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A simulation-methods for effective heat energy distribution
in heating systems in public buildings

Abstract. The relevance of the research was determined by the existing problem of uneven heat distribution in top-
down single-pipe heating systems in buildings, which led to overheating of upper floors and insufficient heating of
lower floors, thereby negatively affecting indoor thermal comfort and energy efficiency. The purpose of the work
was to analyse methods of improving the indoor microclimate and equalise room temperatures by ensuring uniform
distribution of the heat carrier in a top-down designed single-pipe heating system in public buildings. This study used
numerical simulation in COMSOL Multiphysics, a CFD software package, to examine the impact of a radiator connection
scheme on the heat distribution in the heating system of a five-story public building. The modern vertical single-pipe
heating system was examined in the study. System that was managed by valves on the higher floors was created, and
the two were contrasted. The local heat flux, flow velocity, and room air temperature were all calculated. Each floor’s
radiators’ temperature loss from the heat transfer medium was assessed independently. The findings demonstrated
an obvious unequal heat distribution in the current heating system, with the upper floors overheating and the lower
floors not receiving adequate heating. Following the implementation of the new plan, the system’s efficiency increased
by 21.62%, and the temperature of the heat carrier reaching the first floor increased from 47.813°C to 52.594°C. The
practical significance of this study was that it provided an effective method for improving heat distribution in multi-
story buildings by regulating flow using a bypass pipe in a single-pipe heating system, which increased thermal comfort
and reduced energy consumption

Keywords: heat transfer; CFD-simulation; radiator heating system; energy efficiency; thermal comfort; bypass regulation

INTRODUCTION
Since 2010, enhancing building energy efficiency and im-  buildings remained a key objective in modern engineering
proving thermal comfort have become major policy prior-  science (Global Alliance for Buildings..., 2018). In mul-
ities not only in Uzbekistan but also worldwide. The con-  ti-story buildings with single-pipe heating systems, heat
struction sector accounted for nearly 40% of global energy  distribution presented a significant challenge, as the tem-
consumption; therefore, improving energy efficiency in  perature of the heat carrier decreased along the vertical
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direction, leading to overheating on upper floors and in-
sufficient heating on lower floors. Therefore, it was essen-
tial to simulate heat transfer processes occurring on indoor
surfaces to evaluate building heat balance and improve
heating system performance. Convective heat transfer
on internal surfaces — such as walls, floors, and ceilings —
played a crucial role in indoor air movement, heat transfer,
and thermal comfort. ASHRAE (2021) presented informa-
tion on heat exchange equipment as part of HVAC systems.
The section on principles of heating, ventilating, and air
conditioning provided essential technical guidance on heat
transfer mechanisms across various HVAC configurations.
ASHRAE (2022) outlined the ANSI/ASHRAE/IES Standard
90.1-2019,which set energy standards for buildings, exclud-
ing low-rise residential buildings. This standard was widely
used to ensure that buildings meet energy efficiency re-
quirements for improved sustainability and reduced energy
consumption. Heat transfer processes under natural con-
vection conditions exhibited complex hydrodynamic and
thermal characteristics, making them difficult to describe
accurately using analytical methods. As noted by J.N. Red-
dy et al. (2022), this complexity necessitated the precise
determination of convective heat transfer coefficients to
improve the reliability of building thermal simulations.

