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Abstract. With the increasing interestin the use of renewable energy sources, in particular solar collectors, improving
their energy efficiency has become particularly important. One of the key factors affecting the overall performance
of such installations is heat losses through structural components. However, in practice, there is a lack of universal
methods that allow for accurate assessment of these losses for collectors of different types. This determines the need
to develop a flexible approach applicable to installations of different designs, which determines the relevance of this
study. The aim of the study was to develop a method for calculating heat losses in elements of solar water heating
collectors and to establish factors that directly affect its efficiency and performance. In these studies, computational
and analytical research methods and thermodynamic analysis methods were used, and on their basis detailed
information on heat losses in the collector elements was obtained. Based on the results of the conducted research, it
was established that the main factors influencing the values of heat losses and the efficiency of double-circuit water
heating collectors are the solar radiation density, the temperature of the environment and the working water. The
obtained results make it possible to calculate the heat losses value through the construction elements of the collector.
It was found that the greatest heat losses were observed from the collector's face covering. A heat balance equation
was derived, and a thermal diagram of the solar water heating system was presented. Theoretically, changes in the
heat transfer coefficient depending on ambient temperature and wind speed were investigated. The results obtained
in the course of the study have scientific significance for further development and improvement of solar water-heating
collector designs. In particular, the identified dependence of heat losses on the structural features of the collector’s
front side enables researchers and engineers to focus on its optimisation in order to reduce convective losses. This
creates a foundation for the development of more effective engineering solutions in the design of such systems and
can be used in the modelling, calculation, and testing of new solar collector designs
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Introduction

The development and construction of power plants
based on renewable energy sources is an important
engineering task. Solar radiation is characterised by
abundant resources, environmental friendliness, and
availability, making it one of the most promising forms
of renewable energy. Therefore, solar energy installa-
tions attract considerable interest. Considering this, the
study of thermal characteristics of solar water heating
collectors (SWC) and ways to improve their efficiency is
significantly important.

The interest in solar water heating systems (SW)
is growing due to their environmental friendliness
and the possibility of saving energy costs. In a review
by M.R. Al-Mamun et al. [1], modern SWC designs are
analysed in detail, including flat and evacuated tube
collectors, as well as the use of nanofluids to enhance
heat transfer. The authors note the effectiveness of na-
nofluids (for example, MWCNT and Al,03) in increasing
efficiency by 28-35%, but point out the lack of models
for double circuits, which emphasises the need to de-
velop adaptive methods for calculating heat losses. In
the study by A. Bouhdjar et al. [2], an improved method
for calculating the total heat loss coefficient in flat-plate
collectors is proposed, considering materials tempera-
ture dependence and thermal resistance. The authors
presented an analytical model and experimentally con-
firmed its effectiveness for metal absorbers. However,
the model is not adapted to complex geometries, such
as tubular or double-loop structures, which requires
further expansion.

The work of B.E. Khayriddinov et al. [3] was de-
voted to mathematical modelling of heat accumula-
tion processes in double-loop flat solar water heat-
ing systems taking into account the stratification of
the coolant. The authors developed an experimental
module and compared the results of numerical mod-
elling with practical observations, which made it pos-
sible to establish a relationship between the param-
eters of the heat exchanger (including the coil in the
storage tank) and the efficiency of heat transfer. In
the study particular attention is paid to the creation
of a mathematical model of thermal accumulation us-
ing a system of equations implemented in a software
environment. The data obtained demonstrated a high
degree of agreement between theoretical and exper-
imental results; however, the study is limited to sta-
tionary operating conditions and does not cover the
influence of external climatic factors. R. Roy [4] fo-
cused on non-stationary thermal analysis of absorb-
ers under conditions of changing solar radiation. The
model developed in their study takes into account the
thermal inertia of the material and allows predicting
the point in time at which heat loss exceeds the use-
ful heat flow. Despite its high theoretical accuracy, the
work does not cover the influence of external factors

such as wind and humidity, which limits its practi-
cal application in real installations. In the work of
A.R. Kalair et al. [5], a numerical simulation of solar
water heating systems was performed using various
types of collectors, including flat, vacuum and para-
bolic concentrators. The authors showed that vacuum
tube collectors have the highest seasonal efficiency,
providing up to 50% coverage of hot water needs un-
der favourable climatic conditions. The importance of
selecting a collector design considers regional inso-
lation and the thermal properties of the heat carrier
is emphasised. N. Temirbaeva et al. [6] analysed the
potential of solar energy in Kyrgyzstan and showed
that the insolation level in the republic averages 6.4-
6.7 kW h/m? per day, with more than 2,800 sunny
hours per year. This makes solar energy particularly
promising for autonomous and hybrid solutions. De-
spite the significant resource, the authors note the
lack of effective engineering methods for calculating
the performance of solar thermal systems taking into
account local climatic conditions. ]. Beringer’s bache-
lor’s thesis [7], completed at HAW Hamburg, contains
an analysis of solar thermosyphon systems in rural
areas of Kyrgyzstan. The author records high heat
losses at night and insufficient insulation of pipelines,
proposing to strengthen thermal protection and in-
troduce bimetallic absorbers. The work is important
from the point of view of regional applicability, but
requires quantitative verification of the proposals.

