
World Applied Sciences Journal 21 (Mathematical Applications in Engineering): 01-05, 2013
ISSN 1818-4952
© IDOSI Publications, 2013
DOI: 10.5829/idosi.wasj.2013.21.mae.9992

Corresponding Author: A.A. Altawallbeh, School of Mathematical Sciences, Faculty of Science and Technology,
Universiti Kebangsaan Malaysia, 43600, Bangi, Selangor, Malaysia.

1

Numerical Simulation of Magnetic Field Effect on Natural Convection
in a Porous Cavity Heating from below and Salting From Side

A.A. Altawallbeh, N.H. Saeid and I. Hashim1 2 1

School of Mathematical Sciences, Faculty of Science and Technology,1

Universiti Kebangsaan Malaysia, 43600, Bangi, Selangor, Malaysia
Department of Mechanical, Materials and Manufacturing Engineering, Faculty of Engineering,2

The University of Nottingham, 43500 Semenyih, Selangor, Malaysia

Abstract: In this study, the effect of magnetic field on double-diffusive natural convection in a square cavity
filled with a porous medium is studied numerically. The bottom wall is fully heated and the top wall is
maintained at a constant cold temperature. The right wall is fully salted to a high concentration, while the left
wall is fully salted at a lower concentration than the right. Darcy model is used for mathematical formulation.
The governing equations for heat and mass transfer are solved using the finite volume method. The governing
parameters of the present study are: Rayleigh number (Ra), Lewis number (Le), buoyancy ratio (N) and Hartman
number (Ha). The numerical solutions were studied in the range of -10  N 10, 0  Ha 10, while the other
parameters were fixed with Ra = 100 and Le = 1. The results were discussed in the effect of these parameters
on the heat and mass transfer processes and presented in terms of stream lines, isotherms and iso-
concentrations. The variation of average Nusselt number and average sherwood number are presented in
different values of governing parameters.
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INTRODUCTION

Natural convection in porous media has received
more attention over the last several decades. This
attention  is  due  to  its  wide  application  in  industry
and  nature.  For  example,  high  performance  insulation
for  buildings,  solar  collectors,  chemical  catalytic
reactors,   grain   storage   and   underground  pollutants.
In  double  diffusion,  the  buoyancy  force  not  only
affected by the difference of temperature, but also
affected by the difference of concentration  of  the  fluid.
A detailed study of double-diffusive natural convection Fig. 1: Physical model with coordinate system.
in porous media can be found in the books by [1] and [2].
Natural convection in enclosures was studied by many The aim of this work is to study the effect of
authors  with applying different  boundary  conditions, magnetic field on double-diffusive natural convection in
for instance, [3-6] and [9]. Many studies used a Darcy’s a square cavity heated from below and salted from side.
model to formulate the momentum equation, see for
example [3-9]. The effect of magnetic field on natural Mathematical Formulation: The physical model under
convection was studied by many authors. see for example, consideration  is  a  square  cavity  of  length   L  filled
[10-12]. with a fluid-saturated porous medium as shown in Fig. 1.
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The bottom wall is fully heated and the top wall  is  cooled The velocity components U and V are defined in
to a constant temperature. Both vertical walls are salted
with high concentration in the right wall. Two vertical
walls are adiabatic. The third dimension is large enough to
consider a two-dimensional simplification. The porous
medium is assumed to be in local thermal equilibrium. In
addition, the properties of the fluid and the porous
medium are assumed to be constant. To simplify the
problem, the Soret and Duffour effects are neglected. The
Boussinesq approximation  =  [1- (T - T ) - (c - c )]1 T 0 c 0

for the relationship of the density and the temperature and
concentration is adopted. Where  is the density, T is the Y=0, 0= X  1: =0,  =1, (7)
temperature, c is the concentration, and are theT c

thermal and concentration expansion coefficients,
respectively. Darcy’s law is applicable. The magnetic field
is acting along the direction of the gravity. The
mathematical model can be derived based on the following
dimensionless variables

where x, X and y, Y are the dimensional and dimensionless
space coordinates respectively. u,U and v, V are the
dimensional and dimensionless velocity in the x, y
directions respectively. , S are the dimensionless
temperature and concentration, respectively.

Under these assumptions, the dimensionless
conservation equations for mass, momentum, energy and
concentration for the two dimensional flow are:

(2)

(3)

(4)

where  is a Hartman number,  is the

buoyancy  ratio, ,  B   is  Rayleigh number,0

Le = /D is the Lewis number, B is the magnitude of the0

external  magnetic  field,  s  is  the electrical conductivity,
K is the permeability of the porous medium, µ is the
dynamic viscosity, is the thermal diffusivity of the fluid,

is the kinematic viscosity, D is the mass diffusivity and
g is the gravitational acceleration.

terms of the stream function as:  and .

