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Abstract

Human health is of high value, therefore, with the development of industry, the requirements for the impact on ecol-
ogy and occupational safety and health ohs, including air quality, are increasing. There are many ways to purify air, one of
which is cyclone separators (hereinafter: cyclones): horizontal and vertical. The geometric dimensions of cyclones depend on
the volume of purified air, and the efficiency of purification depends on the design, therefore, cyclone designs must have op-
timal geometric parameters for effective dust removal. Models of vertical cyclones, worked out over the years, are widely
used in the grain processing industry. Horizontal cyclones are less studied and have lower efficiency, but they are used in
aggregate equipment, where they have certain advantages. In order to get further improvement, the models of horizontal cy-
clones, comparative studies of two types of cyclones were performed. The methodology for studying the aerodynamics of
swirling air flow in difficult cyclone conditions in the ANSYS CFX package was applied. Three-dimensional models of hori-
zontal and vertical cyclones designed for the same volume of purified air were made. In accordance with the recommenda-
tions the models of theoretical calculations and air flow parameters were taken into account. A 3d-mesh was built on the models
of the study objects using the finite element method. Initial data and boundary conditions were assigned. The design of a
horizontal cyclone used with the A1-BLC separator was taken as the object of study. The pressure isobars in various auxilia-
ry vertical and horizontal planes are calculated. The lines of equal air flow velocities and their vector analogues were built,
zones of maximum and minimum pressure on the cyclone elements were determined. The correspondence of the general pattern
of pressure distribution along the wall in the circumferential direction was determined. The loads on the cyclone structural
elements were calculated when the aerodynamic coefficient changes. The calculations were performed using a functional cal-
culator with ANSYS CFX package. The air flow pressure on the inner cone was calculated by the finite element method using
the ANSYS CFX package at an air velocity of 12 m/s. To verify the numerical correlation of the results obtained when study-
ing the horizontal cyclone, a standard model of a vertical cyclone was used. Due to the movement (animation) of the auxiliary
vertical planes, it is possible to consider the dynamics of changes in pressure and velocities of the dusty air flow in the calcu-
lated volume.

Keywords: horizontal cyclone, vertical cyclone, air pressure, computational aerodynamics, finite element method,
ANSYS CFX package.

Introduction reach the conical walls of the cyclone and sink to the

Dust collection systems are used to remove parti-
cles from the air to combat air pollution. Dust collection
is a critical aspect of maintaining a clean and safe work
environment, especially in industries such as grain pro-
cessing. Effective dust collection systems help to prevent
respiratory problems, minimize fire hazards, and ensure
the longevity of equipment. However, like any other sys-
tem, dust collection systems can experience problems
that hinder their effectiveness. This process is also useful
for capturing valuable products that may have other uses.

In the grain processing industry, cyclones are
widely used as process equipment to remove particles
from the air stream. A high-speed rotating (air) flow is
created in cyclones, which typically have cylindrical and
conical shaped zones (Fig. 1a). Dusty air tangentially
enters a vertical cyclone at high speed and moves in a
spiral pattern, starting at the top and ending at the bot-
tom, be- fore exiting the cyclone at the top in a swirling
flow, having passed the return path through the center of
the cyclone. Centrifugal and gravitational forces act
on the heavier dust particles in the rotating flow, which
give the particles a radial motion and the dust particles
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bottom of the cyclone, where they are removed through
the sluice gate. The geometry of the conical part of the
cyclone is designed to separate particles from the dust
flow with an efficiency of 50%. In vertically oriented
cyclones, one of the constituent forces significantly con-
tributes to the separation - this is the force of gravity,
which attracts heavier particles downward, allowing
aerodynamically light dust particles and air to be carried
upward through the central zone of the cyclone. The
more revolutions the dust flow makes around the axis of
the cyclone, the more dust particles are separated from
the air. As a result, the height of the cyclone increases,
which worsens other indicators (compactness, metal
capacity, etc.), so these designs often take up a signifi-
cant amount of space in the room. In horizontally orient-
ed cyclones, instead of using centrifugal forces, dust
must be separated using structural elements such as ribs,
baffles and cavities, which in- crease the resistance to
the air flow, which affects the overall performance of the
cyclone. Horizontal cyclones are more prone to clogging
with dust and product particles.
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Fig. 1. Models in sections ot vertical a) and horizontal b) cyclones

Cyclones operate as pre-separators, reducing the
load on bag filters or cartridge collectors and minimizing
the risk of contamination. Cyclones offer numerous ad-
vantages, including simple design, cost-effectiveness,
high separation efficiency and versatility in particle sepa-
ration applications. However, they also have limitations
on the rang of particle size range, pressure drop, sensi-
tivity to flow rate changes, potential particle re-
entrainment and space requirements.

