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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 drying is the most popular method to preserve food in our country. However, it is limited by the intermittent nature 

of the sun. The objective of this paper is to overcome the intermittency of the sun by integrating a thermal bed into the solar dryer. 

The thermal bed is made of basalt and biochar for heat storage and humidity absorption respectively. An experimental study was 

done using papaya and moringa leaves. The results obtained show that the thermal bed stores heat at the temperature of 39°C at 

10p.m. Papaya is dried in two days and moringa leaves are dried in one day. For papaya slices, water content is 15% and was 

reached at the second day of drying. Also, moringa dry leaves water content is 8%. This value begins to be reached from 3 p.m. in 

the afternoon. Thus, the thermal bed temperature, the air temperature between the drying racks and the drying chamber outlet air 

temperature are respectively an average of 48.67°C, 48°C and 47.22°C compared to 34.33°C of the ambient temperature, a 

difference of more than 4°C. The experimental study is supported by a Computational fluid dynamic (CFD) analysis. 
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1. Introduction 

In the majority of our countries, agriculture represents the 

biggest part of economic activity. Most of 80% in working 

population is in agriculture sector. Despite these large numbers 

in agriculture sector, there are still food problems in the world. 

Also, the global population is predicted to exceed eight billion 

by the year 2025 [1]. Food production must therefore be in-
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creased to meet the growing global demand for food [2]. Sig-

nificant losses after many harvests are due to a lack of storage 

means. These losses have negative effects on production yields 

[3]. Waste of agri-food products must also be avoided for good 

food safety [4, 5]. Fruits and vegetables can be preserved 

effectively by the drying technique [6]. Drying is one of the 

first unit operations farmers perform in the chain of processing 

steps to either extend the shelf life of their products for storage 

or prepare them for secondary processing [7]. The drying 

process is based on energy and mass balances [8]. Solar thermal 

energy can offer desirable energy for several purposes, such as 

industrial, domestic, and agri-food conservation [9]. Solar 

drying offers many benefits for agricultural producers and 

consumers. It is a viable and sustainable method of processing 

that adds value to agriculture and contributes to its development 

[10]. The solar drying included direct drying by a greenhouse 

(DD), indirect solar dryer operating in continuous (IC) and 

discontinuous (ID) modes, and all were compared to those 

obtained by lyophilization (control) [11]. A three-stage con-

vection solar dryer was developed and evaluated by M. Usama 

et al., [12]. Their study is interesting. It can help to improve 

performance of solar thermal drying methods for temperature 

control and energy efficiency. One notable advantage of uti-

lizing a passive solar dryer is its reliance on natural energy 

sources, such as solar heat and radiation [13]. R. J. Mongi [14] 

examines the physicochemical properties and shelf life of 

mango and pineapple dried by solar energy. The conception of 

a storage system makes it possible to balance demand and 

availability [15]. Thermal energy storage (TES) technologies 

have proven to be effective in storing surplus energy and 

delivering it when renewable sources cannot meet the demand. 

Energy storage is proposed to provide a stable and reliable 

energy supply, reducing fluctuations in output power for 

renewable technologies [16]. Solar energy and storage tech-

nologies are helping to combat current global climate change 

[17]. Research into heat storage techniques in dryer’s solar 

system can increase the reliability of solar energy for drying. 

[8]. Thermal energy storage integration system with solar air 

heater holds an immense potential for optimizing the energy 

management in drying application [18]. Thermal energy 

storage (TES) provides several opportunities for efficient 

energy use and conservation. J. Ellis et al., [19] used, in their 

experimental work, flake salt as a storage medium. Therefore, 

their results showed that the moisture content is reduced from 

30% to 11% in 6 hours. However, we note that the moisture 

content could only be reduced from 30% to 13% in 24 hours 

without the presence of the storage system. The temperature at 

the storage system was found to be between 110°C and 72.2°C. 

