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In this paper, unsteady double-diffusive magnetoconvection of water in an enclosure with Soret and
Dufour effects around the density maximum has been numerically investigated. The right vertical wall
has constant temperature, ., while left vertical wall is 60y, with 60 > 0.. The concentration in right wall
is maintained lower than left wall (c, > ¢.). The remaining horizontal walls are adiabatic. The governing

equations are solved by control volume method using SIMPLE algorithm with QUICK scheme. Represen-
tative results illustrating the effects of the thermal Rayleigh number, Hartmann number, the direction of
magnetic field, density inversion parameter, buoyancy ratio, Schmidt number, and Soret and Dufour
parameters on the contour maps of the fluid flow, temperature and concentration as well as the profile
of velocity at mid-section of the enclosure are reported. In addition, numerical results for the average
Nusselt and Sherwood numbers are presented for various parametric conditions and discussed.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Natural convection in enclosures of cold water occurs
commonly in our environment and in many technological pro-
cesses. This phenomenon has gained an important research topic
in the past decade. Water is an important flow media which has
well-known physical properties and high thermal conductivity,
hence experimental validations are easy to perform. Hydromag-
netic flows, heat and mass transfer have become more important
in recent years because of many important applications. For exam-
ple, in many metallurgical processes which involve cooling of
continuous strips or filaments, these elements are drawn through
a quiescent fluid. During this process, these strips are sometimes
stretched. The properties of the final product depend to a great
extent on the rate of cooling. This rate of cooling has been proven
to be controlled and, therefore, the quality of the final product by
drawing such strips in an electrically conducting fluid subject to
a magnetic field.

Davis [1] investigated a bench mark numerical solution on
natural convection of air in a square enclosure. Ostrach [2] traced
out the rich diversity of natural convection problems in science
and technology. The numerous studies have focused extensively
on convective flows driven by the density inversion effect (Lin
and Nansteel [3], Nansteel et al. [4], Tong and Koster [5], Tong [6],
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Ho and Tu [7], Hossain and Rees [8], Kandaswamy et al. [9] and
Nithyadevi et al. [10]).

The steady-state flow structure, temperature and heat transfer
in a square enclosure heated and cooled on opposite vertical walls
and containing cold water near its density maximum are investi-
gated numerically by Lin and Nansteel [3]. Nansteel et al. [4]
studied the natural convection of cold water in the vicinity of its
density maximum in a rectangular enclosure in the limit of small
Rayleigh number. They observed that the strength of the counter
rotating flow decreases with decreasing aspect ratio. Hossain and
Rees [8] studied the natural convection of water near its density
maximum in an enclosure with heat generation. In this analysis,
when the heat generation parameter is sufficiently strong, the cir-
culation of the flow is reversed.

Studies on double diffusive convection can be classified broadly
under two types of configurations: in the first type, the fluid is sta-
bly stratified by imposing a vertical concentration gradient while
the temperature gradient is applied horizontally. In the second
one, both the temperature and concentration gradients are
imposed laterally. Several studies have been reported in this field
(Sezai and Mohamad [11], Blums [12], Hajri et al. [13] and
Sivasankaran and Kandaswamy [14]).

Many works have been reported on the flow with heat and mass
transfer in the presence of a magnetic field with various aspects.
Singh and Cowling [15] studied the convection of liquid in a hori-
zontal magnetic field. Rudraiah et al. [16] investigated numerically
the effect of magnetic field on natural convection in a rectangular
enclosure. They found that the effect of the magnetic field de-
creases the rate of heat transfer. Qi et al. [17] have observed both
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Nomenclature

Alphabetics

B uniform magnetic field

Bo magnitude of B

C dimensional concentration (kg m~3)
Cp specific heat at constant pressure (J kg™! K1)
Cs concentration susceptibility

D solutal diffusivity (m?s™')

D¢ Dufour parameter

D constant molecular diffusivity

g acceleration due to gravity (m s—2)
kt thermal diffusion ratio

L length of the cavity (m)

