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ABSTRACT 
Background:  

In this paper considers the issues of using solar collectors as an alternative source of energy for territories 

remote from the power grids. One of the main criteria when choosing the solar collectors is the choice of 

the working fluid for heat transfer. Solar collectors according to the type of coolant are divided into a liquid 

and air.  

Materials and Methods:  
The solar collector works on the principle of energy transfer to a liquid from a source of radiant energy that 

is located a certain distance away, unlike conventional heat exchangers. In actual use, there are two types 

of solar collectors: one concentrates solar energy, the other doesn’t. 

Results:  
It is possible to give air clusters in places with low air temperature and low solar activity, and we use energy 

equations and their balances. Moreover, we have determined the thermal properties of solar clusters and 

useful energies. 

Conclusion:  
Climate characteristics and structures are crucial to the results of a solar array's efficiency in covering ocean 

temperatures and the types of solar arrays to choose from with good results, heat fluxes and densities. In 

addition, we show that the solar collector is not considered a basic criterion in choosing the types of 

collectors. 

Key words:  

Solar energy, sustainable energy, low-radiation, solar collector, heat transfer 
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INTRODUCTION 
There is an increasing interest in the use of renewable solar energies in the world due to the 

possibility of forming them, and they are considered clean and non-polluting energies in the 

environment [1-3]. can reduce energy use and achieve sustainable development, since the same 

intense demand does not require energy [4]. One crucial energy source for buildings is solar 

energy. The solar complex can be improved with the use of solar collectors [5-7]. To gather heat, 

a low- and medium-temperature sun collector is employed. One instance of this is the widespread 

usage of reflectors by scientists and researchers in their investigations to advance collectors' work 

[8]. A basin is used in solar energy gathering to warm water in cold climates [9]. Collaborate to 

develop a series of mathematical formulas that will be used to calculate the reflector's location and 

the energy collectors' dual sun exposure [10]. Building and enhancing simulation models to 

maximize system efficiency and increase solar energy [11]. It is common knowledge that using 

finite fossil fuels has a detrimental effect on the environment. In the global energy balance within 

the next years, energy from renewable sources will occupy a significant portion of the market. 

Materials and Methods 

The solar collector works on the principle of energy transfer to a liquid from a source of radiant 

energy that is located a certain distance away, unlike conventional heat exchangers. In actual use, 

there are two types of solar collectors: one concentrates solar energy, the other doesn't [12]. In Fig. 

1, cross sections of the water and air heater are displayed. 

 

 

 

 

Fig. 1. Schemes of solar collectors with air and water coolants: 1 - thermal insulation; 2 - 

absorbing plate; 3 – transparent coatings; 4 - air channel; 5 - pipes connected to the plate. 

Thermal energy is transferred in the collector using two different types of working fluid. Gases 

and liquids are these. The choice of coolant will depend on the circumstances in which the solar 

collector will be utilised, and is one of the key factors in selecting a product. Notably, the only gas 

that has achieved widespread use is air. The primary drawbacks of liquid solar collectors can be 

linked to liquid heat carriers' propensity to alter their properties in response to changes in ambient 

temperature, including freezing at low temperatures, expansion when heated, and metal corrosion 

in solar collectors. Solar air heaters have a lot of advantages over liquid collectors [13]. These 

include the absence of corrosion, which enables the use of less expensive materials in the building 

of the collectors themselves, and the absence of the danger of air freezing, which considerably 

lowers running costs. Conversely, there are a number of drawbacks to air solar heaters. Low 
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thermal conductivity, density, and air specific heat are a few of these [14]. Despite their low 

efficiency, solar air heaters are still more affordable than liquid heaters, according to the analysis 

above Fig. 2. 

 

 

 

 

 

 

 

Fig. 2. Dependence of collector efficiency on climatic and design factors: 1 – water collector 

with double glazing; 2 - water collector with double glazing and selective surface; 3 – water 

manifold with single glazing and selective surface; 4 - air collector with double glazing; 5 – 

air collector with double glazing and selective surface; 6 - evacuated collector; 7 - collector 

with heat pipe 

 

RESULTS AND DISCUSSION. 

