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Abstract

This paper discusses the results obtained by theerical modeling of natural convection in a wattedi
two-dimensional square enclosure inclined to thezbatal. Here, the top and bottom walls of theigav
are considered adiabatic, left vertical wall is mained at a constant low temperature and the vigttical

wall is maintained at a constant high temperatdifee aim is to investigate the effects of angle of
inclination on the flow patterns. We use the Krykubspace method, GMRES, to solve the discretized
formulation of the governing equations. At the gation stage, our results are in good agreemeitt wit
those reported in the literature. Results are jptesein the form of velocity vector and isothernotplas
well as the variation of the average Nusselt nunilyedifferent angles of inclination.
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1. Introduction

Natural convection is governed by the conservatimws of mass, momentum and energy. For a
two-dimensional unsteady flow in rectangular coaatés X, y), these conservation laws can be expressed
in the dimensionless form as (Bejan 1993):

ou/ox+oviox= 0, (1)
aulot+ oudlox+ duvidy = -oplox+ (LR e)(0*uloxi+d%uloy?)+(Gr/R €%)T sing, )
ovlot+ ovPloy+ ouvlox = -oploy+ (LR e)(0Ioxe+o6vIoy?)+ (Gr/R €%)T cod), 3)

OTIot+udT/ox+voT/oy = (UR e Pr)(8°TIoxk+ &°TIoyP). (4)

In the above equations, andv are fluid velocity components aloxgandy axes respectivelyp is the
pressure] is the temperature ar@tlis the inclination angleRe, Gr andPr are the Reynolds, Grashof and
Prandtl numbers. The system we study is illustratdelg. 1. It is a square cavity( x,y) =[0, 1] x [0, 1],
which is completely filled by the fluid, with no-sljmundary condition for velocity components< v = 0)

on all its walls and adiabatic conditions for temgbere on its top and bottom walls. The left vetiwall

of the cavity is maintained at a constant low terapge ) and the right vertical wall is maintained at a
constant high temperatur&,f. The cavity is tilted from the horizontal withgle § and the working fluid is
chosen as water with Prandtl numidar= 5.96.

2. Procedure
We employ the finite difference method (Ozisik 198d)a uniform staggered grid to discretize (1)-#je
resulting set of algebraic equations can be caftealinear system
Ax = b,
which is solved using the Krylov subspace methot¥)RES (Saad & Schultz 1986). The GMRES

algorithm aims at projecting the coefficient matfixonto the Krylov subspace and henceforth solves a
least square system of lower dimension, which $s kexpensive. The solutions are assumed to converge
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when the following convergence criterion is satisffer every dependent variable at every point & th
solution domain:
| (Prew- o) Poia| < 10°,

where? represents a dependent variahle, p andT.

3. Experiments

The simulation is performed f@r = 167.8 with different angle of inclinatiah which is varied from 0 to
90°. Results are obtained for the average Nusselt rurfN) with respect t@ as shown in Fig. 2. The
minimum average Nusselt numbeu,,, is 0.7426 occurring a = 53 .6 and the maximunNuyay is 0 =
38.8 with value 1.1144.

Figs. 3 to 6 display the velocity vector plots asatherms for different angle of inclination, cdetied on a
21x21 grid. It can be observed that near the hditthva temperature of the fluid becomes positiveisaay
a pronounced movement of the fluid against the graltection. In a similar manner, the fluid get$dev
near the opposite wall. A negative buoyancy effegrroduced, causing the fluid to move in the dioacof
gravity. Hence, an overall anticlockwise movemdtftuad is produced.

The isotherm patterns are uniformly distributedjcliindicate that the heat transfer mechanism isiyna
driven by conduction and the temperature field ity omarginally distorted by the convective flows. The
effect of cavity inclination is clearly visible dooth the flow patterns and isotherms.

4, Conclusions

The natural convection in a two-dimensional rectdaigenclosure has been analyzed numerically usieg
finite difference method. The top and bottom wallghe cavity were considered adiabatic and the two
vertical walls were maintained at constant low aotltemperatures. The resulting discretized fortmura

of the governing equations was solved using the @BIRgorithm. The results obtained demonstrate
promising avenues for further research.
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Figure 2. The average Nusselt number versus tijteafior Gr = 167.8
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Figure 3. Velocity vectors and isotherms for ¢

{a) Flow field {b} Isotherms

Figure 4. Velocity vectors and isotherms for 35
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Figure 5. Velocity vectors and isotherms for 55
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Figure 6. Velocity vectors and isotherms for 75
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