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This paper designs a novel estimation model for the temperature of limestone soil, which is
abundant in Ghardaia in the Sahara of Algeria. The model was developed based on the radial
basis function (RBF), and used to predict soil heat based on two inputs, namely, air temperature
and solar radiation. The raw data were collected over more than three years by a meteorological
station in the study area. For comparison, the soil temperature was also measured by soil probes
arranged at an equal interval. The soil heat predicted by our model based on the raw data were

contrasted with the results of field measurement. On this basis, the thermal comfort range of
limestone soil for air-conditioning systems was determined. The results show that our model
can effectively estimate the temperature of limestone soil in the study area, the thermal comfort
range of limestone soil falls between 17.43<C and 29.90<C at the depth of 0.40m, and the
temperature near the soil surface (<5m) has seasonal variations.

1. INTRODUCTION

It exists a natural geothermal flux on the surface of the globe,
but it is so weak that it can be directly captured. In reality, we
exploit the heat accumulated, stored in some parts of the
basement. The temperature reached at the surface of
underlying formation will be the starting point of the
temperature profile through this formation. Low temperature
energy available in environments shallow geological (a few
tens of meters) can be used by geothermal pumping systems to
meet heating and cooling needs Geological materials are
favorable environments to the storage of energy since their
weak conductivities.

Geological Science is a part of the renewable energy which
is to extract the heat stored in the ground for the production of
electricity, is geothermal high temperature [1], or heating,
geothermal energy at low temperature [2]. The solar field is a
set of data describing the evolution of solar radiation available
during a given period and its influence on the temperature of
the soil. It is used in areas as diverse as agriculture,
meteorology and energy applications, and public safety [3]. In
the exploitation of solar energy systems, the needs for data of
insolation are vitally important both in the design and
development of these systems in the assessment of their
performance [4]. The optimal temperature is usually obtained
at the beginning of season for hot well storage - cold well and
end of season in the case of the scanning doublet [5]. Seasonal
variations in temperature can particularly affect the
temperature of the soil and thus storage [6]. The thermal losses
that affect the efficiency of energy storage are mainly due to
diffusion in the hanging wall (influence of the proximity of the
soil) and to the dispersion hydrodynamics. The existence of a
solid and reliable basis is necessary at least the economic
survival of the collection and the conversion of solar energy
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facilities. Although there are networks of stations which are
the solar assessment, the number of these stations is very
limited. In Algeria, only seven stations are since 1970, the
scope of the global element and dissemination of solar
radiation [7].

The chemical geothermometry was created to contribute to
the appreciation of the temperatures reached in the geothermal
reservoirs .During their superficial and / or subterranean
course under the effect of temperature, pressure and the
possible presence of gas, they react with the constituent
minerals of the traversed rocks, which are altered; the water
thus acquires its mineralization at the expense of these
minerals and, over time, a chemical equilibrium is established
which is essentially a function of the temperature reached. The
methods of chemical geothermometry allow, from the analysis
of the waters, to calculate the temperature to which they were
brought in the subsoil "at their level of their deposit”. these
means of estimating the temperatures in depth called chemical
geothermometers [8].

The vapor losses associated with the boiling of the
ascending solution either by adiabatic expansion with constant
enthalpy for waters emerging with temperatures close to or
above the boiling point, in which case the water gives heat to
the host rock or by conduction for waters emerging with
temperatures below the boiling point; that is to say, the
transformation water-vapor is done without heat exchange
with the outside because it is all consumed in the phase change
[9].

For the moment, the Sahara is well endowed with fossil
energy thanks to its deposits of oil and especially gas. It is
possible, however, that in certain specific cases other
renewable sources of energy may be more cost-effective or
more practical to implement. The experimental data used in
this paper (solar radiation, temperature, etc.), have been



collected at the Applied Research Unit for Renewable
Energies, (URAER) situated in the south of Algeria (Figure 1)
[10]. Far from the Ghardaia city with latitude: “+32.370”,
longitude “+3.770”, and altitude of “450 m” above the mean
level.

The geomorphological in which the M'Zab inscribed is a

rocky plateau, of HAMADA,; the altitude varies between “300
and 800 meters”. The landscape is characterized by a vast
stony expanse where a bare black and brown rock is exposed
(Figure 2). This plateau is masked by the strong fluvial erosion
at the beginning of the Quaternary which cut into the southern
part flat-topped mounds and shaped valleys [11].
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Figure 1. Site location of Ghardaia city: a) Algeria, b) Ghardaia
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Figure 2. Geology of Ghardaia city

In the perspective of a confrontation with experimental
measurements, these are theoretical definitions that were first
used. Our models respond satisfactorily to many digital tests.
The theoretical model [12, 13], has been used to predict and
determine soil temperature by solar radiation and reel
temperature by probes temperature soil, respectively. The
main objective is to simulate and assess the measurable
physical parameters by adjusting the experimental curves with
the simulated curves. The results obtained from temperature
probes implanted in the soil will inform us about the
possibility of exploiting the soil heat to improve the thermal
comfort.

