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INTRODUCTION 
 
Solar energy in all its forms plays a vital role in economic and industrial development. Owing to its economic and environmen
benefits, solar energy converted into heat has found numerous applications 
(2)). Flat-plate air collectors are among the devices that convert solar energy into heat drawn from the flow of air through the solar 
collector. Solar thermal collectors are designed to convert the sun’s radiant energy directly into thermal energy, based on 
greenhouse effect. They consist mainly of a transparent cover (made of glass or plastic) that captures solar radiation, an ab
usually painted black to absorb as much solar radiation as possible an air duct, and thermal insulation. The design of a
collector offers advantages in terms of its simple structure, low manufacturing cost and low maintenance requirements. Howeve
the thermal efficiency of these air-based solar collectors remains very low due to the thermophysical properties of air, 
significantly lower than those of liquid heat transfer fluids. These physical properties affect the convective heat transfer 
between the air and the absorber (3). One of the methods used to increase the convective heat transfer rate b
and the absorber involves modifying the geometry of the heat transfer fluid flow (
involved the application of artificial roughness elements or corrugated plates within the air duct, the instal
attached to the absorber plate, and the external and internal recirculation of air to enhance the thermal performance of thes
systems (3). Several designs featuring different shapes and dimensions for the heat transfer fluid flow p
collectors have been developed and tested (6
of obstacles arranged in rows within the dynamic air flow. The study compared a flat
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ABSTRACT 

In this article, a numerical study of a solar collector made from aluminum cans is carried out to 
determine the optimal performance and design parameters of this system for converting solar 
radiation into thermal energy. The collector is coupled with a drying chamber for drying fruit and 
vegetables. It consists of three main components, namely a transparent cover (g
that also serves as a conduit for the heat transfer fluid (made from aluminum beverage cans). 
Transient modelling is used to characterize the dynamic behaviour of the collector. The model 
developed was established on the basis of energy conservation equations using the nodal method. A 
set of equations representing the model is solved simultaneously using SCILAB simulation software. 
The results are validated withexperimental data and then used to investigate the influence of various 

rameters on the collector’s performance, such as the mass flow rate of air at the collector inlet, the 
length of the columns of can tubes, and the number of holes at the outlet of each can. The results 
showed that the fluid temperature at the solar collector outlet decreases as the air flow rate at the solar 
collector inlet increases, whilst the daily thermal yield increases with the increase in air flow rate.The 
results also indicate that the solar collector performs best with can tubes featuring two (02) 
centimetre-diameter holes in terms of both outlet fluid temperature and efficiency.

This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original work is properly cited.  

 

 

 

Solar energy in all its forms plays a vital role in economic and industrial development. Owing to its economic and environmen
benefits, solar energy converted into heat has found numerous applications in the fields of space heating, drying, cooling, etc. (

plate air collectors are among the devices that convert solar energy into heat drawn from the flow of air through the solar 
collector. Solar thermal collectors are designed to convert the sun’s radiant energy directly into thermal energy, based on 
greenhouse effect. They consist mainly of a transparent cover (made of glass or plastic) that captures solar radiation, an ab
usually painted black to absorb as much solar radiation as possible an air duct, and thermal insulation. The design of a
collector offers advantages in terms of its simple structure, low manufacturing cost and low maintenance requirements. Howeve

based solar collectors remains very low due to the thermophysical properties of air, 
significantly lower than those of liquid heat transfer fluids. These physical properties affect the convective heat transfer 

. One of the methods used to increase the convective heat transfer rate b
and the absorber involves modifying the geometry of the heat transfer fluid flow ((4), (5)). The methods employed have mainly 
involved the application of artificial roughness elements or corrugated plates within the air duct, the instal
attached to the absorber plate, and the external and internal recirculation of air to enhance the thermal performance of thes

. Several designs featuring different shapes and dimensions for the heat transfer fluid flow p
6). A. Abene et al. (7) investigated a flat-plate solar collector fitted with several types 

of obstacles arranged in rows within the dynamic air flow. The study compared a flat-plate solar collector with obstacles to one 
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article, a numerical study of a solar collector made from aluminum cans is carried out to 
optimal performance and design parameters of this system for converting solar 

radiation into thermal energy. The collector is coupled with a drying chamber for drying fruit and 
vegetables. It consists of three main components, namely a transparent cover (glass), and an absorber 
that also serves as a conduit for the heat transfer fluid (made from aluminum beverage cans). 
Transient modelling is used to characterize the dynamic behaviour of the collector. The model 

rgy conservation equations using the nodal method. A 
set of equations representing the model is solved simultaneously using SCILAB simulation software. 
The results are validated withexperimental data and then used to investigate the influence of various 

rameters on the collector’s performance, such as the mass flow rate of air at the collector inlet, the 
length of the columns of can tubes, and the number of holes at the outlet of each can. The results 

or outlet decreases as the air flow rate at the solar 
collector inlet increases, whilst the daily thermal yield increases with the increase in air flow rate.The 
results also indicate that the solar collector performs best with can tubes featuring two (02) 1-

diameter holes in terms of both outlet fluid temperature and efficiency. 