Phase change materials show great promise as a potential 

thermal energy storage medium [20]. Much research shows 

that, molten salts, specifically the eutectic mixture of 60:40 

NaNO3-KNO3, so-called solar salts, stand as the predominant 

choice for TES in CSP plants [21, 23, 24]. Solar molten salts, 

with a mixture of 60% NaNO3 and 40% KNO3, have been 

used as thermal energy storage medium in concentrating solar 

power plants [21]. Serigne, T et al., [22] use in their study a 

thermal bed made in basal as a thermal energy stotage. The 

result obtained shows that between 10:00 a.m. and 2:00 p.m., 

temperature variations were noted at the level of the thermal 

bed, the air between the racks and the air at the outlet of the 

drying chamber, respectively an average of 40°C, 39, 33°C 

and 37.89°C. The optimal configuration for latent heat storage 

applied to solar heat for industrial processes was carried by M. 

Barnetche et al., [25]. Latent heat storage has the potential to 

store 4 times more energy than conventional sensible storage, 

making it particularly interesting for industrial applications 

with a lack of space. Barium Hydroxide Octahydrate [Ba 

(OH)2. 8H2O] was used as PCM which can store the energy in 

the daytime and release it during off-sunshine hours [26]. 

Their system saved 5604 kWh of electrical energy and 555.06 

liters of diesel fuel each year, as well as reduced 5.49 t CO2 

emissions. According to Y. Muhammad et al., [27], Several 

types of thermal storages are in the market. Other types are in 

research and development phases such as sensible thermal 

energy storage. M.C. Gilago, V.R. Mugi and C. V.P., [28] 

have carried out the drying kinetics of carrots and the effi-

ciency of an indirect solar dryer without and with thermal 

energy storage. D. Tadele Embiale and D. Gudeta Gunjo [29] 

carried out a solar drying system with double pass solar air 

heater coupled with paraffin wax based latent heat storage. 

Their study is focused on the storage materials. H.U. Rehman 

et al., [30] carried out an experimental study on solar dryer 

with integrated thermal storage chamber. Forced convection 

indirect solar drying system that has a DPSAH, shell and tube 

type latent heat storage with paraffin as phase change material 

(PCM), blower and drying chamber is developed and tested by 

D. Tadele Embiale and D. Gudeta Gunjo [29]. A numerical 

study is conducted on the DPSAH to determine effect of mass 

flow on its performance and appropriate flow rate is selected 

for the drying experiment. Majeed, A. H., et al., [31] elucidate 

in their study the evaluation of performance for an indirect 

solar dryer, augmented with Phase Change Materials for food 

dehydration. Also Jaworski, M., et al., [32] carried out an 

experimental study of a phase change material for heat storage 

in a dryer. Thus, thinner tubes for heat transfer fluid are used. 

An indirect solar dryer intended for drying bananas and simu-

lated under Ansys was developed byThaker, A.S., et al., [33]. 

Computational Fluid Dynamic can be used to carried out the 

performance of a novel research development in food dryer 

system [34]. Latent heat storage material integrated in solar 

dryer system is modeled using CFD by P. Lad et al., [35]. The 

model is reliable and can be employed to predict drying days 

of various food products when incorporated with PCM. S.E.D. 

Fertahi et al., [36] carried out CFD investigation of fine design 

influence of material phase change for heat storage. Petros 

Demissie et al., [37] carried out using CFD to model and sim-

ulate a cabinet type indirect solar dryer system. The aim of 

their study is to present as a tool for predicting flow and tem-

perature distribution. Performance analysis of a small solar 

dryer equipped by storage materials for food conservation is 
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carried out by S. Rakshamuthu et al., [38]. In this study, the 

