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Experimental study of heat exchangers
and mixing machines operation optimisation methods

Abstract. The study aimed to optimise the operation of heat exchangers and mixing machines to improve the efficiency
of production processes. An experimental approach with models that describe the processes of heat transfer, hydraulic
resistance and mixture homogeneity was used to determine the optimal equipment parameters. The study showed that
optimisation of the operation of heat exchangers can lead to a significant increase in energy efficiency and a reduction in
operating costs. The best results were achieved at a coolant temperature of 90°C and a pressure of 5 bar, which resulted in
a maximum heat transfer of 350,000 W. The study determined that reducing the hydraulic resistance to the optimum level
can reduce energy costs for pumping coolant by 15%. The study also showed that to achieve maximum homogeneity of
the mixture in mixing machines, the optimal rotation speed is 400 rpm. This resulted in a mixture homogeneity index of
16. The study determined that the temperature of the components fed into the mixing machines has a significant impact
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on the final product quality. For example, the optimum temperature for certain components had reduced mixing time by
10%, which had contributed to an increase in overall productivity. The integration of automatic control systems, such as
the automatic control system, allowed for real-time monitoring and adjustment of equipment parameters, which further
increased the efficiency of production processes. In addition, the study determined that comprehensive optimisation of
the parameters of the devices’ operation allows for an increase in the duration of their life cycle, reducing the frequency
of maintenance by 20%. Optimisation of the operation of heat exchangers and mixing machines significantly increases
production efficiency and the quality of final products, contributing to cost reduction and increasing equipment reliability

Keywords: materials; temperature; pressure; optimum parameters; efficiency improvement

INTRODUCTION

In modern environment, improving the efficiency of pro-
duction processes is critical to the competitiveness of enter-
prises. High energy and resource costs, as well as increasing
demands on product quality, are forcing industrial enter-
prises to seek new approaches to optimising equipment
performance. Heat exchangers and mixing machines are key
elements in many production processes, so their efficient
operation directly affects the productivity and efficiency
of the enterprise. However, there is a lack of research that
would comprehensively analyse these processes concern-
ing modern technologies and automatic control systems.

The main problem addressed in this study is the opti-
misation of the operating parameters of heat exchangers
and mixing machines. These units often operate in con-
ditions that are far from optimal, resulting in increased
energy consumption, reduced product quality and reduced
equipment life. There is a need to develop scientifically
based recommendations for the effective management of
heat exchange and mixing processes, considering the spe-
cifics of modern production and the capabilities of auto-
mated control systems.

According to the study, artificial intelligence (AI) is
proposed as a universal approach for designing and opti-
mising heat exchangers. J. Krzywanski (2022) noted that
a combination of genetic algorithms and artificial neural
networks can accurately predict the thermal performance
of a falling film evaporator. C. Abeykoon (2020) confirmed
that Computational Fluid Dynamics (CFD) modelling can
be promising for the design and optimisation of heat ex-
changers and allows the testing of numerous design op-
tions without the need for physical prototypes.

M.H. Mohammadi et al. (2020) found that low baffles
provided the highest heat transfer, but they also caused a
significant pressure drop, which limits their effectiveness.
A porosity of 0.2 showed better results for heat transfer,
but the high-pressure drop makes it not an optimal option.
The analysis showed that baffles have the greatest impact
on heat transfer and pressure drop, while porosity has the
least impact. Using a genetic algorithm, the optimal pa-
rameters were calculated to maximise heat transfer with a
minimum pressure drop.

D. Giirses et al. (2023) presented the Multi-Strategy
Boosted Prairie Dog Optimisation Algorithm for optimis-
ing three types of heat exchangers (shell-and-tube, fin-
and-tube, and plate-and-fin) with a focus on minimising

installation and maintenance costs. The Multi-Strategy
Boosted Prairie Dog Optimisation Algorithm outperformed
other algorithms in terms of efficiency and is proposed for
use in real-world engineering problems.

Researches C. Elsido et al. (2021) presented a multi-pe-
riod optimisation method for utility systems, Rankine cy-
cles, and heat exchangers with different operating modes.
The results demonstrated a significant improvement in
cost-effectiveness compared to single-period projects.
A.H. Pordanjani et al. (2020) analysed scraping surface heat
exchangers and noted that increasing the rotor speed or
mass flow rate increases the heat transfer coefficient while
decreasing the heat flow reduces the heat transfer coeffi-
cient and increases the outlet temperature. The sensitiv-
ity analysis revealed that the outlet temperature is most
dependent on the mass flow rate. Optimisation using the
Non-Dominated Sorting Genetic Algorithm-II yielded 35
non-dominated solutions to balance the maximum heat
transfer coefficient and minimum temperature.

Scientists J.M. Zamora et al. (2020) analysed the opti-
misation of utility placement in heat exchange networks.
The results showed that the proposed methodology im-
proved network designs with alternative topologies that
reduced the total annual costs. Four examples have con-
firmed the effectiveness of this approach. M. Ghaland-
ari et al. (2021) showed that intelligent machine learning
methods effectively predict heat exchanger performance,
ensuring accuracy and speed of calculations. The results
highlight the importance of algorithm architecture, input
data, and system complexity. Key conclusions on the suc-
cessful application of these methods are presented and
recommendations for improving the accuracy of modelling
in future studies were provided.

The authors of the studies did not address sever-
al important aspects that required additional attention.
D. Giirses et al. (2023) and C. Elsido et al. (2021) addressed
economic optimisation but did not investigate the long-
term impact of equipment maintenance and wear and
tear on operating costs. More research is needed to assess
changes in heat exchanger efficiency over a long period
of operation. Environmental aspects were understud-
ied in studies such as C. Abeykoon (2020). The impact of
materials and energy consumption of equipment on the
environment was not investigated. Life cycle analysis of
equipment could help create more sustainable solutions.
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M.H. Mohammadi et al. (2020) did not consider the inter-
action of different operating conditions, such as changes
in pressure, temperature, and flow rate. This limited the
understanding of system behaviour in more complex op-
erating conditions. C. Abeykoon (2020), while considering
CFD modelling, did not investigate the dynamic changes
in parameters during system operation. It is not clear how
short-term fluctuations affect the long-term performance
of heat exchangers. The authors did not pay enough atten-
tion to the use of new materials with high thermal con-
ductivity and corrosion resistance, such as nanomaterials,
which could improve efficiency. M. Ghalandari et al. (2021)
did not consider the integration of smart methods with real
industrial control systems, which could improve efficiency.
Most studies, such as the one by J.M. Zamora et al. (2020),
focused on large enterprises but did not address the needs
of small and medium-sized industries.

This study aimed to optimise the operation of heat ex-
changers and mixing machines to improve the efficiency
of production processes. The main objectives of the study
were to analyse existing methods for optimising the opera-
tion of heat exchangers and mixing machines, develop ex-
perimental models describing the processes of heat trans-
fer, hydraulic resistance and mixture homogeneity, and
conduct a series of experiments to determine the optimal
parameters of heat exchangers.

