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Abstract

An analysis of existing solar heating systems has been carried out. The dependence of the annual flow of solar
radiation on the solar panel on the azimuthal angle y and the angle of inclination of the surface, which can be used for
studying surfaces with an arbitrary number of orientations, was obtained. The thermal balance for a given solar panel
is presented for a certain period of time. Dependences for determining the amount of energy coming from the Sun on
each of the surfaces of the solar pand and the amount of accumulated heat by the solar panel was obtained during the
research. The losses of convection from the coating of the solar panel and radiation heat 1osses from the surface of the
coating to the environment, as well as thermal losses due to thermal insulation from the back side and the side walls
of the heliopand, are analyzed. The dependence of the coolant temperature in the heliopanel depending on the annual
solar radiation inflow and the total heat loss of the heliopane has been obtained.

Keywords: solar collector; heliopanel; solar energy; coolant temperature; thermal accumulation.

1. Introduction

Application of solar energy is carried out in three main ways: thermal, thermodynamic and photovoltaic. The
advantages of solar energy, in comparison with traditional fuels, are: the inexhaustibility of the energy source and the
possibility of using solar energy in virtually al areas of the earth's surface, as well as the possibility of direct
conversion of solar energy into heat or eectricity and the generation of high-temperature coolants. The solar heating
systems are designed to convert solar energy into heat, as well as for its accumulation and supply to the consumer.
Obvioudy, in terms of climatic conditions of Ukraine, open circuits have limited use, because in addition to
temperature constraints, such schemes have increased requirements for water quality and in the process of operation
the efficiency of solar collectors is sgnificantly reduced. Often, under these conditions, closed circuits with forced
circulation of coolant are used, provided that they are connected to the circuit diagram of an electric heater or
integrated with a heat-generating device, which allows reducing the cost of hot water supply by 50% during the year.
The main characteristic of solar collectors is the amount of heat that can be obtained from 1 m? of its surface. There
are a large number of circuit designs of these systems, but they all consist of the main elements — heat absorber,
coolant battery and heat consumer.

The promising direction of designing energy-saving heat supply systems based on devices that use solar energy
is the use of solar panels. The advantages of such structures are that they are the constructive congtituent parts of
buildings, which significantly reduces their cost compared to solar collectors. Helium panels, for the most part, have a
simple design and relatively simple operating conditions, but require careful design and heat storage The purpose and
objectives of the study.

2. The pur pose and obj ectives of the study

To substantiate the physical model of thermal processes occurring in the solar panel. In addition, to obtain the
dependence of the temperature of the coolant in the heliopand from the annual flow of solar radiation and heat 10ss
due to thermal insulation from the side and rear parts of the heliopandl.
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3. Analysis of Existing Data

Solar collectors are divided into flat and concentrating ones, and those in turn are classified into air and liquid
ones, high temperature and low temperature ones. In the solar collector, the solar heat flux is converted into heat, which
can be selected by the flow of coolant (water, air, antifreeze, etc.), which flows through the heat absorber. The design
of solar collectors and their research methods are constantly being improved [1, 2].

Actual isthe use of combined systems of solar heat supply (Fig.1), since they combine the functions of the main
design purpose, as well asthe functions of perception and transportation of heat and cold [3, 4].

Fig. 1. Combined solar heating systems (air and solar roof):
1 -heliopanel; 2 — battery tank; 3 — system automation

Regarding the roofs, which are divided into cold and warm roofs, in cold roofs, most of which are inclined, the
accumulating pipeline is placed under the roof, that is, in the free space between the roof and thermal insulation. The
need to install a thermal barrier under the insulating layer in each individual case is conditioned by the proportional
ratio of the area of the walls and the area of the roof surface in the attic premises. With afairly large area of walls, for
example, with shield walls with athermal barrier, there is no need to install atherma barrier even in the construction
of the roof. With a small area of walls in the attic, that is, surfaces with a therma barrier, it must be installed in
roofing structures. The most effective way to erect buildings is to manufacture prefabricated e ements with a built-in
therma barrier and accumulating blocks, which are manufactured at the factory and mounted directly on the
construction site[5].

