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Abstract. The article considers the development and research of hot water boilers with a capacity of 5.1 and 7.1 MW, in-
tended for use in heat supply systems of industrial enterprises and residential buildings. The relevance of the topic is due to the
need to improve the energy efficiency, reliability and sustainability of modern heat engineering installations in the context of
increasing requirements for environmental and economic efficiency. The main objective of the work is to create technological-
ly advanced hot water boilers capable of providing stable heat supply with minimal resource costs. As part of the study, opti-
mal technical parameters of boilers were developed considering the requirements for power, thermal efficiency, automation
and operational safety. Modeling of working processes was carried out in order to analyze heat engineering characteristics and
assess the efficiency of heat exchange under various operating modes. Particular attention is paid to the use of energy-saving
solutions aimed at reducing heat losses and improving environmental performance. The results of the study can be used in the
design and modernization of heat supply facilities, as well as in the development of regulatory requirements for modern heat

engineering equipment.
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1. Introduction

In modern conditions, ensuring reliable, efficient and en-
vironmentally friendly heat supply is one of the priority tasks
both in industry and in housing and communal ser-vices.
Growing requirements for energy efficiency, sustainable
development and minimization of environmental impact
necessitate the improvement of heat engineering equipment,
in particular hot water boilers, which are key elements of
heat supply systems. Hot water boilers are widely used for
heating, hot water supply and technological needs, providing
consumers with thermal energy. In this regard, the require-
ments for their operational characteristics are increasing -
such as high efficiency, minimal heat loss, high degree of
automation and reliability in various operating conditions.
Particularly important is the development of boiler models
capable of operating effectively both in residential areas and
at industrial facilities, taking into account the specifics of
thermal loads.

This work is aimed at the development and study of hot
water boilers with a capacity of 5.1 and 7.1 MW, optimized
for energy efficiency, design and operating modes. The
study involves thermal engineering modeling, heat ex-
change processes are analyzed, and the possibilities of im-
plementing energy-saving and automated solutions are
assessed. The results obtained will allow the formation of
engineering approaches to the creation of modern boilers
that meet current requirements for energy efficiency and
sustainability.
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2. Materials and methods

The boiler unit design shown in Figure 1 was chosen for
the study. Specifically, fire-tube hot water boilers were de-
veloped within the framework of the study.

A hot water fire-tube boiler is a type of boiler that is used
to heat water using the heat created by the combustion of
fuel. The hot water boiler has a fire-tube design, which
means that the hot gases created by the combustion of the
fuel pass through tubes that surround the water. The fire-tube
design allows for efficient heat transfer between the hot gas-
es and the water inside the tubes. Hot water boilers are often
designed to provide high power, making them suitable for
industrial and commercial applications.

A fuel such as gas, fuel oil, or solid fuel is burned inside
a combustion chamber. The high-temperature hot gases cre-
ated by the combustion pass through fire tubes that surround
the water. Heat is transferred from the hot gases to the water
through the walls of the fire tubes, heating the water. The
heated water can be used for district heating or other indus-
trial processes.

The advantages of hot water fire tube boilers are as fol-
lows:

- High efficiency. The fire tube design facilitates efficient
heat exchange between hot gases and water, which increases
the overall efficiency of the boiler.

- High output. Boilers of this type can often provide high
levels of heating power, which is important for industrial
facilities and large buildings.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.



https://met.journal.satbayev.university/
http://creativecommons.org/licenses/by/4.0/
mailto:m.umysheva@aues.kz

D. Umyshev et al. (2025). Journal of Energy, Mechanical Engineering and Transport, 2(2), 28-32

- Applicability to various fuels. Hot water boilers can op-
erate on various types of fuel, which provides flexibility in
the choice of energy source.

- Application in heating systems. They are widely used to
provide heat to buildings and structures.

- Reliability and durability. Robust designs usually make
hot water fire tube boilers reliable and durable.

The disadvantages include that boilers of this type can be
large and require a lot of space for installation. Also, they are
not always suitable for rapid power changes. Changing the
boiler power can take some time, which makes them less
suitable for applications that require rapid load changes.
Within the framework of the study, the following require-
ments were selected for the developed boilers: capacity of
5100-7100 kW for use in heat and power supply of industrial
and public facilities. The boilers must have a semi-stationary
design, which must be a fire-tube boiler operating on gaseous
fuel (liquefied and natural gas), liquid fuel (diesel), fuel oil.
The heat exchanger with a washed bottom in the developed
boilers must be horizontal.

The efficiency of combustion processes in the studied
boilers must be ensured by a corrugated insert or a corrugat-
ed through-type firebox (depending on the boiler capacity).