Nu local Nusselt number

Nu average Nusselt number

P pressure (kgm~! s72)

Pr Prandtl number

R dimensional density inversion parameter
Rac solutal Rayleigh number

Rar thermal Rayleigh number

Sc Schmidt number

Sh local Sherwood number

Sh average Sherwood number

Sr Soret parameter

t dimensional time

T dimensionless temperature (K)

uand v velocity components

Uand V dimensionless velocity components (ms™')
xand y dimensional coordinates

Xand Y dimensionless coordinates (m)

w center of the heating location (m)

Greek symbols

o thermal diffusivity (m?s~1)

Br coefficient of thermal expansion (K~2)

Bc coefficient of solutal expansion (m>kg~")
u dynamic viscosity

y kinematic viscosity (m?s~1!)

0 temperature

0 maximum density inversion temperature
Om mean fluid temperature

p density (kg m~3)

T dimensionless time

Subscripts

C cold wall

h hot wall

0 reference state

electrically conducting and non-conducting fluids of a magnetic
field exerts a magnetization force on all materials. Chamkha and
Al-Naser [18] who showed that hydromagnetic double diffusive
convection flow of an enclosure with opposing temperature and
concentration gradients. The unsteady laminar natural convection
flow of an electrically conducting fluid in an enclosure under an
externally imposed magnetic field has been investigated numeri-
cally by Hossain et al. [19].

Two kinds of problem have been mixtures in enclosures. In the
first kind (double-diffusive problems) solutal fluxes are imposed to
the system through boundary conditions applied on the walls of
the system. In the second kind (Soret-induced convection) molec-
ular chaos generated a cross-diffusion which coupled the mass
fraction and temperature gradients in the species and heat fluxes.
As consequence, heat fluxes imposed across initially homogeneous
mixtures induce mass fraction gradients aligned with, or opposed
to, the local temperature gradient. In this study these two effects
are considered simultaneously. Thermodiffusion is a subject of
intensive research due to its wide range of applications in many
engineering and technological areas. These include geophysics,
oil reservoirs, multi-component melts and storage of nuclear
wastes and many other applications. Recent experimental studies
on the thermodiffusion phenomenon proved the existence of mix-
tures (ferrofluids, polymers, sodium chloride in compact clays, etc.)
for which the Soret coefficient is large enough to affect consider-
ably the flow and heat and mass transfer in these mixtures. As
greater demands are made for tighter control of industrial process,
second order effects such as Soret and Dufour diffusion must be
considered.

Only a few studies are reported in the literature concerning heat
and mass transfer in convection with Soret and Dufour parameters
like: Joly et al. [20], Bahloul et al. [21], Postelnicu [22], Plattern
[23], Chamkha and Ben-Nakhi [24] and El-Aziz [25]. This study is
to obtain a fundamental understanding of natural convection heat
and mass transfer characteristics of the effects of the density exter-
mum of water under the Soret and Dufour effects. Particular inter-
est is focused on the heat and mass transfer characteristics due to
the magnetic field.

2. Problem formulation

Consider unsteady double diffusive natural convection in a
square enclosure of length, L, filled with water in the presence of
magnetic field as shown in Fig. 1. Different temperature and con-
centrations are imposed between the left (0y,cn) and right vertical
walls (0.,c.), where the 60}, > 0. and ¢}, > c.. Adiabatic and imperme-
able boundary conditions are imposed on the remaining bound-
aries. The gravity acts in the downward direction. It is also
assumed that the enclosure is permeated by a uniform magnetic
field, B = Bey + B,e, of constant magnitude By = w/(Bf + Bﬁ), where
By and B, are space-independent, e, and e, are unit vectors in
Cartesian coordinate system. V = ue, + ve, is the field velocity. The
orientation of the magnetic field forms an angle ¢ with horizontal
axis, such that tan ¢ = B, /B, The electric current, ], and the electro-
magnetic force, F, are defined by J = 6.(V x B) and F= g,(V x B) x B,
respectively.

y1 Adiabatic
A

ya
0}1 Bx 00
Ch Cc L

\ 4
u
0 x
L

Fig. 1. Physical configuration.
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Fig. 2. (a and b) Average Nusselt number and Sherwood number for different grid
sizes, Pr=11.573,Sc=5, Ha=0, N=0, R=Ds=S, =0 and Rar = 10°.

