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Natural Convection Air cooling of Electronic Components in
Partially top vented Enclosures
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Abstract

The study of natural convection from a heat source located at the bottom of partially top
vented enclosure is presented. Air cooling for electronic component situated at the bottom of
a top vented enclosure is studied theoretically. The flow is assumed to be laminar, steady and
of constant ‘physical properties. The process is described by continuity, momentum and
energy partial differential equations, which are be expressed in Cartesian coordinates system.
Due to the nature of the studied problem and with proper transformation of the problem
dependent and independent variables, these governing equations are transformed to a set of
dimensionless partial differential equations. This set of differential equations s transformed
to set of difference equations by the implantation of finite difference technique. Accordingly,
one can oblain the solutions for this problem, which are obtained by application of the well-
known Gauss Siedel iteration method. A computer program is developed to solve the present
proposed mathematical model. According to this solution; the values of Nusselt number, for
different values of Rayleigh number are obtained.

Comparisons between the present obtained results and those results obtained in
previous theoretical results arc performed for paramectric variations of the vent opening size
and shape. Also a correlation for Nusselt number as a function of Rayleigh number and
equivalent diameter of the vent is proposed.
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NOMENCLATURE h - Local convective heat transfer coefTicient,

A :Area m? wW.m? K

As : Aspect ratio Ly/L; | -- H . variable Heat source, W. i .
C, . Specific heat at constant pressure of k : Thermal conductivity of the fluid, Wy/

fluid, J. kg K LK '

d  :equivalent diameter of open, m L : Length, m
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N Nussclt number (.L,/k), _
p : Pressure, Pa
P : Dimensionless pressure , --
Pr : Prandtl number, _
( . Heat transfer rate, W
¢" :Heat flux, W.m?
T : Temperature, K
uv.w  Velocity components in x, y and z
coordinates, m.s™

U, V. W: Dimensionless velocity components, _

x,y.z : Cartesian coordinates, m

X, Y.Z: Dimensionless Cartesian coordinates
(o/L,, v/L;2/Ly),

VAR: vent aspect ratio , d/L;, -

Greek symbols

a : Thermal diffusivity (kpC, ), m’s”

4 : Dynamic viscosity, ke.m™ s

- Kinematic viscosity, m’.s”

p : Density, kg.m™

b

8k

1(T_T;|))

& : Dimensionless temperature (

Subscripts

f :fength in X - direction
2 :length in Y - dircction
3 :length in Z — direction
w23: Y- and Z-direction
wi13: X-and Z-dircction
max; maximum
1-Introduction

Natural convection in enclosures has
attractive considerable interest of many
investigators since it is very common In
several engineering and  environmental
problems. Applications of such analysis are
ranging from building design (i.e.
ventilation),  solar  encrgy systems, and
electronic  equipment cooling, lo solar
collectors. Therefore a cooling by natural
convection represents in several fields, where
the heat to be dissipated i1s low enough, an
attractive system in thermal contro! because
of its low cost, reliability and simiplicity in
use.
Air cooling of electronic components by
natural convection is important of thermal
control scheme especially for compact power
supplies, portable computers, and many other
small electronic systems. Most of available
relevant studies to such applications have

becn focused on complete enclosures on the
bottom of a horizontal enclosure. As an
example Sezai and Mohamad [1], 2000
studied numerically natural convection in air
due to a discrete flush-mounted rectangular -
heat source with vertically oriented discrete
heating. They presented the numerical results
of two-dimensional double-diffusive natural
conveclion in a square porous cavity partially
heated from below while its upper surface i3
cooled at a constant temperature. Aydin and
Yang [2], 2002 treated numerically the
convection of air in a rectangular enclosure
that was locally heated from below and
symmetrically cooled from the two vertical
sides.

