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1. Introduction

Of special importance today is the principle of energy 
efficiency and rational use of energy resources. At present, 
alternative energy has been widely used globally [1, 2]. One of 
the areas of alternative energy generation, which is based on 
direct application of solar radiation, is the solar energy, which 
is practically unlimited and is environmentally friendly [3].

The scientists estimate that the amount of solar energy 
received by the Earth exceeds annual energy consumption of 
the planet’s population by 27 000 times. The annual flow of 
solar radiation per 1 m2 of a horizontal surface in the southern 
regions of Ukraine is 1250–1350 kW/m2, and the duration of 
solar radiation is approximately 2000 hours. In this regard, 
there arises a need for efficient use of solar energy, the easiest 
way to use it being its conversion to thermal energy [4].

2. Literature review and problem statement

At present, there are a large number of solar collectors, 
which differ in design and technical-economic indica-

tors [5, 6]. The vast majority of solar collectors are fabricated 
in the form of flat structures, which results in unstable perfor-
mance over daylight hours because of changes in the incident 
angles of sunrays [7]. Another significant shortcoming of 
these collectors is the high cost and complexity of manufac-
turing. In addition, high dimensions of the flat surface of the 
rectangular shape of solar collectors leads to difficulties in 
architectural and technological installation of the required 
quantity of heat accumulators of this class directly on the fa-
cilities. It creates in this case additional weight loading on the 
structures of buildings, which host solar collectors.

Given this, very promising are the engineering and tech-
nological solutions, which provide the possibility to combine 
structural and architectural features of separate elements of 
buildings and facilities [8]. 

One of the easiest ways to use solar heat given the ex-
isting roofs is the transmission of water or air through the 
surface of the roof [9]. However, conducted studies into such 
system revealed that a performance efficiency coefficient in 
this case is low, but insignificant costs related to converting 
an existing roof into a solar collector justify low performance 
efficiency coefficient.
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There is also a solar profile [7], which is an elongated 
aluminum profile that has a thermal-sensitive surface, chan-
nels for liquid and air heat carrier and ribbing fastening with 
neighboring elements. However, effectiveness of such system 
is relatively small because of the low coefficient of capturing 
solar radiation over morning and evening hours.

There exist designed energy efficient protective struc-
tures in the form of roofs and outer walls of building fa-
cilities (residential, public, administrative, etc.), as well 
as the elements of surfaces of industrial objects (freezing, 
refrigeration and drying chambers, etc.). Such structures 
make it possible to effectively use solar radiation energy, as 
well as to utilize exhaust air heat for the needs of hot water 
supply, air conditioning and heat supply, and, if necessary, 
make it possible to implement the features of releasing ex-
cess heat and regulating heat accumulation [8]. Widely used 
Wall-mounted solar collectors are widely used, which serve 
simultaneously as protective structures [9].

The above technical solutions provide a possibility to 
create various architectural variants for installing a solar 
collector at the existing structures, as well as broad archi-
tectural options when designing new facilities. However, a 
number of disadvantages, including high cost, low efficiency 
of work during morning and evening hours, and complex 
design [10], characterize these systems.

Among the structural elements of buildings, of special 
are the surfaces of roofs made of corrugated metal sheets, 
which opens up possibilities for more effective capturing of 
solar radiation in the morning and evening hours. In this re-
gard, it is important to develop a solar roofing that combines 
the functions of a solar collector and a metal corrugated part 
of a pitched roof. Such system could be used both in new 
buildings and on existing roofs and could be integrated into 
traditional combined systems of solar heat supply [8, 11].

3. Research goal and objectives

The goal of present study is to determine energy efficien-
cy of solar roofing in the system of solar heat supply.

To accomplish the goal, the following tasks have been set:
– to develop a mathematical model of the work of solar 

roofing in the system of solar heat supply;
– to perform experimental study into the work of solar 

roofing in the system of solar heat supply for the purpose of 
determining its characteristics.