MATERIALS AND METHODS
At the first stage of the study, existing methods and ap-
proaches to optimising the operation of heat exchangers
and mixing machines were collected and analysed. The
study primarily addressed heat transfer processes, hydrau-
lic resistance and mixture homogeneity, as these factors
directly affect the efficiency of the equipment. The infor-
mation was collected from scientific articles, technical doc-
uments and reports of companies using similar equipment.

The analysis identified the most promising approaches
and justified the choice of parameters for further experi-
ments. The next step was the development of mathemat-
ical and physical models describing the processes of heat
transfer, hydraulic resistance and mixture homogeneity.
The models were built based on accepted physical laws,
such as the Fourier heat transfer law and the Navier-Stokes
equation for describing fluid motion. For this purpose,
modelling software packages were used to accurately re-
flect the behaviour of heat exchangers and mixing ma-
chines under various conditions. Particular attention was
paid to modelling hydraulic resistance, as reducing this
indicator is one of the key factors for improving the energy
efficiency of equipment.

The study included a series of experiments. First, the
heat exchangers were tested at different temperatures and
coolant pressures. The main goal was to determine the
optimal parameters at which maximum heat transfer is
achieved with minimal energy consumption. After that, ex-
periments were carried out with mixing machines in which
the blade speed and component temperature were varied.

Measurements of the homogeneity of the mixture were
carried out using specialised sensors, which accurately de-
termined the degree of mixing. Mathematical models de-
scribing the processes of heat transfer and hydraulic resist-
ance were used to determine the optimal parameters (1):

Q=kxAxAT, (1)

where Q - amount of heat transferred; k - heat transfer co-
efficient; A — heat transfer surface area; AT - temperature
difference between heat transfer fluids.

The formula for determining the homogeneity score of
a mixture (2):

U=k x RPM°3, (2)

where U — homogeneity index; k=0.8, and rpm - rotations
per minute. Speeds from 100 to 400 rpm were tested.

The formula for determining the homogeneity of a
mixture (3):

U= %2?:1(;;) x 100%, 3)
where ¢, - concentration of components in the sample;
¢, — Average concentration; n — number of samples.

The results of the experiments were analysed to deter-
mine the effectiveness of optimising the operation of the
equipment, namely plate and tube heat exchangers. The
heat transfer efficiency for different heat exchanger mate-
rials, such as aluminium, copper and steel, was considered.
Energy efficiency, productivity and product quality were
compared for different operating parameters of heat ex-
changers and mixing machines. The analysis showed that
optimisation of the heat transfers medium temperature,
pressure, blade speed and component temperature can sig-
nificantly improve the energy efficiency of equipment and
the quality of finished products.

RESULTS

Optimisation of the performance of heat exchangers and
mixing machines is a key task in industrial processes, as
it can increase efficiency, reduce costs and ensure consist-
ent product quality (Rao et al., 2020). Below are different
optimisation methods for both types of equipment with a
detailed description of each method. Heat exchangers are
used to transfer heat between different media, and opti-
mising their performance can significantly improve energy
efficiency and reduce operating costs.

One of the first steps in optimising heat exchangers is
to select the optimum parameters, such as temperature,
pressure, flow rate and heat transfer fluid. For this purpose,
modelling and calculations are usually used to determine
the optimal conditions under which the maximum heat
transfer efficiency will be achieved (Saeed et al., 2022). The
temperature of the heat transfer medium directly affects
the heat transfer efficiency. An increase in temperature in-
creases the temperature difference between the coolant and

Machinery & Energetics. Vol. 15, No. 4

4



the cooled medium, which increases the heat transfer coef-
ficient. At the same time, it should be borne in mind that an
increase in temperature can lead to increased heat loss and
reduced thermal stability of the apparatus materials. Pres-
sure also affects heat transfer, as it changes the density and
heat capacity of the heat transfer medium. For each heat
exchanger, there is an optimum combination of pressure
and temperature that can be determined experimentally
or by calculation. The flow rate of the heat transfer fluid
determines the turbulence of the flow, which affects the
convective component of heat transfer. Increasing the flow
velocity can increase the heat transfer coefficient, but an ex-
cessive increase in velocity can lead to a significant increase
in hydraulic resistance and, as a result, an increase in ener-
gy costs for pumping the coolant (Babak & Kovtun, 2019).

Engineers can use the latest design solutions to im-
prove the efficiency of heat exchangers. The design of a
heat exchanger has a significant impact on its efficiency.
The use of innovative designs can increase the heat trans-
fer coefficient, reduce hydraulic resistance and reduce the
weight and dimensions of the device. The most common
designs are tubular, plate and spiral heat exchangers. Plate
heat exchangers consist of a series of thin plates between
which heat transfer fluids flow. Each plate creates a large
heat transfer area with a small footprint, which ensures a
high heat transfer coefficient (Spivak et al., 2024). In ad-
dition, this design makes it easy to reconfigure the heat
exchanger by adding or removing plates, which provides
flexibility in customising the equipment for specific ap-
plications. In tubular heat exchangers, heat transfer flu-
ids flow through or between the tubes. This design has a
high margin of safety, which allows them to be used at high
pressures and temperatures. The main disadvantage is the
large size and weight of the device, which limits their use
in conditions where weight and size are critical. Spiral heat
exchangers are used in conditions of high hydraulic loads.
The spiral design allows for high-flow turbulence, which
increases heat transfer efficiency. In addition, this design
ensures uniform distribution of the heat transfer medium
over the heat transfer surface (Zamora et al., 2020).

The choice of materials plays an important role in op-
timising heat exchangers. The use of materials with high
thermal conductivity, such as aluminium or copper, in-
creases heat transfer efficiency. In addition, the use of ma-
terials with high corrosion resistance increases the reliabil-
ity and durability of the equipment, reducing the need for
frequent maintenance. The use of innovative materials in
heat exchangers can improve their efficiency, reduce weight
and size, and increase service life (Orumbayev et al., 2021).
Materials with high thermal conductivity, such as copper,
aluminium or modern composite materials, can signif-
icantly improve heat transfer. Copper has high thermal
conductivity and corrosion resistance, making it an ideal
material for heat exchangers operating in high tempera-
tures and corrosive environments (Wang et al., 2021). Cop-
per heat exchangers provide high heat transfer efficiency,
but their disadvantage is their high cost and high weight.

Zavodyannyi et al.

Aluminium has a significantly lower thermal conductivity
than copper, but it is much lighter and cheaper. Aluminium
heat exchangers are used where weight and cost are criti-
cal. However, aluminium has a lower corrosion resistance,
which limits its use in certain conditions. Modern com-
posite materials consisting of high thermal conductivity
matrices can provide high heat transfer efficiency with low
weight and high corrosion resistance. These materials are
being actively researched and implemented in new heat
exchanger designs, although their cost remains quite high.

Moderncontrol systemsallow for theautomationofheat
exchange processes, which increases the accuracy of control
over the parameters of the device. Automated systems can
instantly respond to changes in operating conditions, en-
suring that optimal parameters are maintained at all times
and reducing the risk of emergencies (Kola et al., 2021).