In the congruction of warm roofs, the therma barrier, smilar to the design of the outer walls, is enclosed in
concrete or on the outside of the supporting roof structurein alaying intended for laying atubular system. Above, there
is a layer of thermal insulation, and on it in the laying, which serves as a support for the roofing materid, an
accumulation pipdineare placed.

Different schemes of combined heat and power supply systems (CHS) with solar pands are known [6, 7].
However, it is unclear whether the design features of the system with solar panels are rational to ensure the maximum
efficiency of the heat supply system.

On the basis of the analysis, it can be concluded that there is still a need to develop an effective solar panel
design, technological practice of its use in temperate climates, as well as in-depth research on heat transfer for these
operating conditions.

4. The Experimentsand Their Analysis

To evaluate the efficiency of the solar panel, it is necessary to conduct analytica calculations. The purpose of the
analytical calculation is to determine the thermal accumulation properties of the heliopand and to find the optimal
parameters.
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Solar energy will be absorbed by heat absorber. The amount of energy it absorbs depends on the intensity of the
solar radiation energy entering the surface of the heat absorber. At any time, it can be estimated based on known
dependencies|[8].

The amount of energy per unit area during the day is from the sum of ingtant revenue from the moment Sun goes
up to its inception. Therefore, the daily amount of energy Qua, is expressed by the integra of the function

Ii(b,j ,d,g,s) of avaridble s intherangefrom - S to S , where - S, S isthetime angle of the sunrise and
sunset:

Sk

Q= b, .d,g,9)ds. @)

>y
where b isangle of inclination of the surface in relation to the horizontal plane, deg.; d isinclination of the sun, deg.;
j isgeographical latitude, deg.; S istimeangle of the Sun, deg.; y isazimuthal angle of the plane

The obtained dependence (Fig. 2) can be used for studies of surfaces with an arbitrary number of orientations.

Qday, GJ/mZ

deg.
7o B, deg.

Fig. 2. The dependence of the annual solar radiation to the solar panel on the azimutha angley
and the angle of inclination of the surface f (Qua=f (8, y)) for 49°50'17" north latitude (Lviv).

A part of the solar energy will be reflected from the external coating and from the heat absorber. The heat absorbed
solar energy will be spent on heating the coolant. At the same time, the process of heating the heat carrier will be
accompanied by energy losses due to thermal insulation from the sde and rear parts of the solar panel. Heat from the
heat absorber through convection and radiation will come to the external coating, and then the convection and radiation
will be emitted into the environment. Thermal losses through the lateral and rear partswill prevail over heat conduction

(Fig. 3).
In the analytical description of the hdiopand, the foll owing assumptions and simplifications were adopted:
1) the temperature of each element in the investigated period was considered constant;
2) theflow of solar energy along the surface of the heat absorber is evenly distributed;
3) the wavelength does not affect the radiating properties of the surfaces;

4) heat is transferred to the environment from the external coating by radiation and convection from the heat
absorber;

5) the coolant in the solar pandl was considered as a Satic mass.

Analyzing the data [9] heat bal ance can be written for this hdiopandi over time DS:

Waoc +Q§;TVDS+QinsDS+Q(:g:tDS- QSDS: O, (2)
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where W, is the amount of heat accumulated over a period of time DS, J; Qort is convective | osses from the surface

of the coating, W; Qi is losses due to thermal insulation, W; Q'™ is radiation |osses from the surface of the coating,

coat

W; Qsistheamount of solar energy entering the solar panel, W.

Fig.3. The scheme of thermal balance of the heliopanel:
1 coating of the solar panel; 2 — thermal insulation of the heliopanel

The amount of heat accumulated in the solar pand is determined by the formula W,

W, =cm(t -t,), (3)

acc

where c is specific heat capacity of the coolant, J/(kg-K); mis mass of coolant, kg; ty, t, are temperature of the coolant
in the beginning and at the end of thermal accumulation, K.

The amount of energy coming from the Sun is defined as the amount of revenue for each of the surfaces of the

solar pand Q,:

Q. = AFpls, (4)

where A isabsorption coefficient of solar energy heat absorber; F.yis heat absorber area (Fig. 3), m?% I istheintensity
of solar energy entering the heat absorber, W/m?.

