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This paper involved a theoretical and experimental study of a single-pass solar 

air collector to supply hot air to a solar dryer. A Fortran code is developed to 

solve the heat transfer equations and determine the thermal performance of the 

collector's components, such as the absorber plate, glass cover, and heat 

transfer air. Three similar solar collectors, installed at different inclination 

angles (horizontal, 30° inclination, and 70° inclination), were constructed and 

tested at the Research Unit (URER-MS) in southern Algeria. The effect of the 

collector's inclination on its thermal performance has been investigated. The 

results show that the collector's performance is strongly influenced by the 

inclination angle, with the optimal angle varying according to seasonal 

conditions. The model validation revealed percentage deviations between 

theoretical and experimental results across all tested inclination angles as 

follows: absorber temperature (4.8– 10%), heated air temperature (5.2–

14.8 %), glass cover temperature (10.7 – 17.3 %), and ambient temperature 

(5.4– 6.4%). These deviation ranges confirm the reasonable accuracy of the 

theoretical model in predicting system performance under varying operational 

conditions. 

Keywords: Solar air collector, Thermal performance, Experimental, Numerical 

simulation, Inclination angle 

1. Introduction 

Solar air collectors represent a promising technology for the efficient and sustainable use of solar 

energy. Their ability to convert sunlight into useful heat for various applications, particularly in drying 

agricultural products, makes them an attractive solution for producers and industries looking to enhance 

their processes' sustainability and thermal efficiency [1]. Solar air collectors face two key challenges: low 

air thermal capacity and a heat transfer coefficient between the air and the absorber, which require careful 

design and compensation. With the progress of numerical methodologies, computing technology, and 

hardware, advanced mathematical models have become essential tools for in-depth studies of solar air 

collectors [2]. These models offer highly cost-effective solutions, enabling the generation of extensive 
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datasets and facilitating efficient parametric analyses to optimize system performance [3].                   

Furthermore, numerical simulations are particularly advantageous for examining parameters that are 

challenging to test experimentally, significantly reducing both the financial burden and the time required 

for physical experimentation [4, 5]. Also, they can be utilized study the effects of different characteristics 

of the thermal system [6].   

The use of flat-plate solar air collectors (SACs) to supply hot air to agricultural product dryers has 

become a common technique in recent years, owing to the significant energy requirements of the drying 

process and the rising costs associated with it. To successfully conduct such an operation, it is essential 

to integrate a suitable collector into the drying chamber, whose operating temperatures enable achieving 

a reduced drying time and a high-quality dry product [7-11]. The principal types of SACs are: the single 

pass; with air flow below or above the absorber and double pass; with air flow below and above the 

absorber. 

Over the years, a number of SACs designs have been designed, tested, and proposed. The flat 

plate type is the most widely used form due to its ease of construction using inexpensive, locally available 

materials [12-15]. In order to simulate the collector's behavior under different climate conditions and 

latitudes, computational modeling is crucial [16, 17]. Chabane et al., [18] examined the influence of 

rectangular baffles on the thermal performance of a solar air collector. The experiments were conducted 

in south Algeria (altitude of 34°) over several days. The study involved varying the collector's inclination 

angle from 𝛽 = 0° to 𝛽 = 55°. The results show a small effect for the angle of inclination of the collector 

on the pressure drop because the latter is mainly affected by the flow, not by gravity. Roman and Hensel 

[19] compared steady-state and transient solar air heater models. While steady-state worked well in clear 

skies, it missed large temperature swings during clouds due to rapid solar changes. The transient model, 

using minute-by-minute weather data, captured these variations with deviations up to 15°C. This shows 

transient models are vital for precise short-term predictions in solar drying and heat storage. Hernández 

and Salvo [20] conducted a parametric analysis using computational modeling to compare the thermal 

performance of two air-heating solar collector configurations. For two inclinations relevant to building 

thermal conditioning applications, the study evaluated the dependence of daily thermal efficiency on 

factors such as the circulating air flow rate, and the collection area. The collector is inclined at an angle 

of 35°(latitude +10°) has a 3% higher value than the vertical slope during winter due to the daily thermal 