The study of the influence of the parameters involved in the
variation of the soil temperature characteristics will determine

492

that the air temperature current-carrying phenomenon depends
on the solar radiation.

The paper is organized as follow: in the first Section, we
present the theory of soil temperature model. In Section two,
we deal with Validation model. Results and discussion are
given in section three. Finally, the last section was dedicated
to the conclusion of the work.

2. VALIDATION MODEL

The periodic variations of the radiative flux at the surface
which are settled by the general equation of the heat are [14]:



xCPﬁ=yxﬁ+yyZiyz+yzﬁ+w 1)

dt dx?2 dz2

where,

0 the variation of the soil temperature

X the density

Cp the specific heat

T the time

X, Ay, Az the thermal capacity in 3D

® represents the heat produced or lost

within the Rock (usually o= 0).

If we consider that the density, the heat capacity and the
thermal conductivity are constant and identical in any point of
the soil, the equation is written:

dae y dz26

ar = xop axz @)
where,
E the depth by taking the surface as the
origin.
y the thermal diffusivity of the soil. We

A H 14
= —.
xCp install pm

We obtain a particular solution of the equation (1) if it is
assumed that the temperature of the soil to infinite depth is
equal to the average of the variations of the external
temperature.

8(c0,t) =0 3)

This assumption is based on the fact that the temperature of
the groundwater at “1 m or 2 m’” of depth is very close to the
annual average of the temperatures of the air outside [15]. It
admits that the temperature of the air at the surface of the soil
varies so sine wave, with period T and an amplitude A. at time
tl, the temperature of the air will be determined by the
equation:

6(0,t1) = Acos (22 4)

T

At the same time t1, the temperature of the soil to a depth E
will be determined by an equation of the following form:

O(E, t1) =0m+ Aa.cos(wtl — Q) (5)

o=7 pulse of the phenomenon of period t
average soil temperature during a

ém period of variation (assumed to be
the same at all depths)

A has depreciation of the Amplitude
dephasing phase difference (delay)
4 of the thermal wave

We have seen that dm may be assimilated to the annual
average of the temperatures of the air. The depreciation and
dephasing are given by the following relationships:

=0.E |—
a= . Q{T
@—E/”

- aT

The variations depend on the thermal properties of the soail,
of the periodicity of the phenomenon considered and depth.

T period in hours
a thermal diffusivity of the soil in m?/h

T

The dephasing E o Is expressed in radians.

To obtain its value in time, it is necessary to multiply the
result by either %

@=%.E\/§—§E\/§ 6)

The equation of the variation of the temperature in the soil
becomes therefore:

9(E,t1)=9m+AaE\/Ecos(2—n t1— = E\/Z) (7N
at T 2 am

This variation has a wavelength of 2vr a T

To a depth equivalent to this wavelength, the dephasing is a
full period ¢=T and the temperature is practically stabilized to
the annual average of the temperatures of the air outside. This
formula allows, when it knows the parameters, to determine
the temperature of the soil at different depths for each season,
the multiple GPR models due to its simplicity and flexibility
identify WEDM-HS process with measurement noise [16].

To simplify the calculations, we are writing the equation of
the variation of the temperature in the soil form:

Osoir = Om + Xj; Ar (). [sin(w (DT = 87(N)]  (8)

_27‘[
©=7
and
Or = E |—
T aT

Ouan = 6+ SIS 47 G [sin(2E () £G) ~ B[] ©)

N=1

2
050y = Omdayl + Z Agay1 - [sin (? (dayl) t(dayl) —
j=1
T
E /E(dayl))] (10)
N=1061
650” = 9mday1061 + Z Aday1061-
j=1061

[sin (Z?” (day1061) t(day1061) — E\/% (day1061))] (11)

N=1061
650” = 9mday1061 + Z Aday1061-
j=1061

[sin(z?n (day1061) t(day1061) — E\/‘% (day1061))] (12)
The equation of the Curve written as:

y = A sin(P1(EX) (13)

w
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where, A=1, w=1.

y = sin(P1(x — xc) (14)
We have
[=3.14
a=8.3910"7 (diffusivity of soil)
T7=8766 h

taay=1061day = 25505.45 h=91819620 second
aT=21399078 10~

The final equation of the Curve written as:
05051 = Omdayl +
= Agays - [sin(3* (day1) t(day1) — 0 /ﬁ(dayl))] (15)
Os50i1 = Omday1061 +

N=1061

2
Z Adayioer - [sin (T7I (day1061) t(day1061) —

j=1061
T
0 ,E (day106 1))]

3. RESULTS AND DISCUSSIONS

(16)

The soil temperature variation equation assumes that the
surface temperature can be admitted to the sinusoidal annual
variation, and that the earth is a homogeneous medium. In
reality, these conditions are never met. Soils are not
homogeneous; they are made up of elements of mineral origin
and of organic origin, but also of water and air. The thermal
characteristics of the soils depend on the nature of their
constituents, their respective proportion and their arrangement.
More a soil is "airy", the less it will lead the heat and the less
it will present of inertia to the warming and cooling (case of
the loess for example).

