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ABSTRACT

Two-dimensional natural convective flow in a tiltetliptical annulus porous material saturated iitid is analyzed
by solving numerically the mass, momentum and gnéaance equations, using Darcy’s law and the Bioesq
approximation. Isothermal boundary conditions aomsidered, where the walls delimiting the annulpace are
maintained at two uniform different temperaturefie Texternal parameters considered are the tilteangd the
modified Rayleigh-Darcy number. Two main convectivedes are found: double and multiple cell coneectand
their features described in detail. Local and ayerdusselt numbers are presented in terms of eitpamameters.
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INTRODUCTION

During recent years a considerable research dffstbeen devoted to the study of heat transfercawlbby natural
convection in a porous medium saturated by a fluiterest in these phenomena of natural convedti@ue to many
potential applications in engineering. These apgilims include the extraction of geothermal enetiyg,dispersion of
pollutants in aquifers, security issues in the hehinuclear reactors, thermal insulation of builgs...etc.

[The effect of the porous sleeve on the buoyancyded flow motion under steady-state condition waamined.
[Kumari and Nath (2008)] studied the unsteady retoonvection flow from a horizontal cylindricalmuus filled with
a non-Darcy porous medium .The unsteadiness inptioblem arises due to the impulsive change in tldl w
temperature of the outer cylinder. The Navier—Sto&guations along with the energy equation govgrttie unsteady
natural convection flow have been solved by thé@dimolume method. The results show that the armabmpletely
filled with a porous medium has the best insulagfigctiveness. The effect of Darcy number on thathransfer is
more pronounced than that of the Grashof numbdraf@r-Mojtabi (1997)] carried aumerical investigation of two-
dimensional and three-dimensional free convectiowd in a saturated porous horizontal annulus ldefaten the inner
surface, using a Fourier-Galerkin approximation ttee periodic azimuthal and axial directions ando#location-
Chebyshev approximation in the confined radial dios. The numerical algorithm integrates the DaBoyssinesq's
equations formulated in terms of pressure and temtpes. This method gives an accurate descriptiothe 2-D
multicellular structures for a large range of Rayteenumber and radii ratio. Bifurcation points betsm 2-D unicellular
flows and either 2-D multicellular or 3-D flows asdso determined numerically. [Sanlketr al (2011)] investigated
natural convection flows in a vertical annulusefill with a fluid-saturated porous medium, when tieger wall is
subject to discrete heating. The outer wall is r@@med isothermally at a lower temperature, while top and bottom
walls, and the unheated portions of the inner aedl kept adiabatic. Through the Brinkman-extendadcp equation,
the relative importance of discrete heating on na@tconvection in the porous annulus is examinedimplicit finite
difference method has been used to solve the gonepaguations of the flow system. The analysisaisied out for a
wide range of modified Rayleigh and Darcy numbensdifferent heat source lengths and locations. fitmmerical
results reveal that an increase in the radius ,ratiodified Rayleigh number and Darcy number inceeathe heat
transfer, while the heat transfer decreases witmerease in the length of the heater. [Ching-Y&nd2007)] used a
thermal non-equilibrium model to study the freeaetion boundary layer flow driven by temperaturadients near a
permeable horizontal cylinder of elliptic crossis@t with constant wall temperature in a fluid-sated porous
medium. A coordinate transformation is used to iobtae nonsimilar boundary layer equations. Thedfarmed
boundary layer equations are then solved by th&@gline collocation method. Results for the lodakselt numbers
are presented as functions of the porosity scdledrtal conductivity ratio, the heat transfer caidfnt between solid
and fluid phases, the transpiration parameter, thedaspect ratio when the major axis of the etlggticylinder is
vertical (slender orientation) and horizontal (klonientation). An increase in the porosity scaleermal conductivity
ratio or the heat transfer coefficient betweengbkd and fluid phases increases the heat tranafes. Moreover, the
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use of suction (positive transpiration parametemls to increase the heat transfer rates betwegrotious medium and
the surface.

RESULTS AND DISCUSSION

For the validation of the computational problem, e@mpared our results with those of literature: Tiunerical
simulation of two- and three-dimensional free camiom flows in a horizontal porous annulus usingrassure and
temperature formulation of [Charrier-Mojtabi (19P@nd the natural convection heat transfer in loorial eccentric
elliptic annuli containing saturated porous medifiMota et al. (2000)].

The grid dependence has been investigated usifegetit mesh sizes before settling to a mesh sif@lof81).

Our objective is to analyze the effect of tilt omah transfer and flow. For this reason, we presktite isotherms and
streamlines in different inclinations for differemodified Rayleigh-Darcy numbers for a space armudelimited by
two elliptic cylinders whose respective eccentigsitare ¢=0.9 and ¢=0.75.

Influence of the modified Rayleigh-Darcy number

The figures (3-7) represent the isotherms and siiieas for different values of modified Rayleigh+#iog number

Ra,, whena=0°.

We note that these isotherms and these streanasiieesymmetrical about the median fictitious veftmane.

The isotherms of figure (3) corresponding tq,RdA.00 are parallel and concentric closed curveshvbbincide well
with the wall profiles, in this case the temperatdistribution is simply decreasing from the hotl\a the cold wall.

The streamlines of the same figure show that the i organized in two main cells that rotate velgwly in opposite
directions. This is due to upward movement of théfparticles which heat up along the hot wall enthe effect of
buoyancy and the downward movement of the fluidigas which cool along the cold wall under thewya The

values of the Stream function are very low. In ttése heat transfer takes mainly by conductiomatheated wall,
although the velocity fields are nonzero.
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Fig. 3. Isotherms and Streamlines for,,R400 andx=0°.