The governing equations for two-dimensional laminar incom-
pressible buoyancy-induced flows with the Soret and Dufour
effects, Boussinesq approximation and constant fluid properties
in a Cartesian coordinate system are:

ou  ov
ooy =0 (1)
ou ou ou 1 0p 2
§+u&+llw——p—0&+vVU
2
+GE—B°(vsin¢cos¢—usin2¢> (2)
Po

Table 1
Comparison of average Nusselt number for different Rayleigh number in a square
cavity with Pr=0.7, R=N=Sc=D¢=S; =0.

ov ov ov_ 10p 2 P
ot T Uax yayf p08y+vVU pog
o8y, . ,
+p—(usm¢cos¢— vcos* ¢) (3)
0
a0 80 90 5 Dkr—,
E—&-u&—&-va——aV(ﬂ—s—CPVc (4)
ac oc oc ) Dkt _,
a+u&+va— DVc+mv0 (5)

The following hypotheses are taken for this work. The density of
the cold water is assumed to vary with temperature according to
the following parabolic relationship. Most of the authors like
(Nansteel et al. [3], Tong and Koster [5], Tong [6], and Ho and Tu
[71): p = pol1 — pr (0 — 0,)%], where p, is the maximum density at
the temperature 0;=3.98 °C. But this relation is valid in the
temperature range between 0 and 8 °C. This variation, due to both
temperature and concentration gradients, can be described by the
following equation p = po[1 — fr (0 — 01>+ fc (c — ¢o)] (Br=8.0 x
107°("C)K2, Bc=3.0 x 10> m>kg~!) where pr and fc are the
coefficients for thermal and concentration expansions.

The appropriate initial and boundary conditions are:

t=0: u=v=0, =6, c=c, 0<x<L, 0<y<I,

t>0: u=v=0, %:g—;:o, 0<x<L, y=0andL,
u=v=0, 6=0p, c=cp, x=0, 0<y<l,
u=v=0, 0=90, C=Cc, X=L, 0<y<L.

Dimensionless variables are defined as follows:

_t _xy) C(wo) o, pl?
rsz/w X,Y) = L U,v) = WL provz,
00 o .

T70h_06, Cich—cc’ with 0, > 0., ¢ > ce.

The non-dimensional form of the Egs. (1)-(5) is obtained as:

ou oV

Ray Davis [1] Hadjisophocleous et al. [27] Present X + Y 0, (6)
10° 1.118 1.141 1.123 ou ou ou oP )
10* 2238 2290 2304 Ukt Vy="ax TVU
10° 4.509 4964 4,899 . -
106 8.810 10.390 10.477 + Ha"[Vsin ¢ cos ¢ — Usin® ¢] ()
Table 2
Comparison of average Nusselt number for different density inversion parameters with Pr=11.67, N=Sc=D¢=S,=0.
Rar R=0.5 R=1.0

Tong [5] Lin and Nansteel [3] Present Tong [5] Lin and Nansteel [3] Present
10° 1.0007 1.0009 1.1167 1.1186 1.119 1.176
10* 1.0655 1.076 1.0750 2.2739 2.278 2.289
10° 2.0298 2.080 2.0409 4.7143 4.709 4.800
10° 4.0272 4.090 41174 9.2742 9.195 9.123
Table 3
Comparison of average Nusselt number for different Hartmann numbers and magnetic force with Pr=1, R=N=Sc=D¢=S,=0.
Gr Ha=0 Ha =100

