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Abstract 

Solar thermal energy is available in abundance in a country like Senegal where direct solar radiation is on average 1950kWh/m
2
 

per year. Solar thermal treatment is one of the methods to preserve food. Thermal treatment of agricultural products using solar 

thermal energy utilizes collectors to capture solar irradiation and convert its energy into heat, which is then used for drying, 

heating, cooking, or cooling the products. This study focuses on thermal treatment using a solar cooker. The work involves 

performing a numerical simulation of a solar cooker using COMSOL Multiphysics software to analyze the temporal and spatial 

distribution of physical parameters such as temperature, air velocity, and absolute pressure within the cooker. A theoretical model 

is made in order to establish the heat balance at the level of the cooker components. A model of the cooker was developed within 

the software after establishing assumptions and defining boundary conditions. The simulation results show that in the solar 

cooker, the absorber temperature can reach 123°C, allowing the cooking of many types of food. The isothermal profile reveals a 

dome-shaped structure evolving from the absorber, where the temperature is highest, towards the glass cover. The pressure is also 

uniform within the cooker. The pressure is approximately equal to 1.11 10
4
Pa. Similarly, the air velocity inside the cooker is low. 
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1. Introduction 

Conventional fuels such as kerosene, gas, electricity, bio-

mass, charcoal and coal are used for cooking in various re-

gions in the world [1, 2]. In many less developed countries 

cooking becomes the main energy consumption as covering 

primary needs is the focus of a large percentage of the popu-

lation. In addition, the energy sources used in these countries 

often imply a relevant amount of work and health hazards as 

population lacks the access to modern forms of energy or 

they are too expensive for their incomes [3]. The major en-

ergy supply for cooking and hot water supply of the less 

developed country come from biomass. This intensive bio-

mass utilization is accounted for deforestation, expensive fire 

wood price and poor kitchen environment [6]. This tradition-

al biomass based cooking affected health, energy, school 

time, and hardship issues of women and children [7]. In 

Ethiopia, most households have no access to clean energy 

and most cooking activities are performed in a separated 

chimneyless confined kitchen and this is worse in rural parts 
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of the country where majorities live [4]. The concept of sus-

tainability has opened up great horizons for harnessing the 

potential of solar energy in the producing thermal energy and 

reducing dependence on fossil fuels or coal [5, 6]. The prob-

lems caused by fossil fuels and coal not only harm the envi-

ronment, but they are also energy sources that are becoming 

depleted due to population growth and urbanization. This 

also leads to higher prices due to the high demand, which 

poses a challenge, especially in low-income countries [5, 7]. 

Solar cooking eliminates the need for a significant amount of 

conventional fuels. Solar cooking is a real solution to limit 

deforestation and the overuse of fossil fuels. These fossil fuels 

represent the main source of greenhouse gas emissions. In fact, 

each solar cooker can save one ton of wood per year in sunny 

and arid regions. Most tropical developing countries have a 

high potential for solar energy that could be used sustainably 

for different food processing applications. [8]. Solar thermal 

energy is available in abundance in a country like Senegal 

where direct solar radiation is on average 1950kWh/m
2
 per 

year [9]. Access to reliable and clean cooking energy remains 

a critical challenge, particularly in developing regions. 

Nearly 2.1 billion people globally still depend on inefficient 

cooking methods using biomass fuels such as firewood, 

animal dung, crop residues, kerosene, and coal, resulting in 

severe indoor air pollution [10-12]. These traditional meth-

ods have low thermal efficiency, typically between 35%–

40%, leading to excessive fuel consumption, deforestation, 

and high household energy costs, especially in rural commu-

nities [10, 13, 14]. Solar cooking is a sustainable and envi-

ronmentally friendly alternative to conventional cooking, 

particularly interesting in regions where access to clean en-

ergy is limited. By reducing reliance on biomass and fossil 

fuels, solar cooking helps mitigate deforestation, decrease 

greenhouse gas emissions, and improve indoor air quality, 

thereby addressing critical health and environmental con-

cerns [15]. Its benefits include reduced household air pollu-

tion, lowering respiratory disease risk in rural communities 

caused by the use of open fires or inefficient stoves fueled by 

kerosene, coal or biomass [15-17]. Solar cookers have been 

the subject of several theoretical and empirical investigations, 

with numerous modifications attempted to increase efficien-

cy and security. Solar cookers need much sophisticated re-

search and enhancement work to function better [18]. Our 

objective is to view the behavior of a solar cooker. The de-

scription of the theoretical model and the heat balance are 

given in Section 2. The numerical simulation was performed 

using COMSOL Multiphysics software. The simulation 

results are presented in Section 3. 

