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Abstract : 6 

This study presents an experimental investigation into energy storage and recovery 7 

through fluid exchange, applied to a cylindrical enclosure filled with a porous medium 8 

composed of terracotta balls from Thiki, located in the Thiès region. The goal of this research 9 

is to contribute to improving energy efficiency, a critical factor in reducing greenhouse gas 10 

emissions in the industrial sector. 11 

The objective of the study is to achieve optimal energy efficiency by testing the device with 12 

clay balls exhibiting a porosity of 0.57. A 180-ohm thermal resistor, providing a maximum 13 

power of 60 watts, serves as the energy source. To gather thermal data, ten thermocouples 14 

were positioned at various locations within the enclosure and linked to an Agilent data 15 

acquisition system. 16 

The findings of this experiment demonstrate a significant thermal storage capacity in the 17 

porous medium created by the Thiki terracotta. We examined the temperature evolution, as 18 

well as the changes in energy and power over time, underscoring the potential of this material 19 

for thermal energy storage applications. 20 
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Nomenclatures 28 

 29 

Cp heat capacity [J/K·kg] 30 

D diameter of the tank [m] 31 

d diameter of the billes 32 

E energy [J] 33 

g gravity [m/s2] 34 

H height of the tank [m] 35 



 

 

T températures [K] 36 

P puissance      [watt] 37 

Greek symbols 38 

t difference de temperature  [K] 39 

 porosity 40 

 41 

INTRODUCTION 42 

Natural convection has long piqued the interest of researchers, both from a theoretical 43 

and practical standpoint, due to its numerous industrial applications. This phenomenon, which 44 

has been studied for more than a century, garnered considerable attention after its discovery 45 

through Bénard's experiments and Rayleigh's theoretical analysis in the early 20th century. To 46 

address the rising energy demands, developing nations must innovate in their energy supply 47 

strategies. In this regard, environmental and social considerations are now just as significant 48 

as economic factors when evaluating projects. Numerous energy conservation and efficiency 49 

initiatives have been launched in recent years, highlighting the increasing focus on 50 

diversifying energy sources. 51 

To meet this escalating energy demand, governments have traditionally relied on fossil fuels 52 

and electricity. However, a recent shift has seen the integration of environmental and social 53 

goals with economic ones when assessing large-scale projects. The challenge lies in 54 

promoting sustainable energy development, prompting governments to invest in energy 55 

demand reduction initiatives and energy efficiency projects. 56 

Our literature review reveals extensive research conducted globally in this field. For instance, 57 

B. Dhifaoui et al. [1] investigated thermal energy storage in a vertical channel filled with glass 58 

beads, heated by a constant flow over a wall, to optimize sensible heat storage. Due to its high 59 

thermal inertia, this system enables the slow release of heat. Nasrallah et al. [2] examined heat 60 

transfer via transient free convection in a vertical cylinder filled with grains, heated by a 61 

constant flow, using temperature models to simulate thermal evolution and pressure. Faye et 62 

al. [3] conducted experimental studies on energy storage in a cylindrical enclosure containing 63 

a porous medium, demonstrating the potential of Thiki clay as a high-capacity material for 64 

energy storage. 65 

Moreover, Combarnous and Bories [4] utilized the transfer coefficient to model 66 

thermoconvective movements in a porous medium under steady-state conditions, with results 67 

affirming the impact of the thermal properties of the phases within the medium, as also 68 

confirmed by Bejan and Khair [5] and Ameziani et al. [6]. These studies underline the 69 

considerable potential of porous media for energy storage. However, the materials commonly 70 

used to form these media are often metallic [9], prompting us to explore more accessible and 71 

cost-effective alternatives, such as locally available materials. 72 

For example, Prasanth et al. [11] enhanced the thermal conductivity of phase change materials 73 

(PCMs) for solar heat storage using metallic foams, with results indicating increased thermal 74 

efficiency and improved heat extraction, particularly for aluminum foam. 75 



 

 

