speed, pulsation, temperature, pressure, acoustic
vibrations.

Basic material

Basic mechanisms and physical processes of
particles deposition in the aerosol technologies and
quantitative need to analyze to develop photocatalytic
and ultrasonic equipment for air purification for
infectious safety of buildings from coronavirus SARS-
CoVv-2.

Physical processes of the above presented AGT can
be characterized by the following processes of movement
of medium that flows around the deposition surface:
highly turbulent jets, turbophoretic, turbulent-diffusion,
thermophoretic, acoustic, eddy and tear.

In addition, with the possible phases of the
movement processes the processes of their interaction are
possible — coagulation, grinding, heat and mass transfer.

The calculation of the flow
of the separation equipment for AGT

On the basis of a mathematical model the
calculation of photocatalytic and ultrasonic equipment
for air purification for infectious safety of buildings from
coronavirus SARS-COV-2 was carried out, applying the
possibilities for intensification of precipitation AGT.

The initial and boundary conditions were set
according to the parameters of operation buildings
ventilation and cleaning system.

The main objectives of the study are the following:

— analyze particle transfer processes in dispersed
multiphase streams of power plants and identify
promising ways to intensify purification processes due to
inertia, acousticophoresis, turbophoresis, photocatalytic
effects, non-isothermal gradient separation, etc. to
prevent the spread of coronavirus SARS-COV-2;

— to develop a generalized mathematical model of
separation processes of gradient aerosol technologies and
to substantiate research methods;

— to develop circuit solutions of generalized
multilevel gradient separation aerosol technologies;

— 3D-modeling on the basis of modern software
packages and numerical calculation methods to
investigate the patterns of particle transfer processes in
dispersed multiphase streams and separation equipment;

— scientifically substantiate the creation of
innovative cleaning technologies and devices that
implement them for modern technologies for cleaning
the air from dust and viruses to prevent the spread of
coronavirus SARSCOV-2;

— prove the validity of the obtained scientific
provisions for the intensification of air purification
processes from dust and viruses to prevent the spread of
coronavirus SARS-COV-2.

The study of photocatalytic and acoustic-phoretic
levels of gradient aerosol technologies and obtaining
circuit solutions for multifunctional deposition surfaces
is planned. The structure of the flow will be investigated
by thermogram filming.

166



Ynpaesninnsa pozeumxom cxnaonux cucmem (48 — 2021) ISSN 2219-5300

|
! I
| I
R[S
|
! I NN - S
| ) I |
S Q§:E(<
(\] ~ Nl\
o ™,
A
ny: 4

34

[~ ~
* *
N
A
L8]
“+
>
(=]
Al
ol
N !
3 \n
A3 A
m
i

5

51

56

L

L
/’
(Y

I5
e
ALIT
e

\
S ol

L |
| IIK ]
13

N

11

68 67

119 1L

~380V

2
~380VEH V

6

5

&

\r\m T ' ~

Figure 1 — Schematic diagram of the experimental stand

Increasing the flow rate at the inlet to the coagulator
intensifies the deposition due to turbophoresis and
inertia, and the thermal effect of non-isothermal gradient
technology and diffusiophoresis decreases, and vice
versa. Thus, the allowance due to the thermal effect to

capture particles with a diameter of 0.1...1 um at
Usx = 9.5 m/s is about 40%, and at usx = 13 m/s only 10%.

No influence of nonisothermality on the
hydrodynamic characteristics of the flow in the grid
coagulator and it is determined that the distribution of the
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main hydrodynamic characteristics of the flow (velocity,
turbulence intensity, kinetic energy of turbulence, static
pressure) is almost the same for the temperature
difference 20...50° C and flow velocity 0.5... 7.0 m/s.

Calculation of multi-jet separator with AGT

The results of the calculation of the distribution of
the longitudinal and transverse velocity component,
static pressure, turbulent kinetic energy and the degree of
turbulent energy dissipation in the separator are analysed.

