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Abstract

The effect of a vertical magnetic field on the onset of
convection in an electrically conducting nanofluid layer
heated from below is investigated using the linear stability
theory and the Buongiorno’s mathematical model. In this
investigation, we consider that the nanofluid is Newtonian
and confined in a porous medium. The eigenvalue
problem obtained is solved numerically for rigid-rigid
boundaries using the Chebyshev-Gauss-Lobatto method.
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1. Introduction

Our work consists of studying the Rayleigh-Bénard
problem in a Darcy-Brinkman porous medium saturated
by an electrically conducting nanofluid layer and excited
by a uniform vertical magnetic field in the rigid-rigid case
where the volumetric fraction of the nanoparticles at the
top wall is considered as greater than that of the bottom.

The problem studied will be solved with a more accurate
numerical method based on Chebyshev-Gauss-Lobatto
technique. In this investigation we assume that the
nanofluid is Newtonian and the parameters which appear
in the governing equations are considered constant in the
vicinity of the temperature of the cold wall T; which we
took it as a reference temperature. Finally we will impose
that the flow is laminar and the radiation heat transfer
mode between the horizontal walls will be negligible
compared to other modes of heat transfer.

To show the accuracy of our method in this study, we will
check some results treated by D.Yadav et al. [1],
concerning the study of the convective instability of a
nanofluid (Water + Alumina) in presence of a uniform
vertical magnetic field .Our numerical method is used in
this investigation to give results with an absolute error of
the order of 1075 to the exact critical values
characterizing the onset of the convection.

2. Mathematical Formulation

We consider an infinite horizontal layer of incompressible
electrically conducting nanofluid saturated a porous
medium, this layer is considered of thickness L , heated
from below and confined between two parallel

impermeable boundaries, where T, , Ts are the
temperatures and i, , Xe are the nanoparticle’s volume
fractions at lower and upper boundaries, respectively. The
nanofluid layer is subjected to a uniform vertical magnetic
field, such that the gravity field g is acting vertically
downwards and the magnetic field H* is acting in
vertically upwards direction (Fig.1).
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Fig.1. Physical system and geometry
Using the Boussinesq approximation, the relevant basic
expressions of the mass, momentum, thermal energy,

nanoparticles and Maxwell’s equations in a Darcy-
Brinkman porous medium are [1-6]:
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The boundary conditions applied on the walls of the
system are:

W:O'az*ZO'T =Ty, X"=x, at z"=0
oz ®
W*=0,az*=O,T*:T§,x*:xZ at z*=L
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3. Numerical Method and Validation
Considering the dimensionless forms of the governing
Egs. (1)- (7), disturbing the basic solutions, linearizing the
equations, eliminating the pressure from the momentum
equation by operating curl twice and retaining the vertical
component and analyzing the disturbances into normal
modes , the linear stability equations of the stationary
mode can be matrically formulated as follows:
AX=R,BX 9)

The linear stability theory shows that the oscillatory mode
of heat transfer is not possible via the free.free case in the
case where X, < x¢ and the stationary stability depends
on the modified magnetic Chandrasekhar number Q , the
modified specific heat increment Ny , the modified Lewis
number L, , the nanoparticle Rayleigh number Ry , the
modified diffusivity ratio N, and the Darcy number D, .

The eigenvalue problem (9) with the boundary conditions
(8) is solved numerically using the Chebyshev spectral
method where the thermal Rayleigh number R, is its
corresponding eigenvalue. To have a check on the
accuracy of the numerical procedure used in this study, we
compare our results with those of D.Yadav et al. [1] in
Table.1 for a nanofluid (e.g. Al,05 + H,0) characterized
by Ng =7.5x107% L, = 5000, Ry =0.122 and
N, = 1 and confined in a non-porous medium.

Table.1l. comparison of the present results with yadav’s results for

Alumina-Water nanofluid in the case where Nz = 0.00075, Ry = 0.1,
L. =5000 and Ny =5

D .Yadav et al. [1] Present study

Q aC Rac aC Rac

0 3.136 1097.640 3.1202 1097.2500
100 4.012 3147.108 40119  3147.1081
200 4.446 4878.418 44457  4878.4112

4. Results and Discussion

The effect of Lorentz forces due to the presence of a

uniform vertical magnetic field on the criterion of the

onset of thermal convection in an incompressible
electrically conducting nanofluid saturated a porous
medium is investigated.

The principal results derived from the present analysis can

be summarized as follows:

- Anincrease in the modified Lewis number L. , the
nanoparticle Rayleigh number Ry or the modified
diffusivity ratio N, allows to destabilize the
nanofluids.

- The Chandrasekhar number Q and the Darcy number
D, have a stabilizing effect on the stationary
convection.

- The modified particle-density increment Ny has no
significant effect on the convective instability.

- The presence of Lorentz forces allows to reduce the
size of convection cells (see Fig.2).

- An increase in the Darcy number D, allows to
increase the size of convection cells (see Fig. 3).

- The parameters Ng, L. , Ry and N, have no effect
on the size of convection cells.
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Fig.2. Streamlines at various modified magnetic Chandrasekhar

numbers Q in the case where Ny = 0.01, Ry =0.1, L, = 1000,

Ny =1landD, =0.8
Da=03

Da=0.5 Da=0.8

Fig.3. Streamlines at various Darcy numbers D, in the case where Q =
100, Ng = 0.01, Ry = 0.1,L, = 1000and Ny =1
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