In light of this, our study focuses on exploring the potential of Thiki clay for energy storage 76 

and recovery through fluid change in a cylindrical enclosure filled with a porous medium 77 

subjected to varying heat flows. In this work, we evaluate the energy storage capacity of this 78 

system, made up of cylinders filled with terracotta balls of different diameters and porosities. 79 

We modeled the energy storage by predicting the temperature profiles (thermal stratification 80 

in the cylinder during charging and discharging phases), determining the amount of energy 81 

stored and released, and calculating the thermal power generated by the Thiki clay. 82 

I - Experimental Setup 83 

The experimental setup was designed to observe heat transfer within a porous medium. The 84 

system’s geometry was kept simple and tailored to accommodate bidirectional heat transfer. 85 

 86 

I-1. Measurement Instrumentation 87 

The primary measurement apparatus consists of a thermally insulated cylindrical casing, 88 

measuring 528 mm in height and 102 mm in internal diameter. This cylinder is designed to 89 

hold the porous medium and water, and was used to conduct two types of experiments in this 90 

study. 91 

Composition of the Porous Medium 92 

During testing, the tube was filled with water and a porous medium composed of solid 93 

particles with diameters ranging from 12.5 mm to 16 mm and a porosity of 0.57 (refer to 94 

Photo A). The cylindrical casing is encased in glass wool insulation at its vertical end (Photo 95 

B) and sealed with another steel cylinder. The entire assembly is maintained in a vertical 96 

position on a support. 97 

Heating Element 98 

A thermal resistor with an approximate resistance of 180 ohms (Photo C) is attached beneath 99 

the base of the cylinder, delivering a maximum power output of 60 watts. The resistor 100 

terminals are connected to a stabilized power supply, which is adjustable in both current and 101 

voltage, enabling precise control of the power. 102 

Temperature Measurement 103 

A stainless steel sheathed thermocouple is affixed to the electrical coil support to monitor 104 

temperature via a thermal regulator. Glass wool is placed inside the support block to reduce 105 

heat dissipation in directions other than the axis of the tube. 106 

Insulation and Thermal Contact 107 

The copper surfaces of the components in contact with the heating element are also insulated 108 

with glass wool to enhance 109 thermal insulation and 

ensure efficient thermal contact. 110 The porous medium is 

thus contained within the tube, 111 optimizing heat 

transfer conditions for accurate 112 experimental results. 
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Fig1 : Description du dispositif expérimentale 143 

 144 

 145 

 I-2. Thermal Data Acquisition and Measurement Methods 146 

 147 

Thermocouples are strategically positioned at regular intervals (approximately 52 mm) along 148 

the tube to monitor temperature fluctuations. Each thermocouple is inserted into a small 149 

metallic casing affixed to the upper wall of the enclosure. Once accurately aligned along the 150 

vertical axis of the tube, the thermocouples are soldered at the tube junctions to ensure an 151 

airtight seal with the surrounding environment. The thermocouples employed are of type K, 152 

with a diameter of 0.25 mm. 153 

All the thermocouples within the tube are connected to distinct channels, numbered from 1 to 154 

10, on an Agilent data acquisition system. This system reads and logs temperature data at 155 

various tube levels, offering precise and continuous tracking of thermal fluctuations. 156 

 157 

II -1 Description of the Experimental Procedure 158 

 159 

The experimental setup, shown in the figure, includes a generator that maintains a 160 

constant current and voltage. A temperature controller is linked to the generator to stabilize 161 

the temperature at the heating resistor. This resistor is positioned beneath the base of the tube. 162 

The tube is filled with a porous material, composed of ceramic spheres with diameters ranging 163 

from 12.5 mm to 16 mm, along with the fluid (water). Inside the tube, thermocouples are 164 

placed to measure thermal fluctuations, and the entire assembly is sealed with a steel cover. 165 

The porous material consists of a loose arrangement of ceramic beads, for which we 166 

calculated an overall porosity (ε) of 0.57 by measuring the total mass and volume of the stack. 167 

To ensure the porous material is saturated with water, we carefully imbibe it until all the pores 168 

are completely filled. Once the initial vacuum is achieved (absence of air), saturation is 169 

reached by simple soaking, eliminating any risk of trapped air. 170 



 