Literature review

Fig. 1 shows three-dimensional cross-sectional
views of the horizontal and vertical cyclones being stud-
ied in this article. The geometric dimensions of the hori-
zontal cyclone (Fig. 1a) are taken from the cyclone sup-
plied with the A1-BLC separator, and a standard vertical
cyclone was chosen as the baseline [1]. In addition,
the basic geometric parameters of the inlets of both cy-
clones remain constant, as well as the air parameters at
the inlet to the cyclones, while other design parameters
change.

The operating conditions in the numerical simu-
lations were assumed to correspond to the data given
below. The gas phase is considered as air with a constant

1.225 kg/m3 and a viscosity of

1.7894x107° kg/ms. The particle density is 2000 kg/m3,
and the particle size is 10 um. The boundary condition at
the gas inlet cross section is set as the inlet velocity (12
m/s), and it is assumed that the particle and gas inlet
velocities are equal. The turbulence intensity is chosen
to be equal to the standard 5%. There is no sticking on
the cyclone walls.

This study is unhended to reveal some features
of the air flow in a horizontal cyclone. The task of this
study was to estimate the air pressure distribution along
the cylindrical wall and the volume of the horizontal cy-
clone.

density of

Computational fluid dynamics (CFD) methods
are used to study the improvement of the separation ef-
ficiency of solids and gases by adding tangential cham-
bers to the conical part of a conventional cyclone separa-
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tor. Of the existing methods for calculating the distribu-
tion of air pressure on structural elements, the most in-
formative and widely used nowadays is the method of
computational aerodynamics based on the ANSYS CFX
complex [2, 3, 4, 5], which uses the Reynolds-
mediated Navier-Stokes equation, and it must be closed
by a turbulence model. In engineering calculations, a
model consisting of two x-g¢ turbulence equations is
used. The k-¢ turbulence model is a system of two equa-
tions in which the kinetic energy of turbulence k and the
kinetic energy dissipation rate & are calculated. This
model uses wall functions. Due to its rather fast conver-
gence and relative- ly small requirements for the amount
of computer memory, the k-g¢ model is very popular in
solving various practical problems.

Materials and methods

To carry out the study, models of horizontal and
vertical cyclones were first built. The models included
three-dimensional elements of the bodies, shells, reflec-
tors, settling chambers and other elements, made in full
size (Fig. 1).

The inlet air flow velocity was assumed to be
12 m/s. To model the trajectories of dusty air, first of
all, a Boolean operation was performed, the volume of
the internal elements of the cyclones (pipes, reflectors,
etc.) was subtracted from the total calculated volume.
This determined the volume in which the dusty air
moves, and allows us to model its nature of movement,
for example, vortices. In addition, this makes it possible
to find the air pressure fields on the structural elements
of the cyclones. To describe the mathematical model of
the air flow in the cyclone, a 3d-mesh was built using the
CFD generator. This is related to the fact that the flow
has a number of particular features associated with the
cyclone designs. The solution of the Reynolds-mediated
Navier-Stokes equation, was carried out on the 3d-mesh
built using the CFX computational package. The solu-
tion inconsistencies have a fairly good convergence,
which indicates a good quality of the built 3d-mesh.

http://grain-feed.ontu.edu.ua

TECHNOLOGICAL PROCE SSES, EQUIPMENT




3epHoBi npoaykTH i KomGikopmu, Vol.25, 1.2 (98) / 2025

a

Results and discussion

The patterns of flow velocity distribution on the
surface of the cyclone cross-section in the plane of
symmetry are presented in Fig. 2. In the model of a ver-
tical cyclone (Fig. 2a), the zone of the air flow entering
the cyclone, the zone of the air flow rising to the upper
out- let, and the zone of the flow exiting the cyclone are
characteristically distinguished. The velocity distribution
has a real appearance, especially the swirling air flow
rising upwards and reflecting the separation process that
occurs in a vertical cyclone. It should be noted that the
construction of the inlet pipe perpendicular to the verti-
cal axis of the cyclone (which is caused by the techno-
logical requirements of production) contributes to an
increase in the inlet resistance for the air flow and a de-
crease in the efficiency of dust flow separation. To re-
duce the direct flow from the inlet to the outlet, it is nec-
essary to extend the length of the outlet pipe of the verti-
cal cyclone downwards.