comparison of the parameters (temperature and moisture 

content) in open drying, solar dryer without PCM and with 

PCM was investigated experimentally. M. Sengar et al., [39], 

used a mathematical model to investigate drying kinetics and 

morphological analysis of the dried product. Scanning electron 

microscopy analysis has been done to examine morphological 

dried food samples. The study showed a good result / perfor-

mance because maximum temperatures are reached. The ob-

jective of this paper is to study a solar dryer system with a 

thermal storage bed and humidity absorber. This thermal bed is 

therefore a porous medium and is placed on the interior facades 

of the drying chamber. A porous medium is generally com-

posed of a stack of solid particles in which a fluid can flow 

freely through pores formed between particles. For this, we are 

interested in materials that are available and less expensive 

such as basalt and activated carbon. Basalt has a thermal con-

ductivity greater than 1.5W/mk. It is materials that can storage 

heat for a long time. The principle of drying is to extract the 

water contained in the product. This will cause high humidity in 

the drying chamber. To evacuate this humidity we need a 

material that has pores and micro pores like activated carbon. In 

Senegal, we have significant basalt resource. Likewise, in 

Ziguinchor, biomass resources are immense. So it is very easy 

to obtain biochar to replace activated carbon. The system is 

experimentally tested using papaya and moringa leaves during 

the months of February and May 2023 in the climatic condi-

tions of the Ziguinchor region. This is followed by a CFD 

analysis to better optimize the system. 

2. Theoretical Modeling 

2.1. Modeling of the Thermal Bed 

To simulate the air flow through the thermal bed, we 

adopted the Darcy-Forchheimer model to describe its behav-

ior as a porous medium. Thus, Darcy showed experimentally 

that the flow rate of a water flow through a column of sand 

was proportional to the pressure gradient applied between two 

sections of this column. The porosity and physical properties 

of the thermal bed are assumed to be isotopic. Model studied 

uses of two viscous resistance coefficients 
1

𝐾
 and inertial 𝐶. 

2.2. Governing Equations 

In order to optimize the fruit and vegetable drying process 

in terms of quality, duration and energy efficiency, many 

researchers are using modeling of this process. The models 

developed make it possible to simulate the evolution of 

moisture content, temperature and pressure profiles. The 

system of equations that governs the convective flow of air 

through the solar dryer is based on the principles of conser-

vation of mass, momentum and energy. The standard 𝐾 − 𝜀 

model is chosen for the description of turbulent flow. Alt-

hough 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 equations are 

written as follows: 

2.2.1. Balance Equation at the Air Flow 

Continuity equation and momentum equation are given by 

equations 1, 2 and 3: 

𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
= 0                       (1) 

𝜌 *
𝜕𝑢

𝜕𝑡
+

𝜕(𝑢𝑢)

𝜕𝑥
+

𝜕(𝑣𝑢)

𝜕𝑦
+ = −

𝜕𝑃

𝜕𝑥
+ 𝜇𝑡 *

𝜕2𝑢

𝜕𝑥2
+

𝜕2𝑢

𝜕𝑦2
+    (2) 

𝜌 *
𝜕𝑣

𝜕𝑡
+
𝜕(𝑢𝑣)

𝜕𝑥
+
𝜕(𝑣𝑣)

𝜕𝑦
+ = −

𝜕𝑃

𝜕𝑥
+ 𝜇𝑡 *

𝜕2𝑣

𝜕𝑥2
+
𝜕2𝑣

𝜕𝑦2
+ + 

𝜌𝑔𝛽(𝑇 − 𝑇0)                (3) 

The turbulent kinetic energy 𝑘 and the dissipation rate 𝜀 

are written respectively as follow: 

𝜌 *
𝜕𝑘

𝜕𝑡
+

𝜕(𝑘𝑢)

𝜕𝑥
+

𝜕(𝑘𝑣)

𝜕𝑦
+ = (𝜇 +

𝜇𝑡

𝜎𝑘
) (

𝜕2𝑘

𝜕𝑥2
+

𝜕2𝑘

𝜕𝑦2
) + 𝐺𝐾 − 𝜌𝜀  (4) 

𝜌 *
𝜕𝜀

𝜕𝑡
+
𝜕(𝜀𝑢)

𝜕𝑥
+
𝜕(𝜀𝑣)

𝜕𝑦
+ = (𝜇 +

𝜇𝑡
𝜎𝜀
) (

𝜕2𝜀

𝜕𝑥2
+
𝜕2𝜀

𝜕𝑦2
) 

+
𝜀

𝐾
(𝐶1𝐺𝐾 − 𝐶2𝜌𝜀)               (5) 

With: 

𝜇𝑡 =
𝜌𝐶𝜇𝐾

2

𝜀
; 𝐺𝐾 =

𝐶𝜇

𝜌

𝜕𝑢𝑖

𝜕𝑥𝑗
[
𝜕𝑢𝑖

𝜕𝑥𝑗
+

𝜕𝑢𝑖

𝜕𝑥𝑖
]  

Energy equation is given by equation 6. 