4. Theoretical and experimental study into solar roofing

A comprehensive solution to the issues of fixing solar 
collector directly to the elements of roof has broad pros-
pects because in this case a possibility of replacing part of 
the roof with them can be implemented. This eliminates 
additional load on the carrying structures and in general 
reduces the cost of solar heat supply. The most acceptable 
for such variant of the heating system is the southern-ori-
ented pitched parts of roofs of the buildings, which are 
covered with corrugated metal sheets. This opens up broad 
possibilities of their performing the functions of a receiver 
of solar energy, as well as the achievement of a high degree 
of thermal conductivity through a wall of the pipes, which 
are in direct contact with a metal roof. A combination of the 
metal coating of the roof with a solar collector presents this 

variant of solar heat supply as a solar roofing. It can be used 
as standalone and combined heating systems, similar to the 
classic flat solar collectors.

A role of heat absorber in a solar roofing is performed by 
metal roofing material of the roof of the building, in partic-
ular a standard profile-corrugated sheet. The advantage of 
the profile heat absorber in comparison with the classic flat 
solar collectors is an increase by 25 % in the working surface 
area and a larger capacity to accept heat in the morning and 
evening hours [11]. To maximize the absorption of heat from 
the radiation source, outer surface of the corrugated sheet 
was painted black.

The heat, received by a heat absorber, is transferred to a 
heat carrier that is circulated inside the pipes of the circu-
lation contour (Fig. 1). Due to the temperature difference 
and, respectively, the difference in the densities of heat car-
rier in the area of the inlet and outlet branch pipes of solar 
roofing, there occurs a circulation of the heat carrier from a 
solar roofing to the tank-accumulator. In order to improve 
effectiveness of the work of a solar roofing, we used a layer of 
thermal insulation 4 made of polystyrene of thickness 50 mm 
and a ray-reflective screen 3. Due to the selected measures 
and a selective coating on the outer surface of the heat ab-
sorber, the conditions are created for maximum absorption 
and transfer of the solar radiation received by the roof to the 
heat carrier.

To assess the effectiveness of solar roofing, we compiled 
the energy balance of the system of solar heat supply with a 
solar roofing, and conducted analytical studies whose pur-
pose is to determine thermal-accumulation properties of the 
solar roofing.

The roofing material of the building absorbs solar energy, 
and the heat from it by convection and radiation enters the 
environment. The resulting energy is lost through the side 
and lower parts of the solar roofing, and the remaining ener-
gy from the roofing material of the building is transferred to 
the heat carrier. The heated heat carrier is fed to a hot water 
tank-accumulator.

Fig. 1. Schematic of thermal balance of solar roofing: 	
1 – roofing material of the building; 2 – pipes of circulation 

contour; 3 – thermal insulation

To assess the work of solar roofing, the equation of ther-
mal balance holds, which shows the useful energy and the 
losses:

conv radak
son h h tepl b.a tr

Q
Q Q Q Q Q . Q ,= − − − − −

Δτ 	

 (1)

where Qak is the number of accumulated energy over time ∆τ, J;  
Qson is the solar heat flow that arrives on a solar roofing, W; 
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conv
hQ ,, rad

hQ ,, Qtepl, Qb.a., Qtr are the heat losses, respectively, 
by convection, radiation, thermal conductivity, from the 
tank-accumulator and pipelines, W. 

The amount of energy accumulated by the tank- accu-
mulator, J:

( )ak k pQ c m t t ,= ⋅ ⋅ − 	  (2)

where c is the specific heat capacity of heat carrier, J/(kg·K); 
m is the mass of heat carrier, kg; tk and tp are, respectively, 
the resulting and initial temperature of heat carrier, K. 

The intensity of solar radiation Iv, W/m2, which arrives 
to the corrugated solar roofing, is the sum of direct and 
scattered solar radiation during a day:

( )v bI G cos Gd dt,= ⋅ θ +∫  	 (3)

where Gb, Gd are, respectively, the amount of direct and scat-
tered solar radiation, J/m2; θ is the angle between a direction 
of the flow of radiation and a normal to the surface of heat 
absorber, deg. 

Solar thermal flow that arrives on a solar roofing is the 
result of absorption of heat by horizontal and respective 
pitched faces of the corrugated roofing sheet, W:

( ) ( )
( )

1 b1 d1 b2 d2

son

b2 d2

F G cos G dt G cos G dt
q h ,

G cos G dt

 ⋅ ⋅ θ + + ⋅ θ + +∫ ∫
= ⋅  + ⋅ θ +∫ 

  (4)

where h is the coefficient of absorption of solar energy by 
roofing material of the building; Fi is the area of absorption 
of the respective edge of the corrugated roofing material of 
the building, m2. 

