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ABSTRACT
In this paper numerical simulation of natural convection in a rectangular
cavity with corner heater in presence of magnetic field is studied. A finite element
analysis is performed to investigate the effects of uniform heating and is also used for
solving the Navier-Stokes and Energy balance equations. The horizontal right corner
of the bottom was kept temperature at Th and the other all wall of the cavity were
maintained constant temperature Tc with Th > Tc. Parametric studies of the fluid flow
and heat transfer in the cavity are performed for magnetic parameter Hartmann
number (Ha = 0, 20, 50, 100), Rayleigh number (Ra = 103 – 106) and Prandtl number
Pr = 0.71. The streamlines, isotherms, average Nusselt number, velocity profiles and
temperature distribution of the fluid in the enclosure are presented for the parameters.
The numerical results indicated that the Hartmann number and Rayleigh number have
strong influence on the streamlines and isotherms. Also the mentioned parameters
have significant effect on average Nusselt number at the hot wall and average
temperature of the fluid in the enclosure.
Keywords: Free Convection, Magnetic Field, Rectangle Cavity, Numerical Simulation.

1. INTRODUCTION
The basic problem of free convection in cavity has received considerable attention
from researchers. Most of the cavities commonly used in industries are cylindrical, rectangular,
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square and triangular etc. Rectangular cavities have received a more considerable attention for
its application in various fields. Kherief et al.1 studied the effects of inclination and magnetic
field on natural convection flow induced by a vertical temperature. The results show that the
dynamic and temperature fields are strongly affected by variations of the magnetic field
intensity and the angle of inclination. Mohamed et al.2 investigated numerical simulation of
double-diffusive natural convective flow in an inclined rectangular enclosure in the presence
of magnetic field and heat source, part A: Effect of Rayleigh number and inclination angle part
A: Effect of Rayleigh number and inclination angle. Mohamed et al.3 further studied numerical
simulation of double-diffusive natural convective flow in an inclined rectangular enclosure in
the presence of magnetic field and heat source. Imen Mejri1et al.4 studied on MHD natural
convection in a nanofluid-filled enclosure with non-uniform heating on both side walls. They
found that the heat transfer rate increases with an increase in the Rayleigh number but it
decreases with an increase in the Hartmann number. Litan Kumar Saha et al.5 investigated the
Effect of internal heat generation or absorption on MHD mixed convection flow in a lid driven
cavity. Hasan Nemati et al.6 introduced magnetic field effects on natural convection flow of
nanofluid in a rectangular cavity using the Lattice Boltzmannmodel. The results indicate that
the averaged Nusselt number increases for nanofluids when increasing the solid volume
fraction while in the presence of a high magnetic field, this effect decreases. Mukul Bisoi et
al.7 analyzed numerical simulation of natural convection in a square enclosure for different
Rayleigh numbers. Muneer A. Ismael et al.8 have studied mixed convection in a lid-driven
square cavity with partial slip. The results have showed that there are critical values for the
partial slip parameter at which the convection is declined. Molla et al.9 have studied problem
of magnetohydrodynamic natural convection flow on a sphere in presence of heat generation
or absorption. Nithyadevi et al.10 using a numerical simulation on magnetohydrodynamic
natural convection in a square cavity with partially heated cooled side walls. They found that
the flow and the heat transfer rate in the cavity affected by the sinusoidal temperature profile
and by the magnetic field at lower values of Grashof number. Moreover they found that the
maximum rate of heat transfer occurs for the active portions located at the middle of the side
