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Abstract 
Penetration of chemicals in the soil ground through irrigation water or rainfall induces important 
risks for the environment. These risks are badly known and may lead to direct contamination of 
the environment (atmosphere or ground water) or harmful effects on organisms living at ground 
level, indirectly affecting men. It is thus necessary to estimate these potential chemical risks on 
the environment. For that reason, the gradual change of these products (fertilizers, solutions, pol-
lutants, ...) in the ground has been the subject of a lot of recent research works, based in particular 
on the study of non-saturated porous media in a theoretical, numerical or experimental way. Most 
of these works are incomplete and, in order to simplify the problem, they don’t take into accounts 
some process, which may be of prime importance under particular natural conditions. Complexity 
of such studies results from their multidisciplinary nature. In this communication, we study si-
multaneous transport of pollutant, the water that provides transport and the heat transfer in a 
200 cm long cylindrical column full of sand taken as a non-saturated porous medium. We consider 
two kinds of conditions on the temperature at the column surface: the case of constant tempera-
ture and the case of sinusoidal temperature. We evaluate the influence of this temperature on the 
transfers. This study is purely numerical. We use the control volume method to determine hydr-
ous, thermal and pollutant concentration profiles. 
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1. Introduction 
The transfers in solutions in the ground result from a set of phenomena whose knowledge should make it possi-
ble to improve management of the irrigation and spreading in agricultural medium, double point of view of the 
prevention of the contamination of underground water and economy of fertilisers.  

Among these phenomena, the purely physical aspect of the transfers constitutes a whole of convection and 
dispersion mechanisms whose study, in natural environment, is essential for the comprehension of pollutant 
evolution in the ground.  

During these last decades, the study of the vertical and horizontal isothermal transfers of a contaminant in an 
unsaturated homogeneous porous medium has been the object of an important literature treating the numerical 
[1]-[6] and experimental [4] [7]-[10] aspect.  

However, the majority of these authors considered that the temperature on the surface of the ground is con-
stant [4]. In fact, the temperature of the ground presents continual variations under the influence of the climatic 
conditions, which are carried out in a relatively stable way according to periodic cycles. These cycles, daily and 
annual, are indeed connected with the variations of intensity of the solar radiation which appear over some daily 
periods, by the alternation of the day and the night, and over annual periods, by the evolution of the average 
slope of the sun on the horizon. The sinusoidal approximation constitutes the simplest manner to describe ma-
thematically a periodic behavior. 

So we are going to solve numerically the coupled and non-linear equations governing these transfers, by the 
method of control volume worked out by Patankar [11]. 

The results will be given in the form of curves representing the evolution of the hydrous, thermal and concen-
tration profiles. The object of these results is to contribute to the prediction and the control of the pollution of the 
ground water.  

In this work, we will use two different boundary conditions of temperature. The first one is constant and equal 
to 40˚C; the other one is sinusoidal given by real climatic measurements of Marrakesh (Morocco). 

2. Mathematical Model 
The equations of transfer of water, heat and concentration are given respectively by the model of Philip and De-
vries [12] and the equation of convection-dispersion, which under certain conditions [13], can be written under 
the following form:  
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The thermohydric coefficients used were evaluated using the experimental data collected by Crausse [14]. 

Initial and Boundary Conditions 
To solve these equations it is necessary to know the initial and boundary conditions, we propose the following 
Dirichlet type conditions (Figure 1).  
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Figure 1. The column scheme.                                       
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b) For variable surface temperature 
For the resolution of the equation of heat, the values of the temperature on the surface are given by Ouardi et 

al. [15]:  

( ) ( )0 0, e coskzT z t T t kzθ ω−= + −  

Who used the annual climatic data of Marrakech of the time temperature, to choose 10 days known as stan-
dard days, as seen in Figure 2. 
c) Equation of moisture 

The column is subjected to a constant flow in take making it possible to carry it to a saturation moisture. The 
other end is maintained at initial moisture: 

0At time : 0t θ θ= =  

At 0 sZ θ θ= =  

0At  Z L θ θ= =  

The contribution of aqueous solutions can be continuous, the case of a table cloth polluted on the surface of 
the ground, as it can be in crenel, precipitation or irrigation with use of a fertilizer, by considering the time of 
injection of flow of infinite or finished aqueous solutions tm: 

( ) 00 , ,mt t C X z t C< < =  

( ), , 0mt t C X z t> =  

d) Equation of the concentration 
For the equation of concentration we suppose that the surface is maintained at a concentration in solution C0, 

whereas the field is initially deprived of any aqueous solution: 
At time : 0 0t C= =  

0At 0Z C C= =  

At  0Z L C= =  
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(a) 

 
(b) 

Figure 2. Values of the surface temperature taken from the annual climatic data 
of Marrakesh (Morocco) of the time given by Ouardi et al. [15], (a) Summer; (b) 
Winter.                                                                

3. Numerical Simulation 
The numerical method used is that of the control volume proposed by Patankar [11]. It consists of the discretisa-
tion of the field by juxtaposition of elementary volumes inside which we integrates the equations to have them 
directly discretised. The temperature is periodic of period 24 hours. To show its influence on the transfers it is 
necessary to make simulations at least equal to this period. In this work, the time of simulation is 36 hours.  

