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Abstract

The article examines the issues of enhancing the efficiency, safety, and productivity of
technological processes in modern industry. In this regard, the effective control of complex
chemical and technological processes, such as bitumen production, is not limited to practical
experience and operational skills, but also requires the analysis and optimization of these
processes using mathematical models. Within the framework of mathematical modeling, as
applied to the bitumen production process, the technological sequence of the production under
study, the heat and mass transfer processes occurring in one of the main technological
apparatuses - the reactor, as well as the control algorithms used, were thoroughly investigated and
analyzed in detail. In this regard, the expression of process parameters using mathematical
models and their simulation allows for increasing the efficiency and safety of the entire
production process. In the course of the research, energy and mass balance equations are
formulated, and a dynamic model is developed in the form of differential equations that takes into
account heat transfer, material diffusion, and reaction kinetics. The developed mathematical
models were simulated in the MATLAB/Simulink environment and analyzed for various
operating modes of the process under consideration. A comprehensive analysis of the automated
control system used in the bitumen production process was conducted. The main regime
parameters: temperature, pressure, flow rate, and level were monitored and regulated in real time,
and the relationships between these process parameters were presented in the form of
corresponding diagrams.

Keywords: mathematical model, optimal control, control system, bitumen production,
technological process, regime parameters.
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Bitum istehsalinda idaraetma sisteminin islanmasi
E.A. Malikov, T.M. Maharramova
Azarbaycan Déviat Neft va Sanaye Universiteti (Baki, Azarbaycan)

Xiilaso

Moqalado, miiasir sonaye sahasindo texnoloji proseslorin somoroliliyi, tohliikesizliyi vo
mohsuldarliginin artiritlmast mosalalori arasdirilir. Bu baximdan bitum istehsali kimi miirokkob kimyovi-
texnoloji proseslorin idars olunmasimin yalmiz praktiki tocriibo vo omoliyyat bacariglan ilo
mohdudlagsmadigi, hom dos bu proseslorin riyazi modellsrlo tohlilini vo optimallagdirilmasini tolob etdiyi
gostorilir. Bitum istehsali prosesinds totbiq olunan riyazi modellasdirilmosi ¢arcivesinda istehsalin
texnoloji ardicillig1, asas aparat — reaktor daxilinde bas veran istilik vo kiitlo Otiirmo proseslori vo totbiq
edilon idaroetmo alqoritmlori otrafli sokildo arasdirilmis vo tohlil edilmisdir. Bu kontekstdo rejim
parametrlorinin riyazi modellorls ifade edilmasi vo onlarin simulyasiya olunmasi istehsal prosesinin daha
effektiv vo tohliikasiz aparilmasina imkan verir. Tadqiqat ¢orgivasinde enerji vo kiitlo balansi tonliklori
qurulmus, istilik otiirmo, maddo diffuziyasi vo reaksiyalarin kinetikasi nozors alinmaqla diferensial
tonliklor formasinda dinamik model hazirlanmigdir. Tortib edilon riyazi modellor MATLAB/Simulink
miihitindo simulyasiya olunmaqla miixtslif ig rejimlori lizro analiz edilmisdir. Bitum istehsal1 prosesinda
totbiq edilon avtomatlagdirilmig idaroetmo sistemi do genis sokilde tohlil olunurmusdur. Osas rejim
parametrlori: temperatur, tozyiq, sarf vo soviyyanin real vaxt rejimindo izlonmasi va tonzimlonmasi, eyni
zamanda onlar arasinda asililiglar diaqram soklinde gosterilmisdir.
Acar sozlar: riyazi model, optimal idaroetmo, idaroetmo sistemi, bitumun alinmasi, texnoloji

proses, rejim parametrlori, bitum reaktoru.