In light of the above, the research and development
of solar hot water supply systems using dual-circuit so-
lar collectors represents a highly relevant and promis-
ing area of study. The aim of this work was to develop
and validate a method for calculating the thermal pa-
rameters of a solar water heating system with a dou-
ble-circuit collector, and to identify the factors that di-
rectly influence its efficiency and performance.

Materials and Methods

Heat exchange processes in solar water heating col-
lectors (SWC) occur continuously, beginning from the
moment when solar radiation reaches the surface of
the collector, then converts into thermal energy and
further heating of the coolant. These losses occur dur-
ing the heat transfer process and directly affect the
productivity and technical and economic indicators of
the entire system.

The methodological basis of this study was the ap-
proaches developed in classical works by J.A. Duffy &
W.A. Beckman [8], as well as R.R. Avezov [9], aimed
at calculating heat losses in the SWC. In addition, the
work relies on a series of earlier studies [10-11], in
which the analysis of thermal characteristics was
based on the assumption that incoming solar radi-
ation is converted into useful heat spent on heating

-

Journal of Osh State University. Mathematics. Physics. Technical Sciences. Vol. 4, No. 1



Design of heat losses calculation method...

the intermediate coolant (water), while the remain-
ing part is accumulated in the structural elements and
subsequently lost into the environment.

A distinctive feature of the heat loss calculation
method proposed in this paper is its adaptation to the
custom design of a double-circuit solar water heating
collector, developed by the authors and protected un-
der patent KR No. 1706 [12]. The system differs from
standard models in several structural and operational
characteristics, which necessitated an individualised
approach to modelling heat exchange processes.

To enable a more accurate assessment of heat
losses, a thermal diagram was utilised, reflecting en-
ergy flows and the interaction of components within
the system. The theoretical foundation for the analysis
was a heat balance model, modified to account for the
specific structural features of the studied installation.
This approach enables more precise localisation of
zones with the highest thermal losses and facilitates
optimisation of the design for improved energy effi-
ciency. The heat balance equation for solar water heat-
ing collectors during energy distribution is formulat-
ed as follows:

E=Q,+Q,+Q, (1)

where @, - useful energy expended to heat the con-
sumed water in the solar collector; Q, - energy accumu-
lated in the main elements of solar collectors; Q,, - heat
losses from solar collector elements to the environment
(through the top, sides and bottom). The efficiency of
solar collectors is defined as:

Q,

_ Qa+Qtp

=3 @)

Consideration should be given to the heat accu-
mulated in the components of solar collectors (Q,)
during the initial phase of system operation, or when
significant fluctuations in solar radiation intensity oc-
cur throughout the day. However, when analysing the
thermal performance of solar collectors at a specific
moment in time, this component may be considered
negligible. In such cases, the efficiency of the solar col-
lectors can be expressed using the following equation:

Q E-Q Q
n=l=—Pf=1--" 3)

The density of total solar radiation supplied to the
surface of the water heating collector is determined as:

E=E FTA. 4)

For double-glazing:
E=E FT?A, (5)
szg(tn- tk)' (6)

Q,=FkAt, (7)

where E, - the density of total solar radiation falling
on the surface of a solar collector; F - area of the so-
lar collector’s beam-receiving surface; T - light trans-
mittance coefficient of glass coating; A - heat absorp-
tion coefficient of the heat-receiving surface; k - heat
absorption coefficient of the heat-receiving surface;
At - the difference between the indoor and outdoor
air temperatures. The density of total solar radiation
passing through single or double-layer upper glazing
and reaching the heat-absorbing surface of a solar wa-
ter heating collector, at:

E,=0+850 W/m?
F,=0.47m? F,=0.4m?
T=0.95; A=0.95

is within E=0+342W/m?2
Heat losses from solar water heating collectors are
generally defined as:

Qtp = Qa + Qb + Qc’ (8)

where Q, - heat losses from the upper part of solar
water heating collectors (from the glass cover side);
Q, - heat losses from the sides of solar water heating
collectors; @, - heat losses from the bottom of solar wa-
ter heating collectors.

To calculate heat losses in the structural elements
of a solar water heating collector, heat balance equa-
tions were used, previously issued in the form of pat-
ents Patent No. 5284 [13], No. 5930 [14], Patent KR
No. 1605 [15]. These equations are applicable to all
types of installations created according to a similar
scheme and examine the combined effects of heat trans-
fer, energy storage and losses. Heat losses in the system
were determined based on the following expression, re-
flecting the overall energy balance of the collector:

Qtsza+Qb+chAt(kaFa+kab+kch)' (9)

where k, + k, + k., - heat transfer coefficients respec-
tively through the top, sides and bottom of solar water
heating collectors; F,+ F, + F. - areas of the above-men-
tioned parts of solar water heating collectors.

