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ABSTRACT

	This article presents a numerical study of the thermal behavior of walls made from different materials in a hot and dry climate, constituting a first step in a thesis work. The main objective is to analyze the evolution of temperature inside walls built with cement blocks and local materials (BTC, BLT, and adobe), in order to identify the least performing material in terms of thermal insulation, with a view to subsequently improving these properties. The governing equations were solved using the finite element method, implemented in COMSOL Multiphysics software (version 5.3). The study focused on two axes: the analysis of temperature evolution at the internal and external surfaces of the walls, and the study of the influence of the position of a cement- and plaster-based coating layer on the thermal behavior of the walls. The results obtained indicate that temperature peaks are significantly higher in hollow cement block walls than in those built with local materials. These observations show that hollow cement blocks exhibit poor thermal performance in Sahelian zones, due to their strong capacity to rapidly accumulate heat. In perspective, future work will aim to propose solutions to improve the thermal performance of this material.	Comment by Saidu Mohammed: «their properties»?
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1. INTRODUCTION
Each year, global energy demand continues to increase; this is due to the fact that current buildings are energy-intensive. The building and construction sector alone accounts for 40% of total energy consumed and approximately 35% of greenhouse gas emissions [1] (1). Like other African states, Burkina Faso is a country where the building sector is one of the largest energy consumption items. Most of the time, a large part of this energy is used for ventilation and air conditioning.For example, energy consumption by ventilation and air conditioning systems in administrative buildings in Burkina Faso amounts to 30000 MWh/year(1). These charges are very significant for a low-income country like ours [1]. To reduce this energy consumption in a context marked by global warming and a scarcity of fossil energy resources, it is necessary to consider new materials that better regulate heat transfer in the different compartments of the building.	Comment by Saidu Mohammed: Not appropriate to refer to a whole sector. I suggest you maintain the word «sector,» or you may wish to use «industry.»	Comment by Saidu Mohammed: Please cite a source for best practice.	Comment by Saidu Mohammed: What charges? You were discussing energy consumption previously? Where did charges come from?
The wall in our study is constructed with hollow cement blocks or BLT, or BTC, or Adobe. On the inner face, in addition to modern and local materials, we have a 0.025 m layer of mortar which can be cement mortar or plaster render. Studies have also been conducted on the thermal performance of materials used for the building envelope (wall) in Burkina Faso.
Malbila et al., (2018) [2] (2)compare the thermal performance of two materials making up the building envelope through an experimental study of the thermal behavior of two identical buildings constructed with cement bricks and carved laterite blocks at the Bassinko socio-economic housing site (Burkina Faso). The study shows that neither building allows reaching the thermal comfort zone (temperature: 26°C to 29°C and relative humidity: 31% to 33.2%) for the city of Ouagadougou. However, it appears that the eco-material house (carved laterite blocks) allows approaching it. An additional air conditioning system or good thermal insulation could help achieve thermal comfort at a lower cost. Compaore et al., (2018) [3] (3)worked on modeling heat transfer in a habitat built with local materials (BTC) in a dry tropical climate. The results show that the temperature inside habitats whose walls are made of local materials (earth materials) is lower than that of modern habitats (cement blocks). Increasing wall thickness contributes to better thermal inertia of the habitat by improving the damping factor and the time lag between the interior and the exterior. Fati et al., (2020) [4]  (4)describe a passive approach to reduce a building's energy demand through improved thermal envelope design. In their work, they used the thermophysical properties of four building materials: three local materials (compressed earth, laterite, and raw material) and one modern material (hollow cement), and an energetic analysis of the building was performed. The results indicate that the average temperature inside the building is lower when local materials are used instead of modern materials. The authors therefore conclude that the use of local materials in building design is an option to reduce heat transfer indoors and energy consumption. However, in the study by Ouédraogo L.A.et al., (2023) [5] (5), the authors found that a building constructed with foamed concrete provides better thermal comfort than those with concrete blocks, BTC, adobe, and BLT. Zoma et al., (2024) [6]  (6)simulated the thermal behavior of a wall containing a phase change material (PCM) in the hot and dry climatic context of Burkina Faso. The finding is that for good thermal insulation of a wall's internal face, the use of hollow blocks containing PCM is more advantageous compared to hollow blocks without PCM, because integrating PCM into the hollows of the blocks increases the thermal inertia of the blocks and thus the wall.
The objective of this work is to study the evolution of temperature in a wall constructed with hollow blocks, local materials with or without coatings when subjected to external and internal convective solicitations.