Pa3paboTka cuctemMbl ynpaBJjieHHs IOJy4eHHeM OuTyMa

J.A. Menaukos, T.M. MareppamoBa

Aszepbaiioscanckuti I'ocyoapcmeenuviii Ynusepcumem Hegmu u [Ipomvriuunennocmu
(baky, Asepbaiioscan)

AHHOTAUA
B cratbe paccMaTpuBarOTCS BOMIPOCHI IMOBBIIICHUS 3PGEKTUBHOCTH, OCE30MACHOCTH U
MPOU3BOJUTEIBHOCTH TEXHOJOTMYECKHX MPOIIECCOB B COBPEMEHHON MPOMBIIIIEHHOCTH. [loka3zaHo, 4TO
yIpaBJIeHHE CIOKHBIMU XUMHKO-TEXHOJIOTHUYECKUMH NIPOLIECCAaMH, TAKUMH KaK MPOU3BOJICTBO OUTYMa, HE
OTPaHUYUBACTCS TOJBKO MPAKTUYECKUM OIBITOM U SKCIUTyaTallMOHHBIMU HaBBIKAMH, HO TaKKe TpeOyer
aHanmM3a W ONTHMH3AIMH ITHUX MPOIECCOB C HCIOJIb30BAaHUEM MareMaTHYecKux Mojened. B pamkax
MaTeMaTHYECKOT0 MOJEJIMPOBAHMS, IIpolecca IPOU3BOACTBA OWTyMa JETalNbHO HCCIEIOBAaHBl |
MIPOaHAIM3UPOBAHBl TEXHOJIOTHUECKAs] IOCIIEI0BATEIILHOCTh HCCIEAYEMOT0 IMPOM3BOACTBA, IMPOLECCHI
TEIUIO- W MaccooOMeHa, B OCHOBHOM ammapare — peakTope, a TakkKe NPUMEHSEMbIC aITOPUTMBI
ynpasiieHHs. B cBsI3M ¢ 3TUM MaTeMaTHUECKOE BBIPRKEHHE PEKMMHBIX TApaMETPOB U MX UMHUTAL[IOHHOE
MOJICJINPOBAHKE ITO3BOJISIOT MOBBICUTE 3()(HEKTUBHOCTH M 0€30MacHOCTh IPOM3BOACTBEHHOTO Mporecca. B
XOJIe WCCIIEJIOBAaHUSI COCTABIICHBI ypaBHEHHs OalaHca SHEPIMHM M MAacChl, a TakkKe pa3padaThiBacTCs
JMHAMHUYECKas: MOJeNb B BHJE JTUPPEpeHIMANLHBIX YypaBHEHWH, YYHTHIBAIOMAs TeIUIonepeaaqy,
muddy3uo MarepuasioB M KHHETHKY peakuuid. Pa3paOoTaHHble MaTeMaTHYECKHE MOJENH ObLIH
cMmozenupoBanbl B cpeie MATLAB/Simulink u npoaHanu3upoBaHbl Uil Pa3inYHbIX PEKUMOB PabOTHI
paccMaTpuBaeMoro rmporecca. I[IpoBeJleH BCECTOPOHHWE aHalnW3 aBTOMATH3MPOBAHHOW CHCTEMBI
yhpaBiieHHs, MPUMEHSEMOl B mpolecce Npou3BoAcTBa OuTyMa. OCHOBHBIE PEKMMHBIE HapameTphl:
TeMmIeparypa, AaBJ€HHE, PAacXoJ M YPOBEHb — KOHTPOJMPOBAINCH W PETYIMPOBAINCH B PEXHUME
pealbHOrO  BpEMEHHW, a B3aWMOCBS3M MEXJAY YKa3aHHBIMH TEXHOJOTMYECKUMH TapamMeTpaMu
MPEJCTaBJICHBI B BU/IE COOTBETCTBYIOLINX IHATPAMM.
KiioueBble ciioBa:  maremaTudeckass MOJAENb, ONTHMAalbHOE YIpaBlieHHE, CHCTEMa YIpaBJICHUS,
noiydeHue OUTyMa, TEXHOJOTMYECKHH TIPOIleCC, pEXHMMHBIE TapameTphbl,
OUTYMHBIN peakTop.
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Introduction

Bitumen is a highly viscous, heat-stable
material widely used in road surfaces,
waterproofing  systems, and industrial
materials. The technological sequence of its
production includes raw material preparation,
heating, chemical processing, as well as final
modification and storage processes. Each of
these stages requires precise control of
multiple parameters, such as temperature,
pressure, mixing speed, and the amount of
additional reagents used.