To visualise heat exchange processes in the col-
lector design, a thermal diagram developed by the au-
thors was used, reflecting the interaction of the instal-
lation components, energy transfer and the direction
of heat loss. Figure 1 shows the specified thermal dia-
gram of a solar water heating collector with an inter-
mediate water coolant. According to the given model,
heat losses to the environment occur from the surface
of all structural elements mainly due to convection
and radiation.
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Figure 1. Thermal diagram of a solar water heating collector with an intermediate water coolant
Note: |, II, Il - heat losses respectively through the bottom, upper part and side surfaces of the solar water heating collectors;
a,, Q,, q,-respectively heat flows transferred by thermal conductivity, convection and radiation; £, - density of incident solar
radiation; @, - heat accumulated by the solar water heating collector; g,, - useful heat

Source: created by authors

The heat transfer coefficient through the upper
part of solar water heating collectors is determined by
the formula:

1 1\t
ko = (k1+k% + k2+k21) ! (10)
where k, - coefficient of convective heat transfer be-
tween glass coatings in a solar water heating collector;
k! - coefficient of radiant heat transfer between glass
coatings; k, - coefficient of convective heat exchange
between the top glass covering and the environment;

k; - coefficient of heat transfer by radiation from a glass
covering to the sky. In turn k, is determined by formula:

ky=<Ti = 1-0.0018(T — 10),
k1o

0.31
where ky, = 1.14—5— - empirical formula for determin-
ing the coefficient of convective heat exchange between
the glass coatings of a solar water heating collector, in
the case where the temperature difference between the
outer and inner surfaces of the solar water heating col-

lector is~ 10 °C, which is an acceptable value. Then:

(11)

o
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.3
ky = [1-0.0018(T,, —10)] x 1.14 25

e (12)
where [ - distance between glass coverings; T,, - aver-
age temperature of the outer part of the heat-absorbing
surface and the average inner surface of the outer glass
covering; AT - temperature difference between the av-
erage outer part of the heat-absorbing surface and the
inner surface of the outer glass covering.

In this case, the inner glass coating is in direct con-
tact with the polyethylene film of the container, and it
can be considered that both of them simultaneously per-
form the function of the heat-absorbing surface. The co-
efficient of heat transfer by radiation from the heat-ab-
sorbing surface to the outer glass coating, located at a
distance of 30 mm, is determined by the expression:

)l = 2+ Ty YT3+T2)
1 — 1 1 D)

(13)
where o - is the Stefan-Boltzmann constant; Tp - tem-
perature of the heat-absorbing surface of the solar wa-
ter-heating collector; Tg - temperature of the inner sur-
face of the outer glass covering; is the emissivity of the
heat-absorbing polyethylene film; €, — emissivity of the
glass covering of the solar water-heating collector.

The convective heat transfer coefficient from the
surface of the solar water heating collector to the sur-
rounding environment depends on the air velocity (V)
and is determined by the following equation:

k,=5.7+3.8V, (14)

The coefficient of heat transfer by radiation from
the outer glass surface of a solar water heating collector
to the sky is determined by the expression:

ky=e,0(T,+T)(T+TH, (15)
where T, - ambient temperature; T,=T,- 6 - radiation
temperature of the sky.

In this case, all parameter values are known ex-
cept for the temperature of the outer surface of the
inner glass coating (T,), for which the iteration meth-
od was used. First, the temperature value was accept-
ed and the heat transfer coefficient value was deter-
mined at the top of the solar water heating collector.

To determine the temperature value of the inner sur-
face of the outer glass coating, the following formula
was used:

ka(Tp—To)
T, =T, ——2+-
g p kq+ki

(16)

In this case, the T, temperature values are deter-
mined for the following values of the solar water heat-
ing collector parameters: [=0.03m; T,,=58°C; AT=44"C;
T,=80°C; £,=0.95;¢,=0.88; T,=35°C; T,=29°C.

Results and Discussion

Using formulas (12)-(15), the numerical values of the
coefficients k,, k%, k,, k, were determined. Substituting
the values of the named coefficients into formula (10)
and carrying out the corresponding calculations, it was
established that the values of the heat transfer coeffi-
cient from the bottom, side and top parts of the solar
water heating collector at wind speed V,=0+ 6 m/sec
are k,=1.286+2.865W/(m?deg).

For the side and bottom parts of the solar water
heating collector, the heat transfer coefficient values
are the same and are determined by the expression:

1 1

k, =k, = —

b =K =% 55 i
L4 2
A e

(17)

where 6,and A, - are the thickness and thermal conduc-
tivity coefficient of the polyethylene film, respectively;
6, and A, - are the same for thermal insulation; 6. and
A, - are the same for the cinder concrete wall of the so-
lar water heating collector housing p=1,500 kg/m?.

By substituting the numerical values of the param-
eters included in equations (17) and the calculations
performed, the numerical values of the heat transfer
coefficient k, through the sides and bottom of the so-
lar water heating collector housing were determined,
which amounted to k, =k, =0.82 + 2.14 W/(m?deg).