 

During the tests, the saturated porous material remains in continuous contact with a water 171 

reservoir at a constant level to maintain the upper surface of the medium at saturation. Before 172 

each test, we consistently verify that the medium is fully saturated to ensure optimal 173 

conditions. 174 

 175 

II-2 Thermal Test of the Porous Medium 176 

 177 

The porous material was previously saturated as thoroughly as possible with distilled 178 

water. We assume that the temperature T0 inside the tube is approximately room temperature. 179 

In the presented test, this temperature is T0 = 27°C. The top of the tube is thermally insulated 180 

(adiabatic). The power dissipated in the thermal resistor (R = 180 ohms) is sufficiently low to 181 

prevent boiling, with a power setting around 0.8 watts. Once the porous material is saturated 182 

with water, the test involves imposing a constant temperature T1 using a thermal resistor 183 

controlled by a regulator positioned beneath the tube. This temperature must be high enough 184 

to induce convection within the material. Additionally, the upper end of the porous medium is 185 

kept thermally insulated (adiabatic). The porous medium is allowed to stabilize at steady-state 186 

conditions, after which the fluid is replaced to observe the discharge of the porous medium 187 

over time. 188 

II-3 Steady-state test results 189 

In this experimental phase, we obtained the first results. Figure 7 shows the variation in 190 

temperature as a function of tube height for a porosity of ε = 0.57. 191 

 192 

 193 
 194 

Figure 1: variation in temperature as a function of length 195 

 196 

III. Results and Discussion 197 

 198 

During the experiment, we recorded the temperatures captured by the thermocouples 199 

at approximately 1-minute intervals. These readings, obtained from different locations, were 200 

used to plot the temperature profiles presented in Figures 2 and 3 below. 201 

 202 

 Temperature 203 

 204 

 205 

 206 
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 208 

Figure 2: Temperature variation as a function of time 209 

 210 
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 212 

Figure 3 : Temperature variation as a function of time 213 

 214 

The variation of temperature along the centerline of the system over time is shown in Figures 215 

2 and 3 for a porosity of ε = 0.57. A uniform and gradual rise in temperature is observed along 216 

the tube. 217 

After the fluid is replaced, a temperature peak emerges, followed by a decline until a 218 

minimum temperature is reached. This behavior is explained by the upward motion of the 219 

heated particles inside the tube: these particles ascend until they reach a buoyancy limit, then 220 

descend. The hottest particles, being less dense, tend to rise, while the cooler ones sink to the 221 

bottom, creating a continuous convective flow. This process results in a nearly uniform 222 

temperature distribution within the tube. The increasing portion of the curve indicates that 223 

heat is being supplied to the system. 224 

This temperature rise corresponds to the absorption of thermal energy, causing heat to 225 

accumulate within the system. Conversely, the declining phase of the curve represents a 226 

reduction in thermal energy, suggesting a cooling process where the system releases heat into 227 

the surroundings. 228 

The slopes of the various segments of the curves (Figures 2 and 3) provide insight into the 229 

rate at which heat is either absorbed or released. A steep slope during the rising phase 230 

Tempé

rature 

°C 



 

 

indicates rapid heat absorption (as seen in Figure 3), while a gentler slope indicates slower 231 

absorption (Figure 2). In the cooling phase, a steeper slope suggests quicker heat loss, as in 232 

Figure 2 compared to Figure 3, likely due to a greater temperature difference between the 233 

system and its environment. 234 

 235 

 Stored energy 236 

 237 

 The duration required to accumulate energy depends on the initial conditions. The energy 238 

stored at any given moment in the material comprising the porous bed can be determined 239 

using the following equation: 240 

 241 

                                       E = mt c T                               (1) 242 

 243 

 244 

 245 
 246 

Figure 4: Energy variation as a function of time 247 

 248 

 249 
Figure 5: Energy variation as a function of time 250 

 251 

hese graphs illustrate the variation in thermal energy (in joules) over time (in minutes). 252 



 

 