Mathematical models can be used to
analyze heat and mass transfer processes,
chemical reaction Kinetics, energy balance,
and material flows in the system. This, in turn,
allows identifying critical points in the
process, developing optimal control strategies,
and increasing overall production efficiency.
In addition, modern automation systems such
as SCADA, PLC, and PID controllers allow
engineers to control the parameters of
technological processes in real time, collect
data, and make control decisions [1-6].
Automation of technological processes
minimizes errors caused by the human factor,
maintains stable product quality, optimizes
energy and material consumption, and
simultaneously increases the level of safety
[7]. The following factors determine the
relevance of the article: the use of models and
automation systems in bitumen production is
of great importance for reducing energy costs,
stabilizing product quality indicators, and
ensuring the safe and effective control of the
technological process under study. The
primary focus is on modeling the processes of
heat and mass transfer, as well as chemical
transformations, that occur in the bitumen
production  reactor using  differential
equations. This involves analyzing the results

of the mathematical models and developing
optimal control solutions [8-11, 14].

Comparative Analysis of Reactor Systems
and Modeling Approaches.

Reactor systems used in the chemical
industry are considered the heart of the
process. Their design, operating principle, and
control mechanisms play a key role in
ensuring the quality and sustainability of the
production in question. Reactor systems are
typically used to carry out gas-phase, liquid-
phase, and heterogeneous reactions and,
according to their design, are known to be
divided into such types as heat-exchange
tubular reactors, stirred tank reactors,
continuous flow reactors, and pressurized
semiconductor reactors. Reactor modeling
aims to mathematically express the physical
and chemical processes occurring in them on a
scientific basis. Various modeling approaches
are used for this purpose:

« empirical models. The reactor behavior
is determined solely based on experimental
results. Although this approach is effective for
simple processes, it may be inaccurate for
complex dynamic systems;

* physically based models (based on
source equations) are based on mass and
energy balance, kinetic equations, and heat
transfer laws. For example, the Fourier,
Navier-Stokes, Arrhenius, and other classical
equations allow us to reflect the real nature of
the process;

* “black box” models: the relationships
between inputs and outputs are established
without taking into account the internal
structure of the system (e.g., neural networks,
regression models, etc.). Such models are
developed quickly, but do not allow for deep
analysis of the system;
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* hybrid models: a combination of
physical and statistical models. These model
types have become increasingly popular in
recent years because they optimize both
computational accuracy and modelling speed.

Comparative analysis shows that in
thermodynamically active, highly viscous
multiphase  systems, such as bitumen
production, the most effective approach is
physical modeling. In this case, mass transfer,
heat distribution, and reaction kinetics must be
modeled interactively inside the reactor. This
approach allows one to predict how the
process will proceed under real conditions and
serves as a basis for selecting optimal control
parameters. To ensure the modeling accuracy,
it is necessary to take into account the initial
data obtained during laboratory experiments,
the geometry of the reactor, the
physicochemical raw material properties, and
the reaction Kinetics. A comparative block-
scheme of the reactor models is shown in
Figure 1.

‘ Empirical model ‘ ‘ | Physical model ’

| |

"Black box" model ‘

‘ [Hybrid model ’

Simple but imprecise Precise and flexible, but complex

Figure 1 — Comparative block-scheme of reactor
models

A comparative table of modeling
approaches is presented in Table 1. This table
compares four main approaches to modeling
reactor systems: empirical, physically based,
black-box, and hybrid models, according to
various criteria. Empirical models, despite
being simple and quick to use, have low
accuracy; physically based models, despite
being highly accurate, are complex. Black-box
models, although based on artificial
intelligence, do not take into account the
internal physics of the process. Hybrid
models, on the contrary, combine the
advantages of both approaches and provide
both accurate and flexible control.