Let us consider the pattern of the velocity distri-
bution of the dusty air flow in a horizontal cyclone
(Fig. 2b). In the inlet cylindrical part of the horizontal
cyclone, it is possible to observe a leveled velocity pat-
tern. The air flow, running into the guide device, which
consists of four blades made of strip metal, located at an
angle of 45° to the flow, twists. This changes the pattern
of the velocity field located between the conical surface
of the inner cone and the conical surface of the horizontal
cyclone body. It should be noted that, taking into account
the large kinetic energy of the air flow, it hits the conical
surface of the inner cone and, increasing its velocity,
slides along it. At the same time, the velocity of the air
flow in the cyclone body close to the inner conical sur-
face de- creases, which does not lead to an increase in the
centrifugal forces acting on the dust particles. A re-
verse air flow appears, which prevents the dust particles
from approaching the cyclone body. Such a design er-
ror in choice of geometric dimensions of the cones of

© “3epHOBi IpoxyKTH 1 KOMOiKOpME™~, 2025
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Fig. 2. Distribution of air velocity in cyclone models: a) — vertical, b) — horizontal

the horizontal cyclone and their layout does not con-
tribute to obtaining an optimal process of dust and air
separation.

The difference in velocity fields in the upper and
lower zones between the conical surfaces can be ex-
plained by the fact that the blades of the guide device
divide the air flow into four branches and they twist in
space. Thus, different zones of different dusty air flows
fall into the vertical section. When leaving the inter-
conical space, the air flow enters the sedimentation
chamber, where part of the flow continues to twist and
descends downwards, these are mainly peripheral zones
of air flows, which contain a high concentration of dust
particles. Part of the dust slides along the inclined walls
of the sedimentation chamber. In the lower part of the
sedimentation chamber, the dust settles down and is
removed by the rotary airlock. The main air flow, after
leaving the inter-conical space, enters the outlet pipe of
the horizontal cyclone and carries away some of the dust,
which reduces its efficiency compared to a vertical cy-
clone. The efficiency can be partially improved by opti-
mizing the design of the baffle. Its operation can be as-
sessed by considering the horizontal cross-section of the
cyclone (Fig. 3), when the air flow is divided by the out-
let pipe, and the conical surface of the deflector helps
to deflect the peripheral zones of the flow to the side
walls of the sedimentation chamber. It should be noted
that the inner conical surface of the deflector delays the
return flow of dusty air and does not allow it to leave the
sedimentation chamber.

Increase of the airflow velocity in the outlet leads
to a narrowing of the flow in the straight section. Thus, in
some areas the velocity of the purified air reaches 25
m/s. Taking into account the swirl of the air flows at the
entrance to the sedimentation chamber, it is possible to
explain the difference in the trajectories of the flows on
the side walls of the sedimentation chamber.
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Fig. 4. Distribution of velocities a) and pressures b) in the meridional plane of a vertical cyclone
The insertion into the model of vertical cyclone the The pressure distribution patterns on the same
vertical plane of symmetry made it possible to assess the plane (Fig. 4b) indicate that the k-¢ turbulence model
velocity distribution by plane and by volume (Fig. 4a). yielded an underestimated pressure value in the lower

The lowest air flow Velocity values were obtained in part of the sediment cone. We also have a decrease in the
the dust particle removal zone by the sluice gate, which ~ Pressure value in the zone symmetrical to the cyclone
affects the separation efficiency indicators. inlet, and in the cylindrical zone above the inlet.
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Fig. 6. Isobars of air pressure on the walls of a vertical cyclone

A similar picture is observed if we consider the
location of the velocity fields in vector form at the exit
from the vertical cyclone (Fig. 5a). This is a decrease in
the velocity in the cyclone head in the zone opposite the
inlet, on the left side in the figure. It should be noted that
there is a significant air flow directly from the inlet to the
outlet, which forms a significant rarefaction zone in the
outlet. The rendering of this zone (Fig. 5b) in addition to
confirming the information already obtained allows us to
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detect zones of reduced velocity in the outlet, which indi-
cates the swirl of the air flow in the outlet zone.

