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RESEARCH ON THE POSSIBILITY OF INTENSIFICATING THE PROCESS
OF RICTION OF ZINC CONCENTRATE IN A FLUIDIZED BED USING MATHEMATICAL
MODELING METHODS

MBIPBIIIT KOHIHEHTPATBIH MATEMATHKAJIBIK MOAEJBAEY 9AICTEPIH
MHHAUJAJAHFAH CYUIKTI KOPCETKIJAE PUKIIUAJTAHABIPY TPOLHECIH KAPHIBITY
MYMKIHAII'TH 3EPTTEY

HNCCIIEJOBAHUE BOSMOXKXHOCTU UHTEHCUO®UKALINMU ITPOLHECCA OBXXHUT A
INIUHKOBOI'O KOHIIEHTPATA B KHUITAIIEM CJIOE C UCITOJIB30OBAHUEM METO/10B
MATEMATHYECKOI'O MOJAEJIMPOBAHUA

Anoamna. Byn scymvicma yuHK KOHYEHMPAMbIH MAMEMAMUKAILIK MOOeaboey 20icmepin KONOAHA Omulpbin,
cyliblK Kabammagsl newmepoe Kyuoipy npoyecin Kywieumy MyMKiHOiel Kapacmuvlpbliadsl. 3epmmeydiy maxcamol
MbIPbIUL OKCUOIHIY UbIZLIMObLILIZLIH ADIMMBIPY HCIHE IHEPUS WbIRLIHOAPbIH A3alimy Yulin Kyuoipy wapmmapbsit
oymauaanobpy 0onbin mabdwinadvl. Peakyus KuHemuKkaceln coHe MACCA JHCIHE JICHLLY AIMAcy Npoyecmepin
CUNAMMAUMbIH  MAMEMAMUKATLIK MOOenb0epdi natidanana Omuvlpuln, memnepamypa, Kyuoipy Yakwlmbl JHcoHe
bacmankbl Mamepuanobly KYpamvl CUskmol Hezizei napamempnep maidanaosl. Aspayusambiy dcone peazenmmepoi
KOCYObIH peaKkyus Hculi0amoblevl MeH muiMoinicine acepi Kapacmuipvliadvl. KYMulcmbly dKCHepuMenmmix 0onimi
MAMeMAMUKAIbIK  MOOenb0epol pacmayea HcaHe mMeopusiivly 00aHcamoapovl pacmayea MYMKIHOIK OepemiH
3epMXAHANBIK CHIHAKMAPObL Kammuosl. Homuowcenep kopcemxeHoetl, yYcolHblIeaH UHMEHCUBMEHJIPY 20icmepi Kybipy
npoyeciniy muiMOiniein atumapavlKmail HcaKcapmaovl, WbleaApbIHObLIAPObL A3alimadvbl HaHe MYPaKmvl 6HOIpicKe
bIKNAn emeoi. ANblH2aH MaNiMemmep OHepKaCinKe eHeizy HcaHe MblPbll KOHYEHMPAmmapblii 6H0ey CANACLIHOA HCAHA
MEXHONOSUSIBIK Wewimoepoi a3ipaey yulin namioansl 601ybl MYMKIH.

Tyiiin ce30ep: Muipviw Konyenmpammapbvii Kyuoipy, UHMEHCUDUKAYUANAY, adPAYUANAY, MAMEMAMUKATbIK
MoOenvoey, CYublK Kabam, Macca aamacy.

Annomayusa. B dannoii pabome ucciredyemcs 803MOICHOCb UHMEHCUDUKAyUU npoyecca 006dicuea YUHKOBO20
KOHYeHmpama 6 neyax Kunsuezo Cl0si C NpUMeHeHueM Memooo8 Mamemamuieckozo mooenuposanus. Llenvio
UCCne008anus AGNAEMC ONMUMU3AYUA YCL08ULL 00dIcU2a 015l NOBLIUWEHUA BbIX00A OKCUOA YUMKA U CHUIICEHUs
sHepeemuyeckux 3ampam. Hcnonv3ys mamemamuyeckue MoOenu, ONuUcbléaoujue KUHemuKy peakyui u npoyeccol
nepeHoca Maccel u menad, AHATUSUPYIOMCS KIl0uesble Napamempul, maxKue KaK memnepamypa, spems obxcuea u
cocmag ucxo0Hozo mamepuana. Paccmampusaemcs eénusnue aspayuu u 00OasIeHUss peazenmos Ha CKOPOCmb U
apdexmusnocms peakyuu. IKCNEPUMEHMATbHAS YACMb PAOOmMbl 6KI0YAEm 1aO0PAMOpPHbIe UCHLIMAHUS, KOMOpble
no380AI0M BAIUOUPOBAMb MAMeMamuieckue Mooeu u noomeepoums meopemuyeckue npoeHosvl. Pezynemamut
NOKA36I8AI0M, YMO NPEONIOJICeHHbIe MeMOObl UHMEHCUPUKAYUU SHAYUMENLHO YAy ualom d¢gdekmusHocms npoyecca
oboicuza, ymenvuarom gulopocsl u cnocobcmeylom boiee ycmouuugomy npoussoocmay. Ionyuennvie dannvie mocym
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Obimb noJe3Hvl 011 6HeOPEHUs 8 NPOMBIULIEHHOCHb U PA3PAOOMKU HOBbIX MEXHON0SUYECKUX pPeuleHull ¢ obiacmu
nepepabomKu YuHKOBbIX KOHYEHMPAMOos.

