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including its nature. In Burkina Faso, the best-known renewable energy source is
Keywords: the sun. Geothermal and geothermal technologies are little known by persons in the
v' Geothermal energy; energy sector. However, these technologies offer possibilities to users, for example
v" Dry sandy soil; for air conditioning of homes and for energy storage. In this work, we carried out a
v" Nodal method; thermal study of a dry sandy soil in Ouagadougou. We considered a dry sandy soil
v Modeling; exposed to solar radiation during the day. There follows a heat exchange between
v' FORTRAN. the soil and environment. For the modeling of this heat exchange, we used the nodal

method and the implicit finite difference method. The simulation was done using
WP G Cisse 5 Sodo 1 the FORTRAN cqmputer code. The meteo_rological data used concern Ithe hourly
Sawadogo'K., Kam S Bathiebo average ambient air temperatures for 2014 in Ouagadougou. The numerical results
D. J. (2026) Thermal study ofa ~ show that the temperature of the soil surface varies between 29.6°C and 31.2°C.
dry sandy soil in Ouagadougou:  During hot periods of the day (8 am - 8 pm), when the depth of the soil increases its
Nodal method approach, J. temperature decreases. Beyond 2 m of depth, the temperature remains almost
Mater. Environ. Sci., 17(3), 395- . . . .
405 constant over time whatever the weather conditions outside and it is around 29.1°C.

The temperature difference between the soil surface and the 3 m depth is about 2°C.

This difference shows that dry sandy soil has good thermal inertia.

Citation: Kabore B., Ouedraogo

1. Introduction

The consumption of large quantities of non-renewable energy has had a negative impact on social
and economic development. Therefore, reducing dependence on traditional fossil fuels is critical,
and renewables will play an important role in this process (Lingling et al., 2022; Ba et al., 2025).
Geothermal energy sources have received significant attention in recent years as a source of
renewable energy (Bidarmaghz et al., 2016) and plays an indispensable strategic role in this
transition (Zhenggang et al., 2025). It is a clean and sustainable energy, which has been directly
explored by over 80 countries (Jia et al., 2021; Zhenggang et al., 2025). Unlike other renewable
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sources, geothermal energy offers consistent and weather-independent energy production, making
it a valuable component of modern energy systems (Duque et al., 2025; Ouali et al., 2019).
Residential buildings account for environ 20% of total energy consumption in developed countries,
and for developing countries, more than 35% (Soltani et al., 2019; Lucia et al., 2016; Kim et al.,
2023). For the reduction of the energy consumption of these buildings, we use renewable energy
sources for cooling (Yoon et al., 2021; Yang et al., 2020; Rached et al., 2024). There are very
limited applications in this area (John et al., 2015). Earth is also one of the first basic building
materials used by humans, available and low in energy consumption (Togdjim al., 2023). With
increasingly growing energy demand, the development of geothermal energy is of interest to our
African countries (Ceéline et al., 2005; Birol, 2022; Randriambolanirina et al., 2025). This form of
energy uses the soil as a source. Soil is a porous medium composed by the gas, liquid and solid (Bai
et al., 2016). Soil is essential for the propagation of life on Earth and therefore is an integral part of
the biosphere. (Stefan et al., 2018). Heat loss from the solar pond to the ground is by unsteady
conduction and is affected by the soil's thermal conductivity, density and specific heat. The soil
temperature within the sandy backfill material recovers more quickly than sandy clay and clay
(Leong et al., 1998).

Therefore, it is necessary to know the thermal behavior of the soil in order to optimize the use of
this energy. In this work, it is for us to determine the temperature evolution of a dry sandy soil
thermally disturbed on the basis of meteorological data from Ouagadougou.

2. Material and method
2.1 Scheme of the model

The following Fig. 1 shows the scheme of the physical model.

= sum

Soil

Figure 1. Scheme of the model

We consider a dry sandy soil exposed to solar radiation during the day. There will be a heat exchange
between the soil and the external environment. Thus, heat will be diffused inside the soil in the
direction from the surface to the depth. The part of the soil that will be experience a change in
temperature is called« disturbed soil». The other part is the « undisturbed soil ».

2.2 Modeling

We use a one-dimensional model for conduction exchanges. For modeling, we use the nodal
method. This method consists of a fictions spatial division of the system into «slices» of thicknesses,
the sections of which are perpendicular to the direction of the flow. In each slice, the variables are
assumed to be homogeneous and the energy balances are written, by successive time intervals until
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the duration of the study is exhausted. The passage from one slot to the next is done by retaining the
exit conditions of the « upstream » slot as input data of the located « downstream». Traditional
algorithms have played a crucial role in early geothermal research due to their good convergence
and stability (Ba et al., 2025). For the discretization of the equation, we use the finite difference
method (implicit scheme) which gives stable results (Gabbard et al., 2025; Albarak, 2024).

