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Abstract. This paper is concerned with the combined effedtdaftmann and Rayleigh
numbers on the free convective flow in a squardtganith different positions of heated
elliptic obstacle. The two-dimensional Physical amathematical model have been
developed, and mathematical model includes theesysif governing mass, momentum
and energy equations are solved by the finite etmethod. The calculations have been
computed for Prandtl number Pr = 0.71, and theidifit values of Hartmann number and
Rayleigh number. The results are illustrated wlia streamlines, isotherms, velocity and
temperature fields as well as local Nusselt nunfdredifferent configurations.
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1. Introduction

One of the most important phenomena in thermakgyss free convection; this is due to
its wide applications in nature and engineeringhsag oceanic currents, sea-wind, fluid
flows around shrouded heat dissipation fins, frigecaoling without the aid of fans,
electronics cooling, heat exchangers and so on. MidfDral convection flow and heat
transfer in a laterally heated partitioned encledarinvestigated by Kahveci and Oztuna
[1]. Taghikhani and Chavoshi [2] investigated twomensional magnetohydrodynamics
(MHD) free convection with internal heating irsquare cavity and observed the effect
of the magnetic field which is to reduce the cartive heat transfer inside the cavity.
Parvin and Nasrin [3] analyzed the flow and heatsfer characteristics for MHD free
convection in an enclosure with a heated ambstand found that, buoyancy-induced
vortex in the streamlines increase as well as hieental layer near the heated surface
becomes thick with increasing Rayleigh numbtrssain and Alim [4] numerically
investigated the two-dimensional laminar steadiestan MHD free convection with
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trapezoidal cavity with uniformly heated bottom w&athiyamoorty et al. [5] studied the
steady natural convection flow in a square caviith Wnearly heated side walls. Nawaf
[6] investigated the natural convection in a squaus cavity with an oscillating wall
temperature. The results are presented to demtmdtra temporal variation of the
streamlines, the isotherms and the Nusselt nuriilherpeak value of the average Nusselt
number is observed to occur at the resonance nendional frequency of 450 in the
range considered (1-2000) for Rayleigh number H¥kan et al. [7] analyzed the
laminar MHD mixed convection flow in a top sided-lidriven cavity heated by corner
heater and considered the temperature of the lmlhier than that of heater. Also Hakan
et al. [8] studied the effects of volumetric heatirges on Natural convection in wavy-
walled enclosures are studied numerically. Bakhsnaosh Ashoori [9] investigated the
analysis of a fluid behavior in a rectangular esgte under the effect of magnetic field.
They observed that Nusselt number rises withreasing Grashof and Pranditl
numbers and decreasing Hartmann and orientatiomaghetic field.

Therefore, in the light of above literatures, the af the present work is to
investigate the combined effect of Hartmann andléigly numbers on free convective
flow in a square cavity with different positionstofated elliptic obstacle.

2. Mode and mathematical formulation
Figure 1 shows a schematic diagram and the codedinaf a two-dimensional square
cavity, where the right wall is maintained at afamh temperaturd, and other walls

maintained cooled temperatuig. A heated

elliptic obstacle is considered in a square cayity Te
with different positions. The fluid is permeated y —
by a uniform magnetic fiel&, which is applied L
normal to the direction of the flow and the x gl — B,
gravitational force d) acts in the vertically
downward direction. The fluid properties,
-

including the electrical conductivity, are
considered to be constant, except for O T,
density, so that the Boussinesq approximation

is used. Neglecting the radiation mode of i L .
heat transfer and Joule heating, the goverr...._ _ _
equations for mass, momentum and energy of Figure: ;Z?J;g‘é‘;g‘;”g?eljr;at'on and
steady tow-dimensional natural convection y

flow in a square cavity are as follows:
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The governing equations are nondimensionalized gusthe following
dimensionless variables:

(4)
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Introducing the above dimensionless variables, fiiowing dimensionless
forms of the governing equations are obtained kbmae:

a_U+a_V:O_ (5)
oxX oY
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Here Pr is the Prandtl numbeRa is the Rayleigh number and Ha is the
Hartmann number, which are defined as:

2|2 (T -T.)P
pr= gt = OB g OPE(TL TP
a U vV
The corresponding boundary conditions then takdédtawving form:

U =V =0, =1 at right wall of the cavity and hedtelliptic obstacl
U =V =0¢ = 0(at other walls
P =0(fluid pressure, at the inside and oa thall of the enclosuj

To computation of the rate of heat transfer, aalldusselt number along the
lineY = 0.5 is used as follows:

06
NUgy =~

Y=0.5

3. Numerical procedure

The Galerkin weighted residual method of finitenedamt formulation is used to solve the
dimensionless governing equations with the boundangitions. This technique is well
described by Taylor et al. [10] and Dechaumphai].[14 this method, the solution
domain is discretized into finite element meshed #men the nonlinear governing
equations are transferred into a system of integgalations by applying the Galerkin
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weighted residual method. Gauss quadrature methadead to perform the integration
involved in each term of these equations. The neali algebraic equations which are
obtained are modified by imposition of boundary ditons and Newton’'s method is
used to transform these modified equations intediralgebraic equations, and then these
linear equations are solved by applying the tridaagiactorization method.