Early work on completely enclosed
configurations with horizontal heating was
reported by Myrum [3], 1990 studied the
natural convection heat transfer from a heat
source mounted flush to bottom bounding
surface of an open top cylindrical cavity.
Water was the transport medium. The
experiments showed (hat the average Nusselt
number based on the temperatures of the heat
source and the cylinder walls was virtually
unaffected by the height and the opening size
of the cavity, for the range of enclosure
heights, opening sizes and Rayleigh numbers
considered. Several modes of flow were
observed. M. Yang and W. Q. Tao [4], 1995
numerically studied the natural convection in
a cubic enclosure with an internal isolated
heated vertical plate. The intemnal plate was
suspended under the lower surface of the
enclosure top wall and electrically heated.
The six enclosure walls were at a lower
constant temperature. The ran%e of Rayleigh
number is from 8x10" to 5x10°. S. B. Satha
and Y. Joshi [5], 1992 studied numerically
combined the conduction and natural
convection transport from a substrate-
mounted heat generating protrusion in a
liquid-filled square enclosure. . The
governing steady two dimensional equations
were solved using finite-difference method
for wide range of Rayleigh numbers,
protrusion thermal conductivities and widths,
substrate heights, and enclosure boundary
conditions. Higher Rayeigh numbers,
protruston thermal conductivities, and widths
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cnhanced cooling. &. K. W. Tou and X. F.
Zhang [6]., 2003 have investigated
numerically a three dimensional model to
study the effect of top vented shape on lieat
transport  processes 1 a liquid filled
rectangular  enclosure  of  fimite  size.
Maximum Nusselt number occurs at the
heater leading edgc.

In general, many investigators [7 - 9]
Studied, numerically. the heat transfer inside
closed enclosure. T. Fusegi ct al [7] ,1993
studied numerically the heat transfer in three
dimension natural convection inside closed
enclosure. P.K. B. Cheo, et al [8], 1983
studied the effect of inchination angle in an
inclined rectanguiar box with the lower half
heated and the upper half insulated. K. C.
Karki et al [9], 1983 studied numerically the
effect of  heated plate position on average
Nusselt number.

Numerical study of conveclive
laminar natural convection inside enciosure
was studied by J. C. Crepeau et al [10],
1997. the governing equations are solved
analytically to obtain the temperature
distribution and in tum Nusselt number.
Yasuo Kurosaki et al [11], 1996 studied
analytically the heat transfer for cooling the
electronic devices, The effect of Rayleigh
number in lecal Nusselt number and in turn
in heat transfer was found. A. F. Emery et al
[12], 1999 studied theoretically the effect of
Rayleigh number in natural convection inside
a square enclosurc. Air was the transport
medium. The average Nusselt number based
on the temperatures of the heat source and
the enclosure walls was virtually unaffected
by the height. In general, top vented
enclosure are used o increcase the rate of heat
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transfer betwcen a fluid and a solid to
produce enhanced and controlled localized
cooling or heating effects on plates.

In the present study, natural
convection in discretely heated small
rectangular enclosures with partially opening
is theoretically investigated. Both conduction
in the component and substrate are included.

2-Theoretical Model

A mathematical model is proposed (o
describe the natural convection heat transfer
from a hot horizontal heat source. The
physical description of the problem and the
coordinate system considered in this model
are shown in Fig.(1). The basic dimensions
of the considered geometry is a three-
dimensional enclosure confined by four
isothermal walls at a uniform temperature of
To. The lower and upper walls are heated and
vented wall.  Accordingly the problem can
be, fairly, analyzed as a three dimensional
free convective problem. The enclosure
contains non-uniformiy distributed internat
heat source. The enclosure base length and
width are L; ,L, while L; is the enclosure
height. The heat source, which maintained at
pon-uniformly heat flux, in x- and y-
direction, is buried, horizontally, in an
enclosure. In the present mathematical
model, the flow is assumed to be laminar,
with constant physical properties. Cartesian
coordinate system (x, y, z) is used to express
the flow governing equations. The governing
equations consist of the continuity equation,
momentum equations, and energy equation,
which can be written for steady state
condition as:

=0,
ox dy Oz

aw ow dw 1 op p{d’w
W—ttt — Vv — = — — — —+

dz ox v p oz plox
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oT
pC (W—+u—+ ; >
0z 1Ay oy ox~ oy
Equation (1) is the continuity
equation of the three dimensional flow.
The velocity components in x-, y- and z-
directions are u, v und w. Equalions (2-4)
arc the momentum cquations in both the x-,
v- and z-directions. The density and
pressure are denoted by o and p .
respectively. While # is the coefficient of
thermal expansion. Equation (5) is the
energy equation. The temperature of the
fluid is denoted by T, while H is the heat
source per unit time and unit volume. The
thermal conductivity, density and specific
heat of the fluid are denoled by & p

ar  oT [331" T T
v—)=k + +

aZ:]+H. ........................... (5)

H=102*x+41*y+4

Where x and y in meter for the
square base L= L, -

Coefficient of thermal expansion of

the flutd B can be defined according to the
relation,

_L{er
p= P [é‘TJ

P = const,

Equations (1-5) must satisfy the

and Cp . respectively. The heat source is following boundary conditions, for top
denoted by H which is defined according vented enclosure;
(o the following equation T. A. Myrum [3]:
At z=00, 00y L, 00sxs L, iu=v=w= 0.0,9Z = —i,p =00
. ay k
—d -
At z=L,,00<y< Ly =« . O.OS,\‘SL' d =v=w=00,T= ?j,.g—p:o_o
. L
. L, +d <v<l,, Lds x<Liu=v=w=00,T = T-q[—) =0.0
2 2 0z ©
‘LJ ~d <y< L, +d, L, _deSL' "'d:%:_(?_‘:: w=0_01ﬁ=0_0,6_!’=0.0 -
2 2 2 2 v oy oy Oz
At x=0, 00=py<L,. 00=2z2L, tu=v=w=00,T=T,,

At x=L, 00=2y<L,, 002221
At y=0, 00=x<L,,00=z5L,
At y=L,, 00=<x<[,00<z<L,

When o equals 10 zero is the case of
closed enclosure. Solving the governing
equations (1-5) with the aid of boundary
conditions (6), one <can obtain the
temperature . and velocity  distribution
throughout the flow field. Morcover the
local Nusselt number can be estimated
according to the following equation:

Nu= hi
k

=v=w=00,T=T,,
i=v=w=00,T=T,,
u=v=w=00,T7=T,,

Where h 1s the heat transfer coefficient,
which is defined according to the relation;

L]

Ui
h=—"1 -
(T _Tu)

max

Where ¢" is the heat flux. The

maximum temperature of the fluid is 7y, ,
while 7, is the temperature of the enclosure
walls.
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Fig.(1) Schematic diagram of the examined enclosure and the shape of vent

2.1 Dimensionless form of the Governing
equations

In order to put the pgoverning
equations and their boundary conditions in
a dimensioniess form. one introduces the
following dimensionless independent and
dependent variables as;

X == . y=2 == . U=u—£1 ,
| | L v
vavh woowl pe ﬁx[f_'J (D
v 1 p oL
0= (r-7,)
HI,
U & av
—t—+—=0
cx 2y 2z
»
Uﬂ_'_,/.ov Y - V= A
oy cY oz XN
ini’la.wfl _yy= 9L
cxX Y oY oY

Where L, is the characteristic length. It
15 equal to the square side length in case of
a square enclosure and equals to the base
tength in case of a rectangular enclosure.
The dimensionless  x- ,y- and z- co-
ordinate are, X, Y and Z: respectively:
while U, V and W are the dimensionless
velocity component in X-, Y-and Z-
direction. The kinematics viscosity is vand
& is the dimensionless temperature,

Substitution  with the foregoing
defined  dimensionless  variables  in
equations (1-5). yields to the dimensionless
form of the governing equations as;
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I D B Gy (L GBBY it ant (n
cx &y A A Pr
o6 I w2, 8
Uﬁ V@ W —— = — VB o e s et e (12)
ex &Y oz Pr Pr
) : a* o :
Where V~ is the Laplacian operator, —+—— +——5 |, while Pr and Ra are Prandtl and
ox: oy: éz-
Rayleigh numbers respectively, which are defined according to the following equations;
v . ‘HL®
Pr=— . Ra :Eﬁ(_’“'_] e (13)
o awv\ 2 8k

