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This paper presents a study of the processes occurring in apparatus with counter-swirling flows and proposes a
mathematical model for calculating the fractional and overall efficiency of the devices. An experimental stand was used
to investigate a typical design and an advanced apparatus with counter—swirling flows. For determination of the overall
efficiency, the samples were examined on a disperse composition using a scanning electron microscope with a low vacuum
camera SEM-106 | and a ribbon with sprayed silver in the vacuum universal post VUP-5M. The disadvantage of the typical
design of the improved apparatus with counter—swirling flows (ACSF) is the reduced rotational motion of the primary flow,
which slows down the separation process and leads to a decrease in the fractional efficiency of cleaning of medium and
small fractions of the dusty product from the air. The inhibitory effect is due to the small input momentum of motion in the
primary flow compared to the momentum of motion in the secondary flow. One way to increase the rotational motion of the
primary stream may be to double M,,, ., , according to the law of conservation of momentum, due to geometric changes
in the lower cylindrical part of the apparatus. That is, it is necessary to increase the diameter of the lower part of the ACSF,
in order to increase the momentum in the primary flow of the axial swirler. In this case, the ratio of flow rates of air and
impulses will be offset and the braking effect will be eliminated. Thanks to the developed mathematical model, it is seen
that with increasing the momentum of motion in the primary flow of the axial swirler increases the efficiency of trapping fine
particles of sawtooth product in the external and internal layers of the separation chamber of the improved ACSF. This has
the effect of improving overall performance overall. After preparing the samples for analysis and examining them on a raster
microscope, we obtained images of the dispersed composition of the product, which calculated the number of patrticles of a
certain diameter, and then calculated them in percentage to the total number of particles in one sample, so that we obtained
efficiency for each fraction of particles. Namely, the smallest fraction of particles captured was 1.99 microns of advanced
ACSF, the typical design of the ACSF is 2.55 microns. Due to the developed mathematical model of the momentum of motion

for the primary swirler, an improved design of the ACSF was created.
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Introduction

The development of large cities, accompanied by the
development of industry, increasingly leads to the pollution
of residential areas with industrial gases (Azarov et al., 2017;
Azarov et al., 2019). The content of harmful substances in
the air significantly exceeds hygiene standards. Obviously,
the current situation can be improved through the use
of modern, more advanced technologies (Azarov et al.,
2020; Azarov et al., 2016). It is important to increase the
efficiency of systems for cleaning the city from pollution
and industrial emissions (Azarov et al., 2017; Bakaeva &
Chernyaeva, 2017). Assessment of the dust environment at
industrial enterprises, as a rule, is understood as the study
of air in working areas, the power of dust emissions into
the atmosphere, as well as the efficiency of dust cleaning
devices (Besarion Meskhi et al., 2021; Kalyuzhina, 2013).
In papers (Bogomolov et al., 2016; Evtushenko et al., 2020)
the research process is presented, identifying bottlenecks,
which are characterized by dustiness, analysis of existing
dust removal systems, their efficiency, performance and

features of work in various environments. The articles
(Bogomolov et al., 2016; Evtushenko et al., 2020;
Klimenti et al., 2019) carried out comparative studies of
the characteristics of silica clay dust, calcium silicate and
chalk production in three intake zones for three types of
dust collectors used in dust removal systems: fabric filters,
cyclones and apparatus with counter—swirling flows (ACSF).
Based on the measurement results, it was concluded that
the dust from the dust collectors for all variants of dust
collectors has a similar elemental composition and can be
returned to the production process. The articles consider
several more examples of the impact of industrial dust on
the environment, as well as ways to reduce the technogenic
impact on the environment (Kuzmichev & Loboyko, 2016;
Kondratenko, 2021; Kondratenko et al., 2019; Kondratenko,
2020; Kondratenko & Lapina, 2020). The articles provide
samples of dust—collecting equipment that can contribute
to the task, however, all models of dust collectors do not
give 100% cleaning efficiency (Kuzmichev et al., 2017;