4. Code validation

In order to verify the accuracy of the numericaulés which are obtained throughout the
present study are compared with the previouslyiglied results. The present results of
streamlines and isotherms are compared with thaaof et al. [12] while Pr = 0.71, and
obtained good agreement which is shown in Fig. 2.

Present work nie al.[12]

Figure 2 (a): Comparison of the obtained results for streamhmiés those from the open literature
Jani et al. [12] whiléda=0 andHa=100 with fixedRa=10"

Present work niJet al.[12]

Figure 2(b): Comparison of the obtained results for isotherrthk those from the open literature
Jani et al. [12] whilé&da=0, Ha=50 andHa=100 with fixedRa=10°

4. Results and discussion

In this paper, the numerical results has been pmadd to investigate the effects of
various cavity configurations on the flow field Whthe values oRa ( = 1¢, 10 and 16

) and Pr ( = 0.71). The influence of the HartmanmberHa (Ha = 0, 20, 50 and 100)
with Ra = 10° on streamlines and isotherms are presented in Fignd Fig. 4
respectively, for bottom left configuration (BLCfrom Fig. 3(a), it is seen that, in
absence of Hartmann number, one cell is formediéntiie cavity. With increasing of
Hartmann number, the flow strength of the flowdidlecreases and the streamlines close

44



Combined Effect of Hartmann and Rayleigh Number&m@e Convective Flow
in a Square Cavity with Different Positions of HedhElliptic Obstacle

to the heated elliptic obstacle, which are obseimegigs. 3(b) - 3(d). The behaviors of
the isotherms are illustrated in Figs. 4(a) — 4{dje thermal boundary layer is found to
increase but reduces the bend of the thermal boundger with the increase of
Hartmann number. Moreover, the temperature of lthe field increases due to increase
of Hartmann numbefa. The impacts of the Hartmann numlbéa (Ha = 0, 20, 50 and
100) with Ra = 10, on streamlines and isotherms are presented inFand Fig. 6

Figure 3: Streamlines for (a)la=0; (b)Ha=20; (c)Ha=50; (d)Ha=100 whileRa=10" for BLC

respectively, for bottom left configuration (BLGJrom Fig. 5(a), it is observed that, in
absence of Hartmann number, two cells are formsidiénthe cavity, one cell is formed
upper side in the cavity and other cell is formedmthe bottom wall of the cavity. With
increasing of Hartmann number, the streamlinesectoshe walls of the cavity and the
fluid velocity decreases, which are observed irs Fi(b) - 5(d).As observations of the
isotherms in Figs. 6(a) — 6(d), the thermal boupdiayer increases and becomes like as
linear with the increase of Hartmann number. Moegpthe temperature of the flow field
increases due to increase of Hartmann nuniteer The behavior of streamlines and
isotherms are presented in Fig. 7 and Fig. 8 rdispdg for bottom left configuration
(BLC) for the Hartmann numbeta (Ha = 0, 20, 50 and 100) witRa = 106. From Fig.
7(a), it is seen that, in absence of Hartmann nundre cell is formed upper side in the
cavity. With increasing of Hartmann number, thedehthe streamlines near the bottom
wall increases, as a results the fluid velocityrdases, which are observed in Figs. 7(b) -
7(d). As seen the isotherms in Figs. 8(a) — 8w thermal boundary layer increases but
reduces the bend of the thermal boundary layer th@hincrease of Hartmann number.
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Moreover, the temperature of the flow field incesasdue to increase of Hartmann
number Ha. The influence of the Hartmann numidar(Ha = 0, 20, 50 and 100) on
streamlines and isotherms are presented in Figd9ay. 10 respectively, for top right
configuration (TRC) whileRa = 1¢". From Fig. 9(a), it is seen that, in absence of
Hartmann number, one cell is formed inside thetgayis increase of magnetic field, the
Hartmann number increases, as a results the fl@mgth decreases and the streamlines
close to the heated elliptic obstacle, which arseoled in Figs. 9(b) - 9(d). As
observations of the isotherms in Figs. 10(a) — 1@ thermal boundary layer thickness
increases with the increase of Hartmann numberebia@r, the temperature of the flow

Figure4: Isotherms for (aHa=0; (b)Ha=20; (c)Ha=50; (d)Ha=100 whileRa=10" for BLC

field increases due to increase of Hartmann nuritzerVariation of streamlines and
isotherms inside the cavity with Hartmann numblker (Ha = 0, 20, 50 and 100) are
presented in Fig. 11 and Fig. 12 respectivelytdprright configuration (TRC) whil&a

= 10°. From Fig. 11(a), it is seen that, in absence artidann number, one cell is formed
inside the cavity. With increasing of Hartmann nemhhe flow strength decreases and
the streamlines close to the heated elliptic olestachich are observed in Figs. 11(b) -
11(d). As seen the isotherms in Figs. 12(a) — 12(&) thermal boundary layer is thicker
and lesser bend of the isotherm lines is foundrforeasing of Hartmann number. Also
the isotherm lines concentrate near the above ¢agetl elliptic obstacle and near the
right wall without effect of magnetic field whileeduces the concentration of the
isotherms with the increase of Hartmann number.iffieence of the Hartmann number
Ha (Ha = 0, 20, 50 and 100) on streamlines and isothemagresented in Fig. 13 and
Fig. 14 respectively, for top right configuratioRRC) whileRa = 1. From Fig. 13(a), it
is seen that, in absence of Hartmann number, dhédermed inside the cavity. With
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increasing of Hartmann number, reduces the berileofteam lines, as results the flow
strength decreases that are observed in Figs. 12@g}).