This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted 

 

Solar energy in all its forms plays a vital role in economic and industrial development. Owing to its economic and environmental 
in the fields of space heating, drying, cooling, etc. ((1), 

plate air collectors are among the devices that convert solar energy into heat drawn from the flow of air through the solar 
collector. Solar thermal collectors are designed to convert the sun’s radiant energy directly into thermal energy, based on the 
greenhouse effect. They consist mainly of a transparent cover (made of glass or plastic) that captures solar radiation, an absorber 
usually painted black to absorb as much solar radiation as possible an air duct, and thermal insulation. The design of a solar 
collector offers advantages in terms of its simple structure, low manufacturing cost and low maintenance requirements. However, 

based solar collectors remains very low due to the thermophysical properties of air, which are 
significantly lower than those of liquid heat transfer fluids. These physical properties affect the convective heat transfer coefficient 

. One of the methods used to increase the convective heat transfer rate between the air flow 
). The methods employed have mainly 

involved the application of artificial roughness elements or corrugated plates within the air duct, the installation of internal fins 
attached to the absorber plate, and the external and internal recirculation of air to enhance the thermal performance of these 

. Several designs featuring different shapes and dimensions for the heat transfer fluid flow path within flat-plate solar 
plate solar collector fitted with several types 

lar collector with obstacles to one 
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without obstacles. The results show a marked improvement in heat transfer, the outlet temperature of the heat transfer fluid and the 
thermal efficiency of the air-side flat-plate solar collector with the different types of obstacles.H.M. Yeh et al(8) conducted 
experimental and analytical studies on the efficiency of a finned dual-flow air-side solar collector. The results show an increase in 
the thermal efficiency of the finned air-side solar collector. Ozgen et al(9) conducted an experimental study on the thermal 
performance of a dual-flow solar collector equipped with aluminum beverage cans as an absorber. Three different absorber plates 
were tested as part of their study.In the first type (Type I), the cans were arranged in a zigzag pattern on the absorbent plate, 
whereas in Type II, they were arranged in an orderly fashion. Type III consists of a flat plate (without cans). Experiments were 
carried out at air mass flow rates of 0.03 kg/s and 0.05 kg/s. The results showed that the highest efficiency was achieved for type I 
at 0.05 kg/s.Sinon et al. (10) conducted an experimental study of heat transfer via forced convection in a flat-plate air-side solar 
collector with an absorber made from aluminum drinks cans. The results showed an increase in the turbulence of the heat transfer 
fluid and an improvement in the thermal efficiency of the solar collector designed for use in the food industry.  The aim of this 
study is to use a numerical model to determine the influence of certain design parameters in order to optimize the thermal 
performance of the air-type solar collector. Parameters such as the length of the tube columns, the air flow rate at the solar 
collector inlet and the number of holes will be studied in relation to the air temperature at the outlet and the daily thermal 
efficiency of the solar collector, with a view to providing an optimal design for such a flat-plate solar collector. 
 

Description of the experimental setup: The solar collector under consideration in this study is a glazed flat-plate air-side solar 
collector (Figure 1) operating on the principle of forced convection. It consists mainly of a frame, an absorber and a glass pane (3 
mm thick). The frame of our collector is made of two aluminum sheets measuring 2600 mm × 600 mm × 50 mm, between which 
lies a 5 cm thick layer of glass wool, serving as insulation for the collector.The absorber is made from aluminum drinks cans 
painted black to increase their ability to absorb solar radiation. Each can has a 5 cm diameter hole drilled into its top through 
which cool air enters, and three (03) holes, each 1 cm in diameter, drilled into its bottom through which hot air exits (Figure 2). 
The holes are arranged on the two opposite sides so as to generate turbulence within the cans. This improves convective heat 
transfer between the heat transfer fluid and the inner walls of the cans. The cans were then assembled into columns (nine in total), 
thus forming absorber tubes.A total of 153 cans were used to construct the solar collector. The collector was mounted on a support 
inclined at an angle of 12° to the horizontal and oriented towards the south in accordance with the site’s latitude. The dimensions 
and specifications of the solar collector are shown in Table 1 below. 
 