The calculations confirmed the separation of the
boundary layer to form the reverse currents (the field of
negative values of the longitudinal velocity) and large
amounts of vortex above the surface turbulent with
significant energy potential.

Has been created experimental insulation for tests
of separation for photocatalytic and ultrasonic equipment
for air purification for infectious safety of buildings from
coronavirus SARS-COV-2 (figure 1).

The equipment is designed for air volume
G = 50... 150 m%hour, should reduce the degree of
microbial contamination of the air to the required level
(capture particles of 0.1 um) and help reduce the risk of
airborne diseases.

The separation technologies and the devices
employing them are able to perform purification from
particles with the size exceeding 0.10 pum with the
efficiency up to 99%.

The measurements of venting system work flow
area and proposed decision of its placement allows next
geometrical dimensional parameters for Air Separator
Turboimpact Filter.

Further designing process of photocatalytic and
ultrasonic equipment for air purification for infectious
safety of buildings from coronavirus SARS-COV-2
needs usage of Multilevel complex scheme of
intensification of separation processes using gradient
turboimpact technologies.

Experimental stand for the follow-up
of aerosol separators with an adjustable
concentration of the fertile phase

The stand contains the following main elements:
highpressure electric fan (blower) 1 with an electric
motor 3; flow collector 2; cup micromanometers 4, 29;
differential micromanometers digital 5, 17, 28; air
electric heaters 6; autotransformers of alternating current
7, 43, 67; digital camera 9; digital microscope 10; air
heating area 11; hot air distribution pipe and creating a
foam layer 12; personal computers 8, 15, 16, 38;
thermocouples 13, 24, 45, 59, 62; analog-to-digital
converter (ADC) 14; photometric counter of aerosol
particles 18; 19 — the switch for the counter; ball valves
of the sample 20; allonge with analytical filters AFA 21,
23; aspirator 22; static pressure sampling probes 25, 55;
inertial probes 26, 53; oil samplers 27, 52; adjustable
solenoid valve 30; air flow control valve 31; flow washer

32; the original working measuring section 33; the
investigated oil separator 34; oil drain pipe 35; three-way
crane 36; analytical digital scales 37; oil supply pipeline
in the measuring tank 39; measuring capacity 40; digital
scales 41; butter tank 42; electric water heaters 44, 50,
68; ball valve for dosing compressed air 46; oil supply
pipeline from the oil tank 47; compressed air supply pipe
48; a highly dispersed oil aerosol generator 49;
the compressed air supply nozzle 51; micromanometer
water U-shaped 54; compressed air electrocompressor
56; oil supply pump in the nozzle for generating coarse
aerosol 57; highly dispersed aerosol supply tube 58; input
working measuring section 60; ball valve oil dosing 61;
rotameter for determining oil flow 63; nozzle for
spraying coarse oil droplets 64; gravity separator of oil
from air 65; the chamber of the first generator for the
formation of high-temperature oil-air environment 66;
the supply line 69 and the cooling coolant (water) 70 with
taps 71 and a rotameter 72.

The stand is an open-type wind tunnel equipped
with means of measurement, processing of results, as
well as regulation and control.

The multiphase medium for the study is
characterized by a polydisperse composition and contains
highly dispersed particles with an equivalent diameter of
less than 20 um (including condensation origin less than
1 pm), coarse particles with an equivalent diameter of
20..500 pum and vapors.

The concentration of particles in the air was
0.5... 2.0 kg/m®, ambient temperature up to 40°C. The
high-pressure fan (blower) 1 takes the outside air through
the flow collector (lemniscat) 2 and directs it for heating
in the heating area 11, where the electric heaters 6.

In this area the air temperature rises to 10...40°C.
The air flow rate is determined by the difference on the
lemniscate 2 and the flow meter 32 using cup
micromanometers 4 and 29, as well as differential digital
micromanometers 5 and 29 connected to a personal
computer 16.