walls. Mahmoodi and Talea’pour11 investigated numerically magnetohydrodynamic free
convection in a square cavity with hot left wall, cold top wall and insulated right and bottom
wall. They found that a clockwise primary eddy inside the cavity regardless the Rayleigh
number and Hartman number. Also they found that the magnetic field decrease the intensity
of free convection and flow velocity. Recently Hasanuzzaman et al.12 investigated
Magnetohydrodynamic natural convection in trapezoidal cavities. Mustafizur Rahman et al.13
investigated unsteady mixed convection in a porous media filled lid-driven cavity heated by
semi-circular heaters. They found that multiple circulation cells are formed for the lowest
value of Darcy number due to domination of natural convection heat transfer. Heat transfer
decreased with decreasing of Darcy number and Richardson number. Flow strength increases
with increasing of dimensionless time increment. Semi-circular heaters make small effects on
mixed convection flow and heat transfer due to small diameters. Md. Noor-A-Alam Siddiki14
studied free convective heat transfer in a square cavity with heated from below and
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symmetrically cooling from the sides. He concluded that the flow field and the isotherm are
symmetric owing to the symmetric boundary condition for the parameters. The heat transfer
enhances for the increases of Rayleigh number and discrete heat source size. Conduction is
found dominant for low Rayleigh number and convection found for higher Rayleigh number.
M. Obayedullah et al.15 investigated natural convection in a rectangular cavity having internal
energy sources and electrically conducting fluid with sinusoidal temperature at the bottom
wall. They concluded that internal Rayleigh number affects the flow and temperature field
inside the enclosure significantly. The increasing rate of heat within the cavity due to the
increase of internal Rayleigh number leads to form a secondary cell within the cavity and
increases in size until it occupies half of the enclosure. Increment of internal Rayleigh number
enhances the rate of heat transfer.
In the light of the above literature review and to the best of authors’ knowledge there
are no published articles which have addressed natural convection in a rectangular cavity in
presence of magnetic field with corner heated wall. So, the purpose of the present study is to
investigate the effects of MHD on natural convection in a rectangular cavity and corner heated
wall numerically. The results are presented in terms of streamlines and isotherms inside the
cavity, vertical component of the velocity along the horizontal centerline of the cavity, local
Nusselt number and temperature.
2. PHYSICAL MODEL
Geometry of the rectangular cavity with boundary conditions considered in the present
paper is shown in Fig. 1. The height and length of the cavity are denoted H and L respectively
where height H = 2L/3. The right bottom corner of the cavity was kept temperature at Th and
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Fig.1. Schematic view of the cavity with boundary conditions considered in the present paper
Fig.1. Schematic view of the cavity with boundary conditions considered in the present paper
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3. MATHEMATICAL FORMULATION
The continuity, momentum and energy equations for laminar, steady state, twodimensional free convection with a magnetic field in x-direction, in non-dimension form are
as follows:
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The non-dimensional boundary conditions are as follows:
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Where Ra, Pr and Ha are the Rayleigh, Prandtl and Hartman numbers are defined as:
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The effect of magnetic field into the momentum equation is introduced through the Lorentz
⃗⃗ that is reduced to symmetrical damping factor  B0 2
force term 𝐽⃗ × 𝐵
To computation of the rate of heat transfer, Nusselt number along the hot wall of the enclosure