efficiency dependence on the slope. Mutar et al., [21] developed a single-pass solar collector and evaluated 

its performance under the climatic conditions of Al Ramadi, Iraq. The study investigates and compares 

three absorber plate configurations with and without metal foam (MF). The results indicate that, in winter, 

using MF fins with a 45° inclination angle results in a greater air temperature differential than both MF 

fins at 0°. Selmi et al., [22] used a plate solar collector on steel with a covered area of 2 m² to conduct the 

experiments. The tests were carried out under natural convection airflow. It was found that natural 

convection provided better collector performance than forced convection.  Suresh et al., [23]  studied a 

forced solar dryer with a single-pass solar air collector using a galvanized iron absorber plate and 

Polyethylene foam insulation. The average air outlet temperature difference was 19.7 K, with solar 

radiation at 817.33 W/m². The drop in temperature was due to decreased solar radiation, leading to heat 

loss in the collector. In addition, the increased airflow rate reduced collector efficiency. Al Kayem et al., 

[24] analyzed the optimal inclination angle for the combined absorption-convection heat transfer 

mechanism. The results show the transient behavior of the solar air heater by analyzing the Nusselt 

number (Nu) over time at inclination angles of 30°, 50°, and 70°. The most increased Nu is observed at 
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50°, followed by 30° and 70°. The impact of inclination on heat transfer can clarify this tendency. A lower 

inclination improves solar irradiance absorption; it is less practical for heat transfer. On the other hand, at 

higher inclination angles, such as 70°, the absorber plate is less susceptible to direct solar irradiance, 

reducing solar insolation.  

Predicting system behavior throughout the year is essential for a more comprehensive evaluation. 

However, most studies are confined to specific periods, limiting their applicability. In addition, as we 

know, previous investigations on the performance of solar collectors used a single prototype, which led 

to inaccurate comparisons due to potential interpretations of climatic conditions from day to day. 

This study also aims to develop a simplified yet accurate mathematical model to simulate the 

thermal performance of the solar collector. The model will predict key operational parameters, including 

temperature distributions across critical components (absorber plate, glass cover, and airflow) and 

dynamic external conditions such as ambient temperature and solar irradiance intensity.  

2.  Methodology 

2.1. Description of solar collector 

The authors constructed a solar collector measuring 2 m in length and 1 m in width, which is a 

single-pass air collector with natural convection airflow above the absorber. The frame of the solar 

collector is constructed from galvanized iron, while the support structure consists of square steel tubes. 

The solar collector consists of an absorber plate, a cover glass, and a thermally insulated base. The 

absorber plate is chosen to be in a galvanized iron (GS) sheet for its great specific heat capacity and its 

high thermal conductivity. The GS sheet is painted black to absorb much sun radiation and minimize heat 

losses inside the collector. The absorber is isolated by foam to decrease heat losses to the surroundings. 

Due to its low thermal conductivity, we used insolation foam as the basis for thermal insulation. We chose 

the cover on Polycarbonate to allow the entire solar spectrum to reach the absorber. The incoming solar 

radiation passes through the glass cover, which is 45 mm above the absorber. 

 

Table 1. Material and properties in components of  a solar air collector 

 

 

 

 

 

 

Properties 
Absorber 
( Galvanized iron) 

Glass cover 
(Polycarbonate) 

Insolation 
(Foam) 

Airflow 

Thermal conductivity ( W m-1 K-1) 80 1.05 0.03 0.02735 
Density (kg m-3) 7850 1200 30 1.1774 

Specific heat (J kg-1 K-1) 450 1226 1764 1700 
Thickness (m) 0.002 0.003 0.05 - 
Absorptance 0.95 - - - 

Transmittance - 0.8 - - 
Emittance  0.95 0.9 - - 

Specific air mass flow rate ( kg s-1m-2) - - - 0.015 
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Figure 1. Three similar solar collectors for three inclinations:  (a) Horizontal, (b) Inclination 30°, 

and  (c) Inclination 70° 

 

 

 

 

 

 

 

Figure 2. Schematic view of the solar air collector 
 

2.2. Measuring instrumentations 

- A calibrated thermocouples type K (Chromel-Alumel; 0.2mm diameter; ±0.1°C resolution; ±2% 

uncertainty; -50 to 1000°C range) have been used to measure the temperature at different locations 

for each collector, including the air ambient temperature and outlet temperature at the outlet of 

collector, as well as the glass cover and absorber temperatures at the center. The ambient air 

temperature was measured near the air intake openings of the solar collector. 