Figures (4) and (5) corresponding to,R&35 and Rg=137 show that the isotherms are modified. The &atpre
distribution decreases from the hot wall to thedomhll. The deformation direction of the isotherimgonforming
to the direction of streamlines rotation. Valuest&ams function are increased which means tleatdhvection
intensifies.
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Fig. 4. Isotherms and Streamlines for,Ra35 andu=0°.
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Fig. 5. Isotherms and Streamlines for,R437 andx=0°.

In figure (6) for Rg=150, increasing the Darcy modified Rayleigh numbsflects an intensification of natural
convection, this increase has allowed the appearaha bifurcation giving rise to two additionalllseturning in the
otherwise direction of neighbor cells.
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Fig. 6. Isotherms and Streamlines for,,R450 andx=0°.

The figure (7) for Rg=500 shows that we have two bifurcations with faiditional cells each one turns in the
opposite direction of its neighbor cell. The in@ean the modified Rayleigh-Darcy number has alldwassing to
another flow regime that is the multicellular flowjth the appearance of these bifurcations in thpeu part of the
annulus which represent a zone of instabilitiesldoge values of the modified Rayleigh-Darcy numbsotherms of
these figures show that the fluid is almost mo#gslin the bottom of the enclosure and in thetieg tleform and sink
into the area where there is presence of two couatating vortices.
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Fig. 7. Isotherms and Streamlines for,R&00 andx=0°.

The variation of local Nusselt number on the insidelliptical cylinder

Figure (8) shows the variation of local Nusselt bemon the inside wall of the elliptical cylindand allows us to note
that with the increase of modified Rayleigh-Daraymber, the value of local Nusselt nhumber increasgsch is
obvious. This figure shows for Ra500, the existence of three minimums and two maris in the top of the
enclosure (30°6<150°) corresponding to the juxtaposition of twaicter-rotating cells pushing away the fluid from
the hot wall in the case of a minimum, and bringimg fluid to the wall in the case of a maximum.
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Fig. 8. Variation of local Nusselt number on thé wall for a=0°.

Influence of the variation of the inclination anglea

In this section we examine the effect of the iration of the system. The angle is calculated frbenhorizontal in the
trigonometric direction. To get this, we have fixedues ofa (0°, 10°, 45°, 60° and 90°).

Case where the inclination angle is zero

In this case, the vertical fictitious median is principle a symmetry plane for transfer phenomeFtzerefore by

symmetry and in relation to this vertical plane eleging on the value of modified Rayleigh-Darcy nemithe flow is

organized in two principal cells rotating in opgesdirections or with two or four cells in additialepending on the
case considered, as the figures (3-7) show.

Case where the inclination angl&#0° and a#90°

By giving the angle any value other than 0 ° and’,9%e destroy the symmetry of the system relativéhe fictitious
vertical plane. The figures (9) and (10) respetyifer a= 10° anda= 45 ° with R@=500 show that the vortex can be
further developed like its counterpart on the $fte. The lower right cell also develops like itinterpart on the left
side which moves to the upper part of the annylacs to merge with the upper vortex of the right pathe system.
By increasing the inclination angle to reash 60 °, Figure (11) for R&500 shows that these two vortices when
developed occupy the entire annular space.
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Fig. 9. Isotherms and Streamlines for,R800 andu=10°.
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Fig. 10. Isotherms and Streamlines for,Ra00 anda=45°.
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Fig. 11. Isotherms and Streamlines for,R800 andi=60°.

Case where the inclination angle=90°

Whena= 90°, the vertical fictitious plane passing thrbube center of the system is again a plane of sytnyriFigure
(12) shows that the isotherms are closed curvessilparallel and concentric that coincides welhviite wall profiles,
in the summital region, these isotherms fit upwang is due to separation of particles moving a¥vayn the hot wall
at the plane of symmetry, thus showing the presenckoth sides of the latter, two vortices takihg fluid from the
hot wall to the cold wall. The temperature decredsam the hot lower wall to the cold upper wall.
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Fig. 12. Isotherms and Streamlines for,Ra00 anda=90°.
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CONCLUSION

The phenomenon of natural convection in a poroligtiehl annulus that is saturated of Newtoniaridlwas studied
using a numerical method. The bicellular or multidar convection takes place according to the eafithe modified
Rayleigh-Darcy number and the angle of inclination.

For the inclination angle=0 ° the main mode of heat transfer is the mulliutz convection for high Rayleigh-Darcy
numbers. Fou£0°, the system behavior of the natural convectioroimpletely different when the system is tilteothb
modes of convection are present. With inclinatiolglas<60 ° for Rg=500 the preferred mode of circulation is
multicellular mode, whereas for 6a%<90°, the preferred mode is bicellular.

NOMENCLATURE m.s?
Gr Grashof numbef=g8c3(T,-T,)/ U7
a Thermal diffusivity, h Dimensional metric coefficient,
m’.st m
A Elliptic cylinder major axis, H Dimensionless metric coefficient
m K Porous medium permeability,
B Elliptic cylinder minor axis,
m Nu Local Nusselt number
C constant defined in the elliptic coordinates, P Pressure,
m N.m?
Cp Specific heat at constant pressure, Pr Prandtl number, [{oc,)/A]
j-kgtK* Ra Rayleigh number, [Er.Pr]
Da Darcy number Ra, Modified Rayleigh-Darcy number, Ra.Dg
e Elliptic cylinder eccentricity= -ql AT
g Gravitational acceleration,
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