The air flow rate is regulated by a valve 31 with a
valve 30. A special generator 49 is used to generate
significant concentrations of a highly dispersed aerosol
with an average particle diameter of less than 2 um. The
highly dispersed aerosol generator allows to obtain
particles with an average diameter of 0.3 um and a
concentration of up to 300 mg/m3.

The model two-phase high-temperature
polydisperse medium is created by supplying to the inlet
measuring section 60 of the aerosol from three
generators: from the chamber 66, the nozzles 64 and the
spray of the highly dispersed aerosol 58.

To assess the main parameters of the aerosol
medium, there are appropriate measuring instruments.
The temperature of the mixture is measured using a
chromel-copel thermocouple 59, which is connected to a
personal computer 15 to automate the processing of
information via an analog-to-digital converter 14. In the
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measuring inlet area, all sensitive elements of the devices
are located at a distance of at least three diameters of the
pipeline from the intersection of the aerosol sprays.

Static pressure is measured by means of a spherical
nozzle 55 or static pressure sampling holes on the walls
of the pipeline (for dry purge mode), as well as a water
micromanometer 54 or a differential digital
micromanometer 17 connected to a personal computer
16. When selecting static pressure, an expanded tank 65
is provided.

The concentration of the aerosol was determined by
passing the mixture, which is taken by the sampler 52,
made in the form of a full pressure tube, through the
analytical AFA filters located in the allonge 21. The
measurement of air flow through the filter was carried out
by the pressure drop across the measuring manifold 2.
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Geometry of element of experimental sample of
5 blocs of equipment for air purification for infectious
safety of buildseparation stages for photocatalytic and
ultrasonic ings from coronavirus SARS-COV-2 is
presented on Figure 2.

Experimental model of sample with 5 blocs of
separation purification for infectious safety of buildings
from coronastages for photocatalytic and ultrasonic
equipment for air virus SARS-COV-2 is presented on
Figure 3.

Operated experimental model of sample with
5 blocs of from coronavirus SARS-COV-2 is presented
on Figure 4. Separation stages for photocatalytic and
ultrasonic equip ment for air purification for infectious
safety of buildings is presented on Figure 4.

On table 1-3 Research of separator efficiency
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Figure 2 — Geometry of element of experimental sample of 5 blocs of separation stages for photocatalytic
and ultrasonic equipment for air purification for infectious safety of buildings from coronavirus SARS-COV-2
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Figure 3 — Experimental model of sample with 5 blocs of separation stages for photocatalytic and ultrasonic equipment
for air purification for infectious safety of buildings from coronavirus SARS-COV-2

Figure 4 — Operated experimental model of sample with 5 blocs of separation stages for photocatalytic and ultrasonic
equipment for air purification for infectious safety of buildings from coronavirus SARS-COV-2

Table 1 — Research of separator efficiency G = 50...150 m®/hour

Flow parameter No pulsation With pulsaton O
Cin, ) ) Omin, Jouts | dmid, Omax, | dmin, Qouts| Amids Jout, |  Amax, TCE,
G Tin, ram/ rin, | G, | G, /hour out /hour | g/hour %
m3hour | °c | 3 | MKM | MKM | MKM g gout, | Gow | G g Gout,
m g/hour | g/hour g/hour
50 0.62 0 0.41 41,1
60 0.93 0.72 0.1 0 25,6
80 0.125 0.1 0.1 1(0.107 23,9
20 6 0.1 1 10
100 0.163 0.1 (0.132 0 21,8
120 0.188 01 0.164 0.1 0.1 | 13,0
180 0.224 0.2 "~ |0.173 0.2 25,1
Average 251
Table 2 — Research of separator efficiency G = 50 m%hour
G, o Cin, AP xITa 5| Gout, | Cout,g/m® | Gou, g/hour
mé/hour L°C g/m® = Cout, g/m g/hout IICE TICE IICE
50 701073 7 54102 54 29,6
50 831073 8,3 61e10°2 6,1 36,0
50 7501073 7,5 551073 55 36,3
50 831073 8,3 6001073 6,0 38,3
20 6 |999 2,5
50 780107 7,8 540107 54 44.4
50 841073 8,4 59102 59 42,3
50 751073 7,5 5310 53 41,5
50 7801073 7,8 521073 5,2 50,0
Average | 78,25¢103 7,825 56102 5,6 39,8
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Table 3 — Research of separator efficiency G = 150 m%/hour