- Pyranometers type Kipp & Zonen CMP11 has a measurement range of 0 to 1500 W/m², 

±5%  uncertainty, sensitivity of 7 to 14 µV/W/m², and a resolution of ±1 W/m². It measured global 

solar irradiance on a 30° inclined plane. 

- The Hydra Datalogger 2620A (±0.018% uncertainty, 20-channel scanning, and 256 KB memory) 

was used to record data from a pyranometer and Type K thermocouples in our collector. It offers a 

resolution of 0.001 mV for voltage reading and 0.1°C for Type K thermocouples. Its multiple input 

(1) Glass cover, (2) Natural air flow, (3) Absorber plate, (4) Insolation, (5) Farme, (6) Air orifice, (7) Thermocouples 
connecter 

(1) Absorber plate, (2) Thermocouple connecter, (3) Insolation, (4) Support, (5) Air orifice (6)  Glass cover,  (7) Farme 
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channels and data logging capabilities enable continuous system monitoring, while the RS-232 

interface ensures easy data transfer for analysis. 

2.3. Experimental 

We conducted a series of experiments at the Research Unit on Renewable Energies in Saharan 

Environment (URER-MS) in Adrar, south Algeria, where the latitude is 27.88° N and longitude is -0.297° 

W. During the experiments, three similar collectors were positioned facing south to maximize their 

exposure to the highest solar radiation intensity. A measurement campaign was conducted on April 20, 

2024. At the same time, the collectors were tested at various inclinations (horizontal, 30° inclination, and 

70° inclination). The measurements were automatically recorded every 10 minutes using a data 

acquisition device, starting at 7:00 AM and continuing until 8:00 AM the following day. During each 

measurement, the following parameters were recorded: solar radiation, absorber plate temperature, glass 

cover temperature, outlet air temperature, and ambient temperature.  

2.4. Mathematical modeling 

We employed the global method to model our solar air collector, as outlined by Duffie and 

Beckman [25]. This method provides an efficient framework for calculating the system's thermal 

performance by balancing the incoming solar irradiance, heat losses, and heat gained by the air. Using 

relatively simple equations to predict the air temperature increase when passing through the collector. The 

mathematical model is established on the one-dimensional transient heat equation, devoted to the three 

primary elements of the system: the glass cover, absorber plate, and the air. In this model, the temperature 

gradient is considered to exist only along the main flow direction, while the air velocity is considered 

uniform across the width of the collector. 

2.4.1. Simplifying assumptions 

The numerical modeling methodology developed in this investigation incorporates several critical 

hypotheses that have been assumed based on specified methodologies [19], [25]: 

- The Global approach considers steady-state requirements, suggesting that the collector’s 

performance is examined at a constant time interval without modifications in energy storage, 

- The properties of the air (like mass flow rate and specific heat) are assumed to be constant during the 

process, 

- The materials' physical characteristics remain constant within the collector's temperature range. 

- The variations in the thermal inertia of the collector components over time can be considered 

negligible (mCp dT/dt ≈ 0) because the total mass and thermal capacity of the components are 

relatively small,  

- The solar air collector's side thermal losses are considered negligible, 

- The heat loss resistance through the back of the collector is attributed solely to the insulation material, 

as the contributions of radiation and wind are negligible. 

2.4.2. Heat balance 

To calculate the thermal performance of the collector, we applied the energy balance for developing 

a mathematical model for each component as follows: 
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- At the surface of the glass covers 

ℎ𝑐௙ି௩൫𝑇௙ − 𝑇௩൯ + ℎ𝑟௕ି௩(𝑇௕ − 𝑇௩) − 𝑈௧(𝑇௩ − 𝑇௔) = 0                                                                      (1) 

- At the absorber plate 

(𝜏௩  𝛼௕)𝐺 − 𝑈௕(𝑇௕ − 𝑇௔) − ℎ𝑟௕ି௩(𝑇௕ − 𝑇௩) − ℎ𝑐௙൫𝑇௕ − 𝑇௙൯ = 0                                             (2) 

- At flowing air between glass cover and absorber  

௠̇೑ ஼௣೑

௪
.