Table 1 — Comparative table of approaches to modeling

The main . Compatibility
Approach type - Advantages Disadvantages
PP yp principle g g degree
Based on . The accuracy is low
.. . Easy and quick . .
Empirical model | experimental and widespread use is Low
setup cp
results difficult
Mass/heat . Mathematical
. Full compliance . .
Physical model balance, . complexity, large High
o with the real process
kinetics parameters number
By input- Artificial The process essence is
Black-box model | output intelligence methods P . Average
. not taken into account
connection are fast
. Physical + Combination of Complex setup and .
Hybrid model y . . ) P . p_ High
statistical precision + speed calibration required
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Bitumen Extraction Technology and its
Industrial Application.

Technological processes automation is
of great importance for optimizing production
and increasing the efficiency of energy and
raw materials use. The technological scheme
for bitumen production reflects the sequence
of processes covering all stages, from the
primary processing of raw materials to
obtaining the final product. This sequence
includes the raw materials preparation, the
distillation process, oxidation and quality
monitoring of the finished product. Each
process stage is carried out under certain
technological conditions that allow regulating
the chemical and physical bitumen properties.
The technological scheme of bitumen
production is shown in Figure 2.

The technology of bitumen production is
one of the key components of deep oil refining
and is based mainly on the processes of
vacuum distillation and thermal oxidation. In
this technology, the initially heavy fraction of
oil obtained after atmospheric distillation, fuel
oil, is distilled in a vacuum column at a
temperature of 350+400 °C and a pressure of
1050 mm Hg, during which the light and
medium fractions are separated, and a residue
containing  high-molecular  hydrocarbons,
asphaltenes, resins and other complex
compounds is formed in the cube. The
resulting residue can be used directly as
technical bitumen or subjected to further
enrichment and conversion into oxidized
bitumen. During the oxidation process, the tar
is processed in special reactors at a
temperature of 220+280 °C and an air flow
rate of 100+-150 m3*h. In this case,
intramolecular and intermolecular reactions of
hydrocarbons occur, in particular, oxidation,
condensation and polymerization, significantly

changing their composition. As a result, the
proportion of resins and asphaltenes in the
composition of the resulting product increases,
which improves its thermal and mechanical
stability. The bitumen obtained type is divided
into various categories depending on the area
of use: viscoelastic road bitumen used in road
construction, more elastic and heat-resistant
oxidized bitumen intended for waterproofing
and roofing, as well as technical bitumen for
industrial purposes.

In modern technologies, especially in
automated production systems, the oxidation
process is regulated by maintaining the
temperature, pressure, and flow rates of the
reactor under full control, which creates
conditions for obtaining a consistently high-
quality product. In addition, in some
industries, polymer additives are used to
modify bitumen, which further increases its
elasticity and strength properties, and ensures
the wares production that are resistant to
climate change.

The technological scheme of bitumen
production has a complex structure, including
various important stages. This process begins
with the receipt of raw materials and their
feeding into the system by a pump. This is
followed by initial heating in a tubular
furnace, and then the main chemical
transformations occur in the reactor block.
The reaction products are cooled to a certain
temperature using a cooling system, and gas
separation is carried out by condensation.
After this, the distillation process and
separation of various fractions occur.
Actuators ensure the coordinated operation of
these stages. In this case, heat exchangers are
used to improve energy efficiency. At the end
of the process, the obtained bitumen is sent to
storage systems and stored there under
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appropriate conditions. The process taking
place in the bitumen reactor occurs in an
environment with high temperature, viscosity,
and low thermal conductivity. Therefore, a
physically based mathematical model was
chosen for correct modeling and optimal
process control. The technological scheme of
bitumen production is presented in Figure 2.

Process Flow Diagram

[ Bitumen Production ]

[ Vacuum distillation ]

1

[ Oxidation ]

[J."echnical bitume% [ Road bitumen ]

Figure 2 — Technological scheme of bitumen
production

For example, the change in temperature
during thermal conversion of bitumen in a
reactor can be expressed by the following
differential equation:

daT
H = Cp : EQinp - Qloss + Qreac (1)

where C, is the heat capacity, Q,, is the
amount of supplied energy (electricity/fuel),
Q055 1S the heat loss to the environment, Q,cqc
is the heat released/absorbed during the
reaction.