The dimensionless form of goveming equations (8-12) must satisfy the following
boundary conditions;

At Z =00, O.OS}’SE—I, 0.0 X<] :U=V=W=0.0.—g—§—=l,P=0.0

AtZ=L—,O.Os}’sLz_d,().OinI’L U V=W=0.0,0=00, isif=0.0
L " 2-1, 21, oz
L,+d L, L +d
Lrd oy b B U=y =w=006=00%-00
2.1 L, 2L, o7
, —d L.+d L -d L,
Ld gy Lord Lod LUV 00,29 -60.20 200
2- L, 2.1, 2L, 2L, oY or ay oz
At L U=V=W=00,6=0,,
| I
L, L,
At X =1, 0‘0£Y£I- O.OSZSL—‘ U=V=Ww=00,6=86,,
L
At Y =0, 00<X<1,00 sZsL—3 U=V=W=00,0=0,,
1
L, L,
At Y=—, 002X <1,008Z2s—:U=V=W=00,0=6_, 4
L L . (14
The governing equations (8-12) with their In the energy equalion, the right-
boundary conditions (13-14) are valid for 8
both a uniformly distributed and hand side of the equation | — | represents
concentrated heat source in the case of Pr
equal wall-temperature. In the case of the heat source-term. This heat-source term
different wall-temperature, using the same appears at all the mesh-nodes in the case of
goveming equa{ions under their boundary UI]IfOF[]T]y distributed heat source. For the
conditions except for the left-wall concentrated heat source, this heat-source
dimensionless temperature is not equai 1o parameter appears only at the nodes where
7E10. the heat source is exists on it and it equals

1o zero at all the other nodes.
In order to solve the dimensionless
form of governing equations (8-12), the
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derivatives of the variables are replaced by
the corresponding approximate finitc
divided differences. The first and second
derivatives with respect to X Y and Z are
approximated by centered finite-divided-
difference.

Figure (2) shows part of the mesh
covering the flow field. Every node of the
mesh is identificd by three identifiers i

M. 19

temperature and aspect ratio. Three types
of hecat source are studied, concentrated
point heal source, line heat source and
variable heat source. For every case, the

flow pattern, isothermal lines are
presented.
Accordingly, local and average

Nusselt numbers are depicted.

3.1 Validity of the present model

and k. According to the mentioned In order to check the validity of the
A rhEt2
LA g / b
-/ . L ‘/ K y
k2 T
N { LA
Vi A 2
i-1j\k+1 %
14141k
\’\l / o - "
R AL A
A i . ) X
Z' y o
4
v
P
-
Fig. (2} Part of the used mesh
technique, momentum  and  energy present proposed model, a comparison 1s

equations are converted to four sets of
algebraic equations and their boundary
conditions are the fnal form of flow
describing equations. These equations are
solved, numerically, using Gauss-Scidel

with  relaxation iterative  method.
Accordingly, both  hydrodynamic flow
ficld and thermal Now  ficld can be
predicted. To determine the converged

solutions correspond physically 1o the
steady solutions. The convergence
criterion for the steady state is that the
change in all dependent variables beiween
successive solution.

3-Results and Discussion

The proposed theoretical models are
used fo study the effect of Rayeigh
number, dimension of open veni, wall

made between the numerical results from
present work with the comesponding
theoretical and  experimental results
reported by Tou and X. F. Zhang [6], 2003

To cheek the validity of the present
model, a'comparison is made between the
present results and the corrcsponding
resulls iafler Refercnce [0] at the same
conditions. Table (1) shows a comparison
between  the  calculated  maximum
temperature after Tou and X. F. Zhang [6]
and those found in the present work at.
Rayleigh number of Rue =1x/0°
Prandt! number of Pr =0.7 and the aspect
ratio of As= I. In this case uniformly
distributed heat source i1s assumed. Fairly
good agreement between both is found.