2. METHODLOGY	Comment by Saidu Mohammed: METHODOLOGY?

Physical model description

Figure 1 presents the physical model of the rectangular wall, with a height of 3m and a thickness e=0.15m. The wall is built with hollow cement blocks or with BTC, BLT and/or adobe of dimensions 0.40 m x 0.20 m x 0.15 m. The exterior surface of the wall is subjected to convective and solar flux, while the interior surface is subjected to convective flux. Heat transfer within the wall is purely conductive because air velocity is almost zero in the block cavities. The horizontal surfaces are thermally insulated.
Figure 1 shows the two-dimensional (2D) physical model of the wall.
[image: ]
Figure 11: Physical model of the wall
In this study, we consider the wall to be homogeneous and isotropic.
The geometric model considered is presented in figure 2 below, where each type of material has well-defined characteristics.
Figure 2 shows the geometric model of the wall.
[image: ]
[bookmark: _Toc186990880]Figure 22: Geometric model of the wall	Comment by Saidu Mohammed: Even though this is a geometric model, I suggest that the conduction arrow be slanted downward a bit toward the right end of it, instead of allowing it to be parallel to x-axis. This is because the incidence heat from the sun and the refracted heat cannot be the same. 
Table 1 presents a reminder of the thermophysical properties obtained during characterization.


[bookmark: _Toc187003580]Table 1: Thermo-physical properties of the materials used for the study [7] [8] (7)(8)
	
	Density


	Thermal conductivity


	Specific heat



	Hollow cement block
	1050
	0,785
	1275

	BLT
	1075
	0 ,556
	1310

	BTC
	1700
	0,7
	1492

	Adobe
	1305
	0,5
	1060



[bookmark: _Toc213340597]3. Mathematical model	Comment by Saidu Mohammed: In line with 1 and 2 (above), could you change this to upper case please?
3.1. Heat transfer equation in the wall
Heat transfer in the wall is purely conductive. The basic equation governing heat transfer is as follows:

			(1)













Where : density ; : specific heat capacity at constant pressure  and : thermal conductivity ; T: temperature (°C); : heat capacity at constant volume; : velocity field ; : heat source ; : variation of total energy; : variation of energy by conduction and : variation of energy by convection.

3.2. Simplifying assumptions
The simplifying assumptions for the physical problem are as follows:
· heat transfer is two-dimensional (2D) and transient;
· the thermo-physical properties (thermal conductivity, density, and specific heat) of the wall are constant;
· convection and radiation within the walls are negligible;
· the materials used are homogeneous and isotropic;
· the heat source is negligible in the materials.

3.3. Equation formulation
Considering the mentioned hypotheses, the equations describing the phenomenon are written as follows:

								(2)
The thermophysical properties, and respectively, density, specific heat, and thermal conductivity are functions of the materials constituting the domain, namely hollow cement block, BTC, BLT, and adobe.
[bookmark: _Toc213340600]
3.4. Initial and boundary conditions
[bookmark: _Toc213340601]3.4.1. Initial conditions
At time t=0s, the hollow cement block wall is at ambient temperature. The initial condition is expressed as:



 and, we have: 				(3)

[bookmark: _Toc213340602]3.4.2. Boundary conditions
The boundary conditions for the calculation domain at are as follows:
· Exterior wall surface:
At time , we impose on the external face a convective heat flux and a solar flux:



For  and , we have:       (4)

With:					(5)


the solar absorption coefficient of the wall and  [9] is the solar flux.
Figure 3 shows the evolution of solar flux over time.
[image: ]
[bookmark: _Toc186990881]Figure 33: Evolution of solar flux as a function of time (10)
Figure 3 represents the evolution of the solar flux density reaching the external facade of the wall as a function of solar time during the month of April in Ouagadougou. It can be seen in Figure 3 that the solar flux density in the middle of the day is visibly greater than that of the periods before noon and after noon, reaching maximum values of approximately 1100 W/m2.

· Interior wall surface:
At time , we impose on the exterior face a convective heat flux:



For  and , we have: 		(6)
· Horizontal wall surfaces:
The boundary conditions for the horizontal walls are formulated as follows:



For , and , we have: 				(7)



; , we have:  					(8)

4. Resolution method	Comment by Saidu Mohammed: Upper case please, in line with 1 (INTRODUCTION) and 2 (METHODOLOGY) above.
The numerical simulation was performed using the finite element method on COMSOL Multiphysics software version 5.3. The simulation duration is 24 hours with a constant time step of 5 min. The wall geometries (see figure 1), the physical properties of the materials used (see table 4), as well as the initial and boundary conditions were defined in the software. We also used constant values for the external and internal convective heat transfer coefficients from the literature. These values are respectively 16.7W/m2/K and 9W/m2/K [8]. (8)	Comment by Saidu Mohammed: «as reported in»

[bookmark: _Toc213340606]An extremely fine quadratic mesh was adopted with 1208 triangular elements, 210 boundary elements, and four-point elements. This allowed us to obtain a convergence criterion of the order of .