2. Materials and Methods 

2.1. System Description 

The solar cooker studied is a box-type model. An experi-

mental model can be carried out using cardboard or wood. 

Aluminum foil can be used as an absorber. Polystyrene is used 

for good thermal insulation. Double glass cover is also used to 

create a greenhouse effect inside the cooker. A reflector is 

often used to concentrate the solar irradiation within the 

cooker. The heat balance allows us to visualize the tempera-

ture profiles inside the cooker. 

 
Figure 1. Theoretical model of solar cooker. 

2.2. Thermal Balance 

We will consider four elements for which we will perform 

the thermal balance: the external glass cover, the internal glass 

cover, the air inside the cooker, and the absorber. 

Several assumptions are made to ensure the accuracy of this 

work. Thus, the following assumptions are made: 

1) Heat transfer is unidirectional; 

2) There is no temperature gradient along the thickness of 
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the glass; 

3) Convective heat transfer between the inner surfaces of 

the cooker's side walls and the air inside the solar cooker 

is negligible; 

4) Radiative heat exchange between the absorber and the 

vertical walls is negligible; 

5) Wind speed is constant inside the cooker; 

6) The thermophysical properties of the absorber, the air, 

and the glass are considered constant within the cooker's 

operating temperature range. 

Similarly, the initial conditions are: 

𝑇𝑔𝑒(𝑡0) = 𝑇𝑔𝑖(𝑡0) = 𝑇𝑎(𝑡0)             (1) 

𝑇𝑎𝑏(𝑡0) = 𝑇𝑎𝑚𝑏(𝑡0)                (2) 

2.2.1. Thermal Balance on the External Glass Cover 

The thermal energy balance is given by equation (3) [19]. 

𝑚𝑔𝑐𝑔
𝜕𝑇𝑔𝑠

𝜕𝑡
= 𝐴𝑔𝛼𝑔𝐺 + ℎ𝑟𝑔𝑖−𝑔𝑒𝐴𝑔(𝑇𝑔𝑖 −  𝑇𝑔𝑒)  

+ℎ𝑐𝑔𝑖−𝑔𝑒𝐴𝑣(𝑇𝑔𝑖 −  𝑇𝑔𝑒) −  ℎ𝑟𝑔𝑒−𝑐𝐴𝑔(𝑔 − 𝑇𝑠) − ℎ𝑐𝑔𝑒−𝑎𝑚𝑏𝐴𝑔(𝑇𝑔𝑒 − 𝑇𝑎𝑚𝑏)                     (3) 

In steady state, equation (3) becomes: 

0 = 𝐴𝑔𝛼𝑔𝐺 + ℎ𝑟𝑔𝑖−𝑔𝑒𝐴𝑔(𝑇𝑔𝑖 − 𝑇𝑔𝑒)  

+ℎ𝑐𝑔𝑖−𝑔𝑒𝐴𝑔(𝑇𝑔𝑖 −  𝑇𝑔𝑒) −  ℎ𝑟𝑔𝑒−𝑠𝐴𝑔(𝑇𝑔𝑒 −  𝑇𝑠)  

−ℎ𝑐𝑔𝑒−𝑎𝑚𝑏𝐴𝑔(𝑇𝑔𝑒 −  𝑇𝑎𝑚𝑏)                                      (4) 

2.2.2. Thermal Balance on the Internal Glass Cover 

The glass cover exchanges heat with the environment outside the cooker and with the air inside the cooker. The heat balance is 

given by: 

𝑚𝑔𝑐𝑔

𝜕𝑇𝑔𝑖

𝜕𝑡
= 𝐴𝑔𝛼𝑔𝜏𝐺 − ℎ𝑟𝑔𝑖−𝑔𝑒𝐴𝑔(𝑇𝑔𝑖 − 𝑇𝑔𝑒)  