Koshkarev et al., 2019).
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In addition to the chemical and construction industries
(Protodiakonov & Chesnokov, 1987), purification of polluted
air from dust is also necessary in food production. With the
help of dust collectors, dusty gas is separated into dust
and purified air (Sergina et al., 2019; Sergina et al., 2017).
Dust collecting equipment is used in food production to
eliminate losses in the production of products that pollinate
the air (salt, milk powder, food concentrates, sugar), as
well as to reduce environmental pollution (Savchenko-
Pererva & Yakuba, 2015; Sabadash et al., 2015). At the
enterprises of the food industry, most of the production
processes are accompanied by the release of dust. This
reduces the safety of production, and is also an urgent
problem both from an environmental and economic point
of view. The problem of reducing losses during drying is of
great economic importance. The value of the removal of
the product with the exhaust air into the atmosphere due
to the imperfection of cleaning methods and equipment
reaches large volumes. Depending on the aerodynamic
characteristics of the drying tower and cyclones, the speed
of movement of the drying agent, product particles in the
air entering the cyclone, the physicochemical properties
of the product and its particle size distribution can be
significant. The main disadvantage is the comparatively
small fractional efficiency of this apparatus when capturing
dust up to 5-10 microns in size (Vasiliev et al., 2019;
Zhukova et al., 2016; Zhukova et al., 2017).

Recently, the world has been increasingly focusing
on foods that have a long shelf life and high transport
characteristics. Such requirements are achieved by the use
of food drying technologies, which require the development
of energy efficient and productive equipment that is directly
related to the production of finished products, and auxiliary —
dust, because first — it is expensive, and second — no 100%
output of pure product (Azarov et al., 2019; Piralishvili &
Kudryavtsev, 1992).

Dusting is a responsible operation, the output of the
finished product at the end depends on the efficiency of the
separation of the dispersed particles in the gas. Cyclones
have the highest prevalence in processing plants. These
devices are simple to manufacture and operate and provide
trapping of particles up to 10 um. The main disadvantage of
these devices is their overall size and limited performance.
Therefore, it is advisable for processing plants to use
apparatus with counter—swirling flows (ACSF), which have
the ability to control the process of separation of gas and
liquid inhomogeneous mixtures. The field of study of the
processes that take place in the ACSF is poorly understood.
Their use in production allows you to increase productivity,
reduce the size, material consumption of the structure and
optimize the processes that take place in them (Savchenko-
Pererva et al., 2016).

Materials and methods

Materials and equipment that were used in the
experiments to determine efficiency were investigated.

Atthe Sumy National Agrarian University, an experimental
stand was installed in the laboratory Ne 111m to investigate
a typical design and an advanced apparatus with counter—
swirling flows (Fig. 1).
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Figure 1. Scheme of the general view of the improved
ACSF (with two cones): 1 — case; 2 - tangential input of
the external (secondary) flow; 3 — axial lower (primary)
arrangement; 4 — swirler of the primary flow; 5 — outlet
pipe; 6 — conical hopper; 7 — flat washer bottom; 8 —
outer shell; 9 — internal shell; 10, 11 — conical shells;
12 - flow suppressor; 13 — the outlet opening of the
primary flow; 14 - hole between the washer and the
dust collector case

The stand consists of the apparatus (1), depending on
the tested ACSF, the lower cylindrical part was changed, the
dust collector (2) into which the dusty product being trapped
(as a powdered product used milk powder), artificial air
dusting systems (3), flexible air duct (4), air flow regulator
(5), high—pressure fan No. 3 — impeller on the shaft of the
bearing assembly, which is connected to the electric motor
by cogwheel transmission, and which allows to change
the rotation of the impeller by pulleys (6) and system
pulverization and analysis of experiments (7).

All studies were repeated 5 times with a discrepancy of
results of no more than 5%.

To determine overall performance, a typical ACSF
design and an advanced ACSF design were used. Samples
obtained from an advanced ACSF and model design were
investigated for dispersion using a scanning electron
microscope with a low vacuum camera SEM-106 |. The
studies used tapes that had been pre—filled with silver at
the Institute of Applied Physics using VUP —-5M (vacuum
universal post), after which they were transferred to a SEM-
106 | sample holder pre—greased with a carbohydrate paste.
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Results

Existing vortex dust collector (typical design) includes
a case, an exhaust pipe, for the purification of purified air,
two—channel suction air inlet nozzle, primary through the
lower axial vortex, and a secondary, main air flow through a
tangential or flywheel device. A deflector washer is located
between the case and the lower vortex, to allow the dust
product to be lowered into the hopper and to prevent its
removal with clean air (Protodiakonov & Chesnokov, 1987).

The disadvantage of the typical design is the reduced
rotational motion of the primary flow, which inhibits the
process of separation and leads to a decrease in the
fractional efficiency of cleaning the middle and small
fractions of the dusty product from the air.

The rotational motion depends on the angular flow
velocity, which is determined by equation:

— 2Menter
- . 2
pair : LS : r4

where M., —momentum of motion (moment of amount
of motion), (N'm); p,, — density of dusty air, (kg / m?);
L, —total flow of air flows, (m?/s); r, —radius of the exhaust
pipe of the dust collector, (m).