5. results and discussion

In this section, we will focus, on the one hand, on the study of the temperature evolution within the wall and at the internal surface of the building wall constructed either with cement blocks or with local material (BLT, BTC, or Adobe). On the other hand, we will study the effect of a layer of cement render or plaster render on the temperature evolution of the internal wall surface.	Comment by Saidu Mohammed: This should read in the PAST, not the future.	Comment by Saidu Mohammed: Such statements are not ideal for RESULTS AND DISCUSSION section.

5.1. Study of temperature evolution within different walls
We analyze the influence of temperature on construction materials on the evolution of temperature within the wall.
Figure 4 shows the evolution of temperature within the wall as a function of time.
[image: ]
[bookmark: _Toc186990882]Figure 44: Evolution of temperature within the wall as a function of time
The curves in Figure 4 show the temperature profiles within the wall constructed with hollow cement blocks or local materials and the external wall as a function of time.
[bookmark: _Hlk215307887]The maximum temperature observed in the outdoor ambient is approximately 47.6°C, that within the wall constructed with hollow cement blocks is 38.55°C; 35.13°C for the wall constructed with BTC; it is 35.07°C for the BLT wall and for the adobe wall, it is 35.23°C. The observed temperature differences are respectively 9.05°C; 12.47°C; 12.53°C and 12.37°C.
We note that the maximum temperature values are higher in a wall constructed with hollow cement blocks than in a wall constructed with local materials.
Table 2 shows the phase shift and attenuation factor of each wall.
	Material type
	Time
in hours (h)
	Phase shift




(in h)
	Temperature
Interior (°C)

	Temperature
Exterior (°C)

	Factor
Attenuation


(% )

	
	

	

	
	

	

	

	

	

	

	

	Concrete block
	14,08
	13,08
	1
	26,49
	32,18
	5,69
	27,35
	38,55
	11,20
	50,80

	BTC
	18,25
	15,08
	3,17
	27,19
	29,82
	2,63
	28,51
	35,13
	6,62
	39,72

	BLT
	18,25
	15
	3,25
	27,12
	29,62
	2,50
	28,49
	35,07
	6,58
	37,99

	Adobe
	18,08
	15,00
	3,08
	27,00
	29,39
	2,39
	28,47
	35,23
	6,76
	35,35


Table 2 shows that the wall constructed with hollow cement blocks allows heat to pass through more easily compared to other walls. It attenuates heat peaks poorly with little inertia, showing a small phase shift of 1 hour and an insufficient attenuation factor of 0.55. It does not effectively protect against external heat. The interior is likely to overheat quickly as soon as the exterior temperature rises.

[bookmark: _Toc213340608]5.2. Study of the temperature evolution at the internal surface of different walls
We also study the influence of temperature on materials at the internal surface of the wall.	Comment by Saidu Mohammed: «studied»?
Figure 5 shows the temporal evolution of temperature at the internal surface of the wall.
[image: ]
Figure 5: Evolution of temperature at the internal surface of the wall as a function of time
[bookmark: _Hlk215308074]The curves in Figure 5 show the 24-hour temporal evolutions of temperatures at the external and internal surfaces of the wall constructed with hollow cement blocks or local materials.
We observe in the figure that the maximum temperature values are 32.18°C; 29.82°C; 29.62°C and 29.39°C respectively for the hollow cement block wall, BTC, BLT and or adobe. The respective differences noticed are 15.42°C; 17.78°C; 17.98°C and 18.21°C.
The results obtained are similar to those obtained by Zoma et al. [6] (6)who presented a numerical study on the thermal behavior of a wall constructed with hollow cement blocks, during which they found 29°C as the maximum temperature at the internal surface of the wall. These differences could be explained by the nature of the materials or the data used during the simulation.
Table 3 shows a summary of the maximum values observed within the wall and at the internal surface.

[bookmark: _Toc187003581]Table 3: Maximum temperatures within the wall and at the internal surface
	
	

	


	Hollow block
	38,55
	32,18

	BTC
	35,13
	29,82

	BLT
	35,07
	29,62

	Adobe
	35,23
	29,39



We observe in Table 3 and Figures 4 and 5 that temperature peaks are higher in walls constructed with hollow cement blocks than in walls constructed with local materials. The observed temperature differences could be due to the thermophysical properties of the materials. Indeed, we observe in Table 3 that the thermal conductivity of hollow cement blocks is higher than that of the other materials used (BTC, BLT, and adobe).
In view of these results, we can conclude that, although hollow cement blocks have mechanical strength properties and good water resistance compared to other construction materials, they have a major disadvantage as their thermal properties are not suitable for our climatic context. Indeed, a building constructed with cement blocks heats up quickly during hot periods and cools down quickly during cool periods.
Authors such as COMPAORE et al. [3] (3); MALBILA et al. [10](10); Amadou OUMAROU et al. [4](11); and ZOMA et al. [6]  (6)have shown that hollow cement blocks are a material to be avoided in housing construction in the Sahelian zone.