Ece and Buyuk [28] Present ¢=0° ¢ =90°
Ece and Buyuk [28] Present Ece and Buyuk [28] Present

10° 3.745834 3.722434 3.681442 3.680664 3.678740 3.650668
10* 4.771623 4.752022 3.683067 3.681597 3.681277 3.653205
10° 6.677280 6.647159 3.824211 3.815782 3.885215 3.865714
10° - 10.100202 6.766862 6.749894 - 7.025964
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Fig. 3. (a-h) Transient state of streamlines, isotherms and iso-concentration for R=0.2, N=0.5, Ha = 10, ¢ = 30°, D;=S, = 0.5 and Rar = 10°.
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oV oV oV 0P _, Rar 2
Sr UG Vg =gy T VoV +pp (TR = NC|

+ Ha?[Ussin ¢ cos ¢ — V cos? ¢ (8)
or oT oT 1, )
aC aC oC 1, 2
SeHUsg+ Vg = VIC+S VT (10)

The initial and boundary conditions that solve the stated problem
are:

0: U=V=0, T=C=0, 0<X<1, 0<Y<I,
1>0: U=V=0, Z=2%_0, 0<X<1, Y=0&I,
U=V=0, T=1, C=1, X=0, 0<Y<I,
U=V=0, T=0, C=0, X=1, 0<Y<I.

The non-dimensional parameters that appear in the equations are:

2713 273 .
Ha? = %% Hartmann number, Ray = &1L thermal Rayleigh num-

ber, Ra. = w solutal Rayleigh number, Pr = 2 = 11.573 Prandtl

o
Dkr(ch—cc) __ Dkp(0y—0c)
T Dufour parameter, S, = e

0o Lo )
7 density inversion parameter,

number, D = Soret param-

eter, Sc = % Schmidt number, R =
and N = ﬁ% Buoyancy ratio number. The local Nusselt number and
Sherwood number is defined by Nu = — 9%, _,Sh = - %1, , result-
ing in the average Nusselt number and Sherwood number as
Nu = [ NudYand Sh = |, Shdy.

3. Numerical scheme

The non-dimensional equations subject to the boundary condi-
tions and for the treatment of the pressure-velocity coupling are
integrated over a control volume method, solved by the SIMPLE
algorithm of Patankar [26]. The discretizations followed the QUICK
scheme. The solution domain consist a number of grid points at
which discretization equations are applied. Uniform staggered grid
system is employed in the present study. The numerical simulation
are carried out for highly accurate solution in the average Nusselt
and Sherwood numbers for various grid sizes (21 x 21-101 x 101)
are presented to develop an understanding of the grid fineness as
seen in Fig. 2. There is considerable change in the average Nusselt
and Sherwood numbers from 21 x 21 to 61 x 61 and no noticeable
change is observed from 61 x 61 to 101 x 101. Hence considering
the uniform grid system of 81 x 81 is chosen for the calculation of
all cases. The mass balance for global convergence is taken as 1077,
Under relaxation technique is employed for the pressure correc-
tion. The resulting set of discretized equations for each variable
is solved by a line-by-line procedure, combining the tri-diagonal
matrix algorithm (TDMA). The accuracy of the aforementioned
numerical method is validated by direct comparisons with the
numerical results reported earlier by Davis [1], Hadjisophocleous
et al. [27], Tong [6], and Lin and Nansteel [3] in the absence of mag-
netic field and Ece and Buyuk [28] in the presence of magnetic
field. Tables 1-3 present the results of these various comparisons.
It can be seen from these tables that excellent agreement between
the results exists. These favorable comparisons lend confidence in
the numerical results to be reported in the next section.