Convective heat losses from the surface of the roofing 
material, W:

( )tp

konv
h h tp n

Q F t t ,
.

= α ⋅ ⋅ − 	  (5)

where αh is the coefficient of heat transfer from the roofing 
material of the building to the environment, W/(m2·K); 
Ftp is the heat absorber area, m2; ttp is the temperature of heat 
absorber, K; tn. is the ambient temperature, K. 

Losses of heat by the radiation from the surface of the 
roofing material of the building to the environment, W:

4 4
tprad tp N

h p 0 tp

T T
Q c F ,

100 100

     = ε ⋅ ⋅ −        
 	 (6)

where tp
pε  is the reduced relative coefficient of thermal radi-

ation of roofing material of the building; с0 is the emissivity 
of an absolutely black body, W(m2·K4); TN is the temperature 
of sky, K. 

Heat losses through the side and lower parts of the solar 
roofing, W:

( )tepl b t n.Q K F t t ,= ⋅ ⋅ − 	  (7)

where K is the coefficient of heat transfer of the insula-
tion, W/(m2·K); Fb is the area of insulation, m2; tt is the tem-
perature of heat carrier, K. 

Heat losses by the tank-accumulator, W:

( ).b.a. ak ak t nQ K F t t ,= ⋅ ⋅ −  	 (8)

where Kak is the coefficient of heat transfer of the insulation 
of the tank-accumulator, W/(m2·K); Fak is the area of thermal 
insulation of the tank-accumulator, m2; tT is the temperature 
of heat carrier, °С. 

Heat losses in the pipelines from a solar roofing to the 
tank- accumulator, W:

( )t n.
tr

k

t t
Q l ,

R

−
= ⋅  	 (9)

where l is the length of pipelines, m; Rk is the linear thermal 
resistance to heat transfer of the pipelines, (m·K)/W. 

By solving a system of equations (2), (3), (5)–(9), 
we received estimated values of temperature of the heat 
carrier in the process of irradiation of thermal-sensitive 
metal surface of the solar roofing by heat flow of varying 
intensity. Results are represented in the analytical form 
by a corrsponding equation (10) depending on the dura-
tion of irradiation

v

3 2
t

8 2 6 8 2
v v

t 10,6 0,6 10 I 0,7 10

1,79 10 I 2,61 10 I 2,08 10 .

− −

− − −

= + ⋅ + ⋅ τ −

− ⋅ + ⋅ τ − ⋅ ⋅ τ 	 (10)

However, when using the numerical simulation, it is 
not possible to establish the influence of all factors and the 
non-stationary processes that occur in a solar collector and 
in the system as a whole. That is why, in order to determine 
energy efficiency of solar roofing in the system of solar heat-
ing supply, we have conducted experimental research. 

Experimental setup was installed in the laboratory of 
National University “Lvivska Politekhnika” (Ukraine) and 
represents a fragment of solar roofing, the radiation source, 
tank-accumulator, measuring instruments and connecting 
pipelines. 

Experimental studies were conducted under the follow-
ing conditions, assumptions and simplifications:

– density of heat flow is accepted equal across the entire 
plane of the solar roofing;

– solar roofing was not shaded;
– influence of reflected solar energy from the surround-

ing objects was not considered;
– we accepted confidence interval of results of the exper-

iment as α=0.95.
The main factors that affect the efficiency of solar roof-

ing are:
x1 – azimuth turning angle of the solar roofing, α, degrees;
x2 – solar roofing incidence angle to the horizon, β, degrees;
x3 – intensity of flow of thermal energy emitted from the 

source,  Iv, W/m2;
x4 – velocity (V, m/s) of wind;
x5 – wind direction (ψ, degrees).
To consider a simultaneous change of all 5 factors is quite 

a challenge, which is why to simplify the task, we proposed 
conducting experimental research in two stages. 

At the first stage of research, the following variables 
were accepted:

x1 (α=[30; 90]º); 

x2 (β=[30; 90]º); 

x3 (Iv=[300; 900] W/m2),

in the absence of impact from factors:
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x4 (V=[2; 6] m/s) and x5 (ψ=[0; 90]°).

In the second series, the following changed, respectively:

x3 (Iv=[300; 900] W/m2); 

x4 (V=[2; 6] m/s); 

x5 (ψ=[0; 90]°), 

at constant values:

x1 (α=90°) and x2 (β=90°).