Heat exchange and airflow in enclosed spaces have
been extensively studied using computational fluid dy-
namics (CFD), as reported by N. Serra (2023). However,
many CFD models relied on standard wall functions derived
from simplified geometries such as pipes or flat plates. As
argued by P. Micko et al. (2021), such simplifications may
reduce the accuracy of simulations for realistic indoor en-
vironments, particularly in representing near-wall turbu-
lence and temperature gradients. Studies by F. Alamdari
& G.P. Hammond (1983) proposed empirical correlations
for convective heat transfer coefficients under natural
convection conditions, which remained widely used in
building thermal modelling. More recent studies, such as
M. Camci et al. (2023), have developed improved correla-
tion models based on experimental and numerical inves-
tigations of convection on building surfaces. M. Singh &
R.A. Sharston (2022) demonstrated that integrating adap-
tive convection algorithms into building energy simulation
tools significantly improved prediction accuracy compared
to conventional constant-coefficient approaches. Further-
more, integrating CFD methods with building energy mod-
els enabled a more comprehensive analysis of indoor heat
transfer processes. P.V. Nielsen (2015) had also emphasised
the importance of accurate modelling and optimisation of
heating systems to improve indoor thermal conditions and
reduce energy consumption. In particular, Y. Li et al. (2024)
showed that coupling CFD with building simulation en-
hanced control strategies and overall system efficiency.
Despite these advances, the analysis of vertical single-pipe
heating systems in multi-story buildings remained insuffi-
ciently explored, particularly in terms of heat distribution
along the building height. Therefore, this study aimed to
investigate heat distribution in a multi-story building with
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a vertical single-pipe heating system using CFD modelling,
with focus on flow redistribution and its impact on thermal
conditions across different floors.

MATERIALS AND METHODS

The study examined the thermal conditions of a typical
classroom in the educational building of the Faculty of
Architecture and Construction at Fergana State Technical
University, located in Fergana, Uzbekistan. The building
was a five-story reinforced concrete structure, with a total
floor area of 2,963 m? and a volume of 8,517.45 m3, typical
for public educational buildings in the region. The building
had a maximum heating load of 357,752 W, a heating load
density of 120.75 W/m?, and was characteristic of buildings
in the region. In order to determine the thermal bound-
ary conditions and indoor climate parameters, the study
used the recommendations of EN 16798-1:2019 (2019) and
ASHRAE (2022). National normative documents were used,
such as SNK 2.08.02-23 (2024) and SNK 2.01.18-24 (2025).
Numerical simulation of the flow and heat transfer in the
room was carried out using the COMSOL Multiphysics soft-
ware. In this regard, the continuity, momentum, and en-
ergy equations were solved using the Reynolds Averaged
Navier Stokes (RANS) method along with the Standard
k-epsilon model. Heat flux was determined (Kreider 2009)
by the formula:

q=h(T;-T)), M

where h - heat transfer coefficient (W/(m*K)), T, - surface
temperature (°C), T, — air temperature (°C). Nusselt num-
ber was determined by the formula:

Nu = 7, (2)
where h - heat transfer, L — characteristic length, k — ther-
mal conductivity (W/(m-K)). Reynolds number was deter-
mined by the formula:

Re =22, 3)

where p - density (kg/m?), v — velosity (m/s), u — dynamic
viscosity (Pa-s).

The presented equations were used to evaluate the
heat transfer characteristics of the radiator. The Reyn-
olds number was calculated to determine the flow regime
of the heat carrier, confirming turbulent flow conditions
within the system. Based on this, the Nusselt number was
obtained, which allowed the calculation of the convective
heat transfer coefficient. Using this coefficient, the heat
flux between the radiator surface and the surrounding air
was determined. These calculated parameters were sub-
sequently used to analyze the temperature distribution
and assess the thermal performance of the radiator sys-
tem. This model was used due to its stability and efficien-
cy in simulating the flow in indoor environments. At the
same time, the heat transfer in fluids and turbulent flow



interfaces in COMSOL have been used simultaneously to
solve the heat transfer and fluid flow problems in the room.
In the computational domain, a three-dimensional rectan-
gular room was created. In the room, one radiator and one
window were placed. At the boundaries, the surface tem-
perature of the radiator was taken as 348 K, while that of
the window was taken as 268 K. At the same time, the walls,
floors, and ceilings of the room were taken at a temperature
of 293 K (Fig. 1).
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Figure 1. Computational domain and boundary conditions
for the modeled room with radiator heating system
Source: developed by the authors

A computational mesh was created using COMSOL. In
this regard, a high-resolution mesh was created in the ar-
eas close to the radiator and window. Also, in study were
obtained the temperature and humidity data. The simu-
lated values of heat carrier inlet and outlet temperatures,
mean radiator temperatures, and indoor air temperatures
were extracted for each floor and orientation (north and
south) of the building, covering 30 measurement points
across five floors. Bypass pipes equipped with valve reg-
ulation mechanisms were installed at the radiators’ inlet
and outlet junctions on the fifth, fourth, third, and second
floors in the suggested configuration. In this study, bypass
lines were implemented as alternative flow paths to reg-
ulate the distribution of the heat carrier. Instead of being
completely discharged through the radiator, a predeter-
mined portion of the heat carrier circulating through the
upper floors was diverted downward via the bypass lines to
the lower floors by carefully adjusting the valves built into
these bypass pipes. This configuration was designed to im-
prove thermal balance by redistributing the flow between
the upper and lower floors.