The results of the calculations performed using for-
mulas (10) and (17) are presented in Table 1. The cal-
culations were performed for different temperatures
of the heated water, taking into account the change in
wind speed. The numerical values of the heat transfer
coefficients from the bottom, side and upper parts of
the solar water heating collector were determined.

Table 1. Heat transfer coefficients depending on wind speed
and working water temperature k,, k,, k, W/[m?deg)

No Temperature of working Wind speed, m/sec
) water in SWH, °C 0 1 2 3 4 5 6
40 1.286 1413 1476 1513 1.538 1.555 1.569
1For the top of the 50 1.647 1.860 1.970 2.040 2.084 2116 2141
solar water heating 60 1.830 2100 2.242 2.328 2.387 2.430 2.463
collectors 70 1950 2.260 2.426 2527 2.600 2.650 2.687
80 2.045 2.385 2.570 2.685 2.764 2.820 2.865

>
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Table 1. Continued

No Temperature of working Wind speed, m/sec
) water in SWH, °C 0 1 2 3 4 5 6
40 0.82 0.88 0.98 119 1.31 143 158
2. For bottom and 50 0.96 1.05 115 1.26 1.38 150 1.63
sides solar water 60 110 119 1.31 143 1.68 175 1.94
heating collectors 70 1.22 1.31 1.45 1.62 1.76 1.90 2.06
80 1.31 144 158 174 1.80 197 214

Source: created by authors

Analysis of the heat transfer coefficient values at
the bottom, sides, and top of the solar water heating
collector, as presented in Table 1, indicates that an in-
crease in ambient wind speed leads to a corresponding
rise in these coefficients. It is also noteworthy that high-
er temperatures of the working water result in a more
pronounced increase in heat transfer coefficient values.

By substituting the obtained coefficients corre-
sponding to different water temperatures into equation

(9), the heat losses through the structural components
of the solar water heating collectors were calculated.
Table 2 presents the results of these calculations, show-
ing total heat losses as a function of air velocity and
working water temperature.

It was found that for a solar water heating collector
with an area of F,=0.47 m? F,+F,=0.531 m? total heat
losses according to the calculations were within the
range: Q,,=9.4+189.5 W [12].

Table 2. Heat losses from the bottom, sides and top of solar water heating collectors depending
on wind speed and working water temperature 4,, G,, 4, W

. Temperature of working Wind speed, m/sec
Main elements of the collector water in SWH, °C 0 1 ? 3 4 5 B
40 3.4 3.6 37 3.8 3.8 3.8 3.8
50 12.3 13.3 13.9 14.4 14.8 15.0 15.2
1. For the top of solar water 60 241 | 264 | 278 | 286 | 292 | 303 | 306
heating collectors, @,
70 32.6 35.8 376 38.4 39.2 40.0 41.0
80 40.8 446 49.4 521 53.6 551 56.0
40 0.6 0.7 0.7 0.8 0.8 0.8 0.8
2. For side parts of solar water 50 18 19 2.0 2 2.2 2.3 24
heatinz collectors, G, 60 32 34 35 36 37 38 38
70 5.4 6.8 76 8.2 8.5 8.7 8.9
80 6.8 8.4 10.2 1.8 124 13.2 14.0
40 5.4 6.1 6.4 6.5 6.7 6.8 6.9
3. For the bottom of solar water 50 22.2 25.8 284 28.9 298 801 32.2
Heating collector housings, 60 39.7 473 511 53.3 54.9 55.2 57.4
¢ 70 62.0 74.6 80.6 83.4 86.2 88.6 89.8
80 878 104.7 110.8 114.4 116.8 118.2 119.5

Source: created by authors

Based on the results presented in Tables 1 and 2,
it can be concluded that the heat transfer coefficient
at the bottom, sides, and top of the solar water heating
collector depends on both the working water tempera-
ture and wind speed. Specifically, as these parameters
increase, the heat transfer coefficients of the collec-
tor’s protective components also rise. These findings
confirm that the heat exchange between the collector
and the surrounding environment becomes more pro-
nounced with higher water temperatures and varying
external conditions.

The maximum heat transfer coefficient for the up-
per part of the collector using an intermediate water
coolant was calculated as 2.865 W/(m?deg), while the
corresponding values for the bottom and side sections
were 2.14 W/(m?deg). The resulting maximum heat
losses were as follows: 119.5 W from the upper part

with a surface area of 0.47 m?; 14 W from the side walls
with an area of 0.101 m?; and 56 W from the bottom
with an area of 0.43 m?.

For the given collector geometry and operating
conditions - maximum solar radiation intensity, work-
ing water temperature in the polyethylene container,
and wind speed - the total heat loss was estimated at
189.5 W. The results also showed that as the intensity
of total solar radiation increased, the temperature of
the working fluid rose accordingly. This, in turn, led to
a greater temperature difference between the fluid and
ambient air, thereby increasing heat losses from the
collector’s structural elements.