In order to improve efficiency of conducting the exper-
iments and to bring down the costs on its arrangement, we 
have planned the experiment according to existing proce-
dures [1, 7].

5. Results of examining the effectiveness of solar roofing 
depending on the incident angles of heat flow

We compiled planning matrix of a three-factor experi-
ment, taking into account the interaction between factors 
(Table 1). Actual heat-absorbing capacity of solar collector 
first of all changes during daylight hours according to the 
incident angle of the heat flow on the surface of heat absorb-
er. To evaluate the work of solar roofing, we selected as a 
parameter of optimization the efficiency coefficient of solar 
roofing Kef, which shows how a change in the incident angle 
of rays influences effectiveness of the solar roofing.

i

ef
max

Q
K ,

Q
=

 	

(11)

where Qmax is the thermal energy that accumulated in the 
tank-accumulator at incident angles of the heat flow α=90° 
and β=90° and intensity of the heat flow Iv =900 W/m2; Qi is 
the thermal energy received by the solar system at different 
incident angles and intensity of the heat flow. 

At stage I of the research, Kef reflects the influence of 
incident angles and intensity of the heat flow on the effec-
tiveness of solar roofing with a corrugated heat absorber.

Table 1

Planning matrix of the experiment

No. x0 x1 x2 x3 x1x2 x1x3 x2x3 x1x2x3 Kef

1 + – – – + + + – 0.20

2 + + – – – – + + 0.27

3 + – + – – + – + 0.40

4 + + + – + – – – 0.47

5 + – – + + – – + 0.33

6 + + – + – + – – 0.47

7 + – + + – – + – 0.73

8 + + + + + + + + 1.00

Key results of experimental measurements are represent-
ed in graphic form. 

Fig. 2 shows a change in the temperature of heat carrier 
at input and output of the solar roofing and the ambient 
temperature during the experiment.

Fig. 2. Change in the heat carrier temperature at the input 
and output of the solar roofing and the ambient temperature 

during the experiment at intensity of the heat flow 
Iv=900 W/m2 and at incident angle of the heat flow α=90°

We observe in the chart (Fig. 2) a sharp increase in the 
temperature of heat carrier at the output from the solar roof-
ing over first 45 minutes of the experiment. During the ex-
periment, temperature of the heat carrier increased by 36 °C. 

A change in performance efficiency coefficient η of the 
system of solar heating supply with a solar roofing during the 
experiment is shown in Fig. 3.

Fig. 3. Change in performance efficiency coefficient of the 
system of solar heating supply with a solar roofing during the 
experiment at intensity of the heat flow Iv=300 W/m2 and at 

incident angles of the heat flow α=90° and β=90°

Chart in Fig. 3 shows that the performance efficiency co-
efficient of the system of solar heating supply with a solar roof-
ing varies from 46 % to 69 %. In this case, the mean value of 
performance efficiency coefficient of the solar system is 58 %. 

A change in the instantaneous capacity of solar roof-
ing Qh during the experiment at intensity of the heat flow 
І=900 W/m2 and incident angle of the solar roofing β=90° 
is shown in Fig. 4.

( )h vyh vhQ G c t t ,= ⋅ ⋅ −  	 (12)

where Qh is the specific instantenous thermal capacity of 
solar roofing, W/m2; G is the specific consumption of heat 
carrier, kg/(s·m2); c is the specific heat capacity of the heat 
carrier, J/(kg·K); tvyh, tvh are the heat carrier temperatures at 
the input and output from the solar roofing, K.

When we analyze the graph in Fig. 4, we can see that the 
instantaneous capacity of solar roofing under the mode of 
gravity increases throughout the entire experiment and by 
the end of the experiment reaches 2200 W/m2. 
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Fig. 4. Change in the instantaneous capacity of solar roofing 
Qsk during the experiment at intensity of the heat flow 

Iv=900 W/m2 and incident angle of the solar roofing β=90°

Processing the results of research employed known 
methods of mathematical statistics. Each experiment was 
accompanied by the emergence of error. To evaluate errors, 
each experiment was conducted several times, which is why 
we conducted a series of parallel experiments. Evaluation of 
reproducibility of the experiments came down to determin-
ing a dispersion of experiment reproducibility. Experiments 
were performed in a random sequence, which was established 
using a table of random numbers.