~

Fig. 4. (a-e) Steady state of streamlines, isotherms and iso-concentration for different R, Ha =10, N=0.5, ¢ = 30°, D¢=S,=0.5 and Rar =106,
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4. Results and discussion

Numerical study is performed to understand the unsteady
double diffusive convection of cold water near its density maxi-
mum in an enclosure with Soret and Dufour parameters in the
presence of a magnetic field. Computations are carried out for
the Prandtl number, Pr (=11.573), the thermal Rayleigh number,
Rar (=10%-10°), the Hartmann number, Ha (=0-100), the buoy-
ancy ratio number, N (=0.2-0.8), the density inversion parameter,
R (=0.1-0.3), the Schmidt number, Sc (=5), Soret and Dufour
parameters, S; and Dy (=0-1). Typical value of direction of the
external magnetic field with the horizontal considered to be ¢
(=0°, 30°, 60° and 90°). The results are presented as streamlines,
isotherms and isoconcentrations. The rate of heat and mass trans-
fer in the enclosure is measured in terms of the average Nusselt
and Sherwood numbers.

Fig. 3(a-h) illustrate the transient-state streamlines, isotherms
and isoconcentrations for R=0.2, N=0.5, Ha=10, ¢=30°
Df=S.=0.5 and Rar = 10°. At the very beginning of the process, a
small amount of fluid near the heating wall is activated so as to
produce a small buoyancy-induced anticlockwise rotating cell.
The corresponding isotherms and isoconcentrations are parallel

to the vertical wall near the hot location and the transfer of heat
is through conduction. As time progresses a secondary clockwise
rotating convective cell exists due to the density inversion of water
near the left bottom corner. Further as time evolves, the secondary
cell grows in its size to occupy nearly one-third of the enclosure
slightly suppressing the cold convective cell, evidencing the den-
sity maximum behavior of water. The isotherms and isoconcentra-
tions gradually spread over the whole enclosure.

Fig. 4(a-e) indicate the flow, energy and mass patterns for dif-
ferent density inversion parameter at Hartmann number 10,
N=0.5, D¢=S, =0.5, Rar = 10° and for the nearly diagonal magnetic
field ¢ = 30°. When R =0 there is no density inversion inside the
enclosure which results a single cellular flow pattern with hot fluid
raises along the hot wall and cool fluid downs along the cold wall
(not included in this figure). When increasing R, there exists a den-
sity inversion inside the enclosure. A dual cell pattern appears in-
side the enclosure in all cases due to the inversion of density of
water. For low-density inversion parameter, a cold cell rotating
in the counter clockwise direction rising along the cold wall and
dropping along the hot cell and the hot cell rotates clockwise direc-
tion which appears within the enclosure. A pair of counter rotating
cells of almost equal strength appears with maximum density

100

Fig. 5. (a-d) Steady state of streamlines, isotherms and iso-concentration for different Hartmann numbers, R =0.2, N=0.5, ¢ = 30°, D;=S, = 0.5 and Rar = 10°.
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plane at the center of the enclosure due to the anomalous density
expansion of water at that temperature. At this stage the convec-
tion mode of heat transfer is suppressed completely and conduc-
tion mode is dominant of heat transfer. As the density inversion
parameter increase the strength of the primary cell is reduced
and pushed to the left bottom corner of the enclosure and the sec-
ondary cell once again gains its strength and occupies the three-
fourth of the enclosure indicating the establishment of convective
mode of heat transfer and introduces thermal boundary layer at
the left top and right bottom of the enclosure. The maximum den-
sity plane moves from cold wall side to hot wall side in the iso-
therms and isoconcentrations when increasing the density
inversion parameter.

In Fig. 5(a-d) the steady-state streamlines, isotherms and iso-
concentrations are depicted for the effect of Hartmann numbers
while the magnetic field applied in the direction diagonal with
R=0.2, N=0.5, D;=5,=0.5 and Rar=10°. In this figure, we see
the presence of two-cell pattern. The intensities in both the pri-
mary and secondary flow decrease owing to the increase in the

R =0.2,N =0.5, D;=0.5, Sr = 0.5,¢ = 30°

b 23

2.1
1.9
1.7
Sh g
13
1.1

0.9

0.7— ‘ ‘ ‘
Ra,

Fig. 6. (a and b) Average Nusselt number and Sherwood number vs thermal
Rayleigh number for different Hartmann number, R=0.2, N=0.5, ¢ =30° and
D¢=S,=0.5.