−ℎ𝑐𝑔𝑖−𝑔𝑒𝐴𝑔(𝑇𝑔𝑖 −  𝑇𝑔𝑒)+ℎ𝑐𝑎−𝑔𝑖𝐴𝑔(𝑇𝑎 −  𝑇𝑔𝑖)  

+ℎ𝑟𝑎𝑏−𝑔𝑖𝐴𝑔(𝑇𝑎𝑏 −  𝑇𝑔𝑖)                                          (5) 

In steady state, equation (5) becomes: 

0 = 𝐴𝑔𝛼𝑔𝜏𝐺 − ℎ𝑟𝑔𝑖−𝑔𝑒𝐴𝑔(𝑇𝑔𝑖 −  𝑇𝑔𝑒) − ℎ𝑐𝑔𝑖−𝑔𝑒𝐴𝑔(𝑇𝑔𝑖 − 𝑇𝑔𝑒)+ℎ𝑐𝑎−𝑔𝑖𝐴𝑔(𝑇𝑎 − 𝑇𝑔𝑖) + ℎ𝑟𝑎𝑏−𝑔𝑖𝐴𝑔(𝑇𝑎𝑏 −  𝑇𝑔𝑖)     (6) 

2.2.3. Heat Balance of the Air Inside the Cooker 

The system of equations that governs the convective flow 

of air through the solar cooker is based on the principles of 

conservation of mass, momentum and energy. The standard 

𝐾 − 𝜀 model is chosen for the description of turbulent flow. 

Although there are several other turbulence models, the 

standard 𝐾 − 𝜀 model still remains an industrial reference and 

its applications are found in numerous studies. The system of 

equations inside the solar cooker is written as follows [9]: 

Continuity equation is given by: 

𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
= 0                  (7) 

𝑢 and 𝑣 are the components of the fluid velocity in the x 

and y directions respectively; 

Momentum equation 

Along the ox axis 

𝜌 *
𝜕𝑢

𝜕𝑡
+

𝜕(𝑢𝑢)

𝜕𝑥
+

𝜕(𝑣𝑢)

𝜕𝑦
+ = −

𝜕𝑃

𝜕𝑥
+ 𝜇𝑡 *

𝜕2𝑢

𝜕𝑥2 +
𝜕2𝑢

𝜕𝑦2+  (8) 

Along the oy axis 

𝜌 *
𝜕𝑣

𝜕𝑡
+

𝜕(𝑢𝑣)

𝜕𝑥
+

𝜕(𝑣𝑣)

𝜕𝑦
+ = −

𝜕𝑃

𝜕𝑥
+ 𝜇𝑡 *

𝜕2𝑣

𝜕𝑥2 +
𝜕2𝑣

𝜕𝑦2+ +  

𝜌𝑔𝛽(𝑇 − 𝑇0)                (9) 

Equation of turbulent kinetic energy 𝑘 
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𝜌 *
𝜕𝑘

𝜕𝑡
+

𝜕(𝑘𝑢)

𝜕𝑥
+

𝜕(𝑘𝑣)

𝜕𝑦
+ = (𝜇 +

𝜇𝑡

𝜎𝑘
) (

𝜕2𝑘

𝜕𝑥2 +
𝜕2𝑘

𝜕𝑦2)  

+𝐺𝐾 − 𝜌𝜀           (10) 

Equation of the dissipation rate 𝜀 

𝜌 *
𝜕𝜀

𝜕𝑡
+

𝜕(𝜀𝑢)

𝜕𝑥
+

𝜕(𝜀𝑣)

𝜕𝑦
+ = (𝜇 +

𝜇𝑡

𝜎𝜀
) (

𝜕2𝜀

𝜕𝑥2 +
𝜕2𝜀

𝜕𝑦2) +
𝜀

𝐾
(𝐶1𝐺𝐾 −

𝐶2𝜌𝜀)       (11) 

Energy equation 

𝜌 *
𝜕𝑇

𝜕𝑡
+

𝜕(𝑢𝑇)

𝜕𝑥
+

𝜕(𝑣𝑇)

𝜕𝑦
+ = *

𝜇

𝑃𝑟
+

𝜇𝑡

𝜎𝑡
+ *

𝜕2𝑇

𝜕𝑥2 +
𝜕2𝑇

𝜕𝑦2+      (12) 

2.2.4. Thermal Balance on the Absorber 

The energy balance on the absorber is given by equation 

(13). 