𝜌 *
𝜕𝑇

𝜕𝑡
+

𝜕(𝑢𝑇)

𝜕𝑥
+

𝜕(𝑣𝑇)

𝜕𝑦
+ = *

𝜇

𝑃𝑟
+

𝜇𝑡

𝜎𝑡
+ *

𝜕2𝑇

𝜕𝑥2
+

𝜕2𝑇

𝜕𝑦2
+         (6) 

2.2.2. Balance Equation on the Racks 

To simulate the resistance of the products to be dried to air 

flow, we modeled the drying racks as a porous medium. 

Forchheimer proposed an empirical modification of Darcy's 

law by adding a second-order nonlinear relationship between 

the pressure gradient and the filtration speed. This formula-

tion is called Darcy-Forchheimer. Porous mediums are mod-

eled with an additional source to the momentum conservation 

equations given by eq. 7 and eq. 8. 

𝜌

𝜃̇

𝜕𝑢

𝜕𝑥
+

𝜌

𝜃̇2
[𝑢

𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑥
] = −

𝜕𝑃

𝜕𝑥
+
𝜇𝑡

𝜃̇
*
𝜕2𝑢

𝜕𝑥2
+
𝜕2𝑢

𝜕𝑦2
+ 

−𝜇
𝑢

𝐾
−

𝜌𝐶𝐹

√𝐾
|𝑢⃗ |𝑢                (7) 

𝜌

𝜃̇

𝜕𝑣

𝜕𝑥
+

𝜌

𝜃̇2
*𝑢

𝜕𝑣

𝜕𝑥
+ 𝑣

𝜕𝑣

𝜕𝑥
+ = −

𝜕𝑃

𝜕𝑦
+

𝜇𝑡

𝜃̇
*
𝜕2𝑣

𝜕𝑥2
+

𝜕2𝑣

𝜕𝑦2
+  − 𝜇

𝑣

𝐾
−
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𝜌𝐶𝐹

√𝐾
|𝑣 |𝑣 + 𝜌𝑔𝛽(𝑇 − 𝑇0)          (8) 

𝐾 =
𝐷𝑃
2𝜃̇3

150(1−𝜃̇)2
                (9) 

𝐶𝐹 =
3,5(1−𝜃̇)

𝐷𝑃𝜃̇
3                  (10) 

Another flow model in porous media was proposed by in-

troducing the source term by expressing the pressure gradient 

as a power law of the velocity amplitude: 

𝑆𝑖 = −𝐶0|𝑣|
𝐶𝐿               (11) 

The solid phase and the air in the pores are assumed to be in 

thermal equilibrium. Thus, the energy conservation is given 

by: 

(𝜌𝐶𝑃)𝑚
𝜕𝑇

𝜕𝑡
+ (𝜌𝐶𝑃)𝑚 (𝑢𝑓

𝜕𝑇

𝜕𝑥
+ 𝑣𝑓

𝜕𝑇

𝜕𝑦
) 

= 𝜆𝑚
𝜕

𝜕𝑥
(
𝜕2𝑇

𝜕𝑥2
+

𝜕2𝑇

𝜕𝑥2
)           (12) 

Porous medium density, heat capacity and thermal con-

ductivity are calculated as follows: 

(𝜌𝐶𝑃)𝑚 = 𝜃̇(𝜌𝐶𝑃)𝑓 + (1 − 𝜃̇)(𝜌𝐶𝑃)𝑆          (13) 

𝜆𝑚 = 𝜃̇𝜆𝑓 + (1 − 𝜃̇)𝜆𝑆               (14) 

3. Measurement and Experimentation 

Equipment 

The solar dryer is composed of a flat glass collector 

(100×50 cm) and a drying chamber (100 cm x 80 cm x 60 

cm). The two are connected by a pipe as shown in figure 1 

and a photovoltaic system associated with a battery for oper-

ating the fans. The sensor is placed on a support equipped 

with a crank allowing the inclination angle of the sensor to 

be varied between 0 and 90°. Two fans with a power of 12V 

are placed at the inlet of the solar plate collector to increase 

the air flow and ensure its renewal in the drying chamber. 