magnetic field. The corresponding effect of the increase in
Hartmann number on the isotherms and iosconcentrations are that
they are more vertical and straighten out since the magnetic field
resists the flow and the convection is totally suppressed inside the
enclosure. For sufficiently large Hartmann number in density max-
imum region the convection is completely suppressed. In such sit-
uation the heat and mass transfer is dominated by conduction.
When increasing the Hartmann number the heat and mass transfer
rate is decreased for all directions of external magnetic field. This
effect can also be seen in Fig. 6(a and b).

Fig. 6(a and b) show the average Nusselt and Sherwood
numbers for different thermal Rayleigh number with different
Hartmann number. Increasing Hartmann number decreased the
heat and mass transfer rate. In such situation the heat transfer is
dominated by conduction. When the thermal Rayleigh number in-
creases the average Nusselt number also increases, but the heat
transfer rate is high in Ha = 0. The mass transfer rate is decreased
for high Hartmann number when increasing the thermal Rayleigh
number.

.
& | Ha=10,N =05, Ra, = 105, ¢ = 30°

Hli-p=0g=0 | ™,
2-D;=05,5,=05| . 4.+

3_[}:03:1 “. .....................
3 4-D;=1S=0

0.080.100.120.140.16 0.18 0.20 0.22 0.24 0.26 0.28 0.30 0.32

R

5

b *lha=10,n=05, Ra; = 10% ¢ =30°(1- B=0.5=0
K 2-D;=05,5,=0.5
.. 3 'Df: O Sl’:l

4 A 4 .Df: 1’Sr: 0
Sh 5

2

1
0.080.100.120.140.16 0.18 0.200.22 0.24 0.26 0.28 0.30 0.32
R

Fig. 7. (a and b) Average Nusselt number and Sherwood number vs R for different
Dufour and Soret parameters, Ha =10, N = 0.5, ¢ = 30° and Rar = 10°.
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Fig. 7(a and b) illustrate that the average heat and mass transfer
vs density inversion R with different Soret and Dufour parameters.
The fall in the heat and mass transfer rate is due to the effect of
density maximum. The same effect of density maximum on heat
and mass transfer for various values of R is observed in the case
of different values of Soret and Dufour parameter. But in Fig. 7(b)
the mass transfer rate behaviors differently in the presence of Soret
parameter. D¢=1, S, =0 and D¢= 0, S, = 0 gives better mass transfer
rate and low heat transfer rate but the opposite of it holds for
Df=0.5, S;=0.5 and D¢=0, S;=1. The average Nusselt number
and Sherwood number for different Ha with different values of
direction of external magnetic field ¢ are displayed in Fig. 8(a
and b). It is seen from Fig. 8(a) that the heat transfer rate is mini-
mum when ¢ = 0°, that is horizontal magnetic field. Heat transfer is
enhanced when the angle of external magnetic field ¢ = 90°. But in
Fig. 8(b) that the mass transfer rate is clear that the opposite of the
above holds.

The average Nusselt number and Sherwood number for different
buoyancy ratio with different density inversion parameter, Ha = 10,
¢ =30° Df=S,=0.5 and Rar = 10° are displayed in Fig. 9(a and b).

a R=0.2, N=0.5,D; =S, = 0.5, Ray = 106

$=90,60,30,0

0.6 k \

0.4 ' ' ' : ' ' : ‘ ‘
0O 10 20 30 40 50 60 70 80 90 100

Ha

Fig. 8. (a and b) Average Nusselt number and Sherwood number vs Hartmann
numbers for different magnitude angle, R=0.2, N=0.5, D;=S,=0.5 and Rar = 10°.