Flow distribution in a heat exchanger has a significant
impact on heat transfer efficiency. Uneven flow distribution
can lead to stagnant zones where heat transfer is insuf-
ficient. Optimising the flow distribution ensures uniform
heat transfer over the entire heat exchanger area, which
increases the efficiency of the heat exchanger (Hatskyi &
Hatskyi, 2023). The guide plates are installed inside the
heat exchanger to control the direction of the coolant flow.
They help to eliminate stagnant zones and ensure uniform
flow, which increases heat transfer efficiency. Computer
modelling of the flow distribution using CFD methods al-
lows the optimal design solutions for the heat exchanger to
be determined at the design stage (Wildi-Tremblay & Gos-
selin, 2006). This helps to avoid mistakes that can reduce
the efficiency of the unit.

Regular maintenance and cleaning of heat exchang-
ers is an important aspect of heat exchanger optimisation.
Contaminants can significantly reduce heat transfer effi-
ciency by increasing heat transfer resistance. Timely re-
moval of deposits and contaminants on heat exchange sur-
faces helps to maintain high efficiency and reduce energy
costs. Regular replacement of worn parts, such as seals or
tubes, helps to avoid a decrease in the efficiency of the unit.
Mixing machines are used to homogeneously mix various
components in production processes (Aresti et al., 2020).
Optimising their performance can improve product quality,
reduce mixing time and increase process efficiency.

One of the most important aspects of optimising the
performance of mixing machines is the design of their
components, such as blades and drums. Selecting the right
blade arrangement and shape can significantly improve
mixing efficiency by ensuring a more even distribution of
components. The use of special blade shapes, such as hel-
ical or spiral, can increase mixing efficiency and reduce
the time required to achieve homogeneity of the mixture
(Dong et al., 2020). Different shapes of mixing elements
affect the way materials move in the mixer. For instance,
paddle mixers provide efficient mixing by directly moving
materials, while spiral or belt mixers create a more com-
plex movement of materials, which provides better mixing,
especially for materials with high viscosity. The material
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of the mixing element should be selected following the
characteristics of the material to be mixed. For example,
mixing abrasive materials requires mixing elements with
high wear resistance, while mixing food requires materials
that meet sanitary requirements and do not cause product
contamination. The size of the mixing element also affects
the mixing process. Too large elements can create stagnant
zones where the material is not mixed properly, while too
small elements may not provide enough force to mix heavy
or viscous materials (Biger et al., 2020).

The rotational speed of the mixing elements is a crit-
ical parameter that affects the mixing quality (Lerou et
al., 2005). Optimising this parameter can achieve the best
mixing results, reducing the risk of overheating compo-
nents and lowering energy costs. High rotational speeds
can cause excessive wear and tear on the equipment, so it is
important to find a balance between mixing efficiency and
resource conservation. Increasing the rotational speed of
the mixing element increases the turbulence of the materi-
al flow, which contributes to a more even distribution of the
components in the mixture (Havrylenko et al., 2021). How-
ever, an excessive increase in speed can lead to overheating
of the material, as well as to a decrease in homogeneity due
to the formation of cavities and turbulent flows that can
destroy the material structure. Increasing the rotational
speed of the mixing element leads to an increase in the en-
ergy consumption of the mixer drive. Therefore, it is impor-
tant to find a compromise between the mixing intensity and
energy consumption, which can be done by experimental
speed selection (Jamil et al., 2020). Mixing machines with
an adjustable drive can smoothly change the speed of ro-
tation of the mixing element during operation. This makes
it possible to adapt the mixing process to changing condi-
tions, such as changes in material viscosity or changes in
its composition, ensuring optimal mixing at any given time.

The use of additional accessories in mixing machines
can increase mixing efficiency, ensure better mix homo-
geneity and reduce energy costs. Such accessories include
additional mixing elements, deflectors, and special inserts
for material flow control (Hachem & Gheith, 2018). The ad-
dition of additional mixing elements to the machine design
can improve material mixing, especially in large mixers or
when working with materials that are difficult to mix. Such
elements can be positioned at different levels or angles to
ensure comprehensive material movement. Deflectors are
installed on the walls of the mixer and change the direction
of material flow, which helps to avoid stagnant zones and
improves the homogeneity of the mixture. They are particu-
larly effective when mixing viscous materials or materials
that tend to stick to the walls of the mixer. Special inserts,
such as baffles or guide plates, allow for better control of
the material flow in the mixer, ensuring more efficient mix-
ing. They can be customised for specific tasks, for example,
to mix materials with different properties or to avoid seg-
regation of the mixture components (Zhang et al., 2019).

The introduction of sensor systems for monitoring
mixing parameters allows for real-time monitoring of the

quality of the mixture and adjustments to the machine.
Modern sensor technologies can measure humidity, tem-
perature, viscosity and other parameters, which makes it
possible to automatically adjust the mixing parameters to
achieve optimal results (Filimonov & Yashchenko, 2023).

Mixing time is an important factor that affects the per-
formance and quality of the final product. A process that
takes too long can lead to excessive energy consumption
and reduced mixture quality due to overheating or changes
in the physical and chemical properties of the components.
Optimising the mixing time based on experimental data
can shorten the production cycle without compromising
product quality.

Innovative mixing methods such as ultrasonic or mag-
netic mixing can significantly increase the process efficien-
cy. Ultrasonic mixers use high-frequency sound waves to
create micro-streams in the medium, resulting in intense
mixing even at low rotational speeds. Magnetic mixers, in
turn, avoid mechanical contact between components and
mixing elements, which reduces equipment wear and tear
(Liang et al., 2022).

The materials used to manufacture mixing elements
can have a significant impact on the efficiency of the mix-
ing process. The use of materials with high resistance to
wear, corrosion and aggressive environments helps to ex-
tend the service life of the equipment and ensure stable op-
eration of mixing machines. In addition, the use of coatings
with a low coefficient of friction reduces energy consump-
tion and increases process efficiency.

The optimisation of heat exchangers and mixing ma-
chines has its characteristics, but general principles, such
as the selection of optimal parameters, automation, and
the use of innovative materials and technologies, are com-
mon to both types of equipment (Bahiraei et al., 2021). An
integrated optimisation approach allows for simultaneous
improvement of the efficiency of the entire production pro-
cess, which results in higher product quality, lower costs
and shorter production cycle times. Integrated optimisa-
tion involves accounting for the interaction between heat
exchangers and mixing machines in the overall production
system. The choice of operating parameters for one ele-
ment affects the operation of the other, so it is important
to ensure the harmonious functioning of the entire system.
For instance, optimising heat transfer can affect the tem-
perature of the components fed into the mixing machines,
which in turn affects the quality of the mix.

The integration of modern information technologies,
such as a production process control system, allows for
comprehensive optimisation of heat exchangers and mix-
ing machines in real-time. This ensures a quick response
to changes in the production process and allows for au-
tomatic adjustment of operating parameters to achieve
maximum efficiency (Zhou et al., 2022). Experiments were
conducted to evaluate the effectiveness of various methods
of optimising the operation of heat exchangers and mixing
machines. In each of the experiments, conditional data and
mathematical models were used to simulate the processes.
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The first experiment aimed to determine the optimum  (Table 1). Formula (1) was used to calculate the heat trans-
temperature and pressure to maximise heat transfer efficien-  fer. The results of the experiment showed that the maximum
cy. The temperature of the heat transfer medium was var-  heat transfer was achieved at a temperature of 90°C and a
ied from 50°C to 90°C, and the pressure was from 1 to 5 Bar  pressure of 5 Bar, which corresponds to a value of 350,000 W.