With the temperature gradient, the air heated by the solar flat 

collector passes through the pipe and reaches the drying 

racks in order to dry the food product. The interior of the 

drying chamber is made of galvanized sheet metal and con-

tains 4 drying racks whose contours are made of aluminum. 

The drying chamber is in the form of a cone with an inverted 

top. It is connected to the heated air coming into the solar flat 

collector by pipe. It serves to dissipate heat to all corners of 

the drying chamber. This is the part where the thermal bed 

used for heat storage and humidity absorber will be lined. 

The thermal bed is placed below the four racks as shown in 

figure 2. The air heated by the solar flat collector first flows 

towards the thermal bed and heats the gravel before reaching 

the drying racks and the product to be dried. This phenome-

non ensures improvement in the natural draw of drying air in 

the chamber. The other part of heat is stored in thermal bed 

to compensate for the deficit during non-sunny hours. 

 
Figure 1. View of the solar dryer studied. 

 
Figure 2. Thermal bed inside the solar dryer. 

The drying and control of the various products were carried 

out using an electronic balance with a capacity of 410 g and a 

precision equal to 0.001 g, thermocouples for temperature 

measurement in different levels of the drying chamber, the 

thermal bed, the solar flat collector, and the ambient air. We 

have also two fans of 12V capacity placed at the inlet of the 

solar flat collector to vary the air flow in the drying chamber, a 

photovoltaic kit associated with a battery for the fan operation. 

Moringa leaves and papaya are used as drying products. 

Figure 3a and figure 3b gives the papaya and moringa oleifera 

dryed in the chamber dryer. 
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Figure 3. a. Papaya drying; b. Moringa oleifera leaves drying. 

4. Results and Discussions 

4.1. Experimental Results 

The results obtained are presented by highlighting the in-

fluence of the thermal bed on the behavior of the dryer. They 

are obtained by taking into account the experimental condi-

tions, namely temperature, humidity and air velocity. 

Figure 4 and figure 5 give the temperatures of thermal bed, 

ambient environment, the air at the inlet of dryer chamber, the 

air at the dryer outlet as a function of time during the drying of 

papaya slices. 

The experiment duration took place in two days with an 

average ambient temperature of 32.67°C. The following 

analysis reveals an average temperature variation for the two 

days of drying the papaya. At 10:00 a.m. to 2:00 p.m., tem-

perature variations were noted at the level of the thermal bed, 

the air between the drying racks and the air at the outlet of the 

drying chamber, respectively an average of 40°C, 39, 33°C 

and 37.89°C. An intermediate phase is noted. It started from 

2:00 p.m. to 6:00 p.m. with an average ambient temperature of 

33.89°C. The temperatures at the level of the thermal bed, the 

air between the drying racks and the air at the outlet of the 

drying chamber are respectively 46.44°C, 45.33°C and 

43.78°C. A final phase from 6:00 p.m. to 10:00 p.m. provides 

an overview of the heat storage by the thermal bed. Thus, the 

temperatures at the level of the thermal bed, the air between 

the drying racks and the air at the outlet of the drying chamber 

are respectively an average of 48.67°C, 48°C and 47.22°C, 

compared to 34.33°C of the ambient temperature, a difference 

of more than 4°C. This is due to the fact that the increase in the 

density of the incident solar flux in the morning, the thermal 

bed stores a large quantity in order to release it to compensate 

for the intermittency of the sun. 

 
Figure 4. Temperature variations in the drying chamber on the first day for papaya slices (13/02/2023). 
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Figure 5. Temperature variations in the drying chamber on the second day for papaya slices (14/02/2023). 

