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Résumé :La convection naturelle dans une cavité cubigusgrdtement chauffée, est étudiée numériguement en
utilisant une formulation volumes finis tridimensiwlle. Deux portions chauffantes sont placéedasparoi
verticale gauche de la cavité, alors que le restia gharoi considérée est adiabatique. La particede opposée

est maintenue a une température uniforme froidiesedutres parois sont adiabatiques. Les effetslidesnsions

des sections chauffanteg0.15< ¢ < 0.35) et du nombre de Rayleigh Ra¥¥0Ra< 10') sur I'écoulement du
fluide et le transfert de chaleur a l'intérieudaeavité sont étudiés. Des lignes de courant tsehermes ainsi

qgue les variations du nombre de Nusselt moyen poégentés pour différents ensembles des parameétres
gouvernants.
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1. Introduction

The problem of electronic components cooling issfencountered in practical devices. In fact, in
thermal control of electronic systems, a careftdraion is necessary to ensure an optimal evacuafithe heat
surplus. Natural convection represents a simple lamdcost mode of cooling, especially for low grewlis
temperature. Besides this application, naturaleotion process is also encountered in many pedatiEses,
like solar collectors, buildings design, radiatorsHence, the problem of natural convective heatsfier in
enclosures has been studied extensively. A compsérereview of this topic is given by Bejan et[d]] and
Goldstein et al. [2] for different combinationsgdometrical and thermal imposed conditions. Howevemost
of these works, the studied configurations are tmensional cavities, partially heated, with onenoore
heating portions [3-4]. Few works has consideral ttiree-dimensional natural convection [5] whicliegi a
more realistic presentation of the fluid motion dhe heat exchange within the cavity.

Hence, the purpose of the present investigatido study numerically the fluid flow and heat tragrsf
induced by two heat sources embedded on the |gftakwall of a cubical cavity and submitted tanstant heat
flux g". The rest of the considered wall is adiabatic hle temperature of the opposite vertical wall is
maintained at a uniform cold temperatilie@ The governing parameters are the Rayleigh nuRbgild < Ra<
10") and the heating sections dimension D / H (0.15< ¢ < 0.35). The Prandtl number and the aspect ¥atio
=H /L are fixed respectively to 0.71 and 1.

2. Problem formulation

The schematic configuration of the considered thieeensional cubic cavity, coordinates and boundary
conditions are shown in figure 1. Two heat souraes integrated on the left vertical wall of the itaand
submitted to constant heat fluK. The rest of the considered wall is adiabaticlevlthe temperature of the
opposite vertical wall is maintained at a uniformldc temperaturefc. The other walls are adiabatic. The
considered fluid is incompressible, steady-stag@jtanian and verifying the Boussinesq approximation
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Figure 1 : Studied configuration and coordinates

The governing equations for laminar steady conwectiusing the Boussinesq approximation and
neglecting the viscous dissipation, are expresséiaei following dimensionless form:
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WhereU, V andW are the velocity components in te Y and Z directions, respectively? is the
pressure[ is thetime andd the temperature. The non-dimensional variabled irs¢hese equations are defined
by:
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Wherea, v andk represent respectively the thermal diffusivity, #ieematic viscosity and the thermal

conductivity of the fluid.
In the above equations, the parameters Pr and Ratad¢éhe Prandtl number, and the Rayleigh number,

respectively. These parameters are defined as :
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The local Nusselt number and the total average dlusember are respectively defined by:
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Whered(Y,Z), in equation (8), is the local dimensionless terapge at a given point of the heat source surface.
3. Numerical method

The governing equations (Navier-Stokes and enegpat®ons) are discretized by the finite volume
method adopting the power low scheme. The Altengaiirection Implicit scheme (ADI) is then used for
solving the obtained algebric system. The tri-dieosystem obtained in each direction is solveagishe
THOMAS algorithm. The accuracy of the numerical €odas checked by comparing results obtained for



constant heating temperature with those previopsiglished by Frederick et al. [6] in the case obical

enclosure with a partially heated wall and Fuségle[7] in the case of cubical enclosure withanpletely
heated vertical wall. Finally, the non-uniform ggered grid of 41x41x41 nodes was estimated t@peoariate
for the present study since it permits a good comise between the computational cost (a Saogmf

reduction of the execution time) and the uaacy of the obtained results. The optimal tinepsvas also
found to be equal to T0after multiple tests.