Given that heat losses depend on both the work-
ing water temperature and the solar radiation inten-
sity, the efficiency of the solar water heating collector
was calculated using equations (3) and (4). During the

o
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experiments, the maximum solar radiation intensity
measured on the collector surface reached 860 W/m?.
Based on the obtained efficiency values, graphical de-
pendencies were constructed to illustrate efficiency as
a function of solar radiation intensity and ambient tem-
perature at an air speed of 3 m/s (Fig. 2).

Efficiency, SWH

100 200 300 400 500 600 700 800
Total solar radiation density, W/m?

Figure 2. Dependence of the efficiency value
of a solar water heating collector with
an intermediate water coolant on the density
of the total solar radiation and the ambient temperature
Source: compiled by the authors

It is evident from Figure 2 that as the density of
total solar radiation increases, the efficiency decreas-
es depending on the ambient temperature. This sug-
gests that with an increase in the temperature of the
working fluid in the solar water heating collector, heat
losses increase correspondingly, leading to a decrease
in overall efficiency.

The data obtained from the calculations enable a
more detailed assessment of heat transfer and heat loss
characteristics in the design of double-circuit solar wa-
ter heating collectors (SWC) with an intermediate water
coolant. Analysis of the results revealed that increases
in working fluid temperature and wind speed lead to
higher heat transfer coefficients, thereby resulting in
greater heat losses through the collector body. The up-
per and lower sections of the collector were most sensi-
tive to external factors, whereas the side walls demon-
strated greater stability. This highlights the necessity
for improved thermal insulation in specific zones of
the SWC during the design stage. Furthermore, calcu-
lations of the efficiency coefficient (EC) showed that an
increase in solar radiation intensity is accompanied by
a decrease in collector efficiency, due to increased heat
losses at higher fluid temperatures.

Comparison with other studies supports the reli-
ability of these findings. For example, in the work by
Sh.I. Klychev et al. [16], the heat losses of a three-layer
underground cylindrical heat accumulator used in so-
lar installations were examined. The authors demon-
strated that the efficiency of heat storage is significant-
ly influenced by the thermal properties of each layer,
the foundation depth, and system operating time. The

greatest losses occurred through the lower layer in con-
tact with the ground, while the internal layer ensured
more stable heat retention. The developed model en-
abled the calculation of temperature distribution over
time and space, which is vital for optimising long-term
solar heating systems.

The data obtained are particularly relevant for re-
gions with high solar radiation, such as Kyrgyzstan.
According to E. Dyikanov [17], the average annual sun-
shine duration in the country is 2,800-3,000 hours, and
the solar radiation level reaches 6.5 kWh/m? per day,
making the application of solar water heating systems
highly promising. Given that hot water supply in the
public sector accounts for up to 20% of total energy
consumption, enhancing the efficiency of SWCs - by
reducing heat losses and optimising design - can sig-
nificantly contribute to energy conservation and lower
operational costs.

The calculation results were compared with data
from several previously published studies. In the work
by W. Beckman et al. [18], a classical methodology for
estimating heat losses in solar collectors was proposed,
based on heat balance equations with differential anal-
ysis of heat transfer through transparent covers, side
walls, and the collector base. According to their findings,
at an average water temperature of 60°C, heat losses
through glazing reached approximately 30-33 W/m?,
and total losses under intense solar radiation amounted
to 90-100 W. In the present study, a similar method was
adapted for a dual-circuit system with an intermediate
coolant, allowing for additional losses associated with
material thermal inertia and temperature stratification
to be considered. Under these conditions, maximum
losses from the upper part of the collector reached 119.5
W, exceeding the values in W. Beckman et al. model,
which can be attributed to the complexity of the design
and the presence of an additional heat exchange circuit.

In the study by D.M. Rakhimov [19], optimisation
conditions for a single-circuit solar installation with in-
tensive water heating were analysed. It was shown that
as the coolant temperature exceeded 70°C, heat losses
rose sharply, reaching 140-150 W in cases of insuffi-
cient insulation. The observed patterns align well with
those of the present study, which similarly established
the influence of working fluid temperature and wind
speed on heat transfer coefficient growth and subse-
quent heat loss. The key difference lies in the system
configuration: Rakhimov examined a direct heating set-
up, whereas this study focuses on a two-circuit scheme,
which ensures more stable temperatures due to the in-
termediate fluid.

In the work of T.T. Omorov & D.M. Rakhimov [20], a
low-inertia solar installation was developed that could
reach steady-state conditions within 10-12 minutes at
a solar radiation intensity of 850 W/m? Their calcula-
tions indicated a system efficiency of 62%, with mini-
mal heat losses due to the absence of thermal storage

-
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components. In contrast, the present study employed
a solar water heating collector with an intermediate
coolant, which required more than 20 minutes to reach
thermal equilibrium. This is attributed to the need to
heat both the intermediate fluid and the massive struc-
tural elements, resulting in increased thermal inertia
and slower system response to external fluctuations.