 

 

Figure 1. Scheme of the solar collector Figure 2. Description of the can tubes 
 

Table 1: Solar collector specifications 
 

Dimensions of the solar collector 2600x600x50(mm) 
Thickness of the glass 3mm 

Glass transmittance ( g ) 0.9 

Glass emissivity 0.85 
Absorber tube diameter 50mm 
Length of the absorber tubes  2600mm 
Number of tube columns 9 
Number of cans 153 

Absorptivity of a matte black absorber (n ) 0.95 

Emissivity of the absorber  0.85 
Thickness of the glass wool insulation 50mm 
Thermal conductivity of insulating glass wool 0.042W/m.K 
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Modelling of a solar thermal collector 
 
Physical model of the solar collector: Figure 3 illustrates the various physical phenomena that describe the thermal behaviour of 
the solar collector. The energy conservation equations for the air solar collector are described in terms of parameters such as the 
length of the tube columns, the air flow rate at the collector inlet and the number of holes, as well as the air temperature at the 
outlet and the thermal efficiency. To facilitate the solution of these equations, the following simplifying assumptions are made: 
 
 The solar collector operates under transient conditions; 
 The fluid flow is assumed to be unidirectional; 
 Conduction within the absorber is assumed to be negligible as its thickness is considered sufficiently small (1 mm); 
 Lateral heat losses from the solar collector are neglected; 
 The air flow rate is assumed to be uniform at the inlet of each column of can tubes; 
 The physical properties of the materials are independent of temperature. 

 

Figure 3. Different types of heat transfer within the air-side solar collector 

 

3.2 Energy conservation equations for solar collectors 

To establish the mathematical model of our solar collector, the thermal energy balance method is applied to each component of the 

collector. These balances reflect the conservation of thermal energy for each component by applying the nodal method, in which 

each component is treated as a node to which temperatures are applied: 

 At the glass pane  

The heat balance of the glass pane is defined by equation (1), which can be rewritten as follows: 

𝜌
𝑔

𝑉𝑔𝐶𝑃𝑔

𝑑𝑇𝑔

𝑑𝑡
= 𝛼𝑔𝐺𝑆𝑔 + ℎ𝑎𝑚𝑏𝑆𝑔൫𝑇𝑎 − 𝑇𝑔൯ + ℎ𝑟,𝑠𝑘𝑦𝑆𝑔൫𝑇𝑠𝑘𝑦 − 𝑇𝑔൯ + 𝑆𝑛൫ℎ𝑣,𝑛−𝑔 + ℎ𝑟,𝑛−𝑔൯൫𝑇𝑛 − 𝑇𝑔൯                                          

(1) 

 At the absorber (aluminum can) 

The heat balance of the drink can absorber is defined by equation (2) as follows: 

𝜌
𝑛

𝑉𝑛𝐶𝑝𝑛

𝑑𝑇𝑛

𝑑𝑡
= 𝛼𝑛𝜏𝑔𝐺𝑆𝑛 + 𝑆𝑛൫ℎ𝑟,𝑛−𝑔 + ℎ𝑣,𝑛−𝑔൯൫𝑇𝑔 − 𝑇𝑛൯ + ℎ𝑟,𝑛−𝑔𝑆𝑛൫𝑇𝑝 − 𝑇𝑛൯  + ℎ𝑣,𝑛−𝑓𝑆𝑛−𝑓൫𝑇𝑓 − 𝑇𝑛൯                                   

(2) 

 With regard to the heat transfer fluid 

The heat balance for a can tube column element is defined by equation (3): 

𝜌
𝑓
𝑉𝑓𝐶𝑝𝑓 ቀ

𝑑𝑇𝑓

𝑑𝑡
+ 𝑢𝑓

𝑑𝑇𝑓

𝑑𝑥
ቁ = ℎ𝑣,𝑛−𝑓൫𝑇𝑛 − 𝑇𝑓൯                                                                                                                                      

(3) 

 At the plate level 

The heat balance of the aluminum sheet beneath the absorber is defined by equation (4) as follows: 
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𝜌
𝑝

𝑉𝑝𝐶𝑝𝑝

𝑑𝑇𝑝

𝑑𝑡
= ℎ𝑟,𝑛−𝑝𝑆𝑛൫𝑇𝑛 − 𝑇𝑝൯ + ℎ𝑐𝑖𝑆𝑝൫𝑇𝑎𝑚𝑏 − 𝑇𝑝൯                                                                                                                  (4) 

 

Determination of the overall heat loss coefficient: The calculation of heat loss coefficients is fundamental to assessing the 

performance of a flat-plate solar collector. The overall heat loss coefficient (𝑈𝐿) of the collector is the sum of the front(𝑈𝑎𝑣) and 

rear (𝑈𝑎𝑟) heat loss coefficients (Equation 5), with lateral losses assumed to be negligible. This heat loss occurs between the solar 
collector and its surroundings via conduction, convection and infrared solar radiation. 
 