Figure5: Streamlines for (ajla=0; (b)Ha=20; (c)Ha=50; (d)Ha=100 whileRa=10" for BLC

Figure6: Isotherms for (aHa=0; (b)Ha=20; (c)Ha=50; (d)Ha=100 whileRa=10" for BLC
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Figure7: Streamlines for (ajla=0; (b)Ha=20; (c)Ha=50; (d)Ha=100 whileRa=1C’ for BLC

Figure8: Isotherms for (aHa=0; (b)Ha=20; (c)Ha=50; (d)Ha=100 whileRa=1C’ for BLC
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Figure9: Streamlines for (ajla=0; (b)Ha=20; (c)Ha=50; (d)Ha=100 whileRa=10" for TRC

Figure 10: Isotherms for (aHa=0; (b)Ha=20; (c)Ha=50; (d)Ha=100 whileRa=10" for TRC
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Figure 11: Streamlines for (ala=0; (b)Ha=20; (c)Ha=50; (d)Ha=100 whileRa=10 for TRC

Figure 12: Isotherms for (aHa=0; (b)Ha=20; (c)Ha=50; (d)Ha=100 whileRa=1C" for TRC
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Figure 13: Streamlines for (a)la=0; (b)Ha=20; (c)Ha=50; (d)Ha=100 whileRa=1Cf for TRC

Figure 14: Isotherms for (aHa=0; (b)Ha=20; (c)Ha=50; (d)Ha=100 whileRa=1C for TRC
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Figure 15: Velocity profiles for (aRa=10% (b) Ra=1C; (c) Ra=10’ along the liner = 0.5 for
BLC

Figure 16: Velocity profiles for (aRa=10% (b) Ra=10"; (c) Ra=10’ along the line’ = 0.5 for
TRC
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Figure 17: Temperature profiles for (&a=10" (b) Ra=1C; (c) Ra=10’ along the liner = 0.5 for
BLC

Figure 18: Temperature profiles for (8a=10" (b) Ra=1C; (c) Ra=1C’ along the liner = 0.5 for
TRC
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Figure 19: Local Nusselt number for (8a=10"% (b) Ra=1C"; (c) Ra=1(f along the line¥ = 0.5 for
BLC

Figure 20: Local Nusselt number for (8a=10% (b) Ra=10"; (c) Ra=1C along the liner = 0.5 for
TRC
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As seen the isotherms in Figs. 14(a) — 14(d), heembal boundary layer increases
but reduces the bend of the thermal boundary haytérthe increase of Hartmann
number. Figure 15 presents the effects of HartrmarmberHa on the flow field
as velocity profiles for bottom left configuratioatong the liney = 0.5. As seen
from the Fig. 15(a) folRa = 10, the velocity decreases with the increase of
Hartmann number above the middle of the cavity,tbatvelocity increases with
the increase of Hartmann number below the middlghef cavity. This Fig.
indicates that the velocity field becomes maximurd eninimum points wittHa

= 0, which are observed due to clockwise and codloiekwise flow directions.
Similar results shows for TRC configurations, asesked in Figs. 16(a)-16(c).
The temperature fields versus the coordinat¥ directions are plotted in Fig. 17
for different Hartmann number with Ra. As seen fritra Fig. 17 forRa = 10,
absence of Hartmann number, the maximum and mininbemmperature are
obtained. In presence of increasing Ra, the terperafield changes
significantly. For TRC, the temperature field chasgsignificantly with the
increase of Hartmann number, which are observddgs. 18(a)-18(c). The local
Nusselt numbers for variation of Hartmann numbeh\a are presented in Figs.
19(a)-19(c). From these Figs., it is seen thatldloal Nusselt number decreases
with the increase of Hartmann number. But, the llddasselt number changes
significantly, as observed in Figs. 20(a)-20(c).

5. Conclusion

Heat transfer by free convection of heated ellipilistacle in a square cavity with
uniform magnetic fieldB,, which is applied normal to the direction of tHewf, was
studied numerically. The conservation of mass, nmiore and energy equations were
solved using the Galerkin weighted residual methbdinite element formulation. As
indicated above that the governing parameters teré’randtl number Pr, the Rayleigh
numberRa and the Hartmann numbefa. The effects of Hartmann numblda due to
heated elliptic obstacle, Prandtl number Pr andldigly numberRa on the flow and
temperature field have been studied in detail. Fribia present investigation the
following conclusions may be drawn: if the Hartmrammber increases, the local Nusselt
number decreases for BLC, but changes randomIyRe.
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