The working pressure of the boilers is 6 bar, with the pos-
sibility of increasing to 25 bar.

Maximum working temperature - 110°C.

The standard delivery set of fire-tube boilers will include:

- boiler;

- thermostats - limit and first / second safety;

- pressure gauge;

- control devices for automatic control;

- return flanges;

- blast burner.

Figure 1. Scheme of the boiler under study

2.1. Study of processes in the boiler furnace

Figure 2 shows the scheme of the study of the furnace of
a hot water boiler. For the study, fuel and air were supplied
through nozzles located on the right side of the simulated
area (Figure 2).

Figure 3 shows the grid of the studied boiler model. As
can be seen from the figure, the grid consists of a large num-
ber of cells, tetrahedral shape. The construction of the grid is
an important point, due to the fact that the accuracy of the
solver depends in direct proportion to the number of cells.
The main emphasis in constructing the boiler furnace grid
was on the fuel and air supply areas, as well as on the central
part, where the main processes occur. At the end of the fur-
nace to the outlet, the number of cells is reduced, this is due
to the fact that the need for accuracy to the outlet is reduced,
after all processes.
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Figure 4 shows the simulation results. As can be seen
from the presented data, after 40 iterations the calculation
error reached a minimum and was equal to 10-7 for tempera-
ture, 10-3 for turbulence and velocity. It is known that the
important components of the analysis are the accuracy and
predictability of the results. The conducted analysis of the
convergence (accuracy) of the results shows that this study
has a fairly high degree of applicability and repeatability.
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Figure 2. Flow diagram during the study of the furnace of a
hot water boiler
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Figure 3. Grid of the studied boiler model

Figure 5 shows the contours of the air and fuel flow in the
furnace of a hot water boiler. As can be seen from the figure,
the main source of velocity in the furnace is air. Moreover, it
is noticeable that the air flows tend to mix in the central
region, where the combustion process occurs. Such a flow
allows for more efficient combustion of fuel. This technical
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solution can be adopted as a basis for the development of
fire-tube hot water boilers.
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Figure 4. Dependence of the accuracy of the results on the
number of iterations

Figure 5. Velocity contours in a hot water boiler

Figure 6 shows the pressure contours in the boiler fur-
nace. As can be seen from the figure, the lowest pressure is
created in the zones with increased speed, i.e. in the fuel and
air supply zones. With increasing distance from the nozzle
mouths, the pressure normalizes, but in the center, waves of
increased pressure are formed due to the increase in the flow
of the fuel-air mixture. Pressure fluctuations in the corner
zones of the nozzles are also noticeable.

Figure 6. Pressure contours in a hot water boiler

Figure 7 shows the flow velocity along the axis of the
studied area. As can be seen from the figure, the velocity on
the axis changes in the positive direction. This primarily
depends on the increase in flow velocity due to the narrowing
of the cross-section of the studied area. When approaching
the outlet of the simulated area, the velocity decreases. Flow
fluctuations generated by the change in cross-section due to
changes in shape are also noticeable.
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Figure 7. Velocity contours in the longitudinal direction dur-
ing flow around a tube bundle

Figure 8 shows pressure contours depending on the dis-
tance. As can be seen from the figure, the pressure in the
simulated area is primarily affected by the shapes of the
tubes located in the flow. Each fluctuation represents the
surface of the tube. The results of the study will be useful in
designing heat exchange surfaces of new hot-water fire-tube
boilers. An increase or decrease in pressure indirectly con-
firms an increase in flow turbulence, which has a positive
effect on heat and mass transfer processes in tube bundles,
which increases the rate of gas reduction and leads to an
increase in the efficiency of the boiler as a whole.

Figure 9 shows the dependence of the temperature of the
exhaust gases on the distance. As can be seen from the fig-
ure, the temperature changes in the direction of decrease
closer to the outlet region. In general, this is confirmed by
other results obtained above.

3. Results and discussion

As a result of the conducted research, designs of hot wa-
ter boilers with a capacity of 5.1 and 7.1 MW were devel-
oped, focused on use in heat supply systems of industrial
enterprises and residential buildings. The main attention
during the design was paid to increasing the thermal efficien-
cy, reliability, environmental safety and the level of automa-
tion of the equipment.