The inhibitory effect is due to the small input momentum
of motion in the primary flow compared to the momentum
of motion in the secondary flow. Thus, in a typical ACSF
(Fig. 3), the lower vortex is twice less than the upper one
and at the flow rates of air L L. =2:1 and the
momentum of motion is M., : M., =4:1. One way
to increase the rotational motion of the primary stream may
be to double M, .., , according to the law of conservation
of momentum, due to geometric changes in the lower
cylindrical part of the apparatus. In this case, the ratio of flow
rates of air and momentums will be offset and the braking
effect will be eliminated.

In general, the momentum of motion at the entrance to
the ACSF is calculated by the equation:

Menter =m-: VT : rO ' (4)
where m— body weight or air, kg; V,— tangential
velocity, m / s; r, — radius of entrance, m.

Fractional efficiency in internal and external layers

After some transformations (Savchenko—Pererva et al.,
2016) found:

— the efficiency equation in the external layer:
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where m, — angular velocity of flow 1 /'s; L,,L,— loss
of flows in primary and secondary channels m?/ hour;
r. — radius border split streams (a constant), m; r,— the
radius of the dust collector case (constant) m; r,.... —
average radius of the flow (constant for each apparatus), m;
H - height of the separation zone of the apparatus, m; p —
coefficient of dynamic viscosity of air, PA-s; p, — density
solid particles of milk powder, kg /m?=.

— the efficiency equation in the internal layer:

2 0)(2) 'Tf'p-,— .,-*5 H(2’36+Ll '(r* _raverage))
9u-LL,

—d

(6)

Tlaveragel

The theoretical overall efficiency
The overall efficiency ACSF after improvement will be
calculated by the formula:

—nZ*f*L—2+Z
100 L,

nl*f*Ll*niz s

100 L, 100

(7)

T] overall —

where f— quantitative percentage ratio of dispersed
particle size (Table 1).

The results of the studied samples from the improved
ACSF and a typical design, which were examined for
dispersion using a scanning electron microscope with a
low—vacuum chamber SEM-106 I, are shown in the table 2.

Discussion

Using the obtained equations of theoretical total and
fractional efficiency in the internal and external layers of
cylindrical apparatus with counter—swirling flows, in the
subsequent experiments it will be possible to take into
account the influence of system parameters, which will allow
to evaluate the ability of the devices to effectively capture
the pulverized material.

Thanks to the mathematical model developed in
equation (7), it is seen that by increasing the momentum of
motion in the primary flow of the axial swirler, the efficiency
of trapping of fine particles of the sawtooth product in the
external and internal layers of the separation chamber of the
ACSF is increased. This is to improve overall performance
overall. In the advanced ACSF, the overall efficiency of
capturing milk powder wasm, =99,6%, in the typical
design —n, =94,4%.

After preparing the samples for analysis and
examining them on a scanning electron microscope, they
obtained images of the dispersed composition of the

Noaagez = - NI PR - - (5 | product, which calculated the number of particles of a
Table 1
Dispersion of particles of powdered milk
d, m 5.1 8.2 10.5 20.8 32.5 41.6 55.1 60
f % 1.15 6.3 14.8 17.3 23.7 12.4 12.4 9.15
Table 2
Disperse composition of experimental samples of milk powder
Number The average diameter | The smallest diameter | The largest diameter solids
Type ACSF particulate, n of particles 0,00, M solids d_, m d,m
Typical 89 31.13 2.55 142.00
After improvement 99 25.59 1.99 135.51
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certain diameter, and then calculated them in percentage
to the total number of particles in one sample, so that
we obtained efficiency for each fraction of particles.
Namely, the smallest fraction of particles captured was
1.99 microns of advanced ACSF, the typical design of the
ACSF is 2.55 microns.

Conclusions

Due to the developed impulse equation for the primary
swirler, an improved design of the ACSF was created, which

was then conducted and then experimental studies were
conducted. The samples obtained were compared with
those made on a typical construction. The obtained results
of efficiency confirm the correct method of increasing the
diameter of the lower part of the ACSF, in order to increase
the moment of the amount of movement in the primary
flow of the axial swirler. In the advanced ACSF, the overall
efficiency of capturing milk powder was n, =99,6% , in the
typical design — n, =94,4%.
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YOCKOHAJIEHHS NMNT03BIPHUKIB /151 BIIPOBAAXEHHS Y XAPYOBIA MTPOMUCIIOBOCTI