Figure 6 gives the temperatures of the thermal bed, the 

ambient environment, the air at the solar flat collector outlet, 

the air at the dryer outlet as a function of time during the 

drying of moringa’s leaves. 

 
Figure 6. Temperature variations in the drying chamber on the first day for moringa’s leaves (17/02/2023). 

The results obtained during the experiments show that the 

temperature is not uniform inside the dryer. However, it is 

imperative to point out that the temperature of the moringa 

leaves should not exceed 55°C as shown in figure 6 to avoid 

their deterioration. Drying takes place in one day. For an 

ambient temperature of 37.33°C, the temperatures at the 

thermal bed, the air between the drying racks and the air at the 

outlet of the drying chamber are respectively 48.67°C; 

47.67°C and 46.33°C. 

Dried products dehydrate by releasing water. The hot air in 

the drying chamber becomes humid. This humidity will have 

a negative impact on the quality of the product. 

Figure 7 and figure 8 show the evolution of water content of 

papaya slices. 
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Figure 7. Variation in water content of papaya for the first day of drying (13/02/2023). 

 
Figure 8. Variation in water content of papaya slices on the second day of drying (14/02/2023). 

Figure 7 and figure 8 show decreasing curves of papaya 

water content. Figure 8 shows that on the second day of drying, 

the water content is 15% and was reached at the level of the 

three racks. 

Figure 9 shows the evolution of the water content of 

moringa leaves. 

 
Figure 9. Variation in water content of moringa leaves (17/02/2023). 
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Figure 9 shows that the humidity level of the moringa 

leaves varies for the rack 1, 2 and 3, respectively from 75% to 

19%; from 69% to 8%; and from 65% to 8%. 

4.2. Numerical Results 

In a proactive approach to embracing technological 

advancements, our study integrates Computational Fluid 

Dynamics (CFD) to enhance the sophistication of our 

investigation into food drying processes. Using the state-of-the-art 

Ansys Fluent software, we meticulously simulate the solar dryer 

system by incorporating precise geographical coordinates for 

Ziguinchor’s region (latitude: 12.5565°N, longitude: 16.2719°W). 

Our approach ensures a high level of accuracy by considering the 

region's solar flux, climate conditions, and time zone (UTC). This 

commitment to precision enhances the reliability and relevance of 

our CFD analysis, contributing to a comprehensive understanding 

of the system's behavior. This methodology aligns with previous 

research emphasizing the importance of integrating CFD in 

modeling solar dryers. Figures 10 to 16 give the CFD simulation 

results. 

 
Figure 10. 3D simulation geometry of the dryer. 

 
Figure 11. Temperature evolution in the solar plat collector. 

 
Figure 12. Velocity evolution in the dryer. 

 
Figure 13. Humidity evolution in the dryer chamber. 

 
Figure 14. Dryer product on the racks. 
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Figure 15. Temperature evolution inside absorber of solar plat collector. 

 
Figure 16. Temperature evolution inside the dryer chamber. 
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Figure 10 gives the three (3D) simulation geometry of the 

study system. Figure 11 and figure 12 illustrate the evolution 

of temperature within the solar flat collector and the velocity 

of hot air within the dryer, respectively. Figure 13 and figure 

14 depict the humidity levels within the dryer. Notably, to 

better understand temperature dynamics within the dryer, we 

positioned points corresponding to the experimental 

temperature probes at the entrance, middle, and exit of both 

the absorber and the drying chamber as it is shown in Figures 

15 and 16. Resulting temperature profiles accurately depict 

variations within the dryer with maximum temperature of 

50°C in the drying chamber at the third time of the experiment. 