The advantage in using air collectors should be given in regions with lower air temperature and 

low solar radiation activity. Using the energy balance equation, you can determine the thermal 

characteristics of the solar collector and the useful energy of the coolant. For a flat collector 

whose area is 𝐴𝑐, the energy balance equation has the form 

𝐼𝑠𝐴𝑐𝜏𝛼 = 𝑄𝑢 + 𝑄𝑙𝑜𝑠𝑠 +
𝑑𝑒𝑐

𝑑𝑡
                    (1) 

 

where 
𝑑𝑒𝑐

𝑑𝑡
 is the heat flux accumulated by the collector due to its internal energy 𝑑𝑡; 𝛼 is the 

absorption capacity of the surface of the absorbing plate of the solar collector; 𝐼𝑠 is the flux density 

of solar radiation incident on the surface of the collector; 𝑄𝑙𝑜𝑠𝑠 is the heat flow (or heat loss) from 

the absorbing collector plate to the environment; τ is the effective transmission capacity of the 

coating (coatings) of the solar collector. The thermal useful energy of the coolant flowing through 

the channels and pipes can be determined from the expression 
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 𝑄𝑢 = 𝑚𝑐𝑝(𝑇𝑓,𝑜𝑢𝑡 − 𝑇𝑓,𝑚)                      (2) 

 

Where  𝑚 is the mass flow rate of liquid through the collector; 𝑐𝑝is the specific heat capacity of 

the coolant at constant pressure; 𝑇𝑓,𝑜𝑢𝑡 − 𝑇𝑓,𝑚, , − is the temperature increase of the coolant when 

passing through the collector [15]. The ratio of useful energy to the energy of total solar radiation 

determines the efficiency of the instantaneous value: 

𝜂𝑐 =
𝑄𝑢

𝐴𝑐𝐼𝑠
                                           (3) 

In constructive calculations of practical use, the efficiency must be determined for a specific 

period of time. Based on this, the average efficiency will be equal to 

𝜂𝑐 =
∫ 𝑄𝑢𝑑𝑡

𝑡

0

∫ 𝐴𝑐𝐼𝑠𝑑𝑡
𝑡

0

                                 (4) 

In order to know the parameters that determine the thermal efficiency of a solar collector, it is 

necessary to determine the value of its total heat loss coefficient. At a given ambient temperature 

Ta and the local temperature of the collector plate is Tc , and the coefficient of heat loss of the 

collector Uc is given, then the heat flux from the absorbing collector plate to the environment can 

be written as 

𝑄𝑙𝑜𝑠𝑠 = ∫ 𝑈𝑐

𝐴𝑐

(𝑇𝑐 + 𝑇𝑎)𝑑𝐴𝑐                                   (5) 

 

 

With two glass coatings, the solar collector circuit is shown in Fig. 3a. In order to combine the 

circuit elements into an equivalent heat loss coefficient (Fig. 3b), this circuit must be calculated 
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Fig. 3. Thermal circuits for a flat collector : a – detailed diagram; b - approximate scheme 

(equivalent to a scheme)[15]. 

 

The main heat loss occurs through the upper surface of the solar collector, since the lower part is 

insulated. Then the total heat loss coefficient of the collector 𝑈𝑐 , can be represented as 

𝑈𝑐 =
1

𝑅3𝑅4𝑅5
                        (6) 
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As can be seen from equation (6), in order to calculate the heat loss coefficient, it is necessary to 

calculate the thermal resistances 𝑅3𝑅4𝑅5 . Heat is transferred by convection and radiation between 

the second glass coating and absorbent plate. The relations for the heat flux between bodies with 

temperatures Tp and Tg2 and between bodies with temperatures Tg1 and Tg2 are the same. The flux 

of solar radiation absorbed by the second glass coating is an exception. Then between the absorbing 

plate and the second glass coating it is possible to determine the heat flux density: 

𝑄𝑝−𝑐 = 𝐴𝑐ℎ𝑐2(𝑇𝑝 + 𝑇𝑔2) +
𝜎(𝑇𝑝

4 − 𝑇𝑔2
4 )𝐴𝑐

1
𝜀𝑔

+
1

𝜀𝑔2
− 1

                  (7) 

 

Where ℎ𝑐2 is the heat transfer coefficient between the absorbing plate and the second glass 

coating. Equation (7), then can be represented as 

 

𝑄𝑝−𝑐 = (ℎ𝑐2 + ℎ𝑟2). 𝐴𝑐 . (𝑇𝑝 − 𝑇𝑔2) +
(𝑇𝑝 − 𝑇𝑔2)

𝑅3
               (8) 

  