The air pressure that occurs during the operation
of a vertical cyclone is considered in the horizontal sec-
tion of the snail of this cyclone (Fig. 6a). It should be
noted that the inlet pipe is cut in half. At the inlet, a uni-
form pressure is observed over the entire plane. The
highest pressure is observed on the opposite side of the
housing from the air flow inlet and it reaches 300 Pa.
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Fig. 7. Vector representation of air flow velocity fields in a horizontal cyclone

The main air flow goes down, so in the consid-
ered horizontal plane the pressure drops, which is con-
firmed by the experiment. It should be noted that in the
outlet pipe, twisting of the outgoing air flow is also ob-
served, which is indicated by the zones marked in red
and blue. Fig. 6b shows the pressure zones (highlighted
by isobars) on the walls of the housing of the vertical
cyclone. Fig. 7 shows a picture of the distribution of
velocity vectors in the volume of the horizontal cyclone.
As follows from the obtained data, the blades of the
guide device do not twist the dusty air flow enough,
which reduces the efficiency of the horizontal cyclone.
Therefore, in further experiments, it is necessary to pay
more attention to the blades and revise their design to
increase the centrifugal forces acting on dust particles.

By connecting the Function Calculator, we
found the forces with which the air presses on the struc-
tural elements of the cyclones. The use of computational
aerodynamics based on the ANSYS CFX complex made
it possible to simulate horizontal and vertical cyclones,
set calculation models, interactions of cyclone models
and dusty air. This calculation model allows us to obtain
various parameters of the air flow, as well as parameters

of the interaction of the air flow and (pressure, force,
nature of the load on various cyclone elements).

Conclusions

1. To study the horizontal cyclone, three-
dimensional modeling was carried out in the ANSYS
CFX software. To study the efficiency of the horizontal
cyclone design, three-dimensional CFD modeling was
carried out. Due to the low separation efficiency the hor-
izontal cyclone, was compared with a conventional verti-
cal cyclone. Velocity and pressure fields were compared.

2. The functional calculator built in ANSYS
CFX provides a way to calculate the air load on the ele-
ments of a horizontal cyclone. Similar results were ob-
tained for a vertical cyclone.

3. The use of numerical modeling in the grain
processing industry is a new method for minimizing
equipment design and achieving efficient optimal design.
Computational fluid dynamics can provide accurate and
detailed flow analysis in cyclone separators used in flour
milling plants. In addition, maintenance costs will be
significantly reduced by identifying critical elements and
areas at the design stage and improving them.
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JOCJLIKEHHA AEPOIUHAMIKHA
MMOBITPAHUX ITOTOKIB Y IUKJIOHAX

