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Abstract:  

The results of research on the calculation of the temperature field and heat fluxes through 

the translucent coatings of flat solar installations and the proposal of appropriate 

expressions for determining their values are presented. 

 

Keywords: solar radiation, translucent coating, heat. 

 

Introduction 

Flat solar installations (solar water and air heating collectors) are the most common typical 

technical means for converting solar energy into low-potential heat, which can be used to 
fully or partially cover the heat needs of heat consumers of the same temperature potential. 
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The role of the translucent coating is to create and enhance the greenhouse effect 

inside the collector housing, to prevent the access of solar radiation to the front surface of 
the blackened plate as little as possible and to minimize the radiant heat losses of the latter. 

The heat-insulated bottom and side walls of the housing reduce conductive-convective heat 

losses of the plate to the environment. 

THE MAIN FINDINGA AND RESULTS 

The physical picture of the processes of formation of the temperature field and heat 

transfer through the translucent coatings of flat solar installations are somewhat different 

than that of traditional flat walls, which is widely covered in the courses on heat transfer [1, 
1975; 3]. So, as a result of partial absorption and conversion into heat of solar radiation 

passing through the translucent coatings in the latter, an internal heat source is formed, 

the power of which depends on the optical properties of the translucent coating material 
and the surface density of the solar radiation flux incident on its front surface. 

A flat solar thermal collector consists of a blackened plate (solar radiation receiver), 

placed in a flat box (housing) with a heat-insulated bottom and side walls, top coverings 
with a translucent material (for example, window glass) (Fig. 1). 

 

Figure 1. Schematic diagram of a flat solar thermal collector: 1 - translucent coating; 

2 - blackened plate; 3 - bottom insulation; 4 - bottom; 5 - side walls; 6 - case. 
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Fig. 2. Calculated thermal scheme for choosing the boundary conditions for equation 

(1): 𝑡𝑠𝑢𝑟 and 𝑡𝑎𝑡𝑚- respectively, the temperatures of the front surface of the blackened plate 

and the environment. 

In the blackened plate, the energy of solar radiation is absorbed and converted into 

heat, which has passed through the translucent coating of the collector body. 

The presence of an internal heat source in the translucent coatings of the housing of 

flat solar installations, as a rule, leads to an increase in their temperature, which, to a certain 
extent, is an obstacle to heat losses of the blackened plate through the coating under 

consideration. 

To determine the degree of influence of an internal heat source formed as a result of 

partial absorption and conversion into heat passing through translucent coatings on the 

temperature field and heat transfer through them, we use the solution of the one-
dimensional differential equation of second-order stationary heat conductivity in the 

presence of an internal heat source in them, the power of which is exponentially distributed 

by their thickness [4, 2008]  
𝑑2𝑡𝑥

𝑑𝑥2 −
1−𝜌𝑤

(𝛿𝜆)𝑤
∙ {1 − 𝑒

−[𝛽∙(𝛿−𝑥)]𝑤
𝑐𝑜𝑠𝑟 } ∙ 𝑞ℎ𝑓𝑤

= 0,                                 (1) 

where 𝜌𝑤,  𝛿𝑤 and 𝜆𝑤 - respectively, the reflectance of solar radiation, thickness and thermal 

conductivity of the material of the translucent coating; 𝛽𝑤- coefficient of extinction 

(attenuation) of the material of the translucent coating of the transmitted solar radiation; 𝑟  

- is the angle of refraction of solar radiation when passing through the translucent coating;  
𝑞ℎ𝑓𝑤

 is the surface density of the solar radiation flux falling on the front surface of the 

translucent coating. 
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The boundary conditions for equation (1), in accordance with Figure 2, are  

{
𝑡𝑥 = 𝑡𝑤1

   при   𝑥 = 0

𝑡𝑥 = 𝑡𝑤1
   при   𝑥 = 𝛿𝑤

,                                                            (2) 

where 𝑡𝑤1
 and  𝑡𝑤2

 – are, respectively, the temperatures of the inner (rear) and outer (front) 

surfaces of the translucent coating under consideration. 

Based on the solution of equation (1) under boundary conditions (2), we obtain 

expressions for calculating the temperature field of a translucent coating in the presence of 

an internal heat source in it, formed as a result of partial absorption and conversion into 
heat of solar radiation passing through it, the thermal power of which is exponentially 

distributed over its thickness is 

𝑡𝑥 = 𝑡𝑤1
− {𝑡𝑤1

− 𝑡𝑤2
− [

0,5∙(𝛿−𝑥)𝑤

𝜆𝑤
−

cos2 𝑟

(𝛽2∙𝛿𝜆)𝑤
(1 − 𝑒

−
(𝛽𝛿)𝑤
𝑐𝑜𝑠𝑟𝑤)] (1 − 𝜌𝑤)𝑞ℎ𝑓𝑤

} ∗
𝑥𝑤

𝛿𝑤
−

cos2 𝑟

(𝛽2∙𝛿𝜆)𝑤
𝑒

−
(𝛽𝛿)𝑤
𝑐𝑜𝑠𝑟𝑤 (1 −

𝑒
−

(𝛽𝛿)𝑤
𝑐𝑜𝑠𝑟𝑤) (1 − 𝜌𝑤)𝑞ℎ𝑓𝑤

.                    (3) 

As follows from the analysis of solution (3), at 𝑥 = 0, 𝑡𝑥 = 𝑡𝑤1
 and at 𝑥 = 𝛿𝑤, which fully 

satisfies the boundary conditions and thereby confirms its reliability. 