In conjunction with this equation, Arrhenius-
type expressions for reaction kinetics are used:

k= A-eFa/RT 2

where k is reaction rate constant, A is
frequency factor, E, is activation energy, R is
gas constant, T is temperature (in degrees
Kelvin).

This model predicts how the temperature will
change over time, how much energy will be
needed, and how efficient the reaction will be.

Bitumen reactor automation scheme

Oxidation reactors used in bitumen
production are complex technological
apparatuses operating at high temperatures
and under changing rheological conditions.
For the efficient and safe operation of these
reactors, automated control systems are
required. Automation ensures both the
stability of the technological process and the
quality of the product by the standards'
requirements.

The purpose and importance of
automation. During the bitumen oxidation
process, a number of key parameters must be
continuously monitored: temperature, air flow,
reaction time, reactor level, pressure, and
mixing mode. Minor changes in these
parameters have a significant impact on the
properties of the product: for example,
increasing the oxidation temperature can
change the softening point and brittleness
bitumen limit. Automation systems allow
these parameters to be measured and
controlled in real time using sensors.

Elements of a typical control scheme.
The automated control scheme for bitumen
reactors consists of the following main
functional blocks:

- thermal control (PID controller). The
temperature inside the reactor must be
maintained with high accuracy. For this
purpose, electric/gas heating systems or
thermal oil circulation systems with PID
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controllers are used. Temperature sensors
(thermocouples or resistance thermometers)
are installed at various points in the reactor
and transmit data to the SCADA system;

- automatic air flow regulation. During
the oxidation process, air is supplied to the
reactor under high pressure. The amount of air
is measured by mass flow sensors (e.g.,
coriolis or Ventura) and controlled by
automatic regulation valves;

- level and pressure monitor. The reactor
filling level is monitored by ultrasonic or radar
level sensors. Pressure sensors and safety
valves are provided to prevent an increase in
pressure within the system. Automatic
signaling and blocking devices shut down the
reactor in emergencies;

- regulating the blending mode. To
ensure the oxidation process is homogeneous,
the number of stirrer revolutions is regulated
by high-speed electric motor controllers. The
mixing intensity can be adaptively changed
depending on the rheological parameters.

PLC and SCADA systems are widely
used to control bitumen reactors in industry.
PLC collects, processes all signals (analog and
digital) and executes the assigned control
algorithms. SCADA, as an operator interface,
provides real-time data monitoring, archiving
and event recording. Typical industrial
software includes:

- Siemens SIMATIC S7 (PLO);

- WIinCC or Wonderware (SCADA);

- LabVIEW (used for visual interfaces
in some research and educational
systems).

A typical automation system used in
modern bitumen oxidation reactors is divided
into the following blocks:

-a temperature control block that is
connected to a PID controller;

- air supply block (mass flow meter +
actuator valve);

- level and pressure block (with built-in
safety systems);

- production data is stored in a database
(SCADA system);

- operator panel (HMI) - the ability to
control and intervene in the process using a
touch screen.

Practical results have shown that in

bitumen reactors equipped  with

automated control systems:

- energy consumption is reduced by
10+15%;

- the stability of product quality has
increased by 25+30%;

- operator intervention is kept to a
minimum;

- the security level has been significantly
increased.

In addition, some plants use related
control systems. For example, the rheological
properties of bitumen (penetration, softening
temperature) are determined by automatic
analyzers, and based on these results, the
process parameters are dynamically regulated.
This is a high-level form of control, operating
on the principle of “closed loop optimization”.
The automated structural scheme of a bitumen
reactor is shown in Figure 3. The main
parameters in the reactor are measured by
temperature, level, pressure, and mass flow
sensors, and the valve is controlled by a PID
controller. The collected data are transmitted
to the SCADA system, and from there to both
the PLC and the operator panel. The operator
can monitor the process in real time and
intervene in it. This system ensures quality
monitoring and product safety.
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Figure 3 — The automated structural scheme of a bitumen reactor

Selection and justification of process mode
parameters

It is known that the technological mode
is a set of physical and technical parameters
(temperature, pressure, speed, time, product
movement speed, etc.) necessary for the
optimal implementation of a certain
technological process. The correct choice of
the technological mode leads to increased
productivity, reduced energy and material
consumption, and improved product quality.
The technological mode parameters are
divided into the following categories.