Jout,
Gn, o Cin, AP, . | Gout, Cout, g/m3
mé/hour L*C g/m® L Cout, g/m g/hout IICE g/hour IICE
IICE
150 14001072 28,0 11001072 22,0 27,27273
150 1441073 28,8 1141073 22,8 26,31579
150 1351073 27,0 11001072 22,0 22,72727
-3 -3
150 20 6 999 | 3.9 13910 27,8 10810 21,6 28,7037
150 148107 29,6 1151072 23,0 28,69565
150 1421072 28,4 113102 22,6 25,66372
150 1441073 28,8 1171073 23,4 23,07692
150 1381072 27,6 1100103 22,0 25,45455
Average| 141107 28,2 1121073 22,4 25,98879
Generalized multilevel systems of photocatalytic Preliminary Improving the efficiency of air

and ultrasonic equipment for air purification for
infectious safety of buildings from coronavirus SARS-
COV-2 have been developed, which are various options
for combining the supply of aerosol medium to channels
and surfaces for particle deposition due to forces of
different nature: inertia, gradient forces — turbophoresis,
acousticophoresis, non-isothermal gradient, turbulent
diffusion and turbulent diffusion. Schematic solutions of
multilevel gradient aerosol technologies based on the use
of gradients of hydrodynamic and thermophysical
parameters: temperature, pressure, velocity, density, etc.
are developed.

On the basis of multilevel separation technology
circuit solutions are developed: with levels of inertial and
turbophoretic separation; with levels of inertial and
nonisothermal gradient separations; with levels of
inertial, non-isothermal and turbophoretic separations;
with levels of inertial, turbo- and acousticophoretic
separations; with levels of inertial, non-isothermal, turbo-
and acousticophoretic separations; with levels of non-
isothermal, turbo- and acousticophoretic separations.

Solving problems of intensification of purification
processes in phase distribution in multiphase flows was
performed by theoretical methods — physical models and
methods of analogy in heat, mass and momentum
transfer, equations of dynamics of force balance during
particle motion and experimental methods on developed
experimental stands — holographic interferometry,
surface flow indication, high-speed photography, optical
measurements of dispersion, particle concentration.

To study the separation characteristics of
photocatalytic and acoustic phoretic technology in the
multifunctional surfaces of the channels, a number of
experimental separation equipment will be tested.

purification from dust particles and viruses with the help
of photocatalytic and ultrasonic equipment and integrated
performance separation equipment is achieved by
multilevel purification of aerosol media by combining
different levels of gradient separation technologies with
sequential or combined use of energy potential.
separation) and external sources (non-isothermal and
acoustic phoretic separation, photocatalytic separation).

The required level of air purification efficiency
from dust particles and viruses depending on their
operating modes is achieved by joint application of
different levels of gradient separation technologies:
inertial, turbophoretic, nonisothermal, acoustic phoretic
and photocatalytic at gas velocities up to 20 m/s, particle
sizes 0.1... 10 m also cleaning efficiency not less than
99%.

Conclusions

1. Purification from dust and viruses and liquid
media smaller than 1 pum requires development of air-
purifying separation equipment able to capture particles
of this size with implementation of resource-saving
features base on photocatalytic and ultrasonic equipment.

2. The Full-scale experimental photocatalytic
sample of separator consists of 5 equal purification
modules has been deevemoped. Each of the modules
consists of separation elements for increasing of
purification level.