Anomauin

300poé’s n0dunu Mac Hausuwy YiHHICMb, MOMY 3 PO3BUINKOM NPOMUCTIOBOCHI 3pOCNAIOMb GUMO2U 00 BNIUBY
Ha exoa02iio [ 6esnexu npayi, 6 momy wucii 00 sKocmi nogimps. Icnye 6azamo cnocobieé ouucmKu nosimps, OOHUM i3
HUX € YUKIOHHI cenapamopu (0ani: YUKIOHU): 20pU3OHMANbHI | éepmuKanvhi. I eomempuuni po3mipu YuKioHie 3aie-
arcams 8i0 00’ €My OUUWYBAHO20 NOBIMPs, A ePeKMUBHICIb OYUCIMKU 3A1eHCUMb 8I0 KOHCMPYKMUBHO20 BUKOHAHHA,
momy KOHCMPYKYIi YUKIOHIE NOGUHHI Mamu ONMUMANIbHI 2eoMempuyHi napamempu Oid e@QeKmugHoeo 8UOAIeHH s
nuny. Mooeni éepmuKkanbHux Yukiouie, iONPAYbOBAHI POKAMU, WUPOKO BUKOPUCHOBYIOMbCS 8 3ePHONepepoOHill npo-
mucnosocmi. I opu3oHmanvhi YUKIOHU MeHu 00CTIONCeHl Ma Maroms MeHULy eQeKmugHicmy, aie ix 3acmocosyonms 6
azpecamromy 061a0HAKHI, Oe 8OHU MArOMb NesHi nepesazu. [l NOOANbUO20 YOOCKOHAIEHHS MOOeLell 20PU3OHMATb-
HUX YUKIOHIE BUKOHAHI NOPIGHSIHI O0CIIONCEHHS 080X MUNIE YUKIOHIG. 3aCmOoco8an0 MemooOuKy O0CHIOHNCCHHS Aepo-
OUHAMIKU 3aKPYHEeHO20 NOGIMPIHO20 NOMOKY 8 CKIAOHUX ymosax yukionie ¢ nakemi ANSYS CFX. Buxonani mpvox-
BUMIDHI MOOeNi 20pU3OHMANLHO20 MAd 8EPMUKAILHO20 YUKIOHIE, PO3PAXOBAHUX HA OOHAKOBUL 00’€EM OUUYBAHO20
nogimps. 3 ypaxy8anHAM peKoMeHOayil NpUuiiHaAmi mMooeni meopemuyHux po3paxyHKie ma napamempu nogimpsano2o
nomoky. Bpaxosyiouu memoo Kinyeeux eiemenmis, nodyoosana cimka Ha makemax o6 'ekmis docniodcenns. Ilpusna-
Yeni noYamKosi 0ani ma epanudui ymosu. B axocmi 06’ckma 0ocniodxcenHs 63ama KOHCMPYKYIS OPUSOHMATLHOZO
YUKIOHA, AKa 3acmocosyembcs 3 cenapamopom Al-BJIL]. 3uatioeni i306apu mucky 6 pisHUX OONOMINCHUX 8ePMUKAIb-
HUX Ma 20pu30HMaibHux niowunax. Iooyoosani ainii 0OHaKoBUX WEUOKOCMEN NOGIMPAHUX NOMOKI8 MA IX 6eKMOPHI
aHanozu, 6CMAHOBIEHI 30HU MAKCUMATLHO20 MA MIHIMAILHO20 MUCKY HA elleMeHmU YUKIOHIe. Bcmarnosnena 6ionosio-
HICMb 3a2aNbHOI KAPMUHU PO3NOOLTY MUCKY NO CHIHYL 8 OKPYICHOMY HANPAMKY NPU 3MIHI AepoOuHamiuHo2o Koeqiyi-
enma. Busnaueni HasammaogiceHHs HA eleMeHmu KOHCMPYKYill YukioHie. Po3paxynku npogoounu 6uKopucmosyrouu
@yHryionaneHull KanbKynamop, kompuii 6ydosanuti 6 danuti nakem ANSYS CFX. Tuck nogimpsinozo nomokxy Ha 6Hy-
MPIWHIL KOHYC OYiHeHO MemoooM Kinyesux eremenmis, 3acmocysasuiu nakem ANSYS CFX npu weuokocmi nogimps
12 m/c. [ns nepesipku uuciogoi 8ion08iOHOCMI OMPUMAHUX Pe3YIbMamie npu 00CALOHCEH 20PUBOHMAILHO20 YUKIOHA
BUKOPUCIMOBYBANACS CINAHOAPMHA MOOeNb 8ePMUKANLHO20 YUKIOHA. 3a paxyHoK pyxy (aHimayii) 00nOMIidcHUX aepmu-
KANbHUX NIOWUH MONACIUBO PO3TAHYMU OUHAMIKY 3MIHU MUCKY Ma WEUOKOCmel 3anuieH020 HOMOKY NO8Imps 8 po3pa-
XYHKOBOMY 00 €ML.

Kuto4oBi ciioBa: ropu3oHTAJBHANA HMKJIOH, BEPTUKAIbHUI HUKJIOH, NOBITPSIHUH THCK, 004K C/II0BAJIbHA
aepoauHaMika, MeTO/ KiHleBUX ejieMeHTiB, makeT ANSYS CFX.
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