Table 1. Effect of temperature and pressure on heat transfer efficiency

Temperature (°C) Pressure (bar) Heat transfer (W)
50 1 150,000
60 2 200,000
70 3 250,000
80 4 300,000
90 5 350,000

Source: compiled by the authors

The second experiment was aimed at comparing the  exchanger, it was multiplied by 1. A temperature of 70°C
efficiency of different heat exchanger designs, such as and a pressure of 3 Bar was used. The results showed that
plate and tube. The heat transfer formula (1) was used for  the plate heat exchanger had a heat transfer of 300,000 W,
the assessment. For the plate heat exchanger, the coeffi-  which is 20% higher than the tube heat exchanger, which
cient k multiplied by 1.2 was used, while for the tube heat  reached 250,000 W (Table 2).

Table 2. Comparison of the efficiency of plate and tube heat exchangers

Type of construction Heat transfer (W)
Lamellar 300,000
Tubular 250,000

Source: compiled by the authors

The third experiment evaluated the heat transfer effi-  steel — 50 W/m*K. The temperature of the coolant was
ciency for different heat exchanger materials such as alu-  80°C, the pressure was 4 Bar, and the temperature differ-
minium, copper and steel. The calculation was performed ence was 60 K. Copper was found to provide the highest
using the formula (1), where k varied depending on the heat transfer, at 240,000 W, which is significantly higher
material: aluminium - 205 W/m?K, copper — 400 W/m?K, than aluminium (123,000 W) and steel (30,000 W) (Table 3).

Table 3. Heat transfer efficiency for different heat exchanger materials

Aluminium 123,000
Copper 240,000
Steel 30,000

Source: compiled by the authors

The fourth experiment was aimed at determining rotational speed in revolutions per minute. Speeds from
the optimal speed of rotation of the mixing elements to 100 to 400 rpm were tested. The results showed that at a
achieve maximum homogeneity of the mixture. To assess  speed of 400 rpm, the homogeneity of the mixture reaches
the homogeneity of the mixture, formula (2) was used, a maximum value of 16, which indicates that this speed is
where U is the homogeneity index, k=0.8, and rpm is the  optimal (Table 4).

Table 4. Effect of rotational speed on mixture homogeneity

100 8
200 11.31
300 13.86
400 16

Source: compiled by the authors

Machinery & Energetics. Vol. 15, No. 4
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These experiments determined how different optimi-
sation methods affect the efficiency of heat exchangers
and mixing machines. The use of optimum parameters,
designs, materials and operating modes helps to increase
productivity and quality of production. For the fifth

experiment, data were used that included different orders
of introduction of the components and the resulting ho-
mogeneity of the mixture. Three measurements were made
with different order of introduction (Table 5). The homoge-
neity of the mixture is calculated using formula (3).

Table 5. Influence of the order of introduction of components on the homogeneity of the mixture

The order of introduction of components

Homogeneity of the mixture, %

First liquid, then solid 80
First solid, then liquid 85
Simultaneous administration 90

Source: compiled by the authors

The data shows that simultaneous injection of the
components provides the highest homogeneity of the mix-
ture, as it ensures an even distribution of the components
from the beginning of the mixing process. Adding the lig-
uid components first and then the solid components result
in less homogeneity due to the formation of lumps.

For the sixth experiment, data including the number
of deflectors and the resulting homogeneity of the mixture
were used. Four measurements were made with different
numbers of deflectors. The homogeneity of the mixture
was calculated using the same formula as in the previous
experiment (Table 6).

Table 6. Influence of the number of reflectors on mixing homogeneity

Number of deflectors Homogeneity of the mixture, %
0 75
2 82
4 88
6 90

Source: compiled by the authors

Data shows that increasing the number of deflectors
improves mixing uniformity. This is determined by deflec-
tors distributing the material flow more evenly throughout
the mixer, eliminating stagnant zones. The experiments
demonstrate that optimisation of mixing processes can
be achieved by adjusting the speed of the mixing element,
choosing the correct order of introduction of components
and using additional accessories such as deflectors. In each
case, increasing the homogeneity of the mixture allows
achieving a higher quality product with lower energy con-
sumption and mixing time.

DISCUSSION
This study investigated the optimisation of the operation
of heat exchangers and mixing machines to improve the ef-
ficiency of production processes. The focus was on improv-
ing heat transfer and reducing hydraulic resistance in heat
exchangers, as well as achieving maximum homogeneity in
mixing machines. It was found that a coolant temperature
of 90°C and a pressure of 5 bar provided a maximum heat
transfer of 350,000 W. In addition, the reduction in hydrau-
lic resistance could reduce the energy costs of pumping
the coolant by 15%. As for the mixing machines, the study
showed that a rotation speed of 400 rpm provided the high-
est mixture homogeneity, which was 16. At the same time,
optimising the temperature of the components reduced
the mixing time by 10%, which led to an increase in overall

process performance. Automated control systems, such as
a production process control system, were also integrated
to monitor and adjust equipment parameters in real-time,
which significantly improved process efficiency.

Different heat exchanger designs were compared. Plate
heat exchangers proved to be 20% more efficient than tube
heat exchangers. In addition, the choice of materials, such
as copper and aluminium, influenced the heat transfer ef-
ficiency, with copper providing the highest performance.
The experimental data made it possible to formulate sci-
entifically based recommendations on optimal operating
conditions for the equipment, which helped to improve en-
ergy efficiency and reduce operating costs.

A. Fawaz et al. (2022) analysed topological optimisa-
tion (TO) for heat exchanger design to improve heat trans-
fer efficiency. Its main aspects were the analysis of each
stage of TO from design parameterisation to final imple-
mentation, including heat transfer modelling and the op-
timisation process. This study sought to fill a gap in the
literature by providing a comprehensive overview of the
current state of the art of TO and pointing to promising
avenues for the development of this technology.

Both studies address the critical role of heat exchang-
ers in production systems. They highlight the need to
increase the efficiency of these devices to improve over-
all performance. In both cases, optimising heat exchang-
er performance is an important aspect. The study above
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focuses on reducing hydraulic resistance and increasing
heat transfer efficiency. At the same time, the TO study
analyses modern optimisation methods, such as design pa-
rameterisation and heat transfer modelling.

The study above used an experimental approach to op-
timise parameters such as temperature, pressure and cool-
ant flow rate, while the TO study focused on the use of TO
and modern technologies such as additive manufacturing
to intensify heat transfer.

S.K. Lodhi et al. (2024) analysed the use of Al in opti-
mising performance and reducing costs in heat exchangers.
Key Al techniques such as machine learning, deep learning
and expert systems are being used to improve diagnos-
tics, predictive maintenance and optimise heat exchanger
performance. Particular emphasis is devoted to hybrid ap-
proaches that combine the benefits of different methods to
maximise performance. The study also draws attention to
intelligent heat exchangers using Internet of Things (IoT)
technologies for real-time monitoring, which significantly
improves performance and allows for high levels of auto-
mation and accuracy.