X 0
1
X
is used that is as follows: Nu y 
(6)
N  Nu y dy
 h  c  u 0
The boundary conditions are: On the heated block U  V  0,  1 and other walls
U V   0
4. NUMERICAL TECHNIQUE
Partial differential equations governing the flow and temperature field are solved by
using finite element method. The quadratic triangular element is used to develop the finite
element equations. For the velocities and temperature all the six nodes are used and for the
pressure only the corner nodes are used. Different types of grid densities have been selected
to assess the accuracy of the numerical simulation procedure. The nonlinear algebraic
equations arising from the finite element formulation are solved by applying the NewtonRaphson iteration technique. The convergence of solutions is assumed when the relative error
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for each variable between consecutive iterations is recorded below the convergence criterion
ε such that



m
ij

 ijm 1   ,

where ∅ represents a dependent variable U, V, P, and θ, the indexes i, j indicate a grid point,
and the index m is the current iteration at the grid level. The convergence criterion was set to 10−5.
5. CODE VALIDATION
The present code was exercised on the work of Sathiyamoorty et al. (2007) and M.
Obayedullah et al. (2013) to check its validity. Some results are presented in Table 1 for comparison.
Table .1 Nusselt number comparison for Pr = 0.71.
Ra
1000
10000

Present Sathiyamoorty et al. (2007)
3.68 54
3.7294
4.79218
4.7753

M. Obayedullah et al. (2013)
3.7196
4.7520

6. GRID REFINEMENTS TEST
In order to obtain grid independent solution, a grid refinement study is performed for
a rectangular cavity with Pr = 0.7, Ha = 100 and Ra = 105. Figure 2 shows the convergence of
the average Nusselt number, Nuav at the heated surface with grid refinement. It is observed
that grid independence is achieved with 2271 elements where there is insignificant change in
Nu with further increase of mesh elements. Six different non-uniform grids with the following
number of nodes and elements were considered for the grid refinement tests: 127 nodes, 219
elements; 162 nodes, 584 elements; 263 nodes, 2098 elements; 503 nodes, 2974 elements;
930 nodes, 7546 elements; 12514 nodes, 24640elements . From these values, 930 nodes 7546
elements can be chosen throughout the simulation to optimize the relation between the
accuracy required.
Table 2. Sensitivity Check at Ha = 50, Pr = 0.71, Ra = 10 5.
Nodes

127

162

263

503

930

12514

Elements

219

584

2098

2974

7546

24640

Nu

1.48305

2.01916

2.21916

2.29546

2.38945

2.50765

θav

0.19589

0.19571

0.19556

0.19568

0.19566

0.19565

Fig.2 Sensitivity Check at Ha = 50, Pr = 0.71, Ra = 105.
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7. RESULT AND DISCUSSIONS
In this section, results of the numerical study free convection fluid flow and heat
transfer in a rectangle cavity field with Pr = 0.71 are presented. The results have been obtained
for the Rayleigh number (Ra) in the range of 103 to 106 and the Hartman number (Ha) varying
from 0 to 100. The results are presented in terms of streamlines and isotherms inside the cavity,
the vertical velocity component along the horizontal midline of the cavity, the local Nusselt
number and temperature along the hot wall. Variation of streamlines and isotherms inside the
cavity with Rayleigh number and Hartman number are shown in Fig. 3 to Fig.10. In figure
3(a) – (d) two unequal vortices are appear in the cavity, among the two one is very big which
cover most of the cavity and the other is very small at the right top corner. Fig.4 (a)-(d)
Isotherms (contour temperature) for (a) Ha = 0, (b) Ha = 20, (c) Ha = 50, (d) Ha = 100 while
Ra = 106 and Pr = 0.71, we can observe that in presence of magnetic field Hartmann (Ha) the
temperature bended the whole cavity. Fig.5 (a)-(d) Stream lines (velocity field) can be
observed a single circulation for values of (a) Ha = 0, (b) Ha = 20, (c) Ha = 50, (d) Ha = 100
while Ra = 105 and Pr = 0.71.From figure 3(a)-(d) and 5(a)-(d); It is observed that for lower
values of Rayleigh number streamlines bended more covering the whole cavity. Fig.6 (a)-(d)
isotherms (velocity contour) for values (a) Ha = 0, (b) Ha = 20, (c) Ha = 50, (d) Ha = 100
while Ra = 105 and Pr = 0.71. Fig.7 (a)–(d) and 9(a)-(d) Streamlines for (a) Ra = 1000, (b)
Ra = 10000, (c) Ra =100000, (d) Ra = 1000000 while Pr = 0.71and Ha = 0 and Ha = 50
respectively. For increases of Rayleigh number the streamlines bended to the side wall more
and finally makes two circulations. Fig.8 (a)-(d) and 10.(a)-(d) are isotherms (contour
temperature) for (a) Ra = 1000, (b) Ra = 10000, (c) Ra = 100000, (d) Ra = 100 0000 while Pr
= 0.71 H = 0 and Ha = 50 respectively. From all figures it is observed that isotherm lines are
covering the whole cavity for increasing of Rayleigh number. With increases in Rayleigh
number, isotherms are concentrates near the top wall and isotherms lines are more bending
which means increasing heat transfer through convection. With increases the Hartmann
number, isotherms are concentrates near the left wall isotherms lines are more bending which
means increasing heat transfer through convection. Fig.11 (a)-(b) Variation of vertical
velocity component along the horizontal central line of the cavity (a) with different Hartman
number at Ra = 106
Pr = 0.71(b) with different Rayleigh number at Ha = 0, Pr =
0.71.Variations of the vertical velocity component along the centre line, Oscillation behavior
is observed in Fig. 11(a)-(b) with increasing of Hartmann number velocity profile decreasing.
Fig.12(a)-(b) Variation of local Nuselt number along the horizontal central line of the cavity
(a) with different Hartman number at Ra = 106 Pr = 0.71 (b) with Rayleigh number at Ha =
0, Pr = 0.71.No significant change for Hartmann number Ha and Rayleigh number Ra. Both
Fig. 9(a) and 9(b), are shown that the temperature gradient increasing, with decreasing of
Hartmann number and Rayleigh number. Now let’s observed the figure 13(a) and 13(b) here
it can be observed that with increasing of Hartmann number temperature decreasing at a certain
value 0.02 then increasing up to the value of 4.5 then again decreasing. In Fig. 10(b) it can be
explained that temperature always increasing when Hartmann number zero (Ha = 0).
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(b)