The dimensionless boundary conditions are as
follows:

X=0, 0  Y  1: =0, , S=0 (5)

X=1, 0  Y  1: =0, , S=1 (6)

Y=1, 0= X  1: =0,  =0, (8)

The average Nusselt number Nu on the top wall and
the average Sherwood number Sh on the left wall are
calculated using the following formulae:

Numerical Method and Validation: The Finite Volume
Method  was  used  to  solve  the  governing equations
(2)-(4) subjected to the boundary conditions (5)-(8). The
details  of  this  method  can  be  found in the books by
[13-14]. The power law scheme is applied for convection
diffusion formulation. The solution is initialized by
assuming stagnant fluid in the cavity with S = = 0. The
line-by-line iteration using the Tri Diagonal Matrix
Algorithm was used to solve the discretized equations.
The iterations are terminated until the following condition
is satisfied.

where  refers to , , or S and m denotes the iteration
step. The effect of the grid size was tested in terms of the
average Nusselt number and average Sherwood number
with Ra = 100 and buoyancy ratio N = 1, with various
values of Lewis number (Le). It is found that 60 × 60 is an
appropriate  size  for  the  most  calculations  in  the
present problem. For the code validation, the average
Nusselt  number (Nu)  is  compared  with  a literature
using    two different    values    of   Ra   with  heating
from below and without  the  effect  of  concentration
buoyancy       force        (pure         convection,        N   = 0).
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Table 1: Code  validation  in  the  case  of  pure  convection (N = 0)
and Ha = 0 with the heating from below in terms of Nu

Ra Nu

[15] [5] Present
100 2.7 2.648 2.6484
200 3.801 3.819 3.819

Table 2: Comparison between the present Nu and reference [10] in the case
of side heating, with Ra = 250, N = 0 and different values of Ha

Ha Present result [10]

0 5.884 5.90
2 3.180 3.15
4 1.514 1.50
6 1.139 1.15
10 1.021 1.05

The  results  presented  in Table 1 show a good agreement
between the present results and those from the literature.
The calculated average Nusselt number with various
values of Hartman number are presented in Table 2. A
good agreement was found between the present results
and reference [10].

RESULTS AND DISCUSSION

In this section, the numerical simulation was
conducted under different values of buoyancy ratio N
where -10  N 10, with variation of Hartman number Ha,
where 0  Ha 10. The values of Rayleigh number, Lewis
number were fixed with Ra = 100 and Le = 1. Fig. 2(a-d)
presents the streamlines, isotherms and iso-concentration
for different values of Hartman number Ha, while the other
parameters  were  fixed  with  Ra = 100, N = 1 and Le = 1.
Fig. 2(a) shows the contours when Ha = 0. The fluid starts
moving rising up along the right wall then circulating and
going down along the left wall making a circulation with
counterclockwise direction with  = 7.611. Isothermsmax

and iso-concentration are spread inside the cavity with
high temperatures start reaching to the top of the cavity
and high concentration, also start reaching to the left wall
of the cavity . Both isotherms and iso-concentration
working together in the same direction to make the
counterclockwise circulation. As the effect of magnetic
field become significant Ha = 1 and 2, a decreases in the
flow is observed where  = 5.7317 and max = 3.209 asmax

shown in Fig. 2(b) and (c) respectively. A very low flow is
observed when Ha = 5 where  = 0.599. The spread ofmax

isotherms and iso-concentration are not wide and the
contours became almost parallel and close to pure
diffusion case as shown in the  Fig.  2(d).  Heat  and  mass

Fig. 2: (left) Streamlines, (middle) isotherms and (right)
iso-concentration  in  the case of N = 1,Ra = 100,
Le  =  1.  (a)  Ha  =  0, max = 7:611;   = 3:774;

 = 4:561, (b) Ha = 1; max = 5:732;  = 3:133;
 = 3:708, (c) Ha = 2; max = 3:209;  = 2:163;
 = 2:342, (d)Ha = 5; max = 0:599;  = 1:077;
 = 1:067

transfer are presented in terms of average Nusselt number
and average Sherwood number. Figs 3 and 4 show the
relation between buoyancy ratio (N) and  and
respectively. From Fig. 3, a big effect of magnetic field on
the heat transfer process is observed, where the high
values of Hartman number Ha 5 decrease the values of
Nu, which become very small and close to one, especially
when -1  N 1. Fig 4 shows the effect of Hartman
number variation on  with different values of N.
Although the buoyancy ratio increased, but the mass
transfer  process  is  very  low  when the Hartman number
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Fig. 3: The effect of buoyancy ratio (N) on the average
Nusselt number  with different values of
Hartman number Ha

Fig. 4: The effect of buoyancy ratio (N) on the average
Sherwood number Sh with different values of
Hartman number Ha

becomes high. As a result, an increasing of Hartman
number, causes a decrease in the heat and mass transfer
processes. From both figures, it is noticeable that a
minimum values of  and  occur when buoyancy
ratio is equal to zero for any value of Ha. This is due to
the low flow when N = 0 in comparison with the flow when
|N| > 0, where the effect of differential concentration on
the cavity become significant and hence, enhance the
flow together with the effect of buoyancy force from the
temperature difference.

CONCLOSION

The effect of magnetic field on double-diffusive
natural convection in a square cavity filled with a fluid-
saturated porous medium is studied numerically. the
bottom and right wall are fully heated and fully salted
respectively. The top wall is cooled to a constant
temperature and the left wall is salted with less
concentration than the right wall. Finite volume method is
used to solve the governing equation. The results are
generated with  different  values  of  buoyancy  ratio  and

Hartman number and presented in terms of average
Nusselt number and average Sherwood number. In
addition, streamlines, isotherms and iso-concentration are
also presented for some fix values of the governing
parameters. The main findings of this study are as follows:

For any fix values of the governing parameters, as
Hartman number increases the values of stream
function, average Nusselt number and average
Sherwood number decrease. For High values of
Hartman number, the isotherms and iso-
concentration become almost parallel and close to
pure diffusion case.
A direct relation between the absolute value of
buoyancy ratio and the heat and the mass transfer
processes for any value of Hartman number. The
smallest values of average Nusselt number and
average Sherwood number occurs when the
buoyancy ratio is equal to zero for any value of
Hartman number.
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