Initial Phase (0 to ~500 minutes) for both Figures 4 and 5: Energy increases rapidly, 253 

suggesting that thermal energy is being accumulated or generated at a high rate. This phase 254 

likely represents a heating process, where an energy source works to elevate the system's 255 

thermal energy. 256 

Stabilization Phase (~500 to ~1500 minutes) for Figure 5 and (~500 to ~2000 minutes) for 257 

figure 4 : Energy levels stabilize around a maximum value (approximately 60,000 J for Figure 258 

4 and 100,000 J for Figure 5). This indicates that the input of energy and its losses are 259 

balanced, resulting in a steady state. This could suggest a constant temperature phase, where 260 

the system maintains a consistent level of thermal energy. 261 

Decay Phase (from ~2000 minutes) for Figure 4 and (from ~1500 minutes) for Figure 5: 262 

The energy level drops sharply and then gradually decreases over time. This is likely a 263 

cooling or energy dissipation phase, during which the energy source is removed or reduced, 264 

causing thermal energy to dissipate gradually. 265 

This curve likely corresponds to a heating and cooling cycle. Initially, the energy source 266 

supplies heat, increasing the system's thermal energy up to a peak. Once the source is turned 267 

off, the system cools by releasing energy to the surroundings, potentially through conduction 268 

or convection. 269 

Application context: This type of curve is commonly observed in thermal systems with 270 

heating and cooling cycles, such as heat exchangers or other thermal management devices. 271 

 272 

 Power 273 

 274 

 275 

La puissance thermique est donne par la relation suivante 276 

 277 

                                                                 P =                                                          (2) 278 

 279 

Figures 7 and 8 show the variation in power as a function of time. 280 

 281 

                                282 
 283 

Figure 7: Variation in power as a function of times 284 

 285 

         286 

At the beginning of Figure 7, the power is high, close to 300 W, then decreases rapidly. 287 

 288 



 

 

        There are fluctuations at the very beginning, which may be due to initial variations or 289 

adjustments to the system at start-up. Then there is a rapid decrease followed by a gradual 290 

decline. 291 

        After the initial fluctuations, the power decreases rapidly over a relatively short period, 292 

indicating high heat dissipation at the beginning. 293 

        The curve then gradually flattens out, indicating that heat dissipation slows down over 294 

time. 295 

        After 2000 minutes, the curve is almost horizontal and close to zero. The remaining 296 

thermal power is low and continues to decrease very slowly. 297 

        This indicates that the system is approaching thermal equilibrium with its environment, 298 

with very little heat to dissipate. 299 

        This curve is typical of cooling or heat dissipation from a cooling object or system. 300 

        The initial rapid decrease in thermal power could be due to a large temperature 301 

difference between the solid and its surroundings, resulting in more rapid heat loss. 302 

        The exponential decrease in heat output indicates a thermal dissipation process where 303 

heat loss depends on the temperature difference between the solid and its surroundings. 304 

      Towards the end, the thermal power approaches zero, suggesting that the system is in 305 

thermal equilibrium with its environment and that there is no heat left to dissipate. 306 

 307 

 308 

                      309 
 310 

Figure 8: Variation in thermal power as a function of time 311 

 312 

 313 

This figure shows thermal power (in watts) as a function of time (in minutes). It has a typical 314 

exponential decay form, which means that the thermal power decreases rapidly at the 315 

beginning and then slows down gradually over time. 316 

 The thermal power starts at a high value (around 1600 W) and drops rapidly in the first few 317 

minutes. This could be related to a system that rapidly loses initial thermal energy, such as a 318 

hot material that is cooling down. 319 

 320 



 

 

After the first few moments, the curve gradually flattens out, indicating a slower decrease in 321 

thermal power. This could correspond to the moment when the system's temperature begins to 322 

stabilise or approach that of its environment. 323 

 From around 1500 minutes onwards, the curve is close to zero, suggesting that the residual 324 

thermal power is very low. The system is probably close to its state of thermal equilibrium, 325 

where there is almost no heat left to dissipate. 326 

This curve could represent the heat loss of an isolated object or system that cools down until it 327 

reaches thermal equilibrium with its surroundings. 328 

 329 

Conclusion 330 

 331 
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