RESULTS AND DISCUSSION
The educational building of the Faculty of Architecture
and Construction at Fergana State Technical University’s
heat supply system used a vertical top-to-bottom connec-
tion scheme. In this setup, a single-pipe distribution net-
work was used to supply the heat carrier water to the sys-
tem from the topmost (fifth) floor at an initial temperature
of 70°C. The water then sequentially passed through the
radiators placed on each floor. The system’s radiators all
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had the same 840 W thermal capacity and were designed
to use radiative and convective mechanisms to transfer
heat from the circulating water to the indoor air. The Re-
public of Uzbekistan’s regulatory document SanPiN 0341-
16 (2016) stated that maintaining air temperatures in
classrooms between 18°C and 21°C was advised for the
best thermal comfort. However, real-world observations
and simulation results have revealed notable departures
from these regulations (Decree of the President..., 2025).
In the current system, the lower floors, particularly the
first and second degrees, experience a temperature drop to
about 16°C, which was below the allowable comfort limit,
while the upper floors’ interior temperatures reached 23-
24°C, resulting in an overheating state. The building’s oc-
cupants experience inconvenience due to this heat imbal-
ance (Fig. 2), which also degraded the indoor microclimate
(EN 16798-1:2019, 2019).
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Figure 2. Schematic diagram of the heating system
Note: a — current system; b — the proposed system
Source: developed by the authors

The heat carrier’s slow cooling as it descended the
vertical riser was the primary cause of this drawback. The
water temperature dropped considerably before it reached
the lower heating devices because the majority of the ther-
mal energy was released in the upper floors. Consequently,
the upper floors received an excess of heat, while the low-
er floors were deprived of adequate heating capacity. The
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authors S.V. Kim & R.D. Brown (2021) noted that this un-
equal heat distribution led to a crisis in the heating sys-
tem’s overall efficiency and served as the foundation for
irrational energy resource use. The heat carrier reached the

fifth-floor radiator at a temperature of 70°C, according to
experimental and numerical research. At its outlet, the lig-
uid’s temperature dropped to 64.4°C after traveling through
the radiator and transferring heat to the room’s air (Table 1).

Table 1. Radiator inlet and outlet temperatures for each floor (existing system)

Floor Radiator entry T,°C Radiator exit T,°C Radiator average AT,°C
5% floor 70.000 64.400 5.600
4t floor 64.213 59.453 4.760
3% floor 59.262 55.184 4.078
2t floor 54.993 51.247 3.746
1% floor 51.056 47.813 3.243

Source: developed by the authors

The radiators on the upper floors (the fourth and fifth
floors) released a lot of heat. There was a noticeable drop
in the value of AT as the layers descend. The water tem-
perature coming from the radiator on the first floor was
only 47.8°C, which was insufficient to keep the building’s
comfort levels at their ideal levels. Furthermore, it was
discovered that the radiator on the first floor had an av-
erage surface temperature of 45°C, which was much lower
than the readings on the upper floors (Carella et al., 2023).
This redistribution results in the thermal energy that was
previously used to create excess temperatures on the up-
per floors being effectively used to support the heating of

the lower floors (Huang et al., 2024). This was more than
just a reallocation of flow; it was the recovery and reas-
signment of thermal energy that would otherwise cause
upper-floor spaces to overheat, while lower floors were left
insufficiently heated. The outlet temperature on the first
floor had increased significantly in comparison to the cur-
rent baseline configuration; it was previously recorded at
47.813°C, but it had reached 52.594°C, an improvement of
about 4.8°C. The system’s capacity to provide enough heat
to the source was demonstrated by the radiator network’s
maximum temperature of 55.850°C (Table 2), which was
recorded on the upper floors.