Loss by convection from coating to the environment Q" :
coat

conv _
Qcoat =a oot I:coat (tcoat - tamb) ) )

where a . is coefficient of heat transfer from the coating to the environment, W/(M?*K); Feoy IS area of surface, m?
teoa IStemperature of the coating, K; tay isambient temperature, K.

Heat 1osses through thermal insulation on the back side and side walls Q. :

Qins :ainsFins(tinS - tamb) ) (6)

where o is coefficient of heat disspation of thermal insulation, W/(m?K); Fins is area of thermal insulation, m?
tins iStemperature of thermal insulation, K.
Radiation heeat |osses from the surface of the coating to the environment Qg:; :
4 & 40

e .
rad _ A = =
Qcoat - erad.cCO Fab g o LY, (7
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where e, . is relative coefficient of thermal radiation coverage, C is radiating power of an absolutely black bodly,
W/(M?K?); tyes iStemperature of the skies, K; Fan, is heat absorber area (heat-absorbing plate), m?.
Thefinal value of the temperature of the coolant in the heliopanel:

Q *Ds - QoonvxDs Q «Ds - Qrad

t. =t + coat ins coat
cm
Ds
tl t— >(AxFab X s xFooat >(tooat - amb) -
cm (8)

A 4

% 0 a 0 40

) ai”S XFi”S >(tins - tamb) - erad.c >(:0 XFab Xglogz gloo E
9 2

Since from the absorber to the coating, and from it to the surrounding environment, heat losswill be carried out by
convection, thermal conductivity and radiation, then in this case there will be complicated heat transfer. Heat |osses
from the heat-receiving part of the solar panel will be determined:

Q¢ =k (ty - ty)Foys ©)
wherek. is coefficient of heat transfer, W/(m?K).
L
R ,
where R, isthermal resistance of the hest transfer from the heat absorber to the surrounding environment, (m*K)/W.

The thermd resistance of the heat transfer from the heat absorber to the environment can be found by the
following dependence [10]:

K (10)

h-t —

R 1 PR+ 2 1 9 )
d - at conv -
b R RIS
where RY™ , R are respectively, the thermal resistance of heet transfer by convection and radiation from the hesat
absorber to the air layer, (m?K)/W; Ry is thermal resistance of the thermal conductivity of the heliopanel coating,

(M2K)/W; RO | R™ are respectively, the thermal resistance of heat transfer by convection and radiation from the

coat ! ‘coat

coating of the heliopanel to the environment, (m?K)/W.

The therma balance of thermal accumulation by the given solar panel can be carried out with the following
dependence;
m2=q,-q,, - Q 12
dS S h-t ins "

By substituting expressions (4), (6), (9) into equation (12) the following equation of the therma balance of the
hdiopand isobtained in adifferentia form:

dt t, -t F t, -
TYC—Z = AFabls - ( 2 amb) ab _ ( 2 amb) ins (13)
ds Rt Ris
For an analytic solution of equation (13), some notation is necessary:
Igeneral = AFabI s (14)
Fab Fins
kgeneral = t—. (19)

Rt R
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After the separation of variablesis obtained:

medt, = (Igenerd - kgenerd (t, -t ))dt, (16)
dt ds

2 =—. (17)
Igenerd b kgenerd (tZ b tamb) mc

After integrating expresson (17) the following equality is obtained:

In Igeneral - kgeneral (tz - tamb) _ S
k

+C . (18)

(o}

‘general mc

Tofind Cy theinitia conditionisused S=S:

t, (S)) = tave=tamb: (19)
Asaresult, the substitution of theinitial conditionsis obtained:

In|7
- M S +C,, (20)
kgeneral mc
InlI S
C, = M .o (21)
kgeneral mc
After substituting (21) to (18) we obtain:
(S-S) t, -t )
- Kognerg ———= =11+ Kgorq ——22, (22)
mc Igenemi

(8-S5,.)
(t -t b) K genera
general L ™o (23

I genera

1-k

where e isthe basis of natural logarithm.