 

𝑈𝐿 = 𝑈𝑎𝑣 + 𝑈𝑎𝑟                                                                                                                                                                                (5) 

The overall heat loss coefficient towards the front of the solar collector is given by equation (6): 

 

𝑈𝑎𝑣 =
1

1

ℎ𝑎𝑚𝑏+ℎ𝑟,𝑠𝑘𝑦
+

𝑒𝑔

𝜆𝑔

                                                                                                                                                                         (6) 

The overall heat loss coefficient towards the rear of the solar collector is very small compared to that of heat losses towards the 

front, as the solar collector is very well insulated at the rear. It is expressed as follows (Equation (7)): 

 

𝑈𝑎𝑟 =
𝜆𝑖𝑠𝑜

𝑒𝑖𝑠𝑜

                                                                                                                                                                                          (7) 

Determination of heat transfer coefficients 
 
Convective heat transfer coefficients 
 
• The convective heat transfer coefficient between the glass and the ambient air is given by the correlation proposed by McAdams 
1954 [11]. 
 

ℎ𝑎𝑚𝑏 = 5,67 + 3,86𝑢𝑎𝑚𝑏                                                                                                                                                                (8) 
 

Where 𝑢𝑎𝑚𝑏 is the wind speed 
 

ℎ𝑣,𝑛−𝑔 =
𝑁𝑢𝜆𝑓

𝑒𝑎𝑐

                                                                                                                                                                                  (9) 

 
Where 𝑒𝑎𝑐 is the thickness of the blade layer between the absorber and the glass, and 𝜆𝑓 is the thermal conductivity of air. The 
dimensionless Nusselt number (𝑁𝑢) is given by the following correlation [12]: 
 

𝑁𝑢 = 1 + 1.44 ቂ1 −
ଵ଻଴଼

ோ௔.௖௢௦௜
ቃ

∗

ቂ1 −
ଵ଻଴଼(௦௜௡ଵ.଼௜)భ.ల

ோ௔.௖௢௦௜
ቃ + ൤ቀ

ோ௔.௖௢௦௜

ହ଼ଷ଴
ቁ

ଵ/ଷ

− 1൨
∗

                                                                                      (10) 

 
This Nusselt correlation applies to values between 0° and 60°C, which represents the angle of inclination of the solar collector 
relative to the horizontal plane. The dimensionless Rayleigh number 𝑅𝑎 is expressed by equation (11).  
 

𝑅𝑎 =
௚ఉ୼்௘ೌ೎

య

ఔ఑
                                                                                                                                                                                 (11) 

 
With 𝛽 the coefficient of thermal expansion in 𝐾ିଵ,Δ𝑇 the temperature difference between the glass and the absorber in 𝐾 , 𝑔 the 

gravitational field in 𝑚ଶ/𝑠 , 𝜈 the kinematic viscosity in 𝑚2/𝑠 , and 𝜅 the thermal diffusivity 𝑚2/𝑠 . 
 

• The convective heat transfer coefficient between the heat transfer fluid and the absorber walls is given by equation (12): 

 

𝒉𝒗,𝒏−𝒇 =
𝑵𝒖𝝀𝒇

𝑫𝒄

                                                                                                                                                                                (12) 
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The Nusselt number for transient flow is given by the correlation proposed [11]: 
 
𝑁𝑢 = 0.027𝑅𝑒଴.଼𝑃𝑟଴.ଷଷ                                                                                                                                                                (13) 
 
The expressions for the dimensionless numbers the Reynolds number and the Prandtl number are given in equations (14) and (15) 
respectively. 
 

𝑅𝑒 =
ఘ೑௨೑஽೎

ఓ೑
                                                                                                                                                                                    (14) 

 

𝑃𝑟 =
ఓ೑಴೛೑

ఒ೑
                                                                                                                                                                                   (15) 

  

Where 𝑅𝑒 and 𝑃𝑟 are the dimensionless Reynolds and Prandtl numbers respectively,𝜌
𝑓
 the density of the fluid (air) in 𝑘𝑔/𝑚ଷ, 

𝐷𝑐 the hydraulic diameter of the can tubes in m, 𝜇
𝑓
 the dynamic viscosity in 𝑘𝑔/(𝑚. 𝑠); 𝐶𝑝𝑓

the specific heat capacity of the fluid 

in 𝐽/𝑘𝑔 and 𝜆𝑓 the thermal conductivity of the fluid in 𝑊/(𝑚. 𝐾). 
 