An expression for calculating the distribution of the surface heat flux density over the 

thickness of the translucent coating of the collector body 𝑞𝑥 in the presence of an internal 

heat source in it, established on the basis of solution (3) and the Fourier law [1, 1975]. 

𝑞𝑥 = −𝜆𝑤
𝑑𝑡𝑥

𝑑𝑥
,                                                                      (4) 

has the form 

𝑞𝑥 = (𝑡𝑤1
− 𝑡𝑤2

)
𝜆𝑤

𝛿𝑤
− {0,5 (1 −

2𝑥𝑤

𝛿𝑤
)

𝑐𝑜𝑠𝑟𝑤

(𝛽𝛿)𝑤
[𝑒−

(𝛽𝛿)𝑤
𝑐𝑜𝑠𝑟 −

𝑐𝑜𝑠𝑟𝑤

(𝛽𝛿)𝑤
(1 − 𝑒

−
(𝛽𝛿)𝑤
𝑐𝑜𝑠𝑟𝑤)]} ∗ (1 − 𝜌𝑤)𝑞ℎ𝑓𝑤

.  (5) 

The expression for determining the values of the surface heat flux densities on the 

internal 𝑞𝑥=0 and external (𝑞𝑥=𝛿𝑤
), obtained on the basis of solution (5) at 𝑥 = 0 and  𝑥 = 𝛿𝑤, 

respectively, have the form  

𝑞𝑥=0 = (𝑡𝑤1
− 𝑡𝑤2

)
𝜆𝑤

𝛿𝑤
− {

𝑐𝑜𝑠𝑟𝑤

(𝛽𝛿)𝑤
[𝑒−

(𝛽𝛿)𝑤
𝑐𝑜𝑠𝑟 −

𝑐𝑜𝑠𝑟𝑤

(𝛽𝛿)𝑤
(1 − 𝑒−

(𝛽𝛿)𝑤
𝑐𝑜𝑠𝑟 ) + 0,5]} ∗ (1 − 𝜌𝑤)𝑞ℎ𝑓𝑤

,  (6) 

 

and  

𝑞𝑥=𝛿 = (𝑡𝑤2
− 𝑡𝑤1

)
𝜆𝑤

𝛿𝑤
− {

𝑐𝑜𝑠𝑟𝑤

(𝛽𝛿)𝑤
[1 −

𝑐𝑜𝑠𝑟𝑤

(𝛽𝛿)𝑤
(1 − 𝑒−

(𝛽𝛿)𝑤
𝑐𝑜𝑠𝑟 ) − 0,5]} ∗ (1 − 𝜌𝑤)𝑞ℎ𝑓𝑤

.  (7)  

As can be seen from the analysis of solutions (6) and (7), all other things being equal 
(we mean the values 𝜌𝑤, 𝛽𝑤, 𝛿𝑤, 𝜆𝑤, 𝑟𝑤 and  𝑞ℎ𝑓𝑤

) in the presence of an internal heat source 

http://www.usajournalshub.com/index.php/tajet
https://doi.org/10.37547/tajet/Volume02Issue07-07


  THE AMERICAN JOURNAL OF ENGINEERING AND TECHNOLOGY  

JULY 2020[TAJET] 

 
50 

ISSN (e): 2689-0984 DOI:  https://doi.org/10.37547/tajet/Volume02Issue07-07 

 

 

in the translucent coatings of the body of flat of solar installations, the values 𝑞𝑥=0 and  

𝑞𝑥=𝛿𝑤
are not equal to each other. 

Their difference, equal to  

∆𝑞𝑥 = 𝑞𝑥=𝛿 − 𝑞𝑥=0 = [1 −
𝑐𝑜𝑠𝑟𝑤

(𝛽𝛿)𝑤
(1 − 𝑒

−
(𝛽𝛿)𝑤
𝑐𝑜𝑠𝑟𝑤)] (1 − 𝜌𝑤)𝑞ℎ𝑓𝑤

,       (8) 

is the surface flux density absorbed by the considered translucent coating of solar radiation. 

Only under the condition  𝛽𝑤 = 0, which is permissible for a perfectly clean translucent 

coating, can the power of the internal heat source in it be neglected, and, as follows from 

solution (8), 𝑞𝑥=0 and  𝑞𝑥=𝛿𝑤
can be considered. 

Conclusion 

1. Calculated expressions are proposed for determining the temperature field and heat 
transfer through the translucent coatings of flat solar installations in the presence of an 
internal heat source formed as a result of partial absorption and conversion of solar radiation 

passing through them into heat, the power of which is exponentially distributed over their 
thickness. 

2. An expression is proposed for calculating the surface density of the solar radiation 
flux absorbed by the translucent coatings of flat solar installations. 
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