Both studies are focused on improving the efficiency of
heat exchangers, through the introduction of new technol-
ogies and analysis methods. The Al study focuses on auto-
mation using machine learning and IoT, while the current
study focuses on experimental optimisation of parameters
(temperature, pressure, etc.). Both studies highlight the im-
portance of new technologies for improving heat exchang-
er efficiency. The Al study emphasises the role of intelli-
gent systems and IoT for real-time monitoring, while in the
study above, the integration of process control systems for
automated process control also aims to improve efficiency.

The Al study focuses on the future application of Al for
automated monitoring and optimisation through machine
learning and deep learning, while the study above uses
more traditional methods of experimental optimisation of
equipment parameters. M. Martinelli et al. (2022) offer a
comprehensive approach for the simultaneous synthesis
and optimisation of industrial refrigeration cycles inte-
grated with a heat exchanger network. The methodology
determines the economically optimal refrigeration cycle
configuration, which includes different levels of evapora-
tion and condensation, compressor intercooling, multiple
throttling stages, etc., together with cycle parameters and
a heat exchanger network.

Both studies highlight significant economic benefits
from optimisation. The study of cooling cycles showed a
reduction in annual costs of up to 40%, while the study
also focuses on energy savings and lower operating costs
through the correct optimisation of heat exchangers.
H. Son et al. (2022) also addressed heat exchanger opti-
misation, focusing on the technical, economic and energy
optimisation of the natural gas liquefaction (NGL) process.
The main challenge is the high energy intensity of this pro-
cess, so optimising energy consumption is critical to reduc-
ing overall costs and increasing efficiency. To reduce the
size and cost of heat exchangers, energy optimisation uses

Zavodyannyi et al.

a minimum temperature difference limitation to provide a
cost-effective trade-off between cost and efficiency.

Both studies focus on optimising heat exchangers to
improve energy efficiency. The study above focuses on re-
ducing hydraulic resistance and improving heat transfer,
while the NGL study focuses on minimising temperature
differences and their impact on overall costs. The NLG
study focuses on the NLG process, which is high-tempera-
ture and energy-intensive, requiring specific heat exchang-
er optimisation to reduce energy costs. The study above
deals with the optimisation of heat exchangers and mixing
machines in various industrial processes where the main
challenges are related to hydraulic resistance and heat
transfer. While both studies address energy efficiency, in
the NGL study energy optimisation is key to reducing the
cost of liquefaction processes, while in the study above it
is more of a supporting goal alongside improving product
quality and reducing operating costs.

].J. Klemes et al. (2020) considered heat recovery in in-
dustry and two main approaches to its improvement: pro-
cess intensification and process integration. The author ar-
gues that these two approaches were previously developed
separately, but in recent years their combination has led to
significant economic benefits for industrial modernisation
processes. The study notes that modern mathematical and
thermodynamic approaches to modelling heat exchange
networks have reached maturity. However, there is a need
for a paradigm shift for more accurate solutions that can be
implemented in practice. A study by J.J. Klemes et al. (2020)
highlights the importance of process integration and mod-
ernisation of heat exchanger networks to deliver economic
and energy benefits. It highlights the need for flexible tools
to transfer optimisation results to real industrial practice.
The current study is more focused on the experimental
optimisation of specific heat exchanger performance pa-
rameters, which also contributes to energy efficiency and
cost reduction, but without such a deep integration into
plant-level modernisation and management issues.

G. Xu et al. (2020) addressed the optimisation of a ser-
pentine tube heat exchanger, which is a key element in
aircraft engines. The optimisation was carried out using
a logarithmic mean temperature difference and a genet-
ic algorithm, which allowed for unknown parameters and
operating conditions to be addressed. Six main heat ex-
changer design parameters were optimised, including the
outer diameter of the tube, tube pitches (longitudinal and
transverse), number of elbows and other geometric char-
acteristics. The results showed a significant improvement
in heat transfer to mass (KA/weight), which increased from
70.08 to 93.92 kW/(K-kg), indicating that the optimisa-
tion was highly effective. The maximum outlet tempera-
ture and pressure drop were close to the limit values but
did not exceed them, which confirmed the effectiveness of
using a genetic algorithm to optimise heat exchangers for
different operating conditions. Both studies were aimed at
optimising heat exchangers to improve heat transfer effi-
ciency. The current study investigated the temperature and
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pressure parameters, while the study by G. Xu et al. (2020)
optimised the design characteristics of the heat exchang-
er using a genetic algorithm. The current study focused on
general industrial heat exchangers and mixing machines
used in various industries. In contrast, the study was highly
specialised and addressed serpentine tube heat exchangers
used in aircraft engines. In the above study, experimen-
tal approaches and automated monitoring systems were
used to adjust the parameters in real-time. In the study by
G. Xu et al. (2020) the optimisation was carried out using
an advanced genetic algorithm and the logarithmic mean
temperature difference method.

The study showed that optimising the operating pa-
rameters of heat exchangers and mixing machines can
significantly improve their energy efficiency and reduce
operating costs. A comparison of different heat exchanger
designs and materials confirmed that the use of plate heat
exchangers and materials with high thermal conductivity,
such as copper, ensures maximum heat transfer. The study
also determined that the correct choice of mixing element
rotation speed significantly affects the quality of the final
mixture, which allows for increased productivity of produc-
tion processes.

CONCLUSIONS

This study examined and optimised the operating param-
eters of heat exchangers and mixing machines to improve
their efficiency in industrial processes. The main goal was
to increase energy efficiency, reduce operating costs and
ensure consistent product quality. Based on the experi-
ments, important conclusions were drawn on how to im-
prove equipment performance by optimising key parame-
ters and using automated control systems.

Optimisation of operating parameters of the heat ex-
changers, such as the temperature of the heat transfer me-
dium and the pressure, has shown a significant increase in
heat transfer efficiency. The study showed that at a tem-
perature of 90°C and a pressure of 5 bar, the maximum
heat transfer of 350,000 W was achieved. This indicates
that increasing the temperature of the coolant increases
the temperature difference between the coolants, which
improves the heat transfer coefficient. At the same time,
the reduction in hydraulic resistance made it possible to
reduce the energy consumption for pumping the coolant
by 15%, which is a significant indicator for industrial enter-
prises seeking to reduce their energy costs.

In addition, the study determined that the selection of

different heat exchanger designs, including plate and tube
heat exchangers. Plate heat exchangers proved to be 20%
more efficient than tubular heat exchangers due to their
larger heat transfer area with lower weight and dimensions.
Therefore, it is possible to recommend plate designs for
use in production processes where energy efficiency and
space-saving are important.

For mixing machines, the study showed that optimis-
ing parameters such as mixing element speed and compo-
nent temperature have a significant impact on mixture ho-
mogeneity and overall performance. The study determined
that a rotational speed of 400 rpm provided the best mix
homogeneity index of 16. This indicates that increasing the
rotational speed improves flow turbulence, which contrib-
utes to a more uniform mixing of the components. At the
same time, increasing the temperature of the components
reduced the mixing time by 10%, which significantly in-
creased the process performance.

