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Abstract. The article presents the optimization of the radiant surface of the 

solar air heating collector (SAH). As a radiation-receiving surface of the 
SAH, a surface is used, which is a system of metal drainage shavings and a 

V-shaped surface. Based on the study of the heat transfer process, an 

effective scheme of heat removal from the radiation-receiving surface of the 

SAH is presented. When optimizing the radiation-sensing surface of the 
SAH, the process of radiation-sensing of the surface, which depends on the 

geometric shape of the chips, is taken as the target function of the maximum. 

A formula is proposed for calculating the determination of the transmitted 

amount of the radiant flux of the sun to the unit of the frontal surface through 
the shape of the metal shavings from the value of the opening step angle in 

different thicknesses of the metal shavings. It has been confirmed that the 

solar radiant flux passing to the unit of the frontal surface through the metal 

chip shape reaches its maximum value in the following cases: when the chips 
are 0,002 m thick, they have an optimal angle φ = 58°, the transmitted energy 

of the radiant flux through the chip shape is E = 31%; with a chip thickness 

of 0,0005 m, the optimal angle is φ = 42°, the transmitted energy of the 

radiant flux through the chip shape is E = 41%; with a thickness of 0,001 m, 
the optimal angle is φ = 50°, the transmitted energy of the radiant flux 
through the chip shape is. 

1 Introduction 

Solar energy is a freely available, endless, environmentally friendly energy resource. [1-3]. 

One of the promising areas of renewable energy is the direct production of environmentally 

friendly heat for the air conditioning system [4-6], drying agricultural products with 

conversion of solar radiation flux density [7-9]. Among the various types of solar thermal 

systems, solar air heating collector (SAH) is widely used due to its lower cost and simplicity 
of design [10-11]. 

At present, there is an urgent issue of optimization (the highest or lowest value) from the 

point of view of maximizing the process [12-13], beneficial characteristics and efficiency, 

minimizing the costs of structures operating on the basis of solar energy, in particular solar 

energy systems [14-15]. Varying design data parameters (for example, temperature, output 

signal values) allows you to influence the processes occurring in these designs and efficiency. 
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In SAH, due to the use of air as a coolant, research considers the issues of increasing the 

contact surface between the coolant and heated surfaces in order to increase the heat transfer 

coefficient [16-19]. For this purpose, various additional surfaces [20-22], such as metal 

meshes, honeycombs [23-24], are used in place of a flat black surface. In this study, we will 

consider the possibilities of creating an efficient solar air heating collector of a new 

generation with a metal chip absorber and a V-shaped surface. As the goal of the study, we 
will consider improving the heating of the “absorbing panel – chips” surface in the air layer 

of the SAH (without taking into account heat loss. 

2 Materials and methods 

The efficiency of the design depends on the method of removing useful heat from the surface 

of the UVC heat receiver. Figure 1a shows a schematic diagram of the process of converting 

the solar radiation flux density. In accordance with the diagram, we will draw up a heat 

balance for the UVC design under consideration [25]. Solar radiation absorbed by the 

surfaces of the heat sink 𝑞поглр
, transferred to the coolant qkr−f

 translucent coating qlr−f
 and 

is lost through the thermal insulation of the bottom 𝑞𝑡𝑝𝑑
, those: 

𝑞𝑝𝑟
= 𝑞𝑘𝑟−𝑓

+ 𝑞𝑙𝑟−𝑠
+ 𝑞𝑡𝑝𝑑

                          (1) 

 

 
a) 

 
b) 

Fig. 1. Schematic diagram of the SAH heat sink: a) SAH heat sink with a smooth flat absorber. b) SAH 

heat sink with absorbers from V - shaped corrugation and with metal drain chips. 𝑡0, 𝑡𝑓𝑡𝑠𝑡𝑟𝑡𝑑- 

temperature, respectively, of the environment, coolant, translucent coating, heat receiver, bottom of the 
SAH case. 

Heat gained by translucent coating 𝑞𝑙𝑟−𝑠
, transferred to the coolant  𝑞𝑘𝑠−𝑓

 and is lost 

through the translucent coating into the environment 𝑑𝑡𝑝𝑠
, those: 
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𝑞lr−s
= 𝑞𝑘𝑠−𝑓

+ 𝑞tp𝑠
                       (2) 

The flow of useful energy received by the coolant 𝑞пол , consists of energy flows received 

from the upper surface of heat exchangers 𝑞𝑘𝑟−𝑓
 and the inner surface of the translucent 

coating 𝑞𝑘𝑠−𝑓
, those: 

𝑞𝑝𝑜𝑙 = 𝑞𝑘𝑟−𝑓
+ 𝑞𝑘𝑠−𝑓

                                    (3) 

From (2) and (3) it follows that the thermal efficiency of solar air heaters is related to the 

intensity of heat removal from the surface of the heat sink, from the back side of the 

translucent coating, as well as from the surface of the thermal insulation of the bottom of the 

housing. 