The radiative transfer coefficients 

 
• The radiative transfer coefficient between the glass and the sky is calculated using the following formula: 

 

ℎ𝑟,𝑠𝑘𝑦 =
𝜎൫𝑇𝑠𝑘𝑦+𝑇𝑔൯൫𝑇𝑠𝑘𝑦

2 +𝑇𝑔
2൯

൬
1

𝜀𝑔
൰

                                                                                                                                                       (16) 

 

Where 𝜎 = 5.67 × 10ି଼𝑊/𝑚²𝐾ସ is the Stefan-Boltzmann constant and 𝜀௚ is the emissivity of the glass. The sky temperature 

𝑇𝑠𝑘𝑦 is given by the following correlation [13]: 
 

𝑇𝑠𝑘𝑦 = 0.0552(𝑇𝑎𝑚𝑏)1.5                                                                                                                                                           (17) 

• The heat flux exchanged by radiation between the glass pane and the absorber can be expressed using the equation below. 

 

ℎ𝑟,𝑠𝑘𝑦 =
𝜎൫𝑇𝑠𝑘𝑦+𝑇𝑔൯൫𝑇𝑠𝑘𝑦

2 +𝑇𝑔
2൯

൬
1

𝜀𝑔
൰

                                                                                                                                                       (18) 

Together with the absorber’s emissivity. 
 

 
Method of resolution: The time terms in the solar collector’s energy balance equations are discretized using the implicit Euler 

finite difference method (Equation (19)). The advection term in the fluid equation is discretized by taking the difference between 

two temperatures (Equation (20)). 

 
𝜕𝑇

𝜕𝑡
=

𝑇𝑖
𝑛+1−𝑇𝑖

𝑛

∆𝑡
                                                                                                                                                                            (19) 

 
𝜕𝑇

𝜕𝑥
=

𝑇𝑖
𝑛+1−𝑇𝑖−1

𝑛+1

∆𝑥
                                                                                                                                             (20) 

 
The above equations can be written in the form of a 4×4 matrix equation, with matrix [𝐴], variable [𝑇] and right-hand side [𝐴], 
such that [𝐴] × [𝑇] = [𝐵]. 
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൦

𝐴11
𝐴12 0 0

𝐴21

0

0

𝐴22

𝐴32

𝐴42

𝐴23

𝐴33

0

𝐴24

0

𝐴44

൪

⎝

⎜
⎛

𝑇𝑔
𝑛+1

𝑇𝑛
𝑛+1

𝑇𝑓
𝑛+1

𝑇𝑝
𝑛+1

⎠

⎟
⎞

= ൮

𝐵1

𝐵2

𝐵3

𝐵4

൲                                                                                                                             (21) 

 
Where : 

𝐴11 =
𝜌

𝑔
𝑉𝑔𝐶𝑝𝑔

Δ𝑡
+ 𝑆𝑔൫ℎ𝑎𝑚𝑏 + ℎ𝑟,𝑠𝑘𝑦൯ + 𝑆𝑛൫ℎ𝑟,𝑔−𝑛 + ℎ𝑣,𝑔−𝑛൯ 

(𝟐𝟐) 

  

𝐴12 = 𝐴21 = −𝑆𝑛൫ℎ𝑟,𝑔−𝑛 + ℎ𝑣,𝑔−𝑛൯ (𝟐𝟑) 

 
 

𝐴22 =
𝜌

𝑛
𝑉𝑛𝐶𝑝𝑛

Δ𝑡
+ 𝑆𝑛൫ℎ𝑟,𝑔−𝑛 + ℎ𝑣,𝑔−𝑛 + ℎ𝑟,𝑛−𝑝൯ + ℎ𝑣,𝑛−𝑓𝑆𝑛−𝑓 

(𝟐𝟒) 

 
 

 
 

𝐴ଵଵ =
𝜌௚𝑉௚𝐶௣௚

Δ𝑡
+ 𝑆௚൫ℎ௔௠௕ + ℎ௥,௦௞௬൯ + 𝑆௡൫ℎ௥,௚ି௡ + ℎ௩,௚ି௡൯ 

(𝟐𝟐) 

  

𝐴ଵଶ = 𝐴ଶଵ = −𝑆௡൫ℎ௥,௚ି௡ + ℎ௩,௚ି௡൯  (𝟐𝟑) 
 