When selecting the process mode
parameters, the following basic principles
must be taken into account:

- physical and chemical product
properties (e.g., melting point of the
material, sensitivity to moisture);

- equipment design and technical
capabilities;

- performance and quality requirements;
-energy and resource consumption
minimization;

- safety and environmental protection.

The correct selection and justification of
technological parameters is the basis for
optimal control of each process. This is
achieved through the automation systems use
and ensures high quality, safety and efficiency
of production. The correct selection of
technological mode parameters in a bitumen
reactor directly affects the quality of the
product, reaction rate and energy saving. The
main technological goal here is to convert raw
materials into a bitumen product with
specified rheological and chemical properties.
The reactor operates primarily by heating,
mixing and uniformly introducing additives.

The main technological parameters of
the reactor and their justification are given in
Table 2. The correct choice of technological
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mode parameters in the bitumen reactor has a
significant effect on the physicochemical
properties, shelf life and quality of the
product. Optimum temperature choice, mixing
speed and reaction time guarantees the
economic and technological efficiency of the
process. Automated control, maintaining these
parameters constant, ensures the required
output quality. A visual scheme of the
modification process using styrene-butadiene-
styrene (SBS) in a bitumen reactor is shown in
Figure 4. In Figure 4, bitumen is heated inside
the reactor located in the center, and the SBS
polymer is added from above. The mixing

mechanism inside the reactor ensures uniform
mixing of the added polymer with bitumen. In
the outer part, a constant temperature is
maintained using an oil bath and heating
systems, which ensures the mixture stability.
In the reactor shown in the figure, the bitumen
is first heated to 180-190 °C using a heating
system. Then the SBS polymer is added and
mixed until homogeneous using an internal
mixer. During the process, a constant
temperature is maintained and the mixture is
converted into high-quality, elastic modified
bitumen.

Table 2 — The main technological parameters of the reactor and their justification

Parameters Ranges Technical justification

Temperature 1602200 °C Idea! fqr softening bitumen and efficient mixing of
modifying reagents

Mixing speed 4080 rpm Used to ensu_re homogeneous mixing and prevent
phase separation

Reaction time 54 hour Sufficient for cqmplete reaction of added reagents
(polymer, paraffin, etc.)

Pressure (if 1543 bar Preventing loss of volatile components and

applicable) o ensuring process safety

Reagent dosage 1+10 % (by polymer) | Selected depending on the modification degree

The modification process using SBS in a
bitumen reactor is mainly aimed at improving
the physicochemical properties of bitumen by
homogeneously combining polymer additives
with it. In this process, bitumen is first heated
to a temperature of 180+190 °C using a
heating system located inside the reactor,
which increases its fluidity and creates optimal
conditions for effective polymer mixing.
Then, a certain amount of SBS polymer is
added from above, and the substances are
mixed until homogeneous using mechanical
mixers inside the reactor. The temperature is

maintained constant during the mixing
process, and negative effects such as
evaporation and oxidation are prevented due
to the closed nature of the system. To maintain
thermal stability, PID-type automatic control
systems are used, as a result of which the

modified bitumen acquires the required
elasticity, high thermal stability, and
mechanical strength. This technology is

especially used in the production of bitumen
compositions resistant to high loads on road
surfaces and climate change.
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Figure 4 — Visual scheme of the SBS modification
process in a bitumen reactor

Modeling for the thermo-casting mode of
the reactor using differential equations.

The thermal casting mode in a bitumen
reactor is determined by the thermal
conductivity of the incoming flow, the

exothermic reactions occurring in the reactor,
and the heat losses to the environment. Since
it is important to manage energy in a balanced
manner in these systems, the analysis of the
process behavior using mathematical models
is a key tool for establishing the optimal
operating mode. The dynamic change in heat
in the reactor can be expressed by the
following differential equation:

dT
pc,V —— = 1icy (Tyy — T) + AH - R(T)

dt
- hA(T - Tenv)
The conventional designations used in
the reactor pressure thermo-casting mode are
given in Table 3.