In Fig. Figure 1 b shows a schematic diagram of the heat sink of the SAH with heat sinks 

made of V-shaped corrugation and with metal shavings. One of the ways to increase the 

thermal performance of SAH is to use a corrugated surface and metal shavings at a certain 

height from the first. Due to the increase in surface area and intensive heat removal, an 

increase in the overall value of the heat transfer coefficient of the heat receiver surfaces per 

unit of the frontal surface of the installation is achieved. 

 

 

φ is the opening angle of the metal shavings, a is the height of the shavings, L is the length of the 
shavings. 

Fig. 2. Longitudinal view of metal shavings. 

When using metal shavings above the surface of a heat sink in a solar air heating collector, 

it becomes important to find the optimal opening angle φ of the shavings, since the 

transmittance of the metal shavings to the surface of the heat sink depends on it (Fig. 2). To 

determine the angle φ, it is necessary to determine the total area of the metal shavings. The 

total area of a single metal chip with height a and length L is found by the following formula: 

𝑆𝑠𝑡 = 𝑎 ∙ 𝐿                                       (4) 

The transmissible area between two adjacent chip protrusions m is determined by the 

following formula: 

𝑆𝑙.𝑝 =
1

2
𝑎2 ∙ 𝑠𝑖𝑛𝜑                          (5) 

Transmitted area N number m of metal shavings: 

𝑆𝑁 = 𝑆л.п ∙ 𝑁 = 𝑁 ∙
1

2
𝑎2 ∙ 𝑠𝑖𝑛𝜑     (6) 

The energy of the radiant flux passing during time τ is found according to the following 

formula: 

  Э = 𝐼 ∙ 𝜏 ∙ 𝑆                                 (7) 
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where I – radiant flux density. 

Substituting (4) and (6) into formula (7), we obtain the energy of the radiant flux arriving 

over a period of time τ on the surface of the heat receiver of the installation without chips (8), 

and with the installation with chips (9): 

  Э𝑛.𝑠𝑡 = 𝐼 ∙ 𝜏 ∙ 𝐿 ∙ 𝑎 .                                    (8) 

Э𝑠𝑠𝑡 = 𝐼 ∙ 𝜏 ∙ 𝑁 ∙
1

2
𝑎2 ∙ 𝑠𝑖𝑛𝜑.                                     (9) 

The energy of the beam passing between the protrusions of the chips depends on the angle 

φ, and part of the energy arriving at the surface of the heat receiver is found by the formula:  

 Э%𝑝 =
𝐼∙𝑡∙𝑁∙

1

2
𝑎2∙𝑠𝑖𝑛𝜑

𝐼∙𝑡∙𝐿∙𝑎
∙ 100% =

𝑎∙𝑁∙𝑠𝑖𝑛𝜑

2𝐿
∙ 100%         (10)  

3 Results and discussion 

The solution to (9) of the formula is to find the optimal angle of opening of the metal shavings 

step, at which the passing solar radiant flux to a unit of the frontal surface through the shape 
of the metal shavings is maximum. Figure 3 shows the dependence of the passing solar 

radiant flux to a unit of frontal surface through the shape of metal shavings on the value of 

the opening angle for thicknesses of 0.5 mm, 1.0 mm, 2.0 mm and a length of 500 mm, a 

height of 10 mm of metal shavings. The results of calculations using formula (10) show that 

the optimal opening angle of chips with a thickness of 0.002 m, the transmitted energy of the 

radiant flux through is    at  ; at chip thickness 0,0005 m, the optimal angle is   the transmitted 

energy of the radiant flux through is  ; with thickness 0,001 m, the optimal angle is   the 

transmitted energy of the radiant flux through the chip shape is  . In these cases, the radiation 

transmittance per unit of frontal surface has a maximum value, which proves the increase in 

the efficiency of a solar air-heating collector with a metal chip heat receiver. 

 

Fig. 3. The dependence of the transmitted radiant flux of the sun to a unit of the frontal surface through 

the shape of the drain metal chips on the value of the opening angle in various thicknesses of the drain 
metal chips. 
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Fig. 4. Dependence of efficiency on the angle and number of chips. 

The graphs show that the system efficiency increases with increasing angle ϕ, ranging 

from 0 to approximately 0.8 radians. Then efficiency begins to decline. This may be due to 

the optimal angle of incidence of solar radiation for given chip parameters and quantity. As 

the number of chips increases, the efficiency also increases. 

4 Discussion 

The sun's rays passing through the translucent coating and absorbed by the surfaces of the 

metal shavings and the corrugated surface undergo a series of mutual reflections, both 

between the surfaces of the heat sinks, and in the surfaces themselves, and the inner surface 

of the translucent coating. Which leads, accordingly, to an increase in the absorption capacity 

of the incoming flux density of solar radiation. Calculations have shown that the maximum 

penetration of the radiant flux of the sun to a unit of the frontal surface through the shape of 

metal chips is when    the chip thickness is 0.5 mm. 