As air moves through the absorber, temperature fluctuations 

decrease, attributed to a uniform and stable flow regime that 

equalizes temperatures throughout the dryer. These 

simulation results validate the experimental model and 

provide deeper insights into the dynamics of the drying 

process. This study aims to observe the behavior of the 

thermal bed integrated into the drying chamber. To conduct 

the experiments, slices of papaya and moringa leaves were 

utilized, as shown in Figure 3a and figure 3b. The results 

indicated that the thermal bed could retain heat until 10 p.m. 

with a temperature of 39°C. Experimental findings 

demonstrated that the maximum moisture content of papaya 

which is (15%) was achieved within three days of drying, 

while moringa leaves (8%) reached the desired moisture level 

within two days. The ability of the thermal bed to store and 

slowly release heat is crucial for maintaining optimal drying 

conditions even after sunset. The CFD results showed the 

temperature evolution within the solar collector and drying 

chamber, as well as changes in humidity and the velocity of 

hot air within the dryer. The CFD model provides a detailed 

analysis of the heat and mass transfer processes occurring 

within the dryer, enabling the identification of key parameters 

that influence drying efficiency. This advanced modeling 

approach will facilitate the optimization of solar dryer designs, 

enhancing their performance and sustainability. Our research 

underscores the effectiveness of combining experimental data 

with advanced simulation tools such as CFD to improve the 

design and operation of solar drying systems. The integration 

of CFD in our study not only validates the experimental 

findings but also provides a robust framework for future 

investigations aimed at optimizing solar dryer performance 

under various climatic conditions. This comprehensive 

approach is essential for developing efficient and sustainable 

food preservation technologies that can be widely adopted in 

regions with abundant solar resources. 

5. Conclusion 

The objective of this paper is to analyze the behavior of 

thermal bed integrated into the drying chamber of the dryer. To 

conduct this experiment, papaya slices and moringa leaves 

were used. The results showed that the thermal bed could store 

heat until 10 p.m., maintaining a temperature of 39°C. The 

experiments revealed that the final moisture content of 15% for 

papaya is achieved in three days of drying, while that of 8% for 

moringa leaves is reached in two days of drying. To optimize 

the performance of our dryer, a CFD simulation was conducted 

using Ansys Fluent to validate the experiment. This simulation 

allowed for the optimization of dryer characteristics, such as 

glass thickness, the optimal air velocity at the inlet of the ab-

sorption chamber, and the spacing of the drying racks. It also 

enabled the visualization of temperature evolution in the solar 

collector and drying chamber. Furthermore, it demonstrated 

humidity evolution and hot air velocity in the collector, as well 

as heat dissipation in the dryer, which closely matched the 

experimental study results. In the future, it would be important 

to conduct a comparative optimization study using CFD on the 

thermal and hygrometric behavior of a thermal bed made of 

basalt and biochar, respectively serving as heat storage and 

moisture absorber. 

Abbrevation 

𝐾  Turbulent Kinetic Energy,  2 −2 

𝜀  Dissipation of Turbulent Kinetic 

Energy,  2 −3 

𝜌  Density, 𝑘𝑔. −3 

𝜇  Viscosity, Pa.s 

𝜇𝑡  Turbulent Dynamic Viscosity, 

𝐾𝑔. −1 −1 

𝐶𝜇 Turbulence Model Constants 

𝑢, 𝑣 Velocity, m.s
-1

 

P Pressure, Bar 

𝐶𝑃  Constant Pressure Specific Heat, kJ.kg
-1

 

K
-1

 

𝐶𝐹  Inertial Resistance Factor 

𝑇  Temperature, K 

 𝐶𝐹  Inertial Resistance Factor,  −1 

 𝑃 Particle Diameter, m 

𝑔  Gravitational Acceleration,  .  −2 

𝜆  Thermal Conductivity, W.m
-1

 K
-1

 

𝐺𝐾  Turbulence Model Constant 𝐾 − 𝜀 

𝑆𝑖  Source Term 

𝜎𝑡, 𝜎𝑘, 𝜎𝜀 Constants Involved in the Model 𝐾 − 𝜀 

𝐶0, 𝐶1, 𝐶2 𝐶  Empirically Coefficients 

𝜃̇  Porosity 

𝑃   Prandtl Number 

𝛽  Coefficient of Expansion 

𝑆  Solid Phase in the Thermal Bed 

   Fluid Phase in the Thermal Bed 

  Blend 
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