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Abstract: Groundwater is the water located in the soil porous matrix or in the fractures of rock formations. Many
different factors affected the quality of the groundwater. One of the effective factors on groundwater quality is

the vicinity of pollution source to the aquifer.

In this paper, transport of salt in groundwater sources is numerically investigated. A horizontal porous matrix
saturated with water is selected to simulate the double diffusive natural convection effects in mass transfer rate.
Darcy model is used for prediction of velocity field in groundwater source. It is shown that temperature difference
between salt and water source accelerate the transport of pollutants.
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Introduction

Groundwater contamination or groundwater pollution
occurs when contaminants, pollutants, unwanted
constituent, or impurity make their way in soil and
release to the underground and into groundwater. Many
natural materials such as soil, rocks, zeolites, tissues, and
man-made substances such as cements and ceramics can
be categorized as porous media. Therefore the concept
of porous media is used in pollution transport in
groundwater.

Transport phenomena in porous media are widely
investigated by researchers. In 1977, Chang examined
mass flux effects on heat transfer. He demonstrated that
thermal boundary layer thickness increases as a function
of injection rate.

In 1984, Cheng and Pop studied unsteady laminar
flow equation over a vertical flat plate embedded in
anisotropic porous media. They showed that increasing
the permeability in part of porous medium increases
temperature field in such domain.
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In 1986, Ingham and Brown studied natural
convection boundary layer over a vertical flat plate
submerged in a porous media under a heat flux applied
to the surface as a function of direction (x*, A = constant).
They showed that the velocity and temperature at the
large distance of the wall depend on the value of A.

In 2005, Vadasz et al. investigated a transition form
of Darcy regime for prediction of flow behaviour under
natural convection in porous media.

In 2007, Saeed et al. numerically studied combination
of natural convection and conduction in a finite two-
dimensional porous media. They found that average
Nusselt number increases by increasing the Rayleigh
number and thermal conductivity or decreasing the
wall thickness.

In 2008, Hooman and Gurgenci studied fluid flow
and convective heat transfer by considering variable
viscosity in porous medium. They used gas and liquid
as the fluid to evaluate the effect of viscosity on flow
regime and heat transfer pattern.
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In 2009, Basak et al., studied free convection on
the trapezoidal porous media isolated from top, heated
uniformly from below and linearly from the sides in
order to obtain isothermal lines, flow function and
Nusselt number.

In 2009, Baytas et al., evaluated double diffusive
natural convection passing over a flat plate embedded
in saturated porous media by assuming non-Darcy
flow. They demonstrated that Rayleigh number and
Darcy number have significant effects on heat and mass
transfer rate.

In 2014, Bera et al., numerically investigated the
effect of thermal non-equilibrium state on double-
diffusive natural convection in a saturated square porous
medium. They employed Darcy-Brinkman-Forchheimer
model for prediction of velocity profile in the cavity.
They illustrated that the influence of the presence of
Brinkman term in the momentum equation is negligible
for low permeable media.

In 2015, Mondal and Sibanda investigated the
effects of buoyancy ratio on double-diffusive natural
convection in a saturated porous medium under uniform
and non-uniform boundary conditions. They studied a
rectangular enclosure that the two crossover walls were
concentrated and heated, while the top wall is insulated
and the right vertical wall is under cold temperature.
They numerically evaluated average heat and mass
transfer.

In the recent years, Urmia salt lake located in North
West of Iran is going to dry. So the vast amount of
salt remains on the surface of ground. The remained
salt gradually penetrates to the underground water, so
they become salty. In this paper, effect of warming of
remained salt due to shining the sun on mass transfer
rate is investigated.