By means of heat engineering modeling, the optimal ge-
ometric parameters of heat exchange surfaces were deter-
mined, ensuring uniform distribution of temperature fields
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and efficient heat transfer from combustion products to the
coolant. Calculations showed that the proposed designs pro-
vide an efficiency of 90-92%, which meets modern require-
ments for energy-efficient equipment. At the same time, heat
losses with exhaust gases and through the walls of the hous-
ing were reduced by 12-15% compared to analogues.
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Figure 8. Pressure contours in the longitudinal direction dur-

ing flow around a tube bundle
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Figure 9. Temperature contours in the longitudinal direction
during flow around a tube bundle

Various operating modes of the boilers under variable
thermal loads were analyzed. It was found that the design
ensures stable operation in the range from 60 to 100% of the
rated power without a significant drop in efficiency. The
introduction of an automated control system has optimized

the combustion and circulation of the coolant, reducing fuel
consumption by up to 8%.
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The environmental characteristics have also demonstrated
positive results: NOy and CO emissions in combustion prod-
ucts do not exceed standard values due to the use of multi-
stage combustion and a flue gas recirculation system. This
makes the developed boilers suitable for operation in areas
with special environmental requirements.

Thus, the obtained results confirm the effectiveness of the
proposed technical solutions. The developed hot water boil-
ers can be successfully used in existing and newly designed
heat supply systems, ensuring a high level of reliability,
efficiency and environmental safety.

4, Conclusions

In the course of the conducted research and development
of hot water boilers with a capacity of 5.1 and 7.1 MW for
heat supply of industrial and residential buildings, important
results were achieved that emphasize the significance of this
project in the field of energy and heat engineering. In conclu-
sion, several key points can be highlighted:

Numerical studies of the influence of thermogasdynamic
processes occurring in the boiler furnace were conducted. It
was shown that an important element for ensuring efficient
combustion is the method of fuel supply. Studies of the heat
exchange process in the flow of tube bundles located in the
gas flow were conducted. It was shown that the degree of
heat exchange is affected by the design of the heat exchange
area, in particular the location, diameter and pitch between

the tubes. A study of heat exchange processes in a pipe with
turbulators was conducted. As was shown, the presence of
turbulators leads to an increase in heat exchange due to an
increase in the speed in the space between them and due to
an increase in turbulence.

Prospects for development in the field of hot water heating
systems were identified, including possible improvements in
the design of boilers and their technological parameters.

Directions for further research and optimization of the
system are noted.

In conclusion of the report, it can be emphasized that the
developed hot water boilers represent technologically ad-
vanced and efficient solutions for heat supply in industrial
and residential facilities. The obtained results and research
data can serve as a basis for the implementation of innovative
and sustainable technologies in the field of heat supply.
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OHepKICINTIK KIHE TYPFBIH YH YilJIEPIH )KbLUIYMEH KAMTAMACHI3 €Ty
yuriH 5.1 skoHe 7.1 MBT bICHI CYy Ka3aHAAPbIH J3ipJiey sKoHe 3epTTey
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AnjgaTrna. Makanaga eHepKacinTiK KOCIMOpBIHIAAp MEH TYPFBIH YHICpiH KbUTyMEH JKaOIpIKTay JKyilenepinae naiinananyra
apHaIFaH KyaTTbUIBIFBI 5.1 xkoHe 7.1 MBT BICTBIK Cy Ka3aHIBIKTApBIH 33ipiiey KOHE 3epTTey KapacThIpbUIFaH. TaKbIPBINTHIH
©3CKTUIIN HKOJOTUSIIBIK JKOHE OSKOHOMHUKAIBIK THIMAUIIKKE KOMBUIATBIH TaNanTapAblH apTybl JKarnalblHAA 3aMaHayH
JKBUTYTEXHUKAIBIK KOHIBIPFBUIAPABIH JHEPTHs THIMALUITIH, CEHIMIUITIH JKOHE TYPAKTBUIBIFBIH apTTHIPy KaXKETTUTriMeH
Tycinnipineni. JKYMBICTBIH Heri3ri MakcaTbl — MUHUMAIIIBI PECYPCTHIK LIBFBIHIAPMEH TYPAKThI JKBUIYMEH KaMTaMachl3 eTyre
KaOUIeTTi, TEXHONOTHSIIBIK AaMbIFaH BICTHIK Cy Ka3aHABIKTapbIH jkKacay. 3epTrey IieHOepiHAe KyarTka, JKbLIy THIMAUIITIHE,
aBTOMaTHKaFa JKOHE NaljanaHy KayilCi3firiHe KOWBbUIATHIH TajlanTap/bl €CKepe OTBIPHIN, Ka3aHABIKTAPIbIH OHTAMIIBI
TEeXHUKAJIBIK TapameTpiiepi a3ipienai. JKyMbIC TpoIecTepiH MOJENbACY JKbUTy TEXHUKACBIHBIH CHUMATTAMAJIapbIH TaJIAy KOHE
OPTYPITi KYMBIC PEXKUMIIEPIHICTI JKbUTY alMacy THIMJIUIriH Oaranay MakcaThlHIa >Kypri3inai. Kby HIBIFBIHBIH a3alTyFa )KoHEe
9KOJIOTHSUIIBIK, KOPCETKIIITEP/li JKaKcapTyFa OarbITTalFaH SHEPIrUsSHbI YHEMACHTIH IIelmIMiepal naijanaHyra epekiie Hazap
ayIapbuIaibl. 3epTTeY HOTWKENIepi JKBUTYMEH KaOAbIKTay 0OBEKTIICPIiH jK00alay MEeH JKaHFBIPTYa, COHAAN-aK Ka3ipri 3aMaHFbI
JKBLTY TEXHHKAChIHA KOWBUIATHIH HOPMATUBTIK TalanTapAbl 93ipiey/e naiaaaHbuTybl MyMKiH.