ௗ்೑

ௗ௫
= ℎ𝑐௙൫𝑇௕ − 𝑇௙൯ + ℎ𝑐௙൫𝑇௩ − 𝑇௙൯                                                                                                (3) 

In the above equations (1) to (3), G refers to solar irradiance, T to temperature, x to the position 

along the collector length, τ to solar transmittance, α to solar absorptance, and w to the width of the 

collector. The different heat transfer coefficients are referred to by h, with subscripts c and r referring to 

natural convection and radiation modes. Subscripts b and v refer to the main collector elements, namely 

the absorber plate and glass cover. Subscripts a and f  refer to the ambient air and the flowing air, 

respectively. The specific heat capacity and mass flow rate of the flowing air are denoted by and, 

respectively. The variable Ut refers to the wind convection coefficient, while Ub represents the back heat 

loss coefficient. 

By eliminating Tb and Tv the equation (3) becomes [26]: 

𝑚̇௙ 𝐶𝑝௙

ௗ்೑

ௗ௫
= 𝑤. 𝐹ᇱ. ൛𝐺(𝜏௩𝛼௕) − 𝑈௅൫𝑇௙ − 𝑇௔൯ൟ                                                                                                  (4) 

With: 

𝐹ᇱ =
ଶ௛௖೑ ௛௥್షೡା௛௖೑௎೟ା௛௖೑

మ

൫௎್ା௛௖೑ା௛௥್షೡ൯൫௎೟ା௛௖೑ା௛௥್షೡ൯ି௛௥್ షೡ
మ                                                                                        (5) 

𝑈௅ =
(௎್ା௎೟)ቀଶ௛௖೑௛௥್షೡା௛௖೑

మቁାଶ ௎೟ ௎್ ௛௖೑

ଶ௛௖೑ ௛௥್షೡା௛௖೑௎್ା௛௖೑
మ                                                                                             (6) 

F': is a dimensionless number which characterizes the thermal efficiency factor of the collector. 

UL: is the overall thermal loss coefficient of the collector and is expressed in Wm-2K-1 

The first-order nonlinear differential equation (4) is governed by the following boundary condition: 

Tf (x = 0) =Tfe                                                                                                                              (7) 

Assuming that F′ and UL are independent of the position x, the solution of the differential equation (4) is 

[27]: 

൫்೑(௫) ି ்ೌ ൯ି൬
൫𝜏𝑣 𝛼𝑏൯ಸ

ೆಽ
൰

൫்೑೐ି ்ೌ ൯ି൬
൫𝜏𝑣 𝛼𝑏൯ಸ

ೆಽ
൰

= 𝑒𝑥𝑝 ൬−
௪.ிᇲ .௎ಽ

௠̇೑.஼௣೑
. 𝑥൰                                                                                             (8) 

For a collector (length L), the outlet fluid temperature Tfe is found by substituting L for x in (8): 

൫்೑ ି ்ೌ ൯ି൬
൫𝜏𝑣 𝛼𝑏൯ಸ

ೆಽ
൰

൫்೑೐ ି ்ೌ ൯ି൬
൫𝜏𝑣 𝛼𝑏൯ಸ

ೆಽ
൰

= 𝑒𝑥𝑝 ൬−
௪  ிᇲ ௎ಽ

௠̇೑ ஼௣೑
 𝐿൰                                                                                            (9) 

a) Coefficient of convective heat transfer 

The coefficient of convective transfer between glass cover and ambient environment is expressed [25]: 

 𝑈௧ = 5.67 + 3.86 𝑣௘௫௧                                                                                                                   (10) 

The coefficient of convective transfer between air flow and collector walls, which are absorber and glass 

cover, is calculated by [27]: 
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ℎ𝑐௙ =
ே௨ 
஽ಹ

                                                                                                                                             (11) 

where Nu is Nusselt number, DH is the hydraulic diameter and  is the thermal conductivity of air. 