The mathematical model proposed by ].J. Tursun-
baev et al. [21] described a solar installation operating
on natural circulation via the siphon effect. The model
incorporated parameters such as gravitational pressure
and hydrodynamic resistance, achieving high energy
efficiency with minimal power consumption. Maximum
losses from the upper section of the unit were approxi-
mately 95 W at a water temperature of 75°C. Unlike the
present study, that model did not involve forced circu-
lation or account for stratification and thermal storage,
both of which are key components of the current sys-
tem. Consequently, the energy stability and application
range of Tursunbaev’s model are limited to specific
non-pumped conditions, whereas the collector exam-
ined here demonstrated consistent performance across
a broader range of loads and environmental conditions.

In a review by F. Eze et al. [22], modern solar wa-
ter heating technologies were evaluated with a focus
on design parameters influencing heat loss and cost
efficiency. Key factors included the type of glazing, in-
sulation thickness and properties, and overall system
geometry. The authors concluded that employing dou-
ble glazing and polyurethane insulation could reduce
heat loss to 18-20% of total heat flux. These conclu-
sions are corroborated by the present study, where the
highest heat losses were recorded at the upper (119.5
W) and lower (56 W) parts of the installation, which
utilised multilayer materials with varying thermal
conductivities. The alignment of results underscores
the significance of structural insulation in enhancing
solar collector efficiency.

Conclusions
In this study, a method was developed to determine
heat losses through the structural components of dou-

losses within the system, significantly simplifying the
modelling of heat flows and the assessment of collec-
tor efficiency. Based on this model, heat transfer coef-
ficients were calculated for the upper, side, and bottom
parts of the structure at various temperatures of the
working fluid and wind speeds.

The conducted investigations revealed that in dou-
ble-circuit installations, the intermediate water cool-
ant is heated first and subsequently transfers thermal
energy to the consumed water, thus providing greater
thermal inertia compared to conventional single-cir-
cuit collectors. Convective heat exchange between the
coolant and the heat exchanger determines the rate of
heat transfer and is a key factor in the overall efficien-
cy of the system.

The calculations established that the greatest heat
losses occurred through the collector’s front cover, with
values 2 to 2.5 times higher than those from the bottom
and 8 to 9 times higher than those from the side walls.
The maximum heat transfer coefficients were found to
be 2.865 W/(m?deg) for the upper part and 2.14 W/
(m2deg) for the side and bottom parts. Analysis of the
dependence of these coefficients on fluid temperature
and wind speed demonstrated a natural increase in
losses as these parameters rise.