Knrwuesvie cnosa: Oboicue YUHKOBbIX KOHYEHMPAMO8, UHMEHCUDUKAYUs, asapayus, MamemMamuyeckoe
MoOdenuposanue, KUnAWULL Clotl, Maccoswvlii 0O MeH.

Abstract. This paper examines the possibility of intensifying the process of roasting zinc concentrate in fluidized
bed furnaces using mathematical modeling methods. The purpose of the study is to optimize firing conditions to increase
the yield of zinc oxide and reduce energy costs. Using mathematical models describing reaction kinetics and mass and
heat transfer processes, key parameters such as temperature, firing time and composition of the starting material are
analyzed. The effect of aeration and the addition of reagents on the speed and efficiency of the reaction is considered.
The experimental part of the work includes laboratory tests that allow us to validate mathematical models and confirm
theoretical predictions. The results show that the proposed intensification methods significantly improve the efficiency
of the roasting process, reduce emissions and contribute to more sustainable production. The data obtained can be
useful for implementation in industry and the development of new technological solutions in the field of processing zinc
concentrates.

Keywords: Roasting of zinc concentrates, intensification, aeration, mathematical modeling, fluidized bed, mass
exchange.

Introduction. In the modern world, metallurgy plays an important role in the development of
economy and industry. One of the key processes in metallurgical production is the fluidised bed
roasting of zinc concentrate. This process is of great importance for obtaining quality zinc
product.

The operation of the fluidised bed furnace is based on the circulation of gas, which is fed from
below through a bed of loose particles. The gas creates a lifting force, lifting and agitating the
particles, which ensures a uniform distribution of temperature and reactant concentration. The
pipework ensures reliable movement of both gas and solids, maintaining stable process conditions.

Ensuring the efficient operation of fluidised bed furnace pipework is important to ensure the
safety and efficiency of the production process. One of the ways to improve the efficiency of
pipework is stabilisation and uniform mixing of the air mixture. This raises the need to investigate
the possibilities of intensification of the firing process using mathematical modelling methods
(Alkatsev et al., 2022).

Mathematical modelling allows to analyse and predict the behaviour of the system, identify
patterns and optimise its operation (Alkatsev et al., 2020). In this case, mathematical modelling
of the process of oxygen-air mixture supply for zinc concentrate roasting in the fluidised bed will
help to determine the optimal process parameters, such as temperature, air flow rate and others,
to achieve maximum productivity and product quality.

Object and methods of research. The object of the study was pipework designed to mix oxygen
with air in certain proportions. A fluidised bed furnace pipeline is a system of pipes designed to
transport gases and/or particles (e.g. bulk materials) during fluidised bed firing (Krasheninnikov
and Savchenko, 2013). The main characteristics of the pipeline are:

1. Materials: The pipework can be made of various materials such as steel, stainless steel or
special alloys resistant to corrosion and high temperatures.

2. Diameter: The diameter of the pipework is determined according to the flow volume and
material characteristics. Generally large diameter pipes are used to ensure efficient movement of
gaseous mixtures.

3. Design: The pipework is available in a variety of configurations including straight sections,
elbows and connections, allowing for optimum system organisation depending on the project
requirements.

4. Insulation: In some cases, pipework may be insulated to reduce heat loss or prevent
condensation.

5. Monitoring systems: Pipelines can be equipped with pressure, temperature and flow
Sensors to monitor process status.

The basic schemes (existing today) of mixing of two gas streams of oxygen and air for blower
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machines are shown in Figure 1. Blower #1 with oxygen supply in the centre of the pipeline
(Figure 1a) and Blower #2 with oxygen supply near the sector elbow (Figure 1b).

Since mixing of air and oxygen is usually carried out in a short period of time on a path of
relatively small dimensions, the resulting oxygen-air mixture entering the blowers will be
inhomogeneous and local formation of zones with higher oxygen content (more than 40%) is
possible. From the material presented in (Safety Instructions for Production and Consumption of
Air Separation Products [Electronic Resource]) it follows that blower fans can safely operate in a
gas environment with an oxygen concentration of less than 40%.