From eguation (23) one can get dependence for temperature determination:

1 x& .
t, =t +—9C. e (24)

ngnera]
By subgtituting expressions (14) and (15) into equation (24), we obtain dependence for determining the
temperature of the coolant in the solar pand:

2 P nadss)d
+ A(Fap) gl_ eth-l Rins g e _| (25)
Fo F

+ﬂ
Rh-l Rins 8

t, =t

Q.'.

-k jener . . . . . .
Expressing e e by the MacLoren formula in a linear approximation, the following dependence is
obtained:

t, = amb+[gen—erd(s's)' (26)
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(5-$,.)

Since dependence (26) does not take into account Kgenea, Must be written e e e by the MacLorena

formulain a quadratic approximation:

Logrera 3K o s-3)°9
tz :tamb generd C_generd. generad (t -t ) g generd ( ) i (27)
K gereral mc mc g 2 p
-k jeneral 550
Repetition of similar actionsin relation to e ? ™ will increase the complexity of the formula, however, as

it follows from the cal culations, had little effect on the accuracy of numerical results.

5. Conclusion
This article presents the main ways of developing solar energy by combined solar heat supply systems and the

areas of their effective use. it analyzes the necessity of installing solar panels as athermal barrier in building designs.
The analytical calculations have been carried out, the results of which have been obtained for the dependence of the
annual flow of solar radiation on the solar pand from the azimuthal angle y and the angle of inclination of the surface
B (Qua=f (B, 7)) for 49°50'17" north latitude (Lviv) can be used to study surfaces with an arbitrary number of
orientations. Also, the dependence of the coolant temperature in the solar panel is obtained from the annual solar
radiation on the surface of the solar pand and hest |0ss due to the therma insulation from the side and rear parts of the

solar pand.
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AHAJIITHYHI JOCTII’)KEHHS] TEMIIEPATYPH TENJIOHOCISI B rejionaHesi

Map’ sna Kacunens, Crenan Illanosan, Xpuctuna Kosak, borgan I'ymnaii
Hayionanvnuii ynieepcumem «/Ivsiscoka nonimexuixa», ¢yn. C. banoepu, 12, Jlveis, 79013, Vkpaina
AHoTauis

[IpoanHani3oBaHO HasBHI CHCTEMH COHSYHOTO TEIUTONMOCTadaHHsA. OTpUMaHO 3aJIKHICTh PIYHOTO HAIXOKECHHS
COHSYHOI pajiallii Ha reionaHesb Bil a3UMYTaJbHOIO KyTa Y 1 KyTa HaXWIY MIOBEPXHi, SKY MOKHA BUKOPUCTATH JIJIS
JTOCTIIPKSHHS TIOBEPXOHb 13 TOBUTHLHOIO KiJIBKICTIO OpieHTamid. [IpeacTaBieHo TemioBuii 0agaHe A i€l reionaHesi
3a MEBHUIA MPOMIDKOK 4acy. JIoCiKEHO 3aJIeKHOCTI ISl BU3HAUCHHS KiJIBKOCTI CHEeprii, Mo HaaxoauTh Bif CoHIA
Ha KOXKHY 13 TIOBEpXOHb TeJIioNaHeNi Ta KIIBKOCTI TeIUIa, 3aKyMY/JIbOBAHOI0 reflionaneiuno. [IpoaHanizoBaHO BTpaTu
KOHBEKIII€IO BiJl MOKPHUTTS TeNTiONaHeNi Ta pajialliifHi TEMJIOBTPAaTH i3 TOBEPXHI IMOKPUTTS B HABKOJMUIIHE
CepE/IOBUINE, & TAKOXK TEIUIOBTPATH Yepe3 TEIUIOI3OJAIII0 13 THUIBHOI CTOPOHU Ta OOKOBUX CTIHOK TeIiONaHei.
OTpUMaHO 3aJICKHICTh TEMIIEPATYPU TEIUIOHOCIS B TeIioNmaHesNi BiJ piyHOrO HAJXOMKEHHS COHSYHOI pamialii Ta
CyMapHHX TEIUIOBTPAT T'eIiOmaHeli.

Knaw4oBi cioBa: COHIYHMH KOJNEKTOp; TeJiONaHeNb, COHSAYHA EHEpris; TeMIleparypa TeIIOHOCIs;
TEPMOAKYM yJISIis.