[bookmark: _Toc213340609]5.3. Study of the influence of mortar on the internal wall temperature of different walls
Next, we will study the effect of a mortar layer within a wall constructed with different materials on the internal wall temperature.	Comment by Saidu Mohammed: You are reporting research, not a lecture note/material.
Table 4 illustrates the thermophysical properties of the different types of mortar used
[bookmark: _Toc187003582]Table 4: Thermophysical properties of plaster and cement render [7] [8] (7)(8)
	
	

	

	


	Plaster
	1450
	0,45
	880

	Cement render	Comment by Saidu Mohammed: «rendering»?
	1700
	1,15
	1000


[bookmark: _Hlk225868579]We present the results obtained for a wall composed of a 25 cm layer of either cement render mortar or simple plaster mortar. The following Figure 6 shows the temporal evolution of the temperature at the internal surface of the wall.
[image: ]
Fig.6.a: Cement mortar
[image: ]
	
	Fig.6.b: Plaster mortar	Comment by Saidu Mohammed: How does plaster mortar differ from 6a (cement mortar)? Cement mortar is also used for plaster. Please use conventional terminologies from Construction Technology textbooks. Alternatively, this study should define what the different terms stand for since they differ from the conventional.


[bookmark: _Toc186990884]Figure 6: Evolution of temperature at the internal surface of the wall as a function of time
The curves in Figure 6 show the 24-hour temporal evolution of temperature at the external and internal surfaces of a wall constructed with hollow cement blocks, BTC, BLT, and/or adobe, composed of a layer of render mortar (Fig.6.a) and/or a layer of plaster mortar (Fig.6.b).
In Figure 6.a, we observe that the maximum temperature is 30.86°C for the hollow block wall; 29.23°C for the BTC wall; for the BLT wall, it is 29.18°C, while it is 28.86°C for the adobe wall. We notice respective differences of 16.86°C; 18.37°C; 18.42°C and 18.74°C.
Whereas in Figure 6.b, we observe 30.34°C; 28.84°C; 28.78°C and 28.52°C as maximum temperatures, respectively for the hollow cement block wall, BTC, BLT and/or Adobe, with differences of 17.26°C; 18.76°C; 18.82°C and 19.08°C.
Zoma et al. [6]  also studied the effect of mortar on the thermal behavior of a wall constructed with cement blocks, where they found 28.52°C for cement mortar and 27.963°C for plaster mortar.
Table 5 presents a summary of the maximum values observed in these two figures.
[bookmark: _Toc187003583]Table 5: Summary of maximum temperature values (in °C)
	
	Cement render mortar (in °C)

	Plaster mortar (in °C)

	Hollow cement block
	30,86
	30,34

	BTC
	29,23
	28,84

	BLT
	29,18
	28,78

	Adobe
	28,86
	28,52


We note that, for both types of mortar, temperature peaks are still high for a hollow block wall, 30.86°C for cement render and 30.34°C for plaster render. Walls constructed with local materials have relatively low temperatures around 28°C. But comparing the two types of mortar, temperature peaks dampen a bit more for plaster mortar than for cement render mortar. This difference could be due to the thermal conductivity value, which is lower for plaster than for cement render; making the former more insulating. The maximum temperature amplitude is significantly reduced for a wall constructed with local materials compared to that of a cement block wall.


6. Conclusion

This work presents a numerical simulation of the thermal behavior of walls made from different materials in a hot and dry climate. The materials considered are hollow cement block, BLT, BTC, and adobe. The model equations were solved using the finite element method, and simulations were performed with COMSOL Multiphysics software (version 3.5).
The results show that maximum temperatures within the walls vary depending on the material: 38.55 °C for hollow cement block, 35.13 °C for BTC, 35.07 °C for BLT, and 35.23 °C for adobe. At the internal surfaces, the recorded temperatures are respectively 32.18 °C (block), 29.82 °C (BTC), 29.62 °C (BLT), and 29.39 °C (adobe).
Furthermore, the addition of a mortar layer (cement or plaster) on the internal or external faces helps to reduce the thermal amplitude, with maximum temperatures reaching 30.86 °C for the block, 29.23 °C for the BTC, 29.18 °C for the BLT, and 28.86 °C for the adobe.
Ultimately, the study highlights better thermal performance of local materials (BTC, BLT, and adobe), characterized by a significant reduction in temperature amplitudes, contrary to the hollow cement block which exhibits low thermal inertia. These results pave the way for future work aimed at improving the thermal performance of this latter material.
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