3. The equipment is designed for air volume G =
50... 150 m®hour, reduce the degree of microbial
contamination of the air to the required level (capture
particles of 0.1 um) and help reduce the risk of airborne
diseases.
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PO3POBKA ®OTOKATAJITUYHOI'O M YJIBTPA3ZBYKOBOI'O OBJATHAHHSA 15 3AIIOBITAHHSA
HOIIUPEHHIO KOPOHABIPYCY SARS-COV-2. ®OTOKATAJITUYHAM 3PA3OK CTAJILL MOALTY

Anomauia. Hamypruii excnepumeHmanvHutl pomoxamaimuyHuil 3pa3oK cenapamopa CK1a0aemuvcst 3 n'samu 00HAKOBUX
Mooynie oyuwennsa. Koowcen 3 MoOynie ckiadacmvcsa 3 po30ilosux enemenmia 0as nioguwyenHs piehs ouuwyenna. OONaOHaAHHA
(pospaxoeane na 06’cm nosimps G = 50...150 m%200) noeunno 3uusumu cmyninb Mikpob6HO20 3a6pYOHEHHS HOGIMps 00
He00XiOH020 pigHsa (en06m06amu yacmunku 0,1 MKM) ma Chpusamu 3HUMHCEHHIO PUSUKY 3AXE0PIOBAHD, WO NEPedaiomvbCs NOSIMpPAHO-
KpanenvHum uwisixom. IIpoekm nepedbauac eupiuieHHs 8aiCIUBOL HAYKOBO-MEXHIYHOI npobiemMu cmeopenHs ma po3pooieHis
Gomokamanimuuno2o ma yibmpazeyKko8020 meniomMacooOMinHO20 0ONAOHAHHA Ol OYUWjeHHs NO8Imps 6i0 nuiry ma 6ipycie
(koponasipyc SARS-COV-2). @inempayis € 0080/1i eKOHOMHUM I eHEeKMUBHUM MEMOOOM ROKPAUSCHHSL CUCEMU KOHOUYIOHY8AHHSL
nosimps, cucmemu ginempayii nosimps. Bona ¢ 0obpum piwtennsim 0ns nokpawenns saxkocmi nosimps 6 npumiwenni (14Q), a
aHmumikpobrna 06pobka (npoginakmuxa kopouagipycy SARS-COV-2) ¢inempie moowce Oymu piwieHHAM yux npooiem.
Tonepeoumu naxonuuenHst i po3CitO8aAHHs MIKPOOP2AHIZMIE MONCHA WLIAXOM O00ABAHHS HA NOBEPXHI IIbMpa aHMUMIKPOOHUX
3ac00i8, Wo cnpuse nokpaujeruio akocmi nogimps. Ouuujenus 6i0 nuny i 8ipycie ma pioKux cepedosuuy posmipom meuwe 1 mxm
nompe6ye po3pobnents nOSIMpPOOHUCHO20 CEeNnapayiino20 0ONAOHAHHSA, 30AMHO20 6NOGNI0EAMU YACMUHKU MAKO20 POIMIPY 3
BIPOBAOIHCEHHAM pecypco3Depiearouux QYHKYil HA OCHOBI (POMOKAMANIMUYUHO20 MA YIbMpPa3eyKogoz2o obnaduanus. Pospooxa
omoxamanimuuno2o U YIbmpasgyko8o20 MenioMACOOOMIHHO20 0ONAOHAHHA OISl OHUWEHHsT NOSImps 6I0 numy I 6ipycie
(npoghinaxmuxa xoponasipycy SARS-COV-2) 6azyemuvca Ha bacamopieHesux epadieHmHux aepo30abHUX MEXHONO2IAX, a MAKOIC
00CNiONHCEHHAX Memodis ix KoHmpoaw. Lle ix cnitbHe UKOPUCTNAHHA 30 HAAGHOCMI 3HAYHUX 2PAOIEHMIE 2IOPOOUHAMIUHUX 1§
MenioPi3uuHUX napamempie (memnepamypa, muck, WeUOKiCMb, WINbHICIb Md iH.).

Knrouoei cnoesa: aepozonvui cpadienmmui mexwnonocii; cenapauiiine 001a0HaAHHA; 2PAJIEHmMHE NOJIe; PeCcypCHA ma
exonociuna desnexa
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