 

𝐴ଶଶ =
𝜌௡𝑉௡𝐶௣௡

Δ𝑡
+ 𝑆௡൫ℎ௥,௚ି௡ + ℎ௩,௚ି௡ + ℎ௥,௡ି௣൯ + ℎ௩,௡ି௙𝑆௡ି௙ 

(𝟐𝟒) 
 

 
𝐴ଶଷ = 𝐴ଷଶ = −ℎ௩,௡ି௙𝑆௡ି௙ (𝟐𝟓) 

 
 

 

𝐴ଶସ = 𝐴ସଶ = −ℎ௥,௡ି௣𝑆௡ି௣ (𝟐𝟔) 

𝐴ଷଷ =
𝜌௙𝑉௙𝐶௣௙

Δ𝑡
+

𝜌௙𝑉௙𝐶௣௙𝑢௙

Δ𝑥
+ ℎ௩,௡ି௙𝑆௡ି௙ 

(𝟐𝟕) 

𝐴ସସ =
𝜌௣𝑉௣𝐶௣೛

Δ𝑡
+ ℎ௥,௡ି௣𝑆௡ + ℎ௖௜𝑆௣  

(𝟐𝟖) 

𝐵ଵ = 𝛼௚G𝑆௚ +
𝜌௚𝑉௚𝐶௣௚

Δ𝑡
𝑇௚

௡ + ℎ௔𝑆௚𝑇௔௠௕ + ℎ௥,௦௞௬𝑆௚𝑇௦௞௬  
(𝟐𝟗) 

𝐵ଶ = 𝛼௡𝜏௚𝐺𝑆௡ +
𝜌௡𝑉௡𝐶௣௡

Δ𝑡
𝑇௡,௜

௡  
(𝟑𝟎) 

𝐵ଷ =
𝜌௙𝑉௙𝐶௣௙

Δ𝑡
𝑇௙,௜

௡ +
𝜌௙𝑉௙𝐶௣௙𝑢௙

Δ𝑥
𝑇௙,௜ିଵ

௡ାଵ  
(𝟑𝟏) 

𝐵ସ =
𝜌௣𝑉௣𝐶௣೛

Δ𝑡
𝑇௣,௜

௡ + ℎ௖௜𝑆௣𝑇௔௠௕  
(𝟑𝟐) 

 

The matrix equation can therefore be solved in the form: [𝑇] = [𝐴]−1 × [𝐵] 
 

The temperature-dependent physical properties of the fluid are calculated using the average temperature of the fluid flowing 

through the tubes. These equations were solved using an iterative method with the SCILAB simulation software (version 6.1). This 

allows the temperature of the various components of the solar collector to be calculated at each time step. 
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Efficiency of solar collector: The efficiency of a collector is one of the criteria used to determine the performance of a solar 

collector. It is defined, based on the analysis carried out by Hottel, Willier, Wortz and Bliss, as the ratio of the thermal energy 

received by the heat transfer fluid to the thermal energy received from the sun ((14), (15)). 

 

𝜂 =
ொೠ

ௌ೒ீ
=

௠̇೑஼೛೑൫்೑ೞି்೑೐൯

ௌ೒ீ
                                                                                                                                                         (33) 

 
Where 𝑄

𝑢
is the amount of useful heat collected by the collector, expressed in 𝑊,𝐺 is the total solar radiation falling on the 

collector’s surface in 𝑊/𝑚². The term 𝑚̇௙ is the mass flow rate of the heat transfer fluid entering the can tubes. It is expressed 
in 𝑔/𝑠 . 

 
RESULTS AND DISCUSSION 
 
Validation of the numerical model of the solar collector: The mathematical model developed was validated using experimental 
data obtained from the experiment. The model compares the theoretical outlet air temperature with the experimental temperature, 
as well as the instantaneous thermal efficiency. Figure 4 shows the variation in solar radiation and ambient temperature over time. 
The experimental data for ambient temperature and solar radiation were obtained on 31 March 2023. These data have been 
smoothed, and the resulting values are used as input conditions for the collector simulation.   
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Figure 4. Total sunshine and ambient temperature 
 
In order to validate the model for the solar collector, a comparison was made between the simulated outlet temperature of the solar 
collector and the experimentally measured temperature. Figure 5 shows the variation in the experimental and theoretical outlet air 
temperatures of the solar collector. The results show that the theoretical temperature profile at the solar collector outlet is very 
close to the experimental one.Furthermore, the relative error betweenthe simulation results and the experimental data for the air 
temperature measurements at the solar collector outlet are given by the statistical parameters such as: R² = 0.92; RMSE = 0.024 
and SSE = 0.018, allow us to conclude that the model adequately describes the thermal behaviour of our solar collector. 
 