To calculate the Nusselt number, the correlations that follow are used [19]: 

Laminar flow (Re < 2100) 

Gz < 100 : 𝑁𝑢 = 3.66 +  0.085 𝐺𝑧/൫1 + 0,047 𝐺𝑧ଶ/ଷ൯                                                             (12) 

Gz > 100 :  𝑁𝑢 = 0.186 𝐺𝑧ଵ/ଷ +  0.87൫1 + 0.015 𝐺𝑧ଵ/ଷ൯                                                                 (13) 

Transitional flow (2100 < Re < 104) 

𝑁𝑢 = 0.166 ൫𝑅𝑒ଶ/ଷ − 125൯𝑃𝑟ଵ/ଷ ൬1 + ቀ
஽

௅
ቁ

ଶ/ଷ

൰                                                                           (14) 

Turbulent flow (Re  > 104) 

𝑁𝑢 = 0.023 𝑅𝑒଴,଼ 𝑃𝑟଴,ଷଷ                                                                                                                      (15)  

Where Pr is Prandtl number, Re is Reynolds number and Gz is Graetz number  

The Prandtl number, Reynolds number and Graetz number are expressed respectively [25: 

𝑃𝑟 =  
ఓೌ

ೌ
 𝐶𝑝௔                                                                                                                                             (16)                                                                                                                            

𝑅𝑒 =  
ఘೌ

ఓೌ
 𝐷 𝑣௔                                                                                                                                  (17)     

𝐺𝑧 = 𝑅𝑒 Pr ቀ
஽

௅
ቁ                                                                                                                                  (18) 

b) Coefficient of radiative heat transfer 

The coefficient of radiative transfer between the glass cover and the absorber is given by [27]: 

 ℎ𝑟௕ି௩ = 𝜎
(்್ା ೡ்).(்್మା ೡ்

మ)
భ

ഄ್
ା

భ

ഄೡ
ିଵ

                                                                                                                     (19) 

c) Coefficient  of heat loss of the back 

The loss coefficient through the back of the solar air collector is given by [19], [28]: 

𝑈௕ =
௞೔

௘೔
                                                                                                                                                             (20) 

Where  ei and ki are the thickness of the insulation material and the thermal conductivity respectively. 

d) Solar irradiance 

In the Liu & Jordan model, global irradiance is the sum of direct, diffuse, and reflected solar 

irradiance. This relationship is given by the expression [25], [28]: 

𝐺 = 𝐺௕௛𝑅௕ +  
ீ೏೓(ଵା௖௢௦ )

ଶ
+  𝐺௥                                                                                                                                                (21) 

Where: Rb is the inclination factor for direct solar irradiance and is given by the following equation: 

 

𝑅௕ =
ୡ୭ୱ(௛ିఉ)∗ୡ୭ୱ(ఋ)∗ୡ୭ୱ(ఠ)ାୱ୧୬(௛ିఉ)∗ୱ୧୬(ఋ)

ୡ୭ୱ(௛)∗ୡ୭ୱ(ఋ)∗ୡ୭ୱ(ఠ)ାୱ୧ (௛)∗ୱ୧୬(ఋ)
                                                                                                                      (22) 

Where : ω is the hour angle, β is the inclination, δ is the declination and h is the solar altitude. 

The reflected solar irradiance is given by the following equation : 

𝐺௥ = 𝑎(𝐺௕௛ + 𝐺ௗ௛) ቀ
ଵିୡ୭ୱ ఉ

ଶ
ቁ 𝜏                                                                                                                                                         (23) 
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The diffuse solar irradiance received on a horizontal surface is given by the following equation: 

𝐺ௗ௛ =  𝐺௖(0.2710 − 0.2939 𝜏) 𝑠𝑖𝑛ℎ                                                                                                                        (24) 

The direct solar irradiance received on a horizontal surface can be expressed as: 

𝐺௕௛ = 𝐺௖ 𝜏 𝑠𝑖𝑛ℎ                                                                                                                                                                    (25) 

Where 𝜏 is atmospheric transmittance factor for direct beam irradiance and 𝐺௖  is extraterrestrial solar 

irradiance at the top of the atmosphere (W/m²). 