Thus, the proposed methodology and thermal
model enable a comprehensive evaluation of the ther-
mal performance of double-circuit solar water heaters
and identify key strategies for minimising heat loss.
Future research should focus on experimental valida-
tion of the methodology, the development of advanced
thermal insulation materials, and the adaptation of
the model to varying climatic conditions to enhance
system energy efficiency.
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AHHOTANUA. JHePTUAHBIH Kalipa apaJyydy 6yJakTapblH, aTal akTKaH/a, KYH KOJLJIEKTOPJIOPYH NaiaiaHyyra
KbI3bII'YYHYH XOT'OpyJ/IallIbIHbIH IAPTBIH/AA aJIapAbIH 3HEePreTUKaJIbIK H&Tblﬁ)KHHYYJIYFYH XKoropyJsatyy MUJIJeTH
©3reue MaaHMTe 33 60/1yyAa. MbIH/Iall OpHOTMOJIOP/YH XKaJII bl UIITEIINHE TaaCUpP 3TYY4YY Heru3ru GpakTopIopAyH
OUPH KOHCTPYKUUSJIBIK 3JIEMEHTTEP apKbLIYY KbUIYYJIYKTY »KOrOTyy 60JIyn caHasiaT. bupok ui »y3yHzae ap
KaHJal TUITErd KOJUIEKTOPJIOP YYYH OYJI XKOTOTyysiapra Tak 6aa 6epyyre MyMKYHAYK GepreH YHUBEPCAUIAYY
MeTOAJO0D >KeTUIICHU3. By ap KaHAal KOHCTPYKLHMALArbl OPHOTYyy/apra KOJJOHYJNyy4y HUHWKeMJYY BIKMaHbI
WLITEN YbITYYHY TaJjall KblJIaT, OyJ U3WJIJO6HYH aKTYyaJJyyJyTyH aHbIKTAaWT. U3u1Zi@eeHyH MakcaTbl KYH Cyy
KBLJIBITYY KOJIJIEKTOPJIOPYHYH 3JIeMEHTTEPUHAETH XKbIIYYIYK )KOTOTYYJIapbIH 3CENTO6 METOL0JIOTUACBIH UIITEIl
YBITYY KaHa aHbIH 3QPEKTUBAYYIYTYHO KaHa HATbIMKAIYYJAyTYHA TY3[@H-TY3 Taacup 3TYy4y GakTopJopay
AHBIKTOO GOJITOH. U3UJIZI©6JI6D 3CENTON KaHa aHAJIUTHUKAJIbIK U3UJIJ166 bIKMaJIapblH KaHa TepPMOJHHAMHUKaJIbIK
TaJI00 bIKMaJIapbIH KOJIJJOHI'OH; aJlap/ibIH HETU3HUH/Ie KOJUVIEKTOPAYK 3JIeMEeHTTePAery )KblIYYJIYK K0T 0TyyJ1apbl
00IOHYa TOJIYK MaaJsbIMaT ajblHraH. U3uizieesepAyH HaTblikKajJapbl G60IOHYA, XKBUIYYIYK KOTOTYY/IapbIHbIH
MaaHUJIEpUHE KaHa KOII KOHTYPJYY CYY KbUIBITYY KOJIJIEKTOPJOPYHYH 3$(eKTUBAYYIAYTYHO Taacup 3TYydy
Herusru GaxkToOpJIOp KYH paJiMallUsChIHbIH ThIThI3/IbIIb], alJlaHA-Y6MPeHYH TeMIlepaTypachkl KaHa KyMyLIdy
CYyHYH 3KEeHJIUT'M aHbIKTaJIraH. AJIbIHIaH HaTbIMkKaJap KOJUIEKTOPAYH CTPYKTYpPaJIbIK 3J1eMeHTTepU apKblLIyy
YKBLIYYJIYK KOTOTYYJIapbIHbIH MaaHUJIEPUH aHBIKTOOI'0 MYMKYH/YK 6epeT. XKbITyyJIYKTYH 3H YOH KOT0TYyJIapbl
KOJIJIEKTOPAYH 6eT KanTa/JblHAaH GalKaJsiaapbl aHbIKTaJAraH. JKbUIyyJyK OaslaHChIHBIH TeHJeMecHd TY3YJYII,
CYyHY KBUIBITYY Y4YH KYH KOJIJIEKTOPJIOPYHYH >KbUIYYJIYK AUarpaMMachl KeJTUpPW/TreH. AlJiaHa-4eMpeHYH
TeMIlepaTypachlHa »KaHa LaMasl/iblH bUIJAM/bIIbIHA Kapallla XbUIYYJIyK 6epyy K03GUIIMEHTHHUH 63Tepyycy
TEOPHUAJBIK KaKTaH H3W/IJeHTeH. V3nifileeHyH KypyllyH/ie aJbIHTaH HaTbIMKajap CyyHYy KbLIBITYy4y KyH
KOJIJIEKTOPJIOPYHYH KOHCTPYKLMANAPBIH MBIH/IaH apbl UIUTEI YBITYY KaHA epKYHAETYY yYYH UWIMMUN MaaHUTe
33. Atan alTKaH/a, XKbUIYYJIYK KOTOTYY/JIapbIHbIH KOJIJIEKTOPAYH OGETUHUH CTPYKTYpPaJIbIK 63re4eJlYKTOPYHOH
K63 KapaH/bLIbII'bl KOHBEKTUB/MK »KOIOTYyJap/bl a3alTyy YYYH aHbl ONTHMa/JAIIThIPyyra KeHysa Oypyyra
MYMKYHAYK 6epeT. Bys MbIH/[all ycTaHOBKa/IapAbl 101600 PJI00/10 KbIiJIa HAThIMKAIYy HHXXEeHEPAUK YeUuM/IepAr
HLITEMN YbITYY YIYH HETU3 TY36T KaHa KYH KOJIJIEKTOPJIOPYHYH KaHbl KOHCTPYKLUSIJIAPbIH MO/IEJ1/166, 3CENTo8JI0P
»KaHa CbIHOO0JIOP0 KOJILOHYJIYLITY MYMKYH