𝑚𝑎𝑏𝑐𝑎𝑏
𝜕𝑇𝑎𝑏

𝜕𝑡
= 𝛼𝑎𝑏𝜏𝑔𝐴𝑔𝐺 − ℎ𝑟𝑎𝑏−𝑔𝑖𝐴𝑎𝑏(𝑇𝑎𝑏 −  𝑇𝑔𝑖) −

ℎ𝑐𝑎𝑏−𝑎𝐴𝑎𝑏(𝑇𝑎𝑏 −  𝑇𝑎)    (13) 

2.3. Model Mesh 

To better visualize the physical phenomena within the solar 

cooker, a numerical simulation was performed using COM-

SOL Multiphysics simulation software version 6.0. 

A front view of the cooker was created by superimposing 

different rectangles. The resulting model is shown in Figure 2. 

 
Figure 2. Model of the solar cooker created in the software. 

 
Figure 3. Mesh visualization in Comsol Multiphysics. 
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Figure 2 is a two-dimensional representation of the solar 

cooker created using COMSOL Multiphysics 6.0 software. 

Following this step, the physical parameters of the cooker 

materials can be entered, and the initial conditions defined to 

select the appropriate mesh type. For the initial conditions, the 

temperature inside the cooker is assumed to be equal to that of 

the ambient air (T = 300 K), the pressure is atmospheric (P = 1 

ATM), and the air velocity inside the cooker is zero. The mesh 

is a discretization of the domain using finite elements, allowing 

the physics equations to be solved for these elements while 

taking into account the boundary conditions between each cell. 

In this study, the normal mesh is chosen (see Figure 3). 

 

3. Results and Discussion 

A thermal behavior model of the cooker was developed 

using COMSOL Multiphysics software to predict the per-

formance of solar cooker. Modeling is a very important step. It 

makes it easier to choose the ideal materials, the actual di-

mensions of the device with its optimal orientations. This 

allows them to achieve the most efficient energy gain possible 

before prototyping. The various results obtained are analyzed 

and interpreted in the three subsections that follow. 

3.1. Temperature Profiles 

The temperature profile in the cooker is given in Figure 4. 

 
Figure 4. Temperature distribution inside the cooker. 

 
Figure 5. Distribution of isotherms in the cooker. 
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Figure 4 shows the temperature distribution inside the 

cooker. It can be seen that when the cooker is exposed to heat 

for 17,401 seconds, the temperature can reach 390 K. This 

creates a dome-shaped structure where the temperature is 

highest at the bottom of the cooker on the absorber (390 K = 

117°C) and then increases towards the glass cover. This 

distribution is explained by the fact that the absorber, with its 

very high thermal conductivity, is a heat source. 

The display of the isotherms allows for a better visualiza-

tion of the spatial distribution of temperature and its evolution. 

The isotherm profile is shown in Figure 5. 

Figure 5 show that the isotherm display confirms the 

dome-shaped structure. The isotherm display shows the evo-

lution from the absorber, where the temperature is maximum, 

towards the glass covers. Similarly, we have shown the tem-

perature evolution on the outer of glass cover, the insider glass 

cover, the air inside the cooker, and the absorber. These tem-

peratures are shown in Figures 6 and 7. 

 
Figure 6. Evolution of temperatures on the external glass cover and on the internal glass cover as a function of time. 

 
Figure 7. Evolution of air temperatures inside the cooker and at the level of the absorber as a function of time. 

 

Figure 6 shows that the temperatures on the external and 

internal glass cover have the same pattern and follow a 

Gaussian distribution. However, the temperature on the ex-

ternal glass cover is higher than that on the internal glass 
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cover up to a maximum before the trend reverses. This is due 

to the fact that during this period the cooker is highly exposed 

to the solar irradiation (between 1 p.m. and 2 p.m. in practice). 