𝐺௖ = 𝐺଴ ቂ1 + 0.033 𝑐𝑜𝑠 ቀ
ଷ଺଴

ଷ଺ହ
ቁ 𝑛ቃ                                                                                                                                             (26) 

Where 𝐺଴ is solar constant (approximately 1361 W/m²) and n is day of the year 

e) Ambient temperature 

The ambient temperature is calculated using the formula [25]:  

𝑇௔ = ೘்ೌೣା்೘೔೙

ଶ
+

்೘ೌೣି ்೘೔೙

ଶ
sin ቂ(𝑡 − 𝑡௠௔௫)

గ

ଵଶ
ቃ                                                                          (27) 

Where:                                                                                                      

Tmax and Tmin represent the maximum and minimum ambient temperatures during a day. 

t is current time (hour) and tmax is time of maximum temperature. 

2.4.3. Solution procedure 

An iterative procedure accounts for the temperature dependence on the heat transfer coefficients, 

ensuring more accurate modeling. The coefficients are first initialized using standard formulas using 

initial temperatures corresponding to sunrise, and then the equations are solved assuming that these 

coefficients are constant. Successive iterations refine the results by updating the coefficients with new 

temperatures. The process is repeated until convergence is ensured. The flow chart illustrates the 

numerical solution presented in Fig. 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

Figure 3. Flow chart of numerical solution 
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At the initial time, corresponding to sunrise, the absorber, glass cover, and inlet air temperatures are 

assumed to equal the ambient temperature. To cover the entire day, we initialize the temperatures with a 

step of 1 min each time. 

3. Results  

3.1. Thermal behaviour of the solar flat collector 

Fig. 4 shows the temporal variation of the simulated absorber temperatures, glass cover, heated 

air, and ambient air throughout the four days representing each year's season (January 20, April 20, July 

20, October 20)  closely conforms to a cloche-shaped. The maximum values occur at 1:00 PM, with the 

highest value recorded on July 20. 

We observe that the maximum values of the heated air at the outlet are remarkably higher than the 

maximum ambient temperatures recorded during these days (Tab. 2). Based on these results, the important 

distinction between the air inlet temperature (ambient) and the air outlet temperature is primarily due to 

the temperature gradient between the absorber and the air inlet, which conducts higher heat transfer. 

Figure 4. Temporal variation of simulated collector component temperatures on different days: 
(a) January 20, (b) April 20, (c) July 20, (d) October 20  

 

T1 : absorber, T2 : heated air, T3 : glass cover, T4 : ambient air 
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Table 2. Simulated maximum temperature values of heat air  

 January 20 April 20 July 20 October 20 

Tf (°C) 68 82 104 85 

 (Tf  – Tamb) (°C) 54 50 56 53 

3.2. Effect of collector inclination 

3.2.1. Solar irradiance 

Fig. 5 compares daily solar irradiance intensity for different solar collector inclinations in winter 

and summer. The simulated results indicate that solar irradiance is weak in the morning and increases 

until it reaches the peak at noon, then decreases and reaches the minimum value at sunset. In winter, solar 

irradiance on a horizontal plane is relatively weak. At the same time, it becomes more intense on inclined 

planes (Fig. 5a). On the contrary, Fig. 5b shows that in summer, the intensity of solar irradiance is weak 

for the 70° inclined plane but higher for both the horizontal and 30° inclined plane. This phenomenon 

occurs because of seasonal variations in the sun’s position relative to the Earth. Solar radiation strikes the 

surface in summer at nearly perpendicular angles, while in winter, the incident angle becomes much more 

oblique. Consequently, to optimize solar energy capture, the collector’s tilt angle should be adjusted 

seasonally at a shallower angle in summer to align with the high sun position and at a steeper angle in 

winter to better intercept the lower-angled sunlight. Additionally, this angle reduces reflection losses and 

increases the solar irradiance the collector captures [28]. 