4. Results and discussions

The results presented in this section were obtdimeRayleigh numbers Ra ranging between dfd 10
and the heating sections dimensidmetween 0.15 and 0.35. The Prandtl number Prtandgpect ratiéx = H /
L are respectively fixed at 0.71 and 1.

4.1. Isotherms and streamlines

In order to visualize the flow and the temperatdigtribution within the studied area, streamlines a
isotherms in 3D as well as isotherms on the heat#ogions are respectively shown in figures 2a2mdore =
0.35 and Ra = T0lt is seen that the fluid flow consists of a biglamique cell occupying the entire cavity. The
fluid motion leads the heat from the active sedidhrough the cavity. High values of the tempematare
normally observed in the upper part of the enclesiihis trend is also encountered in the isothgrrasented
over the heating sections, as shown in figure 2c.
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Figure 2 : Streamlines 3D (a), isotherms 3D (lg) @otherms on the sections (c)
for Ra = 16 ande = 0.35.

A presentation of isotherms and streamlines fdiediht plans (& Z < 1) shows a good symmetry with
respect to plane Z = 0.5, due to the adopted gegrart thermal boundary conditions. Hence, theglar (2 -
¢) | 6, perpendicular to the middle of the sectioantl characterized by high thermal activity, issidered as a
representative plan of the fluid motion and thethemnsfer. In addition, streamlines and isothemmthis plan
presents a perfect symmetry relative to the plareds and are therefore identical to those obthinghe plane
Z = (4 +¢) | 6 perpendicular to the middle of the section 2.

Hence, in order to highlight the effect of the lmgtsections dimensions (0.15< ¢ < 0.35), the
hydrodynamic and thermal fields in the cavity a@meven in figure 3 for Ra = T0and four dimensions= 0.15,¢
= 0.20,e = 0.25 and: = 0.35. For the four cases, figures 3a and 3bepta®spectively the streamlines and the
isotherms in the plane (2¢} / 6 perpendicular to the middle of the sectiorFijures 3c present the isotherms
over the two heating sections. For all the considerases, the flow consists of a unique cell wittes intensity
depending on the sections dimension. In additiba,temperatures at sections increase passing freraaue
Omax = 0.0505 fore = 0.15 to the valu@,,, = 0.0733 fore = 0.35. Their maximum values are reached at the
midpoints of the upper edges of the sections

4.2. Nusselt number :
Figure 4 represent the total average Nusselt nunché&mulated at the two heater sections for Rairang

between 19and 10 and different values af(0.15< ¢ < 0.35). Note that the average Nusselt numbers leadcl
for each heating section are found to be idenficakll the considered cases. As expected, thé toterage



Nusselt number increases with the Rayleigh numbérespecially from Ra = f0Figure 4 also shows that for
fixed Rayleigh number, the average Nusselt numberadises with increasisgFor example, for Ra = f@nds

= 0.15, the average Nusselt number is 9.75%, 17.d428029.38% higher than the values corresponding=to
0.20,e = 0.25 and: = 0.35 respectively. This trend is also encoumténgprevious works df3-4].
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Figure 4 : Variation of the total average Nussalnber with Rayleigh number for 045 < 0.35.




Conclusion

Three dimensional naturel convection in a cavitgcditely heated from the side has been studied for
different sets the governing parameters (Rayleigmbier and heating sections dimensions) and leadketo
following conclusions:

« The fluid flow consists of a big cell occupying téetire cavity for all the considered cases’@0
Ras< 10) and (0.1% ¢ < 0.35);

* The total average heat transfer, calculated inwhteheating sections, increases with the Rayleigh
number Ra and very significantly beyond Ra £ 10

» For fixed Rayleigh number, the average Nusselt rardiecreases with increasing

Nomenclature

B Depth of the cavity, m Symboles grecs

D Side of the square hot section, A Thermal diffusivitym?.s*

g Gravitational acceleratiom/s? e Non-dimensional temperature

H Height of the cavity;n B Volumetric thermal expansion coefficiekt;
k Thermal conductivity, wi.K) ¢ Non-dimensional side of the square hot sactio
L Cavity lengthin u  Dynamique viscosity{ g/(m.s)

Nu Total average Nusselt number v Kinematic viscositym?/s

Pr  Prandtl numben/a p DensityKgim®

p Non-dimensional pression

P Pression, N/h Subscripts

q" Heat flux, w/n max maximum value

Ra  Rayleigh numbergBq"#*/(va k) c cold

u,v,w Dimensional velocities, nfls

U,V,W Dimensionless velocities

X,¥,z Dimensional coordinates, m

X,Y,Z Dimensionless cartesian coordinates
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