(c)

(d)

Fig.3 Stream lines for (a) Ha = 0, (b) Ha = 20, (c) Ha = 50, (d) Ha = 100 while Ra = 106 and Pr = 0.71

(a)

(b)

(c)

(d)

Fig.4 Isotherms for (a) Ha = 0, (b) Ha = 20, (c) Ha = 50, (d) Ha = 100 while Ra = 106 and Pr = 0.71

(a)

(b)

(c)

(d)

Fig.5 Stream lines for (a) Ha = 0, (b) Ha = 20, (c) Ha = 50, (d) Ha = 100 while Ra = 105 and Pr = 0.71

(a)

(b)

(c)

(d)

Fig.6 Isotherms for (a) Ha = 0, (b) Ha = 20, (c) Ha = 50, (d) Ha = 100 while Ra = 105 and Pr = 0.71

(a)

(b)

(c)

(d)

Fig.7 Streamlines for (a) Ra = 1000, (b) Ra = 10000, (c) Ra = 100000, (d) Ra = 100 0000while Ha = 0 and Pr = 0.71
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(a)

(b)

(c)

(d)

Fig.8 Isotherm for (a) Ra = 1000, (b) Ra = 10000, (c) Ra = 100000, (d) Ra = 100 0000, while Ha = 20 and Pr = 0.71

(a)

(b)

(c)

(d)

Fig.9 Streamlines for (a) Ra = 1000, (b) Ra = 10000, (c) Ra = 100000, (d) Ra = 100 0000while H =50 and Pr = 0.71

(a)

(b)

(c)

(d)

Fig.10 Isotherms for (a) Ra = 1000, (b) Ra = 10000, (c) Ra = 100000, (d) Ra = 100 0000while H =50 and Pr = 0.71

(a)

(b)

Fig.11 Variation of vertical velocity component along the horizontal central line of the cavity
(a) with different Hartman number at Ra = 106 Pr = 0.71
(b) with different Rayleigh number at Ha = 0, Pr = 0.71.
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(a)

(b)

Fig.12 Variation of local Nuselt number along the horizontal central line of the cavity (a) with different
Hartman number at Ra = 106 Pr = 0.71 (b) with Rayleigh number at Ha = 0, Pr = 0.71.

(a)

(b)

Fig.13 Variation of Temperature along the horizontal central line of the cavity (a) with different Hartman
number at Ra = 106 Pr = 0.71 (b) with Rayleigh number at Ha = 0, Pr = 0.71.

8. CONCLUSIONS
Using a numerical simulation based on the finite element method, the
Magnetohydrodynamic free convection fluid flow and heat transfer in a rectangle cavity with
corner heated wall an electric conductive fluid with Prandtl number of o.71 was studied
numerically. The numerical procedure was validated by comparing the local Nusselt number
for a differentially-heated rectangle enclosure obtained by the code with the existing results in
the literature. Very good agreements were observed between them. Subsequently, a parametric
study was performed and the effects of Rayleigh number and the Hartman number on the fluid
flow and heat transfer were investigated. For all cases considered, couple and single counter
rotating circulation were formed inside the cavity regardless the Rayleigh and the Hartman
number. The obtained result showed that the heat transfer mechanism, temperature distribution
and the flow characteristics inside the cavity depended strongly upon both the strength of the
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magnetic field and the Rayleigh number. Also it was found that using the longitudinal
magnetic field results in a force (Lorentz force) opposite to the flow direction that tends to
decrease the flow velocity, Moreover it was observed that, for low Rayleigh number, by
increase in the Hartman number, free convection is suppressed and heat transfer occurs
through conduction mainly.
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