Figure 5. Temporal variation of simulated global solar irradiance on planes with different 
inclinations on two selected days: (a) January 20 and (b) July 20  

3.2.2. Temperatures of the collector components 

Fig. 6 and Tab. 3 show that in winter, the simulated maximum temperatures of the collector 

components (absorber, glass, and hot air) are highest when the collector is tilted at 70°. At a 30° 

inclination, the temperatures of the components also reach a good value of 77°C, 67°C, 33°C and 33.5°C 

concerning the horizontal tilt. In summer, the highest temperatures occur when the collector is tilted 

horizontally (0°), and the temperatures at this angle are nearly identical to those at 30°C. Based on this 

simulation result, we conclude that the 30° inclination is the best choice for achieving significant 

efficiency when the collector must be fixed throughout the year. It is worth noting that this inclination 
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(30°) is near Adrar's latitude (27.9°). In general, this aligns with the findings of many other researchers 

[30-32]. 

 
Table 3. Simulated maximum temperature values of the different collector components at 
different inclinations for the two extreme days of winter and summer 

 
 
 
 
 
 
 
 

Figure 6. Temporal variation of simulated temperatures for collector components at different 
inclination angles for the two days selected: (a) January 20 and (b) July 20 

3.2.3. Model validations and statistical analysis 

In order to validate our model, we compared the numerical outcomes to the values measured in 

the URER-MS examination unit to validate our model. According to the curves of Fig. 7 and Fig. 8, the 

measured and estimated values for the collector's component temperatures are in reasonable accord. 

Additionally, the measured values of global solar irradiance acquired on an inclined plane extremely 

conform with the numerical results (Fig. 9). 

 

Tempertures °C (T1 : absorber, T2 : heated air, T3 : glass cover, T4 : ambient air) 
 (a) January 20 (b) Julay 20 

 = 0° = 30° = 70° = 0° = 30° = 70° 

T1 70 77 88 115.5 112.5 89.5 

T2 58 68 75 106.5 104 84.5 

T3 30.5 33.5 38 72.5 71 62 

T4 14 14 14 48 48 48 

T1 : absorber, T2 : heated air, T3 : glass cover, T4 : ambient air 

(a) 

(b) 
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Figure 7. Temporal variation of temperatures of various collector components at different 
inclinations on April 20: (a) calculated and (b) measured. 

 
Tab 4 compares simulated and experimental temperature data for four system components 

(absorber T1, heated air T2, glass cover T3, and ambient T4) at 0°, 30°, and 70° inclinations. The results 
indicate that T4 maintains the highest accuracy, with errors ranging from 5.4 to 6.4 %. While T1 and T2 
exhibit moderate errors (ranging from 4.8 to 10 % and 5.2 to 14.8 %, respectively), T3 shows the greatest 
variability, with errors between 10.7 % and 17.3 %. The 30° inclination proves optimal, yielding the 
lowest deviations for most components. These percentage error ranges confirm the theoretical model's 
reasonable accuracy in predicting system performance across varying operational conditions. 

 

Table 4. Absolute and relative temperature errors for: Absorber (T1), Heated air (T2), Glass 

cover (T3), and Ambient (T4) at different inclination angles 
Inclination Error T1 T2 T3 T4 

0° 
Absolute Error (°C) 7 7.5 8.9 1.8 
Relative Error ( %) 10 11.3 17.3 5.4 

30° 
Absolute Error (°C) 4.5 4.9 5.2 1.7 
Relative Error ( %) 4.8 5.2 12.9 5.5 

70° 
Absolute Error (°C) 3.2 8.1 4 1.9 
Relative Error ( %) 6.7 14.8 10.7 6.4 

 

The statistical analysis of the experimental data shown in Fig. 7 indicates that the mean values 

across different temperature conditions (T4, T2(70°), T2(30°), and T2(0°)) are essential for determining 

the significance of temperature effects. The mean temperature values indicate a progressive increase, 

suggesting a heat transfer process from the ambient temperature (T4 = 31.23°C) to the heated air 

temperature (T2 (0°) = 45.36°C). The standard deviation (StDev) values highlight the variability within 

each parameter, with T4 exhibiting the lowest variability (4.81°C), indicating relatively stable ambient 

conditions, whereas heated air temperature T2 (30°) shows the highest fluctuation (23.96°C). To quantify 

the reliability of these estimates, the 95% confidence intervals (CI) provide a range in which the true mean 

values are expected to lie with 95% certainty. For instance, the confidence interval for T4                                