The measures of the soils thermal characteristics are
difficult to achieve in situ with the solid probes, hollow,
because the temperature gradients cause movements of
moisture that distort the results.

The RMSE represent the difference between the predicted
values estimated by the model and the measured values. In fact,
RMSE identifies the model’s accuracy calculated (Figure 3
and 4).

The performance of RBF models is judged by comparing
the estimated values with the measured values using different
statistical indexes (Figures 5 and 6) such as Root Mean Square
Error “RMSE=0.0029”, Relative Square Error (RRMSE),
Determination Coefficient (r?) and Correlation Coefficient
“09,057”. Mean absolute bias error “MABE=0.0021".

The heat flow distribution exhibits significant regional
variations in general, are related to the local geological
structure. The southern area, some relationships with
extensional Miocene—Pliocene—Quaternary volcanism suggest
an association with recent mantle thermal events.

Evaluation of heat, using temperature measurements
(probes temperature soil) and various rock-porosity data reveal
an important heat associated with the Algerian Sahara basins
(Figure 7). The soil temperatures correlate well with solar
energy.
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Figure 3. The global solar radiation (GSR)
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Figure 5. Measured air temperatures

tempemtre

Figure 6. Predicted Soil Temperature based on
meteorological data at “E=0 m”

The amplitude of the temperature signal decreases as the
depth increases and beyond a distance equal to four times the
depth of penetration, the soil temperature stabilizes around the
average annual temperature of the surface of the earth ground.



Note also that the phase shift is inversely proportional to the
thermal diffusivity of the soil (Table 1).

Figure 7. Soil temperature Probes (S1, S2, S3, S4, S5, S6),
implanted every “0.20 m”

Table 1. Soil temperature, probes measurements

probes S1-S2 S3-S4 S5 S6
temperature | 8.0 32<Tto 15<Cto 8T to
P 30C 35T 28<C 25<C

The study shows that the penetration depths of the
temperature signal take a period of one year greater than one
meter for the limestone soil. For thermal comfort we suggest
for future uses of hot air, according to the results obtained, all
the depth spreads between “0 m and 0.40 m”’, that the
temperatures is on average of “35°C”’, is the most ideal for
this experimentation and for cold air we suggest the depth of
“0.80 m’’ that the temperatures decreases is below “10°C”’
(Figure 8).

Temperature[“C]

Time

Figure 8. Soil Temperature measured ((S1.S2) at “E=0 m”,
(S3) at “E= 0.20 m”, (S4) at “E= 0.40 m”, (S5) at “E= 0.60
m”, (S6) at “E=0.80 m”

In order to quantify the energy potential, which is
immediately available for direct uses, we have made a
preliminary assessment of the heat released by Canadian wells.

4. CONCLUSION

The prospects for exploiting this geothermal potential are
very encouraging in Ghardaia’s territory. This thermal source
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makes it possible to develop agriculture under greenhouses
(heating greenhouse) and even to heat the premises and homes.
In this study, we used: day of the year, day length, average
daily temperature, average daily relative humidity, global solar
radiation measurements from the Ghardaia City radio station.
On the other hand, we have estimated the temperature of the
soil, for which soil probes have been inoculated at different
depths. The results obtained are very satisfactory because of
the strong correlation between the input (air temperature, solar
radiation) and the output (soil heat). The examination carried
out showed a significant effect of input parameters on the
accuracy of soil temperature measurements. It has also been
shown that soil temperature evaluated by solar radiation or by
RBF models and those measured by probes offer close
information and perfect correlations. These results allow us to
use the RBF (direct, diffuse) model in areas where probes are
not available or in the event of deterioration in reliability
measures due to calibration problems that occur after years.
The average fluctuation of the temperature at “0.40 m” meter
depth is between «17.43 T and 29.90 <T”; it represents the
range of thermal comfort for the case of this study in semi-arid
climate. It represents the temperature trapped in the soil all
year round. We recommend using more resources from the
temperatures of the basement to improve food production,
especially the use of greenhouses outside the periods, in this
case the climate required in these heated greenhouses to
enhance growth. In the perspective of this work, we will study
the applicability of this model to different soil types (bare soil
and grass soil.
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