During the experiments, each experiment was performed 
three times, under the same conditions, in order to evaluate 
the errors. During each experiment, we received the values 
of a response function, which were averaged. 

As a result of processing experimental data, we obtained 
a regression equation:

1 2 3

1 2 1 3 2 3 1 2 3

y 0,48 0,07x 0,17x 0,15x

0,02x x 0,03x x 0,07x x 0,02x x x .

= + + + +
+ + + + 	 (13)

The regression coefficients indicate how significant the 
impact of factors is on the response function and how a change 
in the factor affects a change in optimization parameter. 

Upon determining the coefficients of regression, we ver-
ified significance. Test of significance of each coefficient was 
performed independently. It is possible to conduct it by the 
construction of confidence interval and by the Student t-cri-
terion. When conducting a full factor experiment with effect 
of the interaction between factors, confidence intervals for 
all coefficients equal to one another. 

First of all, we determined a variance in the regression 
coefficient by formula:

( ) ( )2
2

j

S y
S b .

N
=  	 (14)

Confidence interval was assigned by the upper and bot-
tom boundary:

Іі=(bi+Δbi; bi–Δbi), 	 (15)

where bi is the coefficient of regression; Δbi is the possible error.

( )
2
y

j

s
b t S b t ,

N(n 1)
Δ = ± ⋅ =

−
 	 (16)

where t is the tabular value of the Student criterion with a 
number of degrees of freedom at which we determined ( )2S y  
and the chosen level of significance; ( )jS b  is the quadratic 
error of regression coefficient. 

The coefficient will be significant if its absolute magni-
tude is greater than the confidence interval. 

For a regression equation of efficiency of the solar roofing 
without transparent coating in the gravitational system of 
heat supply:

0,00079
b 2,12 0,014.

16
Δ = ± = ±

Therefore, all factors are significant and the regression 
equation will not change and will take the form:

1 2 3

1 2 1 3 2 3 1 2 3

y 0,48 0,07x 0,17x 0,15x

0,02x x 0,03x x 0,07x x 0,02x x x .

= + + + +
+ + + +

 	
(17)

Based on an analysis of the regression coefficients, it can 
be stated that a significant impact on the behavior of a re-
sponse function is exerted by factor x2 (solar roofing incident 
angle β, º) and factor x3 (intensity of the heat flow Iv, W/m2). 
Factor x1 (azimuthal turning angle of solar roofing α, º) does 
not affect it so substantially. 

Using the results of experimental research, we construct-
ed a nomogram of dependence of efficiency coefficient of 
solar roofing in the gravitational system of heat supply Kef 
on incident angles of the heat flow α and β, and intensity of 
the heat flow Iv (Fig. 5).

Fig. 5. Nomogram of dependence of efficiency	
 coefficient of solar roofing Kef in the gravitational system of 	
heat supply on incident angles of the heat flow α and β, and 

intensity of the heat flow Iv

The nomogram (Fig. 5) is approximated by empirical 
dependence (18) of efficiency coefficient of solar roofing 
Kef in the gravitational system of heat supply on incident 
angles of the heat flow α and β, and intensity of the heat 
flow Iv:

( ) ( )
( )

v v 4
ef 5

v

513 0,458 I 22 0,038 I 12
K 10 .

0,019 6,389 10 I
−

−

 + ⋅ + + ⋅ ⋅β + ⋅α +
 = ⋅
 + − + ⋅ ⋅ β⋅α    

(18)

The absolute magnitude of coefficients of empirical de-
pendence is greater than the confidence interval; therefore, 
equation (18) does not change.
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6. Results of examining the effectiveness of solar roofing 
depending on the speed and direction of air flow

At the second stage of research, we chose Kef as opti-
mization parameter – the ratio of the amount of heat that 
a solar roofing received at different speeds and direction 
of air flow and intensity of the heat flow to the amount of 
heat that the solar roofing received at the least influence 
of wind. 

Results of experimental measurements are given in a tabu-
lar form (Table 2) at intensity of the heat flow 300; 900 W/m2.