It is also found that the average Nusselt number and Sherwood
number gets minimum in the density maximum region. For such
a situation, the dual cell structure inhibits the direct convective
transfer of energy from the hot to the cold cell. This phenomenon
results essentially from the inversion of the fluid density at 4 °C
and is one of its most significant effects on the mechanism of heat
transfer by convection of water within an enclosure. So heat trans-
fer rate is reduced in such a situation for all values of density inver-
sion parameter. The heat and mass transfer rate are high for the low
N and R. Further increasing N and R the heat and mass transfer also
increase.

Fig. 10(a and b) show the behavior of the average Nusselt and
Sherwood numbers, for different Hartmann number with differ-
ent R. In all cases, the heat and mass transfer rate goes down
as the Hartmann number increases. The average Nusselt number
is very low in the value of R =0.3 in compare to all other values,
but in average Sherwood number is clearly observed opposite
reaction holds. In Fig. 6-10(a and b) observe that the unity of
the vertical scale in the average Nusselt number is two times
more than average Sherwood number. The suppression of the

8
a e
Ha =10, 9= 30°, D; = S, = 0.5, Ra; = 106 03,
7
/// e
7 R
7 ./ g 0?'6 0
6l
Nu
5
al
3

02 0.3 04 0.5 06 0.7 08
N

Fig. 9. (a and b) Average Nusselt number and Sherwood number vs N for different R,
Ha=10, ¢ =30° D;=S,=0.5 and Rar = 10°.
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N =0.5, ¢ = 30°, D; = S, = 0.5, Ray = 108

éood

R=0.1, 0.15, 0.2, 0.25, 0.3

0 10 20 30 40 50 60 70 80 90 100

Ha

N =0.5, ¢ = 30°, D; = S, = 0.5, Ra; = 109

L L L L L

0O 10 20 30 40 50 60 70 80 90 100

Ha

Fig. 10. (a and b) Average Nusselt number and Sherwood number vs Hartmann
numbers for different R, N = 0.5, ¢ = 30°, D¢=S,=0.5 and Rar = 10°.

velocity field by the magnetic field is also demonstrated in
Fig. 11(a and b) by drawing the steady state vertical and horizon-
tal velocities for various values of Ha. From these figures, we ob-
serve that the velocity field is considerably decreased with the
application of the magnetic field. It is clear that with the increase
in Ha. The profiles are flattened for higher values of the Hartmann
number. The velocity in the core region is almost suppressed and
the peak velocities are observed near the end walls. The local
Nusselt and Sherwood number for different Hartmann numbers,
R=0.2, N=0.5, ¢ =30° Df=S,=0.5 and Rar=10° are depicted in
Fig. 12(a and b).

5. Conclusions

Numerical computations are performed to study magnetocon-
vection in enclosures containing water near its maximum density
in the presence of Soret and Dufour parameters. It is observed that
the density inversion leaves strong effects on fluid flow, heat and
mass transfer due to the formation of bi-cellular structure. The for-
mation of dual cell structure and strength of each cell is always
depends on the density inversion parameter, thermal Rayleigh
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Fig. 11. (a and b) Mid-height vertical and horizontal velocities at the middle of the
enclosure for different Hartmann numbers.

number and Hartmann number. The heat and mass transfer rate
behaves non-linearly with density inversion parameter and buoy-
ancy ratio. The heat and mass transfer rate decreases with an in-
crease of Hartmann number. The heat and mass transfer rates
are found to increase with increasing thermal Rayleigh number.
The mass transfer rate is decreased for high Hartmann number
when increasing the thermal Rayleigh number. The heat transfer
rate is minimum when ¢ = 0° and maximum when ¢ =90° with
increasing Hartmann number, but in the mass transfer rate
behaves opposite. D¢=1, S, =0 and D¢=0, S; =0 gives better mass
transfer rate and low heat transfer rate but the opposite of it holds
for D¢=0.5, S;=0.5 and Df=0, S;=1. The heat transfer rate in-
creases and mass transfer rate decreases when the density inver-
sion parameter increases in the presence of Soret and the
absence of Dufour parameters.
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