In order to achieve a more uniform mixing of oxygen and air flows, we modelled the
reconstruction of the pipeline by installing a conical confuser nozzle. A confuser nozzle
(confuser) is a part of a technical device, which is a channel that smoothly tapers into a smaller
diameter pipe. Confusors are used to accelerate the flow of gas or liquid by reducing the cross-
sectional area of the channel, thus increasing the flow velocity and pressure. Depending on the
application, confuser nozzles can have different shapes and sizes. They are widely used in various
technical devices and systems such as:

« internal combustion engines;

* jet engines;

* gas turbines;

+ wind tunnels;

« ventilation and air conditioning systems;

* pumps and compressors.

a 0
Figure 1. Basic schemes (existing today) for mixing the two gas streams oxygen and air for blower
machines: a — blower No.1 with oxygen supply in the centre of the pipeline; b — blower No.2 with oxygen
supply near the sector elbow
Note — compiled by the authors

The principle of operation of the confuser is based on the law of conservation of energy,
according to which the flow velocity increases as the cross-sectional area decreases. At the same
time, the potential energy of pressure is converted into kinetic energy of motion. The use of
confusers allows optimising the operation of various systems and devices, ensuring more efficient
use of energy and increased productivity.

Peculiarities of pipelines operation in conditions of mixing of two gas flows of oxygen and air
can be determined by the method of computational modelling (Borodin, 2008). The possibility of
inhomogeneous oxygen-air mixture formation at different initial parameters (temperature, flow
rate and pressure) was assessed using the developed mathematical model in Ansys software and
calculation complex. Ansys is a powerful tool for solving complex engineering problems and
helps to improve the efficiency and reliability of designs. Ansys is designed for numerical
modelling of various physical processes, which allows solving problems in deformable solid
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mechanics, hydrodynamics, heat transfer and other areas of physics (Krivtsov and Shabliy, 2013).

Numerical modelling methods have an advantage over experimental studies, as they can be
used to obtain more complete information about the process under study. (Minkov and Moiseeva,
2017). In contrast to experiment, practically the whole area under study is available for
calculation. It is very difficult when conducting experiments to measure the distribution of all
variables affecting the process in the entire study area. (Salich, 2017).

Therefore, obtaining images of the processes occurring in the pipelines at mixing of two gas
streams, obtained as a result of numerical modelling, allows to promptly identify design
deficiencies and develop ways to eliminate them in further design (Mukhametdzhanova et al.,
2021).

Results and their discussion. The process of formation of a homogeneous gas mixture when
mixing two gas streams with different thermodynamic parameters is of great importance. (lvakina
et al., 2021). When mixing air and oxygen streams, it is possible to form air-oxygen mixture
streams with increased oxygen concentration, which is a highly undesirable phenomenon because
it can lead to negative consequences. (Xu et al., 2023).

Oxygen is known to be an active oxidising agent and many substances as well as materials in
oxygen or oxygen-rich air environments form systems with increased fire and explosion hazards.
(Liu et al., 2021; Harris, 2020). Therefore, the issues of ensuring trouble-free operation of
pipelines under different oxygen and air streams are very important. Since the oxygen content in
the oxygen stream supplied for mixing varies up to 96%, a nomogram was constructed (Figure 2)
showing the dependence of air flow rate on the flow rate and oxygen content in it under normal
conditions.

At oxygen supply with concentration equal to 96%, no exceeding of critical values of oxygen
concentration in the mixture is observed. Optimum values can be seen at air supply of 16000-
33000 Nm®/h and oxygen supply of 4000-5000 Nm?%h respectively. The oxygen concentration in
the mixture may exceed the critical values at air and oxygen supply readings between 16000-
19000 Nm?/h and 5500-6000 Nm?h respectively. It follows from the data obtained that the
oxygen content in the mixture depends on the flow rate of the mixed streams and the oxygen
content in the supplied oxygen stream and may approach or exceed the critical value.

consumption, Nm?h

Oxygen content in the mixture, %
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Figure 2. Dependence of oxygen content in air-oxygen mixture on air and oxygen flow rates
under normal conditions (96% oxygen concentration)
Note — compiled by the authors

Mathematical modelling has been performed and results of the process of mixing of oxygen
and air streams for blowers No.1 and No.2 have been obtained at average oxygen concentration
in the stream — 96% and air and oxygen flow rates of 20000 and 5000 Nm?/h. Figure 3 shows the
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mathematical model of the field of oxygen concentration distribution within the cross-section of
the calculation area at the existing method of mixing of air and oxygen streams at the following
parameters: volume flow rate of oxygen stream 5000 Nm®/h and air 20000 Nm?®h; initial
temperature of oxygen 20°C, air 25°C.