T1 : absorber, T2 : heated air, T3 : glass cover, T4 : ambient air 

(a) 

(b) 



13 

 

(29.53°C – 32.94°C) is relatively narrow, indicating high precision, whereas T2(70°) (35.57°C – 38.89°C) 

and T2(0°) (43.65°C – 47.07°C) have wider confidence intervals, suggesting greater uncertainty in these 

temperature measurements. The pooled standard deviation (18.07°C) represents the overall variability 

across all temperature parameters. Given the relatively high standard deviation for T4, T2(70°), T2(30°), 

and T2(0°). A one-way ANOVA test could further quantify the significance of the mean differences 

among the temperature levels. The p-value is less than the chosen significance level (a=0.05). The Margin 

of Error (ME) at a 95% Confidence Interval (CI) is expected to lie within ± 1.7 °C (or ±1.7 °C for Tamb. 

The increasing trend suggests that higher temperatures influence the measured parameter significantly 

with T2(0°) showing the highest mean. The confidence intervals and margin of error highlight 

measurement uncertainties, suggesting that additional data collection and processing refinement are 

needed. The calculated margin of error and confidence intervals confirm the reliability of the data, while 

the standard deviations highlight potential inefficiencies in heat absorption and transfer. 

The one-way analysis of variance (ANOVA) results indicate statistical significance at a 95% 

confidence interval, demonstrating the robustness of the experimental data. These findings also confirm 

the adequacy and reliability of the experimental design. 

 
Figure 8. Temporal variation of the heated air 
temperature for the collector inclined at 30° on 
April 20 (calculated and measured) 

 
Figure 9. Temporal variation of global solar 
irradiance on a surface inclined at 30° on 
April 20 (calculated and measured) 

 

4. Conclusions 

Solar air collectors have been widely utilized in the technology of low-temperature solar energy, 
such as the drying of agricultural products. Knowing the solar collector parameters helps predict thermal 
performance under different climatic conditions. The present study consisted of a theoretical and 
experimental study of a single-pass solar air collector. The theoretical study was based on developing a 
computer code to solve the energy equations to predict the system's thermal performance. The 
temperatures of various collector components (absorber, glass cover, and heated air) were studied in 
different seasons. The inclination angle of the collector affects its performance depending on the season. 
In winter, the thermal performance of the solar collector improves with increasing the angle, while the 
opposite occurs in summer. The 30°inclination is suitable for all seasons. At this inclination, the difference 
between inlet and outlet air temperatures reaches 54 °C, 50 °C, 56 °C, and 53 °C, respectively, for January 
20, April 20, July 20, and October 20. The model validation demonstrated percentage deviations between 
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predicted and experimental values across all inclination angles, with the following ranges: absorber 
temperature (4.8-10%), heated air temperature (5.2-14.8%), glass cover temperature (10.7-17.3%), and 
ambient temperature (5.4-6.4%). These results verify that the theoretical model provides acceptably 
accurate predictions of system performance across different operational conditions. We plan to initiate a 
simulation and experimental study using our collector in an indirect solar dryer to dry agricultural 
products, such as tomatoes. 
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Nomenclature  

Symbol   

Cp:  specific heat [J kg-1 K-1] Ub:  back heat loss coefficient [W m-2 K-1] 

G: intensity of solar irradiance [W m-2]  D: hydraulic diameter [m] 

T: temperture [°C] L: length of collector [m] 

t: time [s] vext: wind speed [m s-1] 

hc: convective transfer coefficient [W m-2 K-1] 𝑚̇௙: air mass flow rate [kg s-1] 

hr: radiative transfer coefficient [W m-2 K-1] w: width of collector [m]  

Ut: top heat loss coefficient [W m-2 K-1] e: thickness [m] 

 

Subscripts 

a: ambient air i: insulator 

b: absorber plate v: glasse cover 

f : heated air  
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