*Scheme of thermal exchanges:
Tae

Ll *1‘/{"5 i+1 =

Tss

Tsoll

l
v

Tsol2

Figure 2. Scheme of thermal exchanges in the soil

Tae: Ambient air temperature (meteorological data)
Tss: Soil surface temperature

Tsoll: Disturbed soil temperature

Tsol2: Undisturbed soil temperature (constant).

*Simplifying assumptions:
For the model, we assume that:
- The soil has a rectangular geometry;
- The thermo-physical properties of the soil are homogeneous and constant (Ali et al., 2024;
Ali et al., 2025);
- There is no heat source in the soil;
- The phenomena of convection and radiation are negligible compared to conduction in the
soil.
*Heat exchange balance:
It is necessary to understand the thermal properties of soil to determine the energy balance at the
ground surface (Ren et al., 2024). The basic heat exchange equation is therefore (Kaboré et al.,
2021):

dT.
€ O.Cpi d_tl = DFSA +Q,; "'Zzhxu (Tj -T)
X Eqn. 1

DFSA : Solar density absorbed by (i) (W m?)
Qi : Exchanged mass flux density (i) (W m™)

M : Heat exchange coefficient between (i) et (j) (W m? K1)
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We apply the equation (1) to the various environments of the system:
- At the soil surface :

dT
espscps dss = DFS&S - hcae (Tss _Tae) - hds (Tss _Tsoll) - hrssvc (Tss _Tvc) £ )
gn.
- Inthesoil 1:
TMeon _ Ty —To) — e (T —T
espscps dt - ds (Tsoll ss) ds (Tsoll soI2) £ 3
gn.

*Discretization of equations:
The discretization of equations (2) and (3) give (Gabbard et al., 2025; Albarak, 2024):

es:OSCps (Ti,nss _Ti,ns;l) =
Atx DFSA&S o Athcae (Ti ,nSS _Tae) - Athds (Ti ,nss _Ti ,nsoll) - Athrssvc (T'n _Tvc)

'S Eqn. 4
-1
espscps (Ti,r']soll _Ti,nsoll) = _Athds (Ti,r']soll _Ti,nss) _Athds (Ti,nsoll _Tsolz) Egn. 5
*Matrix of the system:
The mathematical model of the problem results in the following matrix:
€,0:Cys + Ath, +Athy +Ath, o —Ath, T
—Ath,, €,0,Cps + 24ty || T,
) ]
_ {es pCo T +Ath, T +Ath T, +Atx DFSA
AthdsTsoIZ |
*Determination of physical parameters:
e Coefficient of natural convection of ambient air with soil surface
h - NuxA, 0,6(Gr Pr)®% = A, ~0,6(0,7G N%?x A,
cae L L L
9Bl T, - T\
0,6 0,7 x S —— X Age
1%
L Eqgn. 6

Nu, the number of Nusselt; Aa, the thermal conductivity of air; L, the characteristic length of thermal
exchange; Gr, the number of Grashof; Pr, the number of Prandtl; g, the intensity of earthly gravity;
B, the air coefficient of dilation; v = 15.6 X 10 m?s™, the kinematic viscosity of the air.

Other correlation (Kaboré et al., 2017):

h.. =2,8+3xV, Eqn. 7

Where: Vae is ambient air velocity.
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e Radiation between the vault of heaven and soil surface
2 2
— C)- TSS + TVC )(TSS + TVC )
Ve 1—gg . 1 4 1—&,. « Ss

h

gss |:ssvc gvc Svc Eqn. 8
With:

Sy , the surface of glazing and the surface of the vault of heaven.

e =1. Emissivity of vault of heaven.

Feve =1 : Form factor between glazing and the vault of heaven.

We obtain equation (9):
2 2
h = &£,0(Tye +Tc)(Te +Toc) Eqn. 9
o =5.67 x10"°Wm K ™5 stefan-Boltzmann constant (Brichambaut et al., 1995); Tve

is glazing temperature; &v = 0.88 is emissivity of glazing.
The temperature of vault of heaven is given by Swinbank expression (Fudholi et al., 2011):

. 1.5
T, =0.552xT,, Ean. 10

rvevc

€. . .
% is emissivity of soil surface.

e Coefficient de conduction du sol

A

hds = e_s
s Eqgn. 11

A is soil thermal conductivity and € is soil thickness.

*Thermo-physical properties:
The thermo-physical properties of soil and air are given in the following Table 1.