Table 2. Temperature difference in radiator

Floor Radiator entry T,°C Radiator exit T,°C Temperature difference in radiator (°C)
5" floor 70.000 66.576 3.424
4t floor 66.385 62.668 3.717
3™ floor 62.477 59.908 2.569
2t floor 59.717 56.034 3.683
1t floor 55.850 52.594 3.249

Source: developed by the authors

The building’s overall level of comfort had increased
as a result of this thermal rebalancing, which had partial-
ly mitigated the upper floors’ excessive heating and more
evenly distributed heat downward (Fanger, 1970). The
temperature distribution (°C) of the heat carrier inside the
fifth-floor radiator was shown in Figure 3, a. Around 55°C
was the temperature, at which the heat carrier entered the
radiator through the upper inlet. As it passed through the
radiator’s internal channels, it progressively transferred
thermal energy to the wall surfaces through convective and
conductive mechanisms (Incropera et al., 2006). The fluid’s
temperature had decreased to about 40°C by the time it
reached the outlet at the bottom of the radiator, indicating
an efficient thermal exchange of about 15°C over the radi-
ator’s length under normal operating circumstances. The
figure’s colour gradient illustrated the degree of heat ex-
change in the radiator’s various zones, showing that ther-
mal transfer was relatively more prominent in the centre.
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To provide a quantitative justification of the heat
transfer processes, key dimensionless and thermophys-
ical parameters were determined. The Reynolds number
was calculated using typical properties of the heat car-
rier (p =980 kg/m®, pu~0.00047 Pa-s at ~60°C), an average
flow velocity of v~ 0.3 m/s, and a characteristic length of
L=0.02 m. Accordingly, the value Re = (980x0.3x0.02)/0.00
047 ~ 12,500 was obtained. This value significantly exceed-
ed the critical threshold of 4,000, confirming a turbulent
flow regime and aligning with the CFD results. Based on
these data, the Nusselt number was estimated. For water
with a thermal conductivity of k=0.65 W/(m-K) and a char-
acteristic length of L=0.02 m, assuming a convective heat
transfer coefficient in the range of h =300 - 600 W/(m%K),
the estimated value was Nu ~ (400x0.02)/0.65 ~ 12.3. The
obtained values of the convective heat transfer coefficient
(h) confirmed this trend: in the baseline configuration, it
decreased along the vertical riser, whereas in the modified



system it became more uniform. The calculation of heat
flux (q) demonstrated that, in the existing system, ther-
mal energy was predominantly concentrated on the upper
floors, leading to overheating, whereas after modification a
more even distribution was achieved. The consistency be-
tween the calculated parameters and the temperature data
confirmed a reduction in the temperature gradient (from
22°C to 17°C) and an increase in overall system efficiency
by 21.62%, indicating an improvement in heat transfer per-
formance due to flow redistribution.

The cross-sectional area of the fins (green line) and the
temperatures in the radiator’s lower horizontal pipe (blue
line) were contrasted in Figure 3, b. The graph illustrated
how the temperature dropped as the heat carrier moves
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through the pipe, with local maximum values observed
on the fins’ surface. After implementation of the proposed
bypass system, the temperature distribution in the 5%-
floor radiator became more uniform, as shown in Figure 3,
c. This is further confirmed by the temperature variation
along the radiator length (Fig. 3, d), where a more gradual
temperature gradient is observed compared to the initial
case. As shown in Figure 3, e, the temperature in the radi-
ator outlet pipe decreased to 47.8°C by the first floor, while
the velocity field in the 5%-floor radiator (Fig. 3, f) indicates
improved flow distribution due to the bypass configuration.
The radiator’s average temperature dropped to 41-42°C.
The device’s heating efficiency was reduced as a result of
this temperature drop (Carella et al., 2023).