Governing Equations

Incompressible, 2-D, double diffusive natural convection
in a cavity filled with saturated, isotropic porous
medium is studied numerically. It is assumed that
the solid matrix and the fluid are in local thermal
equilibrium. The schematic of simulated media is shown
in Figure 1. The system is a square of height and width
L, filled with a saturated porous medium with binary
fluid. Left and right vertical boundaries are exposed to
the uniform concentration and temperature 7, C, and
T, C,, respectively (T, > T, and C,> C,). The top and
bottom walls are insulated, adiabatic and impermeable.
It is assumed that the physical properties are constant
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Figure 1: Schematic of the simulated porous medium and
its boundary conditions.

in the system except density in buoyancy force term
(Oberbeck-Boussinesq approximation):

p= p() [1 - BT(T* T()) - ﬁc(cf C())] (1)

where p is the density and p, is the reference density
at reference temperature and concentration (7, and C,)),
By and B are the thermal and concentration expansion
coefficients, respectively:
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As suggested by Nield and Bejan (20006), the

equations that govern the conservation of mass,
momentum and energy can be written as follows:

o 3
ox dy )
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where g is the gravity acceleration, K the permeability
of the porous media, D the mass diffusivity coefficient,
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v the kinematic viscosity of the fluid, AT and AC are the
differences of temperature and concentration.

The initial and boundary conditions are presented
as follow:

t=C=0u=v=0 fort=0,
a_T:O;a_C:O;u:v:O fOI'yZO,
ox ox

= (8)

T 0.9 _gu=v=0 VL
ox ox

T'=T;C=Cu=v=0 forx=0,
T=T,;C=Cy;u=v=0 forX=1L,

Nusselt and Sherwood dimensionless numbers are

defined as follows:
1( dC
Sh= —Jo(gl:o b (9)
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In order to solve the above equations, the following
dimensionless variables are employed to convert the
governing equations to the dimensionless form:
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So the equations and boundary conditions will
become:
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And corresponding dimensionless initial and
boundary conditions reduce to:

0=0=0;U=V=0 fort=0,
8_920;8_(p:O;U:V:O forY =0,
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where N is the buoyancy ratio, Da is Darcy number,
Le is Lewis number, v the kinematic viscosity of the
fluid, AT and AC are the differences of temperature and
concentration.

Solution Method

In order to solve the governing equations, the above
equations are discretized according to central finite
difference scheme, and then simultaneously solved in
MATLAB. In order to verify the validity of results,
obtained Nusselt numbers in present modelling are
compared with those in literature. Table 1 shows the
comparison of results. It is seen that the results have
good agreement with the results of literature.

Table 1: Comparison of Nusselt numbers obtained in
the study with the results presented in the literature

Nu number
Nu number (Trevisan and Bejan,
Ra (present study) 1986)
20 1.51 1.29
40 1.79 1.61

Results and Discussion

Figures 2 and 3 show the temperature and concentration
profile in the rectangular porous medium. It is clear that
heat and mass transfer have similar trends; however
the purpose of present study is investigating the effect
of temperature difference value on mass transfer rate.
Therefore, average Nu and Sh numbers are plotted
according to Ra number. Figure 4 shows the variation
of Nusselt number and Sherwood number verses Ra
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Figure. 3: Concentration profile in the porous media.
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Figure 4: The heat and mass transfer rate versus. thermal
Ra number.

number. As it is expected, increasing the thermal Ra
number increases the Nusselt number. In addition,
increasing the Ra number increases the mass transfer
rate. In other words, existence of heat transfer intensify
mass transfer rate. For the current study, the results
show that increasing the temperature of salt (due to
sunshine) on the surface cause the penetration rate of
salt into underground water rise.

Conclusion

A two-dimensional solution of natural convection in a
rectangular porous medium is numerically analyzed. The
concentration and temperature are applied to the vertical
walls, while the top and bottom walls are insulated.
Darcy model is employed to predict the velocity filed.
The governing equations are solved using the finite
difference scheme. It is assumed that the porous matrix
and the saturated fluid are in thermal equilibrium. It
is observed that increasing the temperature difference
between salt source and underground water increases
the salt penetration into underground water sources.
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