After this period, solar irradiation decreases and the cooker 

cools down. Since the external glass cover is in contact with 

the air, it cools down more quickly by convection. 

Figure 7 shows the evolution of the air temperatures inside 

the cooker and at the absorber. 

The curves in Figure 7 follow a Gaussian trend with a 

maximum around t=17401s. One note that the temperature on 

the absorber (Tmax=123°C) is almost double that inside the 

cooker (Tmax=63°C). This is explained by the fact that the 

absorber is the heat source, receiving solar radiation and 

converting it into heat that warms the interior. 

3.2. Pressure Profiles 

Figure 8 shows the pressure profile in the cooker at max-

imum temperature. 

 
Figure 8. Pressure Profile at t=17401s. 

Figure 8 shows a uniform pressure distribution within the 

cooker. This is due to the fact that the flow regime is laminar 

and the system remains closed by the glass cover, thus there is 

no exchange with the external environment. 

3.3. Velocity Profile of the "Air" Fluid in the 

Cooker 

Figure 9 shows the air velocity profile inside the cooker. 

 
Figure 9. Air velocity profile in the cooker. 
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Figure 9 show that the fluid (air) velocity inside the cooker. 

Thus, we note a very small variation in the fluid velocity. 

The results obtained on the isotherms, the pressure var-

iation in the cooker and that of the fluid velocity are in 

agreement with the study carried out by Diatta, J. et al. 

[20]. 

4. Conclusions 

This study focuses on thermal treatment using a solar cooker. 

A numerical simulation of the solar cooker was performed 

using COMSOL Multiphysics software to determine the tem-

poral and spatial distribution of physical parameters such as 

temperature, air velocity, and pressure inside the cooker. The 

simulation results show that the absorber temperature of the 

solar cooker can reach 123°C, allowing for the cooking of 

many types of food. This high temperature can be explained by 

the fact that the absorber is the heat source, receiving solar 

irradiation and converting it into heat that warms the interior to 

enable cooking. The isotherm profile reveals a dome-shaped 

structure evolving from the absorber, where the temperature is 

highest, towards the glass cover. The pressure is also uniform 

inside the cooker. Similarly, the air velocity is low inside the 

cooker. However, the temperature on the external glass cover is 

higher than that on the inside glass cover before this trend 

reverses. This reversal is due to the fact that when the absorber 

reaches a certain temperature, it begins to emit radiation. The 

temperature on the absorber remains significantly higher than 

that inside the cooker throughout the simulation. 

In perspective, we propose to carry out an experimental 

solar cooker incorporating a phase-change material such as 

paraffin for heat storage in order to conduct a numerical and 

experimental study. 

Nomenclature 

𝐴  Area [m
2
] 

𝐶  Specific Heat Capacity [𝐽. 𝐾−1. 𝐾𝑔−1] 

𝐺  Global Solar Irradiance [𝑊. 𝑚−2] 

𝐶𝜇  Turbulence Model Constants 

𝐺𝑘  Turbulence Model Constant 𝐾 − 𝜀 

𝐶1, 𝐶2  Empirically Coefficients 

ℎ  Heat Transfer Coefficients [𝑊. 𝑚−1. 𝐾−1] 

𝑘  Turbulent Kinetic Energy [𝑚2𝑠−2] 

𝑚  Mass [Kg] 

𝑃  Pressure, [bar] 

T Temperature [K] 

𝜀  Dissipation of Turbulent Kinetic Energy, 

[𝑚2𝑠−3] 

𝑢, 𝑣  Velocity [𝑚𝑠−1] 

𝜇  Viscosity, [Pa.s] 

𝜇𝑡  Turbulent Dynamic Viscosity, [𝐾𝑔. 𝑚−1𝑠−1] 

𝛼  Absorptivity [-] 

𝑎  Air 

𝑎𝑏  Absorber 

𝑐  Convection 

𝑒  External 

𝑖  Internal 

𝑎𝑚𝑏  Ambient 

𝑟  Radiation 

𝑔  Glass Cover 

Abbreviations 

ATM Atmosphere 

PM Post Meridiem 
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