Figure 6 shows the trends in the experimental and theoretical values for the instantaneous thermal efficiency of the solar collector. 
An air flow rate of 0.0109 kg/s was used as the input data. Observation of the figure shows that the two curves exhibit the same 
rising trends. However, some discrepancies exist, particularly at the beginning and towards the end of these curves. This may be 
due to fluctuations in sunlight caused by cloud cover observed during the experiment.The maximum instantaneous efficiency 
value obtained from the simulation is 0.298, which is very close to that derived from the experiment, which is 0.303 for a 
maximum average irradiance of 925 W/m². The model therefore provides a reasonable prediction of the solar collector’s thermal 
behaviour. The relative errors between the simulation results and the experimental data for this efficiency are given by the 
statistical parameters: R² = 0.89; RMSE = 0.022 and SSE = 0.11. The values of these statistical parameters confirm that the model 
provides a reasonable estimate of the collector’s efficiency. 
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Figure 5 . Comparison of theoretical and experimental 
temperature profiles of the air at the solar collector 

outlet 

Figure 6. Comparison of the theoretical and experimental 
thermal efficiency of the solar collector 

 

Measurement of the temperatures of the various components of the solar collector: Figure 7 shows the variation in the 
theoretical temperatures of the various components of the collector such as the glass, the absorber, the heat transfer fluid and the 
ambient temperature over time. Looking at these figures, it can be seen that all these temperatures follow the same pattern and 
reach their maximum between 12 and 1 pm. It can be seen that the absorber temperature is the highest, this can be explained by its 
high solar absorption coefficient (the absorber is made of black-painted aluminum cans, i.e. it has a selective coating of 0.95).Then 
occurs the heat transfer fluid high temperature due to convective exchange coefficient between the absorber (aluminum can) and 
the heat transfer fluid, but also resulting in three (03) holes at each can outlet which rise the turbulence and improve the thermal 
exchange. Next,comes the temperature of the glass pane, the low temperature of the glass pane compared to the two previous ones 

can probably be due to its low absorption coefficient ( =0.02) and also resulting in the wind on the glass pane surface which 

entails thermal losses through convection with the ambient air. Finally, the ambient temperatureremains the lowestthroughout the 
day. 

 

Figure 7. Temperature profiles of the various components of the 
solar collector 

Effect of air mass flow rate on the temperature of the heat transfer fluid and the efficiency of the solar collector: In general, 
the mass flow rate of the heat transfer fluid is one of the most important parameters influencing the thermal performance of solar 
collectors. Figure 8 shows the variation in the air temperature at the outlet of the solar collector as a function of ma ss flow rate 
over time. The results show that the outlet temperature of the heat transfer fluid increases as the flow rate decreases, a finding 
confirmed by studies conducted by Donatien Njomo et al(15). This can be explained by the fact that as the air flow rate increases, 
the volume of air to be heated using the same amount of solar energy increases, leading to a decrease in the air temperature at the 
outlet of the collector. Figure 9 illustrates the effect of variations in the mass air flow rate per unit area on the daily thermal output 
at time tM = 12:00 for the three-hole (03) can tubes. It can be seen that the solar collector’s output increases as the air flow rate 
increases. This demonstrates that convective heat transfer between the air and the inner walls of the can tubes improves 
significantly as the air flow rate at the inlet to the can tube columns increases; furthermore, the residence time of the heat transfer 
fluid inside these tubes decreases, which also leads to a reduction in heat losses.  
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Effect of the length of the can tube columns on the temperature of the heat transfer fluid: Figure 10 shows how the 
temperature of the heat transfer fluid at the outlet of the solar collector varies with the length of the fluid flow tube. It can be seen 
that the fluid temperature is proportional to the length of the absorber tube. As the intensity of solar radiation increases, the fluid 
temperature rises rapidly and decreases gradually as the intensity of solar radiation decreases. 