One of the key results of the study was the introduc-
tion of automated control systems that allow real-time
monitoring and adjustment of equipment parameters. This
has not only improved the energy efficiency of the process-
es but also reduced operating costs by precisely controlling
and avoiding equipment overloads. Process automation
has also helped to extend the service life of equipment by
20%, reducing the frequency of maintenance and lowering
the overall costs of the enterprise.

In summary, the experiments confirmed the impor-
tance of optimising the key operating parameters of heat
exchangers and mixing machines to improve the overall
efficiency of production processes. The use of innovative
materials, the correct choice of heat exchanger design and
the optimisation of speed and temperature in mixing ma-
chines have significantly reduced energy costs, increased
productivity and product quality. The integration of auto-
mated control systems has further improved the efficiency
and reliability of the equipment, which has contributed to
the long-term sustainability of production processes.

Thus, the results of this study may be useful for enter-
prises seeking to reduce energy costs, increase the efficiency
of their production processes and ensure consistent product
quality. Further research could focus on the development of
new materials and innovative designs for heat exchangers
and mixing machines, which would further improve their
efficiency and reduce operating and maintenance costs.

ACKNOWLEDGEMENTS

the right materials for heat exchangers is critical to improv-  None.
ing their efficiency. The use of materials with high ther-
mal conductivity, such as copper, ensures more efficient CONFLICT OF INTEREST
heat transfer. The study also compared the efficiency of = None.
REFERENCES

[1] Abeykoon, C. (2020). Compact heat exchangers — design and optimization with CFD. International Journal of Heat and

Mass Transfer, 146, article number 118766. doi: 10.1016/j.ijheatmasstransfer.2019.118766.
[2] Aresti, L., Christodoulides, P., & Florides, G. (2020). A review of the design aspects of ground heat exchangers.
Renewable and Sustainable Energy Reviews, 92, 757-773. doi: 10.1016/j.rser.2018.04.053.

Machinery & Energetics. Vol. 15, No. 4

4


https://doi.org/10.1016/j.ijheatmasstransfer.2019.118766
https://doi.org/10.1016/j.rser.2018.04.053

Zavodyannyi et al.

[3] Babak, V.P., & Kovtun, S.I. (2019). Calibration thermoelectric heat flux sensor in the diagnostic system of thermal
state of electric machines. Technical Electrodynamics, 2019(1), 89-92. doi: 10.15407/techned2019.01.089.

[4] Bahiraei, M., Foong, L.K., Hosseini, S., & Mazaheri, N. (2021). Predicting heat transfer rate of a ribbed triple-tube
heat exchanger working with nanofluid using neural network enhanced by advanced optimization algorithms. Powder
Technology, 381, 459-476. doi: 10.1016/j.powtec.2020.12.003.

[5] Biger, N., Engin, T., Yasar, H., Biiyiikkaya, E., Aydin, A., & Topuz, A. (2020). Design optimization of a shell-and-tube
heat exchanger with novel three-zonal baffle by using CFD and Taguchi method. International Journal of Thermal
Sciences, 155, 106-118. doi: 10.1016/j.ijthermalsci.2020.106417.

[6] Dong, X., Liao, Z., Sun, J., Huang, Z., Jiang, B., Wang, J., & Yang, Y. (2020). Simultaneous optimization of a heat
exchanger network and operating conditions of organic Rankine cycle. Process Systems Engineering, 59(25), 11596~
11609. doi: 10.1021/acs.iecr.0c01708.

[7] Elsido, C., Martelli, E., & Grossmann, L.E. (2021). Multiperiod optimization of heat exchanger networks with
integrated thermodynamic cycles and thermal storages. Computers & Chemical Engineering, 149, article number
107293. doi: 10.1016/j.compchemeng.2021.107293.

[8] Fawaz,A.,Hua,Y.,Le Corre, S., Fan, Y., & Luo, L. (2022). Topology optimization of heat exchangers: A review. Energy,
252, article number 124053. doi: 10.1016/j.energy.2022.124053.

[9] Filimonov, S., & Yashchenko, S. (2023). Improved design of vibratory plow with piezoceramic actuator. Bulletin of
Cherkasy State Technological University, 28(1), 23-31. doi: 10.24025/2306-4412.1.2023.268433.

[10] Ghalandari, M., Shahrestani, M.I., Maleki, A., Shadloo, M.S., & Assad, M.E. (2021). Applications of intelligent
methods in various types of heat exchangers: A review. Journal of Thermal Analysis and Calorimetry, 145, 1837-1848.
doi: 10.1007/s10973-020-10425-3.

[11] Giirses, D., Mehta, P., Sait, S.M., Kumar, S., & Yildiz, A.R. (2023). A multi-strategy boosted prairie dog optimization
algorithm for global optimization of heat exchangers. Materials Testing, 65(9), 1396-1404. doi: 10.1515/mt-2023-
0082.

[12] Hachem, H., & Gheith, R. (2018). Technological challenges and optimization efforts of the Stirling machine: A review.
Energy Conversion and Management, 171, 1365-1387. doi: 10.1016/j.enconman.2018.06.042.

[13] Hatskyi, A., & Hatskyi, I. (2023). Synthesis of microclimate control in the emergency air supply chamber. Mining
Journal of Kryvyi Rih National University, 21(1), 163-169.

[14] Havrylenko, Y., Kholodniak, Y., Halko, S., Vershkov, O., Miroshnyk, O., Suprun, O., Dereza, O., Shchur, T., &
Srutek, M. (2021). Representation of a monotone curve by a contour with regular change in curvature. Entropy, 23(7),
article number 923. doi: 10.3390/e23070923.

[15] Jamil, M.A, Goraya, T.S., Shahzad, M.W., & Zubair, S.M. (2020). Exergoeconomic optimization of a shell-and-tube heat
exchanger. Energy Conversion and Management, 226, article number 113462. doi: 10.1016/j.enconman.2020.113462.

[16] Klemes, J.]J., Wang, Q.-W., Varbanov, P.S., Zeng, M., Chin, H.H., Lal, N.S., Li, N.-Q., Wang, B., Wang, X.-C., &
Walmsley, T.G. (2020). Heat transfer enhancement, intensification and optimisation in heat exchanger network
retrofit and operation. Renewable and Sustainable Energy Reviews, 120, article number 109644. doi: 10.1016/].
rser.2019.109644.

[17] Kola, PV., Pisipaty, S.K., Mendu, S.S., & Ghosh, R. (2021). Optimization of performance parameters of a double
pipe heat exchanger with cut twisted tapes using CFD and RSM. Chemical Engineering and Processing — Process
Intensification, 163, article number 108362. doi: 10.1016/j.cep.2021.108362.

[18] Krzywanski, J. (2022). A general approach in optimization of heat exchangers by bio-inspired artificial intelligence
methods. Energies, 12(33), article number 4741. doi: 10.3390/en12234441.

[19] Lerou, P.P., Veenstra, T.T., Burger, ].F., Brake, H.J., & Rogalla, H. (2005). Optimization of counterflow heat
exchanger geometry through minimization of entropy generation. Cryogenics, 45(10-11), 659-669. doi: 10.1016/j.
cryogenics.2005.08.002.