Table 3 — Symbols used in the thermo-casting mode of the reactor

Symbols Explanation
p Reaction mass density (kg/m?)
Cp Specific substance heat capacity (J/kg-K)
V Reactor volume (m?)
m Mass flow rate of the input stream (kg/s)
Tin Inlet flow temperature (°C)

T Current temperature inside the reactor (°C)
AH Heat released as a chemical reaction (J/mol)
R(T) Temperature dependent reaction rate function

h Convective heat transfer coefficient (W/m?-K)
A Heat transfer area (m?)
Tony Temmneparypa okpyxaroteit cpensl (°C)

In the modeling and analysis of the
model, the following assumptions were made
to obtain a model of real industrial processes:

1. The temperature distribution inside
the reactor is assumed to be uniform (i.e.,
mixing occurs completely).

2. The chemical reaction obeys the
Arrhenius law:

Ea
R(T) = kg - e RF

- ky is the reaction rate coefficient (1/s);

- E, is activation energy (J/mol);

- R is the universal gas constant (8.314

J/mol-K).

3. Heat loss occurs mainly through
convection and is characterized by a constant
value h.

Modeling of the thermal casting mode in
a bitumen reactor is shown in Figure 5.



Azarbaycan Miihandislik Akademiyasinin Xoborlori
2025, cild 17 (3), online
E.A. Malikov, T.M. Maharramova.

Herald of the Azerbaijan Engineering Academy
2025, vol. 17 (3), online
E.A. Melikov, T.M. Maharramova

L T - L T -

Time (5)
Figure 5 — Modeling of the thermal casting mode in a bitumen reactor

The above graph simulates the
temperature change in the bitumen reactor
over time. The simulation results show that:

- initially, the temperature in the reactor
is lower than the inlet temperature (350 K),
and over time, this temperature begins to
increase;

- due to the heat released by the reaction
and the energy of the flow, the temperature
rises rapidly over a period;

-as a result of heat loss (convective
transfer) and the thermal system balance, the
temperature stabilizes over time and the
system approaches thermal equilibrium.

These results clearly demonstrate the
main factors' role (flow rate and inlet
temperature) influencing the thermochemical
processes in the reactor:

- the more energy is introduced into the
system (due to temperature or mass flow rate),
the faster the process stabilizes;

- this also indicates which parameters
should be selected to speed up and improve
the industrial processes efficiency [12, 13].

The dynamics of the reactor temperature
under different conditions are shown in Fig. 6.

T -d___‘_,_#""'r-
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Figure 6 — Reactor temperature dynamics under different conditions
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The above graph simulates the reactor
temperature over time in two different
regimes:

- model 1. Standard conditions:

* mass flow: 0.5 kg/s;
* inlet temperature: 350 K.
- model 2. Increased energy input:
* mass flow: 0.8 kg/s;
* inlet temperature: 370 K.

In model 1, the temperature increases
more slowly and reaches a certain steady state.
In this case, the reaction and heat release in
the system reach a certain equilibrium.

In model 2, the temperature increases
more rapidly and reaches a higher steady state
because more energy is supplied. This reflects
the higher temperature and faster reaction in
the environment.

In both cases, the system approaches a
stable temperature regime.

Conclusions
Thus, this article is an important study
that contributes to the in-depth scientific

analysis of industrial processes and increases
their practical efficiency. The technological
process of bitumen production was analyzed,
and the regime parameters (temperature,
pressure, flow rate, and level) influencing the
process under consideration were determined.
Mathematical models of heat and mass
transfer processes occurring in the reactor
were constructed using differential equations,
and the dynamics of the process were
analyzed wusing the modeling results.
Optimization of the process in terms of
accuracy, safety, and energy efficiency
through the use of automated control systems
(PID, SCADA, PLC) was shown.

The obtained results provide a
significant scientific foundation for future
technological advancements and industrial
applications.
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