The parameters used are: 
Δz = 0.5 cm step of space; Δt = 6 s, step of time; θ0= 0.06 cm3/cm3; θs = 0.35 cm3/cm3; T0 = 293 K; T1 = 313  

K; C0 = 10 mg/l concentration of solute at the entry of column; ( ) eb
apD q a θ

θα θ= + ⋅  and  
( )( )0.050.2 1 e Z LLα −= ⋅ ⋅ − , a and bare constants that depend on the nature of the soil [16]. 
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4. Results 
In Figure 3 is presented the humidity variations with time and depth for a constant surface temperature. It takes 
50 min to change the humidity at 40 cm of depth. The velocity of humidity penetration decreases with time due 
to the soil saturation. 

Figure 4 shows the temperature evolution with time and depth, the profiles are similar to the humidity, but 
the velocity is much lower, this difference is principally to the small soil thermal conduction compared to the 
humidity dispersion. 

The concentration of the inert pollutant is shown in Figure 5. For layers nearer to the soil surface the pollu-
tant diffusion is fast, but for bigger depth the concentration changes are slower, and it changes its concentration 
only at 30 cm after 50 min. 

Figure 6 shows the variation of temperature at various depths for one day in summer and winter. It is noticed 
that all the curves have a sinusoidal form but they present a dephasing compared to that of soil surface. With the 
increase in depth, the layers are less influenced by the heat transfer, thus their time to increase/decrease the 
temperature is bigger than in the soil surface. These results are in good agreement with those found by [3]. 

 

 
Figure 3. Humidity profiles with depth and time for a constant surface tem-
perature.                                                           

 

 
Figure 4. Temperature profiles with depth and time for a constant surface 
temperature.                                                       
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Figure 5. Pollutant concentration profiles with depth and time for a 
constant surface temperature.                                   

 

 
(a) 

 
(b) 

Figure 6. Temperature profiles with depth for a variable surface tempera-
ture, (a) On summer; (b) On winter.                                          
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The heat flux on the soil surface is plotted in comparison with the fluxes at various depths in Figure 7 for one 
day in summer and winter. Their sinusoidal form as well as the presence of a dephasing is due mainly to the 
condition of the variable surface temperature and the damping of the propagating thermal wave. When the am-
bient temperature is higher than the ground temperature, the flux is positive and the medium absorbs heat, this 
often occurs during the day. During the night the flux becomes negative and the ground releases heat. 

For a summer day, the heat flux is mainly positive and it reaches values as high as 0.025 W/cm2 during the 
day, and it can release 0.015 W/cm2 during the night. In contrast, in winter the temperature on the surface is 
lower than the initial temperature of ground, its effect is thus to cool the medium. Then for a winter day the heat 
flux is mainly negative, with values as low as 0.04 W/cm2, during the day, and it absorbs 0.01 W/cm2 during the 
night. 

The comparison of the hydrous and concentration profiles obtained in the two types of boundary conditions of 
temperature in one day of summer (Figure 8) shows that they are almost identical. Indeed, the diffusion of heat 
is very slow; its influence is thus limited to the input of the column. At the moments when computations were 
made, 24 h and 36 h, this part was almost saturated with water and aqueous solutions and the influence of the 
temperature is very small. Therefore the influence of a change in the boundary condition affects only the tem-
perature.  

 

 
(a) 

 
(b) 

Figure 7. Heat flux profiles with depth for a variable surface temperature, (a) 
On summer; (b) On winter.                                            
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(a) 

 
(b) 

Figure 8. Comparison between curves at t = 24 h for the two kinds boundary 
conditions (summer). (a) Humidity; (b) Contaminant concentration.            

 
On the other hand, for one day of winter, the temperature gradient will be directed towards outside, in opposi-

tion with the hydrous and concentration gradients, being essential on their displacement. The transfer of water 
and pollutant in this case will be slower than in the case of constant temperature (Figure 9). 

5. Conclusions 
The numerical study of the coupled transfers of moisture, pollutant and heat was led in the case of a monodirec-
tional flow. This study allowed us to follow the space-time evolution of the fronts of moistening, concentration 
and heat, and to study the influence of change of the boundary conditions on these fronts.  

The results show that the heat transfer acts on the displacement of moisture, by migration of the hot zones to-
wards the cold zones, which in its turn modifies the profiles of concentration.  

During summer, the temperature is very high and close to the constant temperature. The effect of such a 
change is negligible and the profiles obtained are almost the same ones. However, in winter the temperature is 
low and the temperature gradient is directed towards outside. The change causes a deceleration of water and 
pollutant transport and the variation between the curves is important.  

Therefore the effect of the sinusoidal condition of the temperature on the soil surface is more important during  
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(a) 

 
(b) 

Figure 9. Comparison between temporal curves for the two kinds of boun-
dary conditions (winter). (a) Humidity; (b) Contaminant concentration.             

 
the winter than that during the summer, since the temperature gradient presents a great difference in both cases.  

According to the results obtained, it seems that the adequate choice of the boundary conditions makes it poss-
ible to optimize the contributions of water and fertilizers in the presence of a temperature gradient. 
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Nomenclature 
θ: Volumetric Water Contents 
qθ: Flux Density of Water 
K(θ): Hydraulic conductivity 
Dθ: Isothermal Water Diffusivity 
DT: Non-isothermal Water Diffusivity 
Dap: Coefficient of Hydrodynamic Dispersion  
C: Concentration of pollutant  
λ: Thermal Conductivity  
Cp: Volumetric Heat Capacity of the Soil 
T: Temperature  
z: Space Coordinate 
t: Time Coordinate 
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