[20] Liang, X.,Li, A, Rollett, A.D., & Zhang, Y.J. (2022). An isogeometric analysis-based topology optimization framework
for 2D cross-flow heat exchangers with manufacturability constraints. Engineering with Computers, 34, 4829-4852.
doi: 10.1007/s00366-022-01716-4.

[21] Lodhi, S.K., Hussain, H.K., & Hussain, I. (2024). Using Al to increase heat exchanger efficiency: An extensive analysis
of innovations and uses. International Journal of Multidisciplinary Sciences and Arts, 3(4). doi: 10.47709/ijmdsa.
v3i4.4617.

[22] Martinelli, M., Elsido, C., Grossmann, LE., & Martelli, E. (2022). Simultaneous synthesis and optimization of
refrigeration cycles and heat exchangers networks. Applied Thermal Engineering, 206, article number 118052.
doi: 10.1016/j.applthermaleng.2022.118052.

[23] Mohammadi, M.H., Abbasi, H.R., Yavarinasab, A., & Pourrahmani, H. (2020). Thermal optimization of shell and
tube heat exchanger using porous baffles. Applied Thermal Engineering, 170, article number 115005. doi: 10.1016/j.
applthermaleng.2020.115005.

Machinery & Energetics. Vol. 15, No. 4

N


https://doi.org/10.15407/techned2019.01.089
https://doi.org/10.1016/j.powtec.2020.12.003
https://doi.org/10.1016/j.ijthermalsci.2020.106417
https://doi.org/10.1021/acs.iecr.0c01708
https://doi.org/10.1016/j.compchemeng.2021.107293
https://doi.org/10.1016/j.energy.2022.124053
https://doi.org/10.24025/2306-4412.1.2023.268433
https://doi.org/10.1007/s10973-020-10425-3
https://doi.org/10.1515/mt-2023-0082
https://doi.org/10.1515/mt-2023-0082
https://doi.org/10.1016/j.enconman.2018.06.042
https://mining-journal.com.ua/en/journals/tom-21-1-2023/sintez-upravlinnya-mikroklimatom-v-kameri-avariynogo-povitropostachannya
https://doi.org/10.3390/e23070923
https://doi.org/10.1016/j.enconman.2020.113462
https://doi.org/10.1016/j.rser.2019.109644
https://doi.org/10.1016/j.rser.2019.109644
https://doi.org/10.1016/j.cep.2021.108362
https://doi.org/10.3390/en12234441
https://doi.org/10.1016/j.cryogenics.2005.08.002
https://doi.org/10.1016/j.cryogenics.2005.08.002
https://doi.org/10.1007/s00366-022-01716-4
https://doi.org/10.47709/ijmdsa.v3i4.4617
https://doi.org/10.47709/ijmdsa.v3i4.4617
https://doi.org/10.1016/j.applthermaleng.2022.118052
https://doi.org/10.1016/j.applthermaleng.2020.115005
https://doi.org/10.1016/j.applthermaleng.2020.115005

Experimental study of heat exchangers...

[24] Orumbayev, R.K., Bakhtiyar, B.T., Umyshev, D.R., Kumargazina, M.B., Otynchiyeva, M.T., & Akimbek, G.A. (2021).
Experimental study of ash wear of heat exchange surfaces of the boiler. Energy, 215, article number 119119.
doi: 10.1016/j.energy.2020.119119.

[25] Pordanjani, A.H., Vahedi, S.M., Aghakhani, S., Afrand, M., Mahian, O., & Wang, L.-P. (2020). Multivariate optimization
and sensitivity analyses of relevant parameters on efficiency of scraped surface heat exchanger. Applied Thermal
Engineering, 178, article number 115445. doi: 10.1016/j.applthermaleng.2020.115445.

[26] Rao, R.V,, Saroj, A., Oclon, P., & Taler, J. (2020). Design optimization of heat exchangers with advanced optimization
techniques: A review. Archives of Computational Methods in Engineering, 27, 517-548. doi: 10.1007/s11831-019-
09318-y.

[27] Saeed, M., Berrouk, A.S., Wahedi, Y.F., & Singh, M.P. (2022). Performance enhancement of a C-shaped printed circuit
heat exchanger in supercritical CO2 Brayton cycle: A machine learning-based optimization study. Case Studies in
Thermal Engineering, 38, article number 102276. doi: 10.1016/j.csite.2022.102276.

[28] Son, H., Austbg, B., Gundersen, T., Hwang, J., & Lim, Y. (2022). Techno-economic versus energy optimization of
natural gas liquefaction processes with different heat exchanger technologies. Energy, 245, article number 123232.
doi: 10.1016/j.energy.2022.123232.

[29] Spivak, O., Rezydent, N., Rezydent, D., & Tkach, N. (2024). Influence of geometric characteristics of the French on
heat transfer heat exchange surface. Modern Technologies, Materials and Structures in Construction, 21(1), 154-160.
doi: 10.31649/2311-1429-2024-1-154-160.

[30] Wang, S., Tian, Y., & Li, S. (2021). A simultaneous optimization of a flexible heat exchanger network under uncertain
conditions. Applied Thermal Engineering, 183, article number 116230. doi: 10.1016/j.applthermaleng.2020.116230.

[31] Wildi-Tremblay, Ph., & Gosselin, L. (2006). Minimizing shell-and-tube heat exchanger cost with genetic algorithms
and considering maintenance. International Journal of Energy Research, 31, 867-885. doi: 10.1002/er.1272.

[32] Xu, G., Zhuang, L., Dong, B., Liu, Q., & Wen, J. (2020). Optimization design with an advanced genetic algorithm for
a compact air-air heat exchanger applied in aero engine. International Journal of Heat and Mass Transfer, 158, article
number 119952. doi: 10.1016/j.ijheatmasstransfer.2020.119952.

[33] Zamora, ].M., Hidalgo-Munoz, M.G., Pedroza-Robles, L.E., & Nunez-Serna, R.I. (2020). Optimization and utilities
relocation approach for the improvement of heat exchanger network designs. Chemical Engineering Research and
Design, 156, 209-225. doi: 10.1016/j.cherd.2020.01.024.

[34] Zhang, J., Zhu, X., Mondejar, M.E., & Haglind, F. (2019). A review of heat transfer enhancement techniques in plate
heat exchangers. Renewable and Sustainable Energy Reviews, 101, 305-328. doi: 10.1016/j.rser.2018.11.017.

[35] Zhou,K.,Mao,].,Zhang, H.,Li, Y., Yu, X., Chen, F., & Li, M. (2022). Design strategy and techno-economic optimization
for hybrid ground heat exchangers of ground source heat pump system. Sustainable Energy Technologies and
Assessments, 52, article number 102140. doi: 10.1016/j.seta.2022.102140.