5 Conclusion 

Thus, based on the proposed formula, optimization of the surface with chips of the beam-

receiving surface can be performed, taking into account the geometric and optical parameters 

of the SVK. And also, with an effective choice of heat removal scheme from the beam-

receiving surface, the thermal efficiency of the SAH can be significantly increased. Changing 

parameters such as angle ϕ, number of chips N, height a and length L can have a significant 

impact on the efficiency of the metal chip SAH. 

References 

1. Dj.Daffi, U. Bekman, Osnovi solnechnoy teploenergetiki (Dolgoprudniy, Izdatelskiy 

dom «Intellekt», 2013) 

2. N.R. Avezova, A.U. Vokhidov, D.U. Abdukhamidov et al, Appl. Sol. Energy 52, 197–

200 (2016) https://doi.org/10.3103/S0003701X1603004X 

 
 

 

, 05036 (2024)BIO Web of Conferences

AQUACULTURE 2023
https://doi.org/10.1051/bioconf/20248405036 84

5

RETRACTED



3. S.I. Klychev, A.I. Ismanzhanov, N.S. Sadykova et al, Appl. Sol. Energy 49, 180–184 

(2013) https://doi.org/10.3103/S0003701X13030043 

4. M.O. Uzbekov, Comp. nanotechnol. 2, 138–140 (2019) https://doi.org/10.33693/2313-

223X-2019-6-2-138-140   

5. R.R. Avezov, K.A. Samiev, Applied Solar Energy 42/3, 45–49 (2006) 

6. Mitra Akhbari Amir Rahimi Mohammad Sadegh Hatamipour,  Applied Thermal 

Engineering 170, 114902 (2020) https://doi.org/10.1016/j.applthermaleng.2020.114902 

7. N.R. Avezova, R.R. Avezov, Appl. Sol. Energy 51, 10–14 (2015) 

https://doi.org/10.3103/S0003701X15010053 

8. N.R. Avezova, et al, Appl. Sol. Energy 49, 202–210 (2013) 

https://doi.org/10.3103/S0003701X13040038 

9. R.Y. Akbarov, A.A. Kuchkarov, Appl. Sol. Energy 54, 183–188 (2018) 

https://doi.org/10.3103/S0003701X18030027  

10. Wenye Lin Haoshan, Ren Zhenjun Ma, Renewable Energy 145, 164-179 (2020) 

https://doi.org/10.1016/j.renene.2019.05.129 

11. N.R. Avezova, et al, Appl. Sol. Energy 58, 697–707 (2022) 

https://doi.org/10.3103/S0003701X22600977 

12. B.B. Boynazarov, et.al, Journal of Engineering and Technology 13(2), 31– 38 (2023)  

13. S.E. Frid, et.al, Appl. Sol. Energy 59, 26–29 (2023) 

https://doi.org/10.3103/S0003701X23600662 

14. B.A. Abdukarimov, A.A. Kuchkarov, Appl. Sol. Energy 58, 847–853 (2022). 

https://doi.org/10.3103/S0003701X22060020  

15. R.R. Avezov, N.R. Avezova, K.A. Samiev, Appl. Sol. Energy 43, 6–7 (2007) 

https://doi.org/10.3103/S0003701X07010033 

16. P.F. Rzaev, F.A. Salmanova, A.B. Babaev, Appl. Sol. Energy 43, 43–44 (2007) 

https://doi.org/10.3103/S0003701X07010148  

17. S.I. Klychev, et al, Appl. Sol. Energy 43, 19–20 (2007) 

https://doi.org/10.3103/S0003701X07010070  

18. A.A. Kuchkarov, et al, Appl. Sol. Energy 56, 42–46 (2020). 

https://doi.org/10.3103/S0003701X20010089  

19. A. Bicer, A.G. Devecioglu, V. Oruc, Z. Tuncer, International Journal of Green Energy 

17(15), 979-989 (2020) 

20. B.A. Abdukarimov, et.al, Appl. Sol. Energy 58, 109–115 (2022) 

https://doi.org/10.3103/S0003701X22010029 

21. N.R. Avezova, R.R. Avezov, Appl. Sol. Energy 52, 93–96 (2016) 

https://doi.org/10.3103/S0003701X16020080  

22. R.R. Avezov, A.U. Vokhidov, N.O. Usmonov, Appl. Sol. Energy 54, 168–172 (2018) 

https://doi.org/10.3103/S0003701X18030040  

23. R.R. Avezov, et.al, Solnechnie sistemi otopleniya i goryachego vodosnabjeniya 

(Tashkent, Fan, 1988) 

 
 

 

, 05036 (2024)BIO Web of Conferences

AQUACULTURE 2023
https://doi.org/10.1051/bioconf/20248405036 84

6

RETRACTED

https://doi.org/10.3103/S0003701X18030027
https://doi.org/10.3103/S0003701X22060020
https://doi.org/10.3103/S0003701X22010029

	1 Introduction
	2 Materials and methods
	3 Results and discussion
	4 Discussion
	5 Conclusion
	References