Table 2

Amount of heat Qak, received by the heat supply system with 
a solar roofing in the gravitational system of heat supply at 
air flow velocity V=6 m/s and direction of air flow ψ=90° 

and intensity of the heat flow Iv =300 W/m2, Iv =900 W/m2

Time, min.
Amount of heat Qak, kJ

Iv=300 W/m2 Iv=900 W/m2

15 41.9 83.8

30 83.8 167.6

45 146.65 209.5

60 167.6 251.4

Table 2 shows a gradual heating of the heat carrier in 
the tank-accumulator throughout the entire experiment. 
At intensity of the heat flow Iv=300 W/m2, the amount of 
accumulated energy in the tank-accumulator is 168 kJ. At 
intensity of the heat flow Iv=900 W/m2 – 251 kJ, indicating 
effective work of the solar roofing. 

A change in performance efficiency coefficient of the 
heating system with a solar roofing during the experiment 
is shown in Fig. 6.

Fig. 6. Change in performance efficiency coefficient of heat 
supply system with a solar roofing during the experiment 

at intensity of the heat flow Iv=900 W/m2, air flow velocity 
V=6 m/s and wind direction ψ=90°

The graph (Fig. 6) shows that performance efficiency 
coefficient of the system of solar heating supply with a solar 
roofing varies from 45 % to 61 %, and, after 20 minutes of 
the experiment, gradually decreases. The mean value of per-
formance efficiency coefficient of the solar system is 55 %. 

As a result of processing experimental data, we obtained 
a regression equation:

1 2 3

1 2 1 3 2 3 1 2 3

y 0,716 0,099x 0,074x 0,124x

_ 0,019x x 0,006x x 0,006x x 0,006x x x .

= − − + −
− − −  	 (19)

Using the results of experimental research, we construct-
ed a nomogram of dependence of efficiency coefficient of the 
solar roofing Kef in the gravitational system of heat supply on 
air flow velocity V, air flow direction ψ and intensity of the 
heat flow Iv (Fig. 7).

Fig. 7. Nomogram of dependence of the efficiency 	
coefficient of solar roofing Kef in the gravitational system 
of heat supply on velocity V, direction ψ of air flow and 

intensity of the heat flow Iv

The nomogram (Fig. 7) is approximated by empirical 
dependence (20) of efficiency coefficient of the solar roofing 
Kef in the gravitational system of heat supply on air flow ve-
locity V, air flow direction ψ and intensity of the heat flow Iv:

( ) ( )
( )

3
v v 4

ef 3
v

690 4 I 10 3,333 10 I
K 10 .

40 V 3,333 10 I V

−

−

−

 + ⋅ + − + ⋅ ⋅α −
 = ⋅
 − ⋅ + − ⋅ ⋅α ⋅ 

	(20)

The absolute magnitude of coefficients of empirical de-
pendence is greater than the confidence interval; therefore, 
equation (18) does not change.

7. Discussion of results

One of the ways to overcome modern problems associat-
ed with a wide introduction of solar collectors into heating 
system is their combination with structural elements of the 
building. 

Modeling of the work of a solar roofing confirms effec-
tiveness of using solar roofing in the system of solar heat 
supply as temperature of the heat carrier at high intensity of 
heat flow 600 W/m2 reaches 600 °C.

According to experimental studies, the mean perfor-
mance efficiency coefficient of the heating system with solar 
roofing is 58 %. Temperature of the heat carrier at the output 
from the solar roofing by the end of the experiment reached 
52 °C, which is a sufficient value for the system of hot water 
supply. A change in the speed and direction of air flow reduc-
es efficiency of solar roofing by 20 %.

It was established that a larger impact on the energy 
efficiency of solar roofing with a transparent coating in the 
gravitational system of heat supply is exerted by velocity of 
air flow, while its direction is less influential. We can also 
argue that at numerical increase in the velocity and direc-
tion of wind, energy efficiency of the solar roofing with a 
transparent coating will decline due to increasing convective 
thermal losses.
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8. Conclusions

1. Employing the developed mathematical model of the work 
of a solar roofing, we theoretically determined that at irradiation 
of the solar roofing during day hours by a heat flow of intensity 
600 W/m2, the heat carrier temperature reaches 63 °C.

2. We conducted laboratory research into solar roofing in 
the system of solar heating depending on the incident angles 

and intensity of the heat flow, velocity and direction of air 
flow. We received analytical dependences in the form of re-
gression equations and empirical formulas, as well as graphic 
dependences, of effectiveness of solar roofing on the action of 
these factors. Using the results, it was found that the mean 
performance efficiency coefficient of the heating system with 
a solar roofing is 65 %, indicating the prospects of using solar 
roofing in solar systems.