ℎ𝑐2 =
𝜎(𝑇𝑝

2 + 𝑇𝑔2
2 )(𝑇𝑝 + 𝑇𝑔2)

1
𝜀𝑔

+
1

𝜀𝑔2
− 1

                          (9) 

The expression for the heat flux between two glass coatings will have the form  

  

𝑄𝑝−𝑐 = (ℎ𝑐1 + ℎ𝑟1). 𝐴𝑐 . (𝑇𝑔2 − 𝑇𝑔1) +
(𝑇𝑔2 − 𝑇𝑔1)

𝑅4
                      (10) 

  

ℎ𝑟1 =
𝜎(𝑇𝑔1

2 + 𝑇𝑔2
2 )(𝑇𝑔1 + 𝑇𝑔2)

1
𝜀𝑝

+
1

𝜀𝑔1
− 1

                                  (11) 

and ℎ𝑐1 is the heat transfer coefficient between the two transparent coatings. Radiation heat 

exchange takes place between the upper coating and the sky at the sky temperature Tsky. 

Conversely, convective heat transfer takes place between the top cover at Tg1 and ambient air Ta. 

Consequently: 
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𝑄𝑐−𝑎 = (ℎ𝑐,∞ + ℎ𝑟,∞). 𝐴𝑐. (𝑇𝑔1 − 𝑇𝑎) +
(𝑇𝑔1 − 𝑇𝑎)

𝑅5
               (12) 

  

ℎ𝑟,∞ = 𝜀𝑔1 𝜎(𝑇𝑔1
2 + 𝑇𝑠𝑘𝑦

2 )(𝑇𝑔1 + 𝑇𝑠𝑘𝑦).
(𝑇𝑔1 − 𝑇𝑠𝑘𝑦)

(𝑇𝑔1 − 𝑇𝑎)
           (13) 

Using the dimensional relationship obtained by McAdams, one can determine the heat loss [16]. 

 

 ℎ𝑟,∞ = 5.7 + 3.8 . 𝑢𝑤                                       (14) 

 

To determine the temperature of the sky, the following equations are recommended [17]: 

 

 𝑇𝑠𝑘𝑦 = 0.0552𝑇𝑎
15  (°)                       (15) 

 Or  

 𝑇𝑠𝑘𝑦 = 𝑇𝑎 − 6(℃)                               (16)    

The above calculations show us the ambiguity which of the expressions is more suitable for us. 

But, having analyzed all the expressions used in assessing the characteristics of the reservoir, we 

can conclude that in our case it is possible to use any. Specific radioactive conductivities, which 

are functions of the plate and temperatures, are not known to us. Therefore, the solution of 

equations (11), (12) and (13) is required to determine the heat loss coefficient of the solar collector 

(equation (6)). Agawam and Larson for solar collectors with uniform material coatings have 

proposed the most accurate empirical method for determining𝑈𝑐: 

𝑈𝑐 =

[
 
 
 𝑁

(
𝐶
𝑇𝑐

) + (
𝑇𝑐 + 𝑇𝑎

𝑁 + 𝑓
)
33 +

1

ℎ𝑐,∞

]
 
 
 
−1

+
𝜎(𝑇𝑔1

2 + 𝑇𝑔2
2 )(𝑇𝑔1 + 𝑇𝑔2)

[𝜀𝑝 + 0.05𝑁(1 − 𝜀𝑝)]−1 + [
2𝑁 + 𝑓 − 1

𝜀𝑔
] − 𝑁

    (17) 

 

Where f and C are the parameters determined from the equations 

𝑓 = (1 − 0.04ℎ𝑐,∞ + 0.05ℎ𝑐,∞
2 )(1 + 0.091𝑁), 𝑐 = 250[1 − 𝑜. 𝑜𝑜44(𝑠 − 90)] 
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N is the number of coatings, s is the angle of inclination of the collector [18].In order to calculate 

the efficiency of a solar collector, it is necessary to determine the heat flux to the coolant in the 

cross section of the collector and determine the useful energy: 

𝑞𝑢 = [𝜏𝑔𝛼𝑝𝐼𝑠 − 𝑈𝑐(𝑇𝑝 + 𝑇𝑎)]                         (18) 

Due to the fact that the thermal resistance of the wall is very small, the energy u q which is 

transferred in the form of heat is equal to 

𝑞𝑢 = ℎ𝑝(𝑇𝑝 + 𝑇𝑓)                            (19) 

 