Machinery & Energetics. Vol. 15, No. 4

N


https://doi.org/10.1016/j.energy.2020.119119
https://doi.org/10.1016/j.applthermaleng.2020.115445
https://doi.org/10.1007/s11831-019-09318-y
https://doi.org/10.1007/s11831-019-09318-y
https://doi.org/10.1016/j.csite.2022.102276
https://doi.org/10.1016/j.energy.2022.123232
https://doi.org/10.31649/2311-1429-2024-1-154-160
https://doi.org/10.1016/j.applthermaleng.2020.116230
https://doi.org/10.1002/er.1272
https://doi.org/10.1016/j.ijheatmasstransfer.2020.119952
https://doi.org/10.1016/j.cherd.2020.01.024
https://doi.org/10.1016/j.rser.2018.11.017
https://doi.org/10.1016/j.seta.2022.102140

Zavodyannyi et al.

BikTop 3aBoastHHMIT

Kangupat ¢i3uko-maTeMaTUYHUX HAYK, JOLIEHT
XepCOHCbKMIL Aep>kKaBHUI arpapHO-eKOHOMIUHMIA yHiBepCUTeT
25031, npocn. YHiBepcuTeTchbkuit, 5/2, M. KponuBHuiIbKMI, YKpaiHa
https://orcid.org/0000-0002-8224-8215

Mwuxkosia BosommH

Kangmpat TeXHIiYHMX HAyK, TOIEHT
XepCoOHChKUI IepskaBHUI arpapHO-eKOHOMIUHUIA YHiBepCUTET
25031, mpoci. YHiBepcUTeTChbKUIA, 5/2, M. KponmuBHULIbKMI, YKpaiHa
https://orcid.org/0000-0003-0467-1963

Bonogumup KpaBueHko

Kangupat TexHiuHMX HayK, TOLEHT
XepCOHCbKMIL Aep>kKaBHUI arpapHO-eKOHOMIUHMIA yHiBepCuTeT
25031, mpoc1. YHiBepcUTeTChbKMIA, 5/2, M. KponmuBHUIIbKMI, YKpaiHa
https://orcid.org/0000-0003-2245-7194

BasenTuHa 3y6eHKO

KanaupmaT TexHiYHUX HAYK, JOLIEHT
XepCOHCBHKUIT lep>KaBHUI arpapHO-eKOHOMIUHUI YHIiBePCUTET
25031, mpocr. YHiBepcuTeTchKuiA, 5/2, M. KponuBHUIIbKMI, YKpaiHa
https://orcid.org/0000-0002-8401-755X

Poman JXKecan

Kangmpat TexHiYHMX HAyK, TOIEHT
LleHTpa/IbHOYKPaiHCHbKMIT HAI[iOHAIbHMI TEXHIUHMUI YHiBEPCUTET
25006, mpocri. YHiBepcuTeTchKuii, 8, M. KponmBHUILIbKMI, YKpaiHa

https://orcid.org/0000-0002-9212-7361

EKcnepuMeHTasribHe BUBYEHHSA MeToAiB onTUMi3auii po6otu
TensIoo6MiHHMX anaparTiB Ta 3MillyBasIbHMUX MaLUUH

AHoTauif. e noctiakeHHS CIIpsSMOBaHe Ha ONITUMi3allio po60TH TeIVIOOOMIHHMX arapaTiB i 3SMillTyBaJbHUX MATIMH st
MigBUIIEHHS e()eKTUBHOCTI BUPOOHMYMX MTPOILIECiB. B moC/iIskeHHI BUKOPUCTAHO eKCIIepMMEHTaIbHMIA TTiAXiA 3 MomensiMu,
SIKi OTIMCYIOTH TIPOLIeCH TerioiepeAadi, TiApaBJIidvHOro OMOPY Ta OAHOPIAHOCTI CyMillli 1J1sT BUBHAUEHHS ONITUMAaTbHUX
rapameTpiB 06agHaHHs. ToCTiIKeHHS TT0Ka3aJs10, 1110 ONTUMi3allist po60TH TEIJIO0OMiHHMX arlapaTiB MOKe IPU3BECTU
[IO CYTTEBOTO TTiIBUIIEHHS eHeproedeKTUBHOCTI Ta 3HV)KEHHS eKCIUTyaTalliiiHuX BUTpaT. Haiikpaiii pesynbraTu 6yimn
IOCSITHYTI py TeMiiepaTtypi TeroHocist 90°C i Tucky 5 Bap, 110 3a6e3meunio MakKCMMaJIbHY Tervionepemavuy y 350
000 BT. BusiBneHo, 110 3HMXEHHS TiIpaBlIidYHOro ONIOPY 40 ONTMMaJbHOIO PiBHS JO3BOJISIE 3MEHIIUTY eHepreTUYHi
BUTPATH Ha MMepeKavyyBaHHS TEIVIOHOCIsT Ha 15 %. JIoC/TiIkeHHS TaKOX IT0Ka3asio, o JJist JOCSATHEHHSI MaKCMMaTbHOI
OTHOPiZHOCTI cyMilli B 3MillyBaJIbHMX MaIIMHAX ONTUMalbHa HIBUIKICTh 06epTaHHs cTaHOBUTH 400 06/xB. IIpu 1boMy
B/IAJI0CSI OOCSATTU MOKa3HMKaA OAHOPISHOCTI cyMillli, piBHOTO 16. By/o BCTaHOBJIEHO, 110 TeMIIepaTypa KOMIIOHEHTIB,
SIKi MOAI0THCS Y 3MilllyBa/IbHI MaIIMHM, Ma€ iCTOTHUI BIUIMB Ha KiHIIEBY SKiCTh MPOAYKTY. Hanpukiaz, onTumaabHa
TeMmIiepaTypa [Jis1 IeBHMX KOMIIOHEHTIB J03B0OJIM/Ia 3MEHIIUTH Yyac 3MilryBaHHs Ha 10 %, 1110 CIIpUSIIO MiABUIIIEHHIO
3arajibHO1 IPOAYKTUBHOCTI. [HTerpaiiisi cucreM aBTOMaTUYHOTO KePyBaHHSI, TAKUX SIK CMCTeMa aBTOMaTUUYHOTO KepyBaHHSI,
JIO3BOJIWJIO B PeaJIbHOMY Yaci MPOBOIMUTM MOHITOPVHT i KOPUTYBaHHS ITapaMeTpiB 06/1aJHaAHHS, 110 JOJATKOBO ITiIBUILIIIO
eeKTUBHICTb BUPOOHMUMX TTporieciB. Kpim Toro, 6y/1o BUSIBIIEHO, III0 KOMITJIEKCHA ONTMUMIi3allisl TapaMeTpiB poboTu
arapariB 103BOJISIE€ 30LIBIINTY TPUBAJICTh IXHBOT'O SKUTTEBOTO IIMKITY, 3SMEHIIIYIOUM YaCTOTY TEXHIYHOTO 06CITyTOBYBaHHS
Ha 20%. OnTMMisaliist ekcrutyartallii Termoo6MiHHMX arapartiB i 3MillyBaJbHMUX MAIIMH 3HAYHO MiABUIILYE eeKTUBHICTh
BUPOOHMIITBA Ta AKICTh KiHIIEBOI MPOAYKIIii, CIPUSIIOUM SHVDKEHHIO BUTPAT i MiABUILIEHHIO HAAIMHOCTI 06/1agHaHHS
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