In the investigated mixing units for blowers #1 and #2, the merging of two streams (air and
oxygen) at 90° angle provides a rectangular tee that introduces very strong perturbations, and an
uneven distribution of oxygen concentration can be seen.

concentration

concentration Mass fraction of 02
0.96

47-51%

22-299,

35-42% 35-40%
Figure 3. Oxygen concentration distribution field within the cross-section
of the design area under the existing method of mixing air and oxygen flows:
a — for blower machine No.1; b — for blower machine No.2
Note — compiled by the authors

One way of eliminating the non-uniform distribution of oxygen concentration fields when
mixing two gas streams of air and oxygen is to make design changes to the mixing units
themselves, and the other is to act on the non-uniformity that already exists. This can lead to
changes in the resistance in the system. (Peng et al., 2020; Berdiyarov, Kim, & Nasyrov, R. 2021).
In this case, the main objective is that the resistance does not change, and if it does, it does not
change to a very large extent.

We propose to install a conical confusor nozzle in the duct cross-section in the area of
connection with the oxygen pipeline. Figure 4 shows the geometric and calculation models of the
proposed two-flow mixing unit for blower No. 2. Figure 5 shows the mathematical model of the
field of oxygen concentration distribution within the cross-section of the design area at mixing of
air and oxygen streams at installation of a conical confuser nozzle in the duct cross-section in the
area of oxygen pipeline connection for blower machines No.1 and No.2 at the following
parameters: volume flow rate of oxygen stream 5000 Nm®/h and air 20000 Nm?®h; initial
temperature of oxygen 20°C, air 25°C.

One way of eliminating the non-uniform distribution of oxygen concentration fields when
mixing two gas streams of air and oxygen is to make design changes to the mixing units
themselves, and the other is to act on the non-uniformity that already exists. This can lead to
changes in the resistance in the system. (Peng et al., 2020; Berdiyarov, Kim, & Nasyrov, R. 2021).
In this case, the main objective is that the resistance does not change, and if it does, it does not
change to a very large extent.

We propose to install a conical confusor nozzle in the duct cross-section in the area of
connection with the oxygen pipeline. Figure 4 shows the geometric and calculation models of the
proposed two-flow mixing unit for blower No. 2. Figure 5 shows the mathematical model of the
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field of oxygen concentration distribution within the cross-section of the design area at mixing of
air and oxygen streams at installation of a conical confuser nozzle in the duct cross-section in the
area of oxygen pipeline connection for blower machines No.1 and No.2 at the following
parameters: volume flow rate of oxygen stream 5000 Nm3 /h and air 20000 Nm3 /h; initial
temperature of oxygen 20°C, air 25°C.

.4

a 6
Figure 4. Three-dimensional model of the oxygen and air flow mixing unit when a conical confuser
nozzle is installed in the duct cross-section in the area of connection with the oxygen pipeline for blower
#1: a — geometric model; b — mesh model
Note — compiled by the authors

The computational modelling of the process of mixing of two streams, presented in Figure 4,
showed that the introduction of a conical confusor nozzle into the flowing part of the duct initially
eliminates direct contact of the oxygen stream with the air stream.

concentration

concentration
Mass fraction of 02

Mass fraction of 02
0.96

021 37.53B%
36 -37%

345 -33%

37.5-38.5% 34-35%

a 8
Figure 5. Oxygen concentration distribution field within the cross-section of the calculation area at
mixing of air and oxygen flows when a conical confuser nozzle is installed in the duct cross-section in the
area of oxygen pipework connection: a — for blower machine No.1; b — for blower machine No.2

Note — compiled by the authors

This leads to the fact that the oxygen flow, meeting on its way resistance in the form of a
conical confusor nozzle, makes a 90° turn and presses against the walls of the duct, which is
clearly seen in Figure 5 a, b, showing the distribution fields of oxygen concentrations within the
cross-section of the calculation area at mixing of air and oxygen flows for blowers No. 1 and No.
2.

Conclusion. According to the results of the conducted research it was established that due to
geometrical features of mixing units for blower machines No.1 and No.2, the resulting high-speed
flow of oxygen-air mixture is characterised by a complex structure including swirl areas
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characterised by different pressure, velocity, temperature and oxygen concentration.

The installation of a conical confuser nozzle leads to the separation of the flow of streams and
further their mixing at the same velocity direction, as a result of which the total volume of the gas
mixture increases. As the nozzle presses on the direct air flow, there is a noticeable ejection effect,
which favours the suction of oxygen from the side channel.

The main advantage of such organisation of mixing of two streams is to ensure uniform
distribution of oxygen concentration at the outlet of the confuser, not exceeding 39%, at air flow
rate of 20000 Nm?/h and oxygen flow rate of 5000 Nm/h.3.
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