Herusrm ce3aop: KyH pafnanusachl; XbUIYYIyK Oepyy Ko3dpuIUeHTH; KbUIYYIYK aaMallyy; KbLIYYIyK
GasIaHChI; XKbIYYJIYK KaObLI ayydy 6eTH; KOHBEKIUs; paiualius
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AHHOTAIUS. B yc/i0BUSAX yBeMYeHUsI HHTEPeCa K HUCI0Ib30BaHUI0 BO30OHOBIISIEMbIX UCTOYHHUKOB 3HEPTHY, B
YAaCTHOCTH COJIHEYHBIX KOJIJIEKTOPOB, 0CO6EHHO Ba)KHOM CTAaHOBUTCS 3a/laya MOBBILIEHUS UX SHEpPreTU4YecKon
a¢dexTrBHOCTH. OTHUM K3 K/II0UEBBIX GAKTOPOB, BJUSIOLIUX HA OGIIYI0 MTPOU3BOJUTENbHOCTb TAKHX YCTAHOBOK,
SIBJISIIOTCS TEIJIOBbIE MIOTEPH Yepe3 KOHCTPYKTHUBHbIE 3ieMeHThl. O/{HAaKO Ha IPAKTUKE CYIeCTBYET HeI0CTATOK
YHHUBEpPCaJbHBIX METO MUK, TO3BOJISIOIHUX TOYHO OLIEHUBATh 3TH IOTEPH [ KOJJIEKTOPOB Pa3/IMYHBIX TUIIOB. ITO
00ycJ1aB/IMBaeTHEO6X0JUMOCTbPa3paboTKU TUOKOT00AX0/1a, TPHUMEHMMOTI0KYCTaHOBKAM Pa3HOM KOHCTPYKIUY,
YTO U onpeiesfeT aKTya/bHOCTb HACTOsALLEro uccaefoBaHus. Llesiblo NpoBeJleHHOTO HCCleJOBaHUA sBJIAIACh
pa3paboTka MeTO/JUKH pacyeTa TEeIJIOBBIX IOTEPb B 3J1eMEHTAaX COJTHEYHBIX BOJOHAIPEBATEIbHBIX KOJIJIEKTOPOB
M ycTaHOBJIeHHEe (GaKTOPOB, HENOCPEJCTBEHHO BJMAKLMX Ha ero 3$pQPeKTUBHOCTb U NMPOU3BOJUTEIBHOCTh
paboThl. B mccienoBaHUSAX MCNOJIb30BAIUCh pacyeTHO-aHAJIUTUYECKHE METO/bl MCCJeJLO0BAaHHUS U METO/bI
TEPMOJMHAMUYECKOT0 aHa/M3a Ha WX OCHOBeE IOJydeHa MoJpoOHass MHPoOpMalus O TEIJIOBBIX MOTEpPSX B
3JleMeHTax KoJuIeKTopa. B pe3ysibTaTe npoBeIE HHBIX UCCJI€I0BAaHUM YCTAHOBJIEHO, YTO OCHOBHBIMU (paKTOpaMHy,
BJMSIOIIMMY Ha 3HAYEHUs TEMJIOBBIX NOTEPb M Ha KO3QQULMEHT MO0JIe3HOTO JeHUCTBUS JBYXKOHTYPHBIX
BOJJOHArpeBaTebHbIX KOJIJIEKTOPOB ABJSIOTCS IJIOTHOCTD COJITHEYHOTO U3JIyYEHUs], TEMITepaTyPhbl OKPYyKaroIeH
cpenbl U pabouyeir BoAbl. [losiydeHbI pe3ysbTaThbl, MO3BOJISOLIME ONpeAe/sTh 3HAYEHUs TElJIOBBIX NMOTEPh
yepe3 KOHCTPYKTHUBHbIE 3JIeMEeHTbI KOJIJIEKTOpa. [Ipy 3TOM yCTaHOBJIEHO, YTO HAUOOJIbIINE TENJIOBbIE TIOTEPH
Hab6J/II0Ja/INCh CO CTOPOHBI JIMLEBOIO MOKPbITUA KoJleKTopa. CocTaB/eHO ypaBHeHHe TeIJIoBoro 6asiaHca
M IpUBeJieHa TeIJoBasi CXeMa COJIHEYHBbIX KOJIJIEKTOPOB JJI HarpeBa Bo/bl. TeopeTHYeCKU HCCJIe0OBaHbI
n3MeHeHUs KoadPuipeHTa Tenaonepesayv B 3aBUCUMOCTH OT TeMIIepaTypbl OKPY>KaloLeld cpesibl U CKOPOCTH
BeTpa. [losiydeHHbIe B X0/ie UCC/IeI0BaHUS PE3yJIbTAaThl IPEJCTABJSIOT HAYYHY0 3HAYMMOCTD JJIs JaJIbHEeHIIHX
pa3paboTOK U COBEPIIEHCTBOBAHUS KOHCTPYKI[MH COJTHEYHBIX BOZOHArPEBATEIbHBIX KOJUIEKTOPOB. B yacTHOCTH,
BbISIBJIEHHAs 3aBUCUMOCTD TEIJIOBBIX I0TEPb OT KOHCTPYKTHUBHBIX 0COOEHHOCTEH JIMIIEBOK CTOPOHBI KOJIIEKTOPA
MO3BOJISIET COCPEZOTOYUTh BHUMaHHe Ha €€ ONTUMH3ALMWHU C LeJbI0 CHUKEHHUS] KOHBEKTHBHBIX MOTEpPb. JTO
CO3/1aéT OCHOBY /1151 pa3paboTku 60Jiee 3¢ PeKTHBHBIX HHKEHEPHBIX peLlIeHUH NPU MPOEKTUPOBAHNUH MOJJ06HBIX
YCTAaHOBOK ¥ MOXET GbITh UCIOJb30BAaHO IPU MOJETUPOBAHUH, PacY€TaxX U MCIBITAHUAX HOBBIX KOHCTPYKLUN
COJIHEUHBIX KOJIJIEKTOPOB

KaoueBbie ¢/10Ba: coyHevyHasl paguanus; Ko3oPUIMEHT Temonepeadd; TEMJI00OMeH; TEMJIOBOU 6GaJlaHC;
TEMJI0BOCIPUHUMAIOIAst TOBEPXHOCTDb; KOHBEKIUST; U3Jy4eHUsT
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