Table 1. Thermo-physical properties of soil and air (Chalhoub et al., 2016; Belloufi et al., 2016)

Proprieties Dry sandy soil Air

Thermal conductivity A (W/K/m) 0.4 0.023
Massic thermal capacity Cp (J/kg/K) 853 1000
Density p (kg/m®) 1700 1.250

Dry soils generally do not exhibit thermal conductivity variation with temperature (Leong et al.,
1998). Soil thermal properties are among the most important factors of energy and mass exchange
between soil and atmosphere (Kaveh et al., 2021). Thermal conductivity (1), reflecting the ability
of soils to transfer heat (Jun et al., 2023). It is an important soil parameter because it is widely used
in the numerical modeling of thermal stability (Jun et al., 2020).
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*Input parameters:
The input parameters are given in the following Table 2.

Table 2. Input parameters for simulation

Parameters Values
Soil depth 05m-3m
Soil temperature at 2 m of depth (Kaboré et al., 2017) 29 °C
Ambient air temperature Meteorological data (Ouagadougou)

The numerical resolution of the system of equations is carried out by the Gauss method. The
computer program is executed by FORTRAN software (Michel et al., 1993; Magnin et al., 2023).
The meteorological data used relate to the hourly average ambient air temperature for 2014 for the
city of Ouagadougou.

3. Results and discussion

Figure 3 shows evolution of ambient air temperature during March, April and May. In Figure 3,
we observe that the ambient air temperature curves have the same profile for all months. Generally,
temperatures are between 24°C and 39°C. The maximum temperature values for the months of
March, April and May are respectively 37.24°C, 38.41°C and 38.16°C. Figure 4 shows the
evolution of soil surface temperature during the months of March, April and May. The soil surface
is the part that directly faces the sun. Weather conditions therefore have a significant influence on
the thermal behavior of the soil. In Figure 4, we observe that the temperature curves haves the same
profile as those in Fig. 3. This means that the temperature of the soil surfaces changes with that of
the ambient air. During the months of April and May, the temperature values are almost identical,
unlike that of March. In general, the temperature of the soil surface varies between 29.6°C and
31.2°C. The relation between soil surface temperature and air temperature depends on the
characteristics of the surface and on weather, particularly the amount of solar radiation (Williams et
al., 1976). Figures 5, 6 and 7 respectively show the evolution of the soil temperature during the
months of March, April and May for depths of 0.5m, 1m, 2m and 3m.
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Figure 3. Evolution of ambient air temperature

Kaboré et al., J. Mater. Environ. Sci., 2026, 17(3), pp. 395-405 400



3l.4
31.2

31
30.8
30.6
30.4
30.2

Temperature [°C)

[4%]
=]

29.8
29.6
29.4

29.15

29.14

29.13

29.12

Temperature [°C)

29.11

29.1

29.09

29.15

29.14

29.13

29.12

Temperature (°C)

29.11

29.1

29.09

| —8— March

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 13 19 20 21 22 23 24

Time (h})
Figure 4. Evolution of soil surface temperature
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Figure 5. Evolution of soil temperature in March
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Figure 6. Evolution of soil temperature in April
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Figure 7. Evolution of soil temperature in May

Figures 5, 6 and 7 show that during hot periods of the day (8h to 20h), as depth increases the soil
temperature decreases. In general, the variations are small (between 29.09°C and 29.15°C). Beyond
a depth of 2 m, the temperature of the soil remains almost constant over time and is around 29.1°C.
This shows that the soil temperature is almost constant regardless of the weather conditions outside.
Indeed, this is possible because of the thermal inertia of the soil (Kaboré et al., 2018). According to
ASHRAE, below an approximate depth of 3 m the soil temperature remains constant throughout the
year and is in close range with mean annual ambient air temperature (ASHRAE, 2019). According
to (Tan et al., 2013), because of the relatively high thermal inertia of the ground, temperatures in
the soil lag those at the surface, and their fluctuations decrease with depth below grade.

It therefore appears that the dry sandy soil is able to maintain its temperature at around 29.1°C at a
depth of 2m during the month of March, April and May.

Conclusion

In this work, we conducted a thermal study of dry sandy soil in Ouagadougou. For the modeling,
we used the nodal method and implicit finite difference method. The computer program was
executed using FORTRAN code.
The numerical results show that:
- The temperature of the soil surface changes with that of the ambient air and takes values
between 29.6°C and 31.2°C.
- During hot periods of the day (8am-8pm, when the depth increases the soil temperature
decreases.
- Beyond 2m of depth, the temperature of the soil remains almost constant over time and is
around 29.1°C.
- The temperature difference between the surface of the soil and the depth of 3m is about 2°C.
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