Y 0Oaniti po6omi npedcmaeneHo docniOXeHHs npoyecie, wo eidbysarombcsi 8 anapamax i3 3ycmpiyHUMU 3aKpyYyeHUMU
romokamu, ma 3anporioHo8aHO MameMamuyHy Modesib 07151 pO3paxyHKY YacmKosoi ma 3azanbHoi eghekmusHocmi npucmpois.
Ha ekcnepumermanbHoMmy cmeHOi b6yno AocidxeHO munosy ma yOOCKOHareHy KOHCMPYKUii anapamy i3 3ycmpiyHUMU
3aKpyyeHUMU romokamu. [lns eusHa4yeHHs1 3azaribHOi eghekmugHocmi 3pasku Qocnioxyseanu Ha OucriepcHul cknad 3a
00roOMO2010 CKaHyH020 ETeKMPOHHO20 MIKPOCKOMa 3 HU3bKOBaKyyMHoK kamepoto CEM—-106 | ma cmpiykoro 3 HanuneHum
cpibriom y eakyymMHoMy yHigepcansHomy rocmy BYI-5M. Hedonikom murogoi kKoHempykuii 600CKOHaneHo2o anapamy i3
3ycmpidHUMU 3akpydeHumu nomokamu (A33[1) e smeHweHuUl 0bepmarbHUU pyX NepP8UHHOZ0 MOMOKY, WO YMOBIbHIOE Npouec
cenapauii ma npusgodums 00 3HUXEHHS ghpaKkuiliHOi echekmueHOCMI O4YULLEHHST CePeOHIX i OpibHUX ¢bpakuyili 3anuneHo2o
npodykmy 3 nosimps. [anbmyroyuli echekm 0bymMoereHuli Manum 8XiOHUM iMIMyrIbCOM PyXy 8 rep8UHHOMY roMmoui MopieHSIHO
3 iMIYnIbCOM PyXy Yy 8MOPUHHOMY nomoui. Takum YuHoM, y munositi koHempykuyji A33IT HUXHIG euxop edsidi MeHWUL 3a
eepxHil, a iMrynbc momoky AopigHioe weudkocmi nosimpsHo2o nomoky. OOHUM i3 criocobie 30inbuweHHs 0bepmarnbHO20
PYXy MepeuHHo20 nomoky moxe bymu 36inbweHHs edsidi M, , 8i0nosidHO A0 3aKoHy 36epexeHHs iMIybCy, 3a paxyHoK
2e0MempUYHUX 3MiH HUXHBOT YuniHOpu4YHOI YyacmuHu arapamy. Tobmo, HeobxiOHO 3binbluumu diaMemp HUXHBLOI YacmuHU
A83I1, w06 36inbwumu iMnynbc y Nep8UHHOMY NOMOUj 0Cb08020 3asuxprosaya. Y uboMy sunadky Criie8iOHOWEHHS aumpam
nosimpsi ma imnyrnbcig 6yde 3pigHoBaxeHO i eqhekm 2anbmysaHHs1 byde ycyHeHul. 3aedsiKu po3pobrieHiti MamemamuyHit
Mo0erti 8UOHO, WO 3i 30iIbUIEHHSIM IMITY IbCY PYXY 8 TEP8UHHOMY MTOMOUj 0Cb08020 3a8UXplogaya rMidsuulyembcs e(heKmueHiCmMb
yroemntogaHHs ApibHUX YacmuHOK nuorno0ibHo20 MPodyKmy y 308HILHBOMY ma 8HympilUHLOMY wapax po30inoeoi kamepu
edockoHaneHozo A33(1. Lle nokpaliye 3azanbHy npodykmueHicms. [licnsa nideomosku 3paskie Ao aHanidy ma 00CHiOKeHHs
ix Ha pacmpogomy Mikpockoni ompumaru 306paxeHHs1 ducrepcHo2o cknady npodykmy, Ha sIKoMy po3paxosysasu KinbKicmb
yacmuHOK reeHo2o diamempa, a nomim po3paxosysanu ix y eidcomkax 00 3a2anbHOI KiflbKoCmi YacmuHOK 8 0OHOMY 3pasKy,
maKuM YUHOM ompuMasu eqhekmueHicmb 07151 KOXHOI (hpaKuii YacmuHOK. A came, HalMeHwWa Yacmka 3axonieHuUx 4aCmuHOK
cknana 1,99 mkm ydockoHaneHo20 A33[1, murnogoi koHempykuii — 2,55 mkm. Omxe, 3a80siKu Po3pobneHili MamemamuyHit
modeni imnynbcy pyxy 0715 NepeUHHO20 3asuxprosadya byra cmeopeHa 800CKOHaneHa koHempykuis A33I1.
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