 

Figure 10. Fluid temperature profiles as a function of the length of 
the can-tube columns 

 
Effect of the number of holes on the temperature of the heat transfer fluid and the efficiency of the collector: Figure 11 
shows the effect of varying the number of holes at the outlet of each can tube on the fluid outlet temperature. The estimated 
temperature profiles show a decrease in fluid temperature at the solar collector outlet (except for one (01) 1 cm diameter hole) as 
the number of holes increases. This demonstrates that as the number of holes increases, the heat transfer surface area decreases, 
leading to reduced turbulence, which in turn results in a decrease in the convective heat transfer coefficient. The can tubes with one 
(01) 1 cm diameter hole exhibit a lower temperature profile than those with two (02) 1 cm diameter holes. This may be due to heat 
losses caused by the residence time of the heat transfer fluid, which becomes prolonged inside the columns of can tubes with 1 cm 
diameter holes. Figure 12 shows the variation in daily thermal efficiency as a function of the number of holes in the can tubes at 
time tM. The data show an increase in efficiency from one (01) to two (02) holes, followed by a rapid decrease beyond two (02) 
holes. The highest efficiency is achieved for can tubes with two (02) holes. This demonstrates that an increase in the number of 
holes leads to a reduction in the heat transfer coefficient, resulting in a decrease in the solar collector’s efficiency. The lower 
efficiency of cans with one hole compared to those with two holes may be due to heat losses caused by the prolonged residence of 
the heat transfer fluid inside the can tubes. 

 

Figure 11. Effect of the number of holes on the outlet 
fluid temperature profile 

 

Figure 12. Effect of the number of holes on the daily 
thermal output of the solar collector at time tM 

Effect of the number of holes on the heat transfer coefficient between the heat transfer fluid and the inner walls of the can 
columns: Figure 13 illustrates the relationship between the theoretical convective heat transfer coefficient between the heat 
transfer fluid and the inner walls of the can-tube columns for different numbers of holes over time. The results obtained show that 
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the heat transfer coefficient decreases as the number of holes increases. This indicates that as the number of holes increases, the 
heat exchange surface area and turbulence within the tube bundles decrease, leading to a reduction in the heat transfer coefficient 
. 

 

Figure 13 :Effect of the number of holes on the convective transfer coefficient 

CONCLUSION 
 
Through this study, we have succeeded in developing a numerical model capable of describing the thermal behaviour of an air 
solar collector under transient conditions. A comparison of the theoretical and experimental results shows that the simulation 
model provides a good approximation of reality, despite some climatic disturbances (clouds). Following its validation, the model 
was used to determine the influence of certain parameters, such as the mass flow rate of the fluid, the length of the columns of can 
tubes, and the number of 1 cm diameter holes at the outlet of each can. The results show that: 
 
 The outlet temperature of the heat transfer fluid decreases as the air flow rate at the solar collector inlet increases; 
 The daily thermal efficiency increases as the air flow rate at the solar collector inlet increases; 
 The outlet fluid temperature increases as the length of the finned tube columns and solar irradiance increase; 
 The system performs optimally with finned tubes having two (02) 1 cm diameter holes, in terms of both outlet fluid 

temperature and efficiency 
 
 

Nomenclature 

 
𝐶௣ heat capacity (J/kg.K) 
𝐷௖ tube diameter (m) 
𝑒 thickness (m) 
𝐺 solar global radiation (W/m2) 
 ℎ௥ radiation exchange coefficient (W/m2K) 
ℎ௩ convection exchange coefficient (W/m2K) 
 ℎ௖௜ conduction exchange coefficient (W/m2K) 
𝑚̇௙ mass flow rate (kg/s) 
𝑁𝑢 Nusselt number 
𝑃𝑟 Prandlt number 
𝑄௨ useful heat gain of collector, (W) 
Ra Rayleigh number 
𝑅𝑒 Reynold number 
𝑆 area (m²) 
𝑆௡ି௙ fluid-absorber exchange surface (m²) 
 𝑡 time (s) 
  𝑇 temperature (K) 
𝑢௙ fluid velocity (m/s) 
𝑢௔௠௕ ambient air velocity (m/s) 
𝑈௔௩ forward heat loss coefficient (W/m2K) 
𝑈௔௥ rear heat loss coefficient (W/m2K) 
𝑈௅ overall heat loss coefficient (W/m2K) 
𝑉 volume (m3) 
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Greek symbols  
𝛼 absorptance coefficient (-) 
𝜇 dynamic viscosity (kg/m.s) 
𝜅 thermal diffusivity  (m2/s) 
𝜈 kinematic viscosity (m2/s) 
𝜌 density (kg/m3) 
𝜆 thermal conductivity (W/m K) 
𝜏 transmittance coefficient of glass 
𝜀 emissivity (-) 
𝜂 thermal efficiency of collector 
𝜎 Stefan–Boltzman constant (W/m2 K4) 
Subscripts  
amb ambiant 
g glass 
f fluid (air) 
fe fluid at the inlet 
fs fluid at the outlet 
p plate 
n absorber 
ac stagnant air 
iso isolation 
sky sky 
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