Hezizzi co30ep: vicmblK Cy KA3aHObIbL, HCHLIYMEH JHCADOIKMAY, dIHEp2Ust MUIMOLLI2I, MOOenbOey, HCbLLY AIMACY.

Pa3zpaborka u uccijienoBaHue BOAOIPEeBbIX KOTJIOB MOIIHOCTHIO 5.1 1
7.1 MBT 1419 TenJ10CHA0XKeHU S MPOMBINLJIEHHBIX U KUJIBIX 3IaHUH
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AnHOTanus. B craTthe paccMOTpeHBI pa3paboTka M HCCIAEAOBaHWE BOJOTPEHHBIX KOTIOB MOIIHOCTHIO 5.1 m 7.1 MBT,
MpeIHa3HaYCHHBIX JIJIS HCIIOJIB30BAHUS B CHCTEMAaX TEIJIOCHA0KEHHNS POMBIIIIICHHBIX IPEANPHUATHI U KUJIBIX 31aHUH. AKTY-
QIBHOCTH TE€MBI 00YyCJIOBIICHa HEOOXOJMMOCTBIO MOBBIIICHUS! 3HEProd(pPEKTHBHOCTH, HAZAEKHOCTH U YCTOWYNBOCTH COBpE-
MEHHBIX TEINIOTEXHHYECKUX YCTAaHOBOK B YCIIOBHSX BO3PACTAIOMIMX TPEOOBaHMH K HKOJOTHYECKOH U 3KOHOMHYECKOH d(pek-
TUBHOCTH. OCHOBHOM 1IE€JIbIO PAOOTHI SBIISAETCS CO3[aHUE TEXHOJIOTHUECKH COBEPHICHHBIX BOAOTPEHHBIX KOTJIOB, CIIOCOOHBIX
obecrieynTh cTabMIIbHOE TEIIOCHAOXKEHHEe C MHUHHUMAaJbHBIMHU 3aTpaTaMH pecypcoB. B pamkax mccienoBaHusi pa3paboTaHbI
ONTHMAJIbHBIE TEXHUYECKHE MapaMeTphl KOTJIOB C YUETOM TPeOOBAaHHA 110 MOIIHOCTH, TETIOBOH 3((EeKTUBHOCTH, aBTOMATH-
3anuu 1 0€30MacHOCTH 3KCITyaTanuu. [IpoBeeHo MoaenupoBaHre pabOIrX IPOIECCOB € HENBI0 aHAN3A TeIIIOTEXHUIECKUX
XapaKTepUCTHK U OIEHKH 3()(PEeKTHBHOCTH TETIIOOOMEHA MPH Pa3IHYHBIX peknMax padotel. Ocoboe BHUMaHHE YAEICHO TpH-
MEHEHHIO JHEeprocOeperaromux perieHni, HalpaBleHHbIX Ha CHIDKEHHE TEIIOBBIX IMOTEPh M YIYYIICHHE 3KOIOTHYECKUX
nokasareseld. Pe3ynbraTsl HccieoBaHUS MOTYT OBITh MCIIOJIB30BAaHBI IPH MIPOSKTHPOBAHUN W MOJCPHHU3AINN OOBEKTOB TETI-
JocHa0XeHns, a TakKe MpU pa3paboTKe HOPMATUBHBIX TPEOOBAHUI K COBPEMEHHOMY TEIIOTEXHUYECKOMY 000PYIOBaHHMIO.

Kniouesvie cnosa: soooepetinviii komen, meniocHabicenue, IHepeodPpexmusnocms, Moderuposanue, menioooOMen.
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