Line Graph: Temperature (degC)
70 { i

oF
N
=3

44 60 80
Arc length {cm}
Line graph: Temperature e
65F .
gg* —— Radiator upper pipe cross sectior |
62i """ In the cross section of the ribs ]
61r
601
591
581
571
56
55F
541
53r
521
51 =)
501 w
A9¢ i | ) i
o] 10 20 30 40 50 60 70
Arc length {cm}
Line graph: Temperature
55F 1
54| = Radiator upper pipe cross sectior | |
53N e In the cross section of the ribs q
52F 1
51F n
50F REAEN 1
49+ R
48— . -
a7
46 e
45 e
a4t
43k L - L | .
0 10 20 50 aQ 70

30 40
Arc length (cm)

Figure 3. Simulation results for the radiator thermal and flow characteristics
Note: a — temperature distribution of the heat transfer fluid in the 5"-floor radiator (baseline system); b — line graph of
temperature variation along the radiator length (baseline system); c — temperature distribution in the 5"-floor radiator
after implementation of the proposed bypass system; d — line graph of temperature variation along the radiator length
after implementation of the bypass system; e — temperature distribution in the 1%-floor radiator (proposed bypass system);
f — velocity field of the 5"-floor radiator in the proposed bypass system

Source: SNK 2.08.02-23 (2024), SNK 2.01.18-24 (2025)
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The bypass flow joined the horizontal outlet stream
coming from the radiator (approximately 62-63°C, dark
yellow zone) after descending vertically through the up-
per channel (approximately 63-70°C, light yellow zone). A
localised turbulence zone forms at the point, where these
two streams converge, and it was easily identifiable in the
area, where vector density increased and flow directions
suddenly changed course (Raftery et al., 2024). The thermal
dynamics controlling this process were further supported
by the temperature profile of the combined coolant at the
bypass mixing junction along the arc length. The temper-
ature stayed relatively constant at about 62°C for the first
0-0.5 cm segment, suggesting a preliminary zone, where
the two streams have not yet reached full intermixing. The
temperature risen quickly to about 69.5°C within the 0.5
to 1.5 cm range, indicating strong thermal interaction be-
tween the convergent fluid streams. The temperature sta-
bilised between roughly 69.5°C and 70°C after crossing the
1.5 cm threshold, indicating that the combined flow had
reached a state of complete mixing and thermodynamic
equilibrium, fully compliant with the basic law of conser-
vation of energy (Alamdari & Hammond, 1983). Simulation
results using CFD showed that there was a considerable

thermal imbalance in the existing single pipe system. Un-
der normal operation, the heat transfer fluid entered the
fifth-floor radiator at about 70°C, gradually cooling down
as it travelled down to the first floor, where it entered the
radiator at a considerably lower temperature. Thus, the
maximum internal temperature of the fifth-floor radiator
was found to be 55.85°C, while the outlet temperature of
the first-floor radiator was found to be only 47.81°C, a dif-
ference of 8.04°C, which caused overheating of the floors
above and insufficient heating of floors below. With the in-
stallation of the suggested system of circulation control,
the heat carrier was partially rerouted through bypass junc-
tions installed at each floor, thus facilitating uniform heat
load redistribution in the vertical circuit. It was defined a
notable increase in the radiator outlet temperature on the
first floor, from 47.81°C to 52.59°C, a difference of 4.78°C,
which was the least favoured portion of the system. The ra-
tio of the actual heat output to the theoretically maximum
heat transfer under specific supply conditions was used to
evaluate the efficacy of the heat supply system (Incrop-
era et al., 2006). The system’s overall efficiency improved
by 21.62% points, from 67.14% in the current configuration
to 78.38% in the proposed system (Fig. 4).
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temperature profile of the mixed coolant along the arc length at the bypass mixing junction

Source: developed by the authors

Due to unequal distribution and high exhaust temper-
atures on the upper floors, this growth demonstrated that
a sizable amount of the thermal energy presented in the
heat carrier was effectively transferred to building spaces
without being wasted. Furthermore, as Figure 5 illustrated,
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the temperature loss along the radiator network dropped
by 5°C from roughly 22°C in the existing system to rough-
ly 17°C in the suggested configuration. Because of this
reduction in heat loss, the heat carrier was able to move
through the system with greater energy retention, allow-