To determine the relationship between useful energy and ambient temperature and physical 

parameters, it is necessary to remove the dependence on the plate temperature in expressions (18) 

and (19). To do this, we solve equation (19) for 𝑇𝑝 and substitute the results obtained into 

expression (18): 

𝑞𝑢(𝑥) = 𝐹′[𝜏𝑔𝛼𝑝𝐼𝑠 − 𝑈𝑐(𝑇𝑓(𝑥) + 𝑇𝑎)]                 (20) 

  

Where F′ is the collector efficiency factor, determined by the formula: 

F′ =

1
𝑈𝑐

1
𝑈𝑐

+
1
ℎ𝑝

                       (21) 

The ratio of the actual heat flux to the heat carrier and the heat flux at the maximum temperature 

difference between the environment and the absorbing plate determines the heat removal 

coefficient FR . This coefficient will allow you to compare the optimal thermodynamic 

characteristics with the characteristics of a solar collector and a real collector. The same coolant 

temperature at the inlet and outlet is a condition for limiting thermodynamic resistance [19]. Then 

FR can be expressed as 

𝐹𝑅 =
𝐺𝑐𝑐𝑓(𝑇𝑓,𝑜𝑢𝑡 + 𝑇𝑓,𝑚)

𝜏𝑔𝛼𝑝𝐼𝑠 − 𝑈𝑐(𝑇𝑓,𝑚 + 𝑇𝑎)
                      (22) 

Where 𝐺𝑐 = 𝑚/𝐴𝑐 is the liquid flow rate per unit area of the collector surface. Based on the fact 

that the right side of expression (22) is equal to u q  , now the useful heat flux can be presented in 

the following form:  

𝑞𝑢 = 𝐹𝑅[𝜏𝑔𝛼𝑝𝐼𝑠 − 𝑈𝑐(𝑇𝑓,𝑚 + 𝑇𝑎)]                              (23) 
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Using the formula, we determine the relationship between FR and F′ [20,21]: 

  

𝐹𝑅 =
𝐺𝑐𝑐𝑓

𝑈𝑐
[1 − 𝑒𝑥𝑝 (

𝑈𝑐F
′

𝐺𝑐𝑐𝑓
)]                         (24) 

 

Dividing both sides of equation (23) by 𝐼𝑠 , we obtain the following reservoir efficiency expression: 

  

𝜂 = 𝐹𝑅(𝜏𝑔𝛼𝑝) −
𝐹𝑅𝑈𝑐(𝑇𝑓,𝑚 + 𝑇𝑎)

𝐼𝑠
                          (25) 

 

 

CONCLUSION  

    Structural and climatic factors are decisive in the results of calculating the efficiency of a solar 

collector. These include the ambient temperature, the type of solar collector chosen, and the 

intensity of the heat flux. It can also be concluded that the efficiency of solar collectors is not the 

main criterion for choosing the type of collector. Together, system design, operating conditions, 

efficiency, etc., must be taken into account. 
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 الخلاصة
 المقدمة:

حث قضايا استخدام مجمعات الطاقة الشمسية كمصدر بديل للطاقة في المناطق البعيدة عن شبكات الطاقة. أحد يتناول هذا الب
المعايير الرئيسية عند اختيار مجمعات الطاقة الشمسية هو اختيار سائل العمل لنقل الحرارة. تنقسم مجمعات الطاقة الشمسية 

 حسب نوع سائل التبريد إلى سائل وهواء
 :طرق العمل

يعمل المجمع الشمسي على مبدأ نقل الطاقة إلى السائل من مصدر طاقة مشعة يقع على مسافة معينة، على عكس المبادلات 
الحرارية التقليدية. في الاستخدام الفعلي، هناك نوعان من مجمعات الطاقة الشمسية: أحدهما يركز الطاقة الشمسية، والآخر لا 

 يركز عليها.
 

 :الاستنتاجات
مل الهيكلية والمناخية حاسمة في نتائج حساب كفاءة المجمع الشمسي. وتشمل هذه درجة الحرارة المحيطة، ونوع المجمع العوا

الشمسي المختار، وشدة التدفق الحراري. ويمكن أيضا أن نستنتج أن كفاءة المجمعات الشمسية ليست المعيار الرئيسي لاختيار 
 نوع المجمع.

 انتقال الحرارة   ة الشمسية، الطاقة المستدامة، الإشعاع المنخفض، المجمع الشمسي،الطاق الكلمات المفتاحية:
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