ing for more effective use at the layer level. The redistri-
bution of the circulating flow, which prevented excessive
heat, was directly linked to the temperature drop. Release
at any point in the circuit and maintains a more favoura-
ble temperature gradient throughout the entire network
(Patankar, 1980).
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The physical coherence of the suggested design solu-
tion was further supported by the velocity field analysis
at the bypass mixing junction. E. Guelpa et al. (2023) not-
ed that a localised turbulence zone formed at the junc-
tion of the bypass and radiator outlet streams, increasing
convective mixing and hastening thermal equilibration
between the two merging streams. The proposed bypass
connection arrangement’s hydrodynamic effectiveness
and geometric efficiency were demonstrated by the tem-
perature profile traced along the arc length at the mixing
junction, which confirmed that full thermal equilibrium
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was reached within about 1.5 cm downstream of the junc-
tion. Consequently, compliance with established trends in
thermal modelling of premises and optimisation of heat-
ing systems was confirmed. Specifically, the increase in ra-
diator outlet temperature on the first floor, from 47.81°C
to 52.59°C, was consistent with the results reported by,
where the authors demonstrated that using CFD analysis
of radiator geometry directly contributed to enhancing
the precision of convective heat transfer predictions. The
reduction of temperature loss between floors was con-
sistent with the energy redistribution concept presented
by M. Singh & R.A. Sharston (2022), where the authors
emphasised that using CFD together with building ener-
gy models provided a more accurate description of heat
transfer within buildings. Finally, the increase in thermal
uniformity using bypass regulation was consistent with
the study presented by I. Sarbu et al. (2022), where re-
searchers reported considerable energy savings using par-
tial redirection of flow in high-rise building heating sys-
tems. B.A. Aljashaami et al. (2024) conducted a systematic
review of recent heating, ventilation, and air conditioning
technologies based on renewable energy, substantiating
their key role in achieving zero-energy buildings. The au-
thors demonstrated that the integration of hybrid ener-
gy systems and intelligent control was a decisive factor
in improving energy efficiency and reducing the carbon
footprint of buildings. I. Bilous et al. (2025) developed a
dynamic model for assessing energy efficiency and indoor
climatic conditions, enabling a comprehensive analysis
of thermal processes in buildings. The study showed that
a systemic modelling approach provided more accurate
optimisation of indoor environment parameters and en-
ergy consumption compared to static methods. Overall,
the simulation results demonstrated that the proposed
flow redistribution strategy significantly improved heat
distribution across all floors. The thermal imbalance ob-
served in the original system was reduced, particularly by
enhancing heating conditions on the lower floors. These
findings confirmed the effectiveness of the implemented
regulation approach in achieving more uniform indoor
thermal conditions.

CONCLUSIONS
The results of the CFD simulation performed in COM-
SOL Multiphysics verified that the existing series-flow
configuration led to overheating of the building’s floors.
The outlet temperature of the first-floor radiator was only
47.813°C, while the internal temperature of the fifth-
floor radiator was 55.85°C, resulting in a thermal imbal-
ance of 8.04°C. To resolve the above imbalance without
replacing the entire system, a bypass regulation system
was suggested, in which bypass pipes would be installed
at the radiator connections on floors 2, 3, 4, and 5. Nu-
merical simulation of the system showed a substantial
improvement in heat distribution across the floors. The
outlet temperature of the radiator on the first floor in-
creased from 47.813°C to 52.594°C, an increase of 4.78°C.
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This was the most disadvantaged area. The overall system
heating effectiveness improved by 21.62%, from 67.14%
to 78.38%. The total temperature loss across the heating
network decreased from 22°C to 17°C. Analysis of velocity
fields at the bypass mixing junction showed that full ther-
mal equilibrium between the merging flows was attained
within approximately 1.5 cm downstream of the junction,
thus confirming the hydrodynamic efficiency of the pro-
posed design. The proposed bypass method provided a

conditions and optimisation of valve settings for various
seasonal/occupancy scenarios.
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MeToau MmopenioBaHHA Ans epeKTUBHOIO po3noAiny TensoBoi eHeprii

B CUCTeMaX onalieHHA rpoMaaCbKUX 6yﬂiBeJ1b

AHoOTaLif. AKTYaJIbHICTb TOCTIIKEHHS 3yMOB/IEHA HASIBHOIO IIPO6/IEMOI0 HEPIBHOMIPHOTO PO3IIOALIY TEIUIOBOI eHepril
B ONHOTPYOHMX CHCTEMAX OIaJeHHS 3 BEPXHbOIO PO3BOJIKOIO B OY/IiBJISIX, IO MPU3BOIMIIO IO TIEPErPiBY BepXHiX MOBEPXiB
i HeIOCTaTHBOTO O6IrpPiBY HVIKHIX, HETATMBHO BIUIMBAIOUM HA TEIUIOBUIT KOMGOPT i eHeproedeKTUBHICTh MPUMIllIEHb.
MeTo10 po6OTHM CTaB aHaIi3 METO[IB IMOKpAIleHHsI MiKpOKIiMAaTy MPUMIIleHb i BUPiBHIOBAHHS TEMITEPATYPH IUISIXOM
3a0e31evyeHHsT PiBHOMipHOTO PO3TMOMiIy TEIUIOHOCISI B OZHOTPYOHIi cucTeMi OIajieHHS 3 BEPXHbOKI PO3BOAKOIO Y
TPOMAACHKUX OymiBasSX. Y mOCTiIKeHHI 6y710 BMKOPMCTAHO 4MCelbHE MOZENIOBAHHS B IIPOrPAMHOMY CepeoBUIIi
COMSOL Multiphysics a5t o1iHIOBaHHSI BIUTMBY CXeMMU MiAKITIOUeHHS pafiaTopiB Ha PO3IOiI Terlia B CUCTeMi OraaeHHs
ITSITUIIOBEPX0BOI IPOMaChKO1 OYiBsIi. [I0CTiMKeHO CyuacHYy BepTUKaAbHY OMHOTPYOHY CHCTEMY OIajeHHs, chopMOBaHO
Ta TMOPiBHSIHO 6a30BYy i MoauGikoBaHy CUCTeMY 3 PETyJIIOBaHHSIM 3a JOMOMOIOI0 K/IallaHiB Ha BepPXHiX IOBepXax.
Po3paxoBaHO JIOKaabHI TEIIOBI TOTOKM, IIBUAKICTh PYXY TEIJIOHOCISI Ta TeMIIepaTypy MOBITPs B MpUMillleHHSIX. OKpeMo
y po6oTi 6y/s0 OIliHeHO TeMIlepaTypHi BTpaTH TEIUIOHOCIS B pajiaTopax Ha KOXHOMY roBepci. OTpuMaHi pe3ynbTaTu
3aCBiUMIM CYTTEBY HEPiBHOMIPHICTb TEIJIOTIOCTAYaHHSI B HAsIBHiMl CucTeMi, 3 TeperpiBoM BepXHiX IOBepXiB i
HeI0CTaTHIM HarpiBaHHSIM HVKHIX. ITic/st BIIpoBaIskeHHs 3aIIPOTIOHOBAHOIO pillleHHs e(eKTUBHICTb CUCTEMM 3pocia Ha
21,62 %, a TemmepaTypa TEIUIOHOCISI Ha BXOi IO TIEPIIOTO MOBepXxy migsumiacs 3 47,813 °C mo 52,594 °C. [IpakTuuHa
LIHHICTh MOCTIIKEHHS TIOJISITa€ B OOI'PYHTYBaHHI e(eKTMBHOTO MiAXOmy MO TMOKpalleHHs TeIIOBOTO PO3IIOAiNy B
6araToroBepXOBUX OYAIiB/ISX IIISXOM PEry/lloBaHHS IOTOKY 3a JOMOMOIOI0 6GaifrmacHoi JiHii B ogHOTPYOHIl cucTemi
OTIQJIEHHS, IO CIIPUSIE MiABUIIEHHIO TETUIOBOTO KOMMOPTY Ta 3HMKEHHIO €HeProCIIOKMBaHHS

KniouoBsi cnosa: remiomnepenaua; CFD-MopenioBaHHs ; pafiaTopHa cYcTeMa OTlaJIeHHS ; eHeproepeKTUBHICTb; TeTIOBMIA
KoMopT; 6aiimacHe peryni0BaHHS
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