Also, another check of the model is
made by comparing the numerical results
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from present work with the corresponding
cxperimental results reported by T. A.
Myrum [3] under the same waorking
conditions as shown in figure (3). Figure
(3) illustrates the comparison between
present resufts and result after T. A.
Myrum [3]. In general the average Nusselt
number takes the higher value for higher
value of Rayleigh number In the present
results the average Nusselt number takes
maximum values for top vented enclosure
higher than for closed enclosure.

The comparisons between the present and
previous study exhibit a fairly good
agreement.

4.2 Effeet of Rayleigh number

In the following sections, the effect of the
Rayleigh number on the hydredynamic
flow field and the temperature distribution
is studicd. One can determine the axial
position from the maximum dimensionless
temperature occurs.

Table {1) Comparison between the results of Tou and X. F. Zang [6], 2003 and the present

work for a uniformly distributed heat source at Ra= /x /0" for closed enclosure

Tou and X. F. Zhang [0], 2003 Present results
mesh size nx mx m Max. Dimensionless Max. Dimensionless | Difference
temperature (G, ) temperature (G } %
2x 2l %2 0.259 0.238 3.108
41 % 41 x 41 0.264 0.247 6.44
61 X 61 x61 0.265 0.249 6.04
10
— — — dowd

Average Nusselt number, Nu

o

wended
aler [3)

1 I 1 I i

Q.0E+000

4.0+ 004 8 0E+004

1 2E+005

1.6E+005 2.05+005

Rayleigh number, Ra

Fig.(3) comparison between average Nusselt number for different value of Rayleigh number
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Table {2) Maximum dimensionless lemperature and its position for different values of Rayleigh

number at Pr=0.70

Ra value | Max. Dimensionless Location of Gnax
temperature {G,... )
1.0 10" 0.289 ©{0.367,0.267.0.312) & (0.634,0.267.0.312)
5.0x it 0.2504 (0.1, 0.267,0451) & (0.704, 0.267,0.451)
Lox 10" 0.249 (0.267, 0.267.0.531) & (0.734, 0.267.0.531)
S.0x10° 0.226 (0.2367, 0,267,0.582) & (0.7624, 0.267,0.582)
1.0x 0.2038 {0.1707, 0.267,0.652) & (0.8234, 0.267,0.652}

Table (2) gives the value of maximum
temperature and its position at different
values of Rayleigh number at aspect ratio
equal 1 and d/L =0.05. 1t is clear that, two
positions inside the ecenclosure for the
maximum temperature corresponding to
every value of Rayleigh number is exist, It
1s noted that, with increasing Rayleigh
number the value of maximum temperature
(Gay ) is decreased while at low Rayleigh
number the value of maximum temperature

is increased. The position of maximum
lemperature moves continuously toward
the top wall as the Rayleigh number
increases

. The fluctuation of the temperature is
associated with the occurrence of
secondary flow as shown in Figures {4 ). In
general, the temperature increases rapidly
near the walls (x = 0, /.0 ) and more rapid
decreases for higher values of Rayleigh
number. In the core of the enclosure

Ra= 5x 10*

00

T Il 1 — 1

Ra= 1.5x 10°

Fig.(4) Effect of Rayleigh number on both isotherms and streamlines at: Pr= 0.7, Y=0.2
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(somehow far from the walls) the
temperature  remains  almost  constant,
specially, for smaller values of Rayleigh
number. Also, the temperature is higher as
the value of Rayleigh number is smaller.
The peak-value of stream function
increases as Rayleigh number increases.
With the values of Rayleigh number of
1.0x 10° and [.5x [0°, variation is
occurred in values of both temperature and
stream function due to the existing of
secondary flow adjacent to the top of the
enclosure.

The convection flow patterns are as two

counter  rotating  rolls  and  the
corresponding isotherms show a large
region in which there are small regions
around every point of the heat source.
Figure (5) illustrates isotherms and
flow patterns in case of heat source
concentrated along a horizontal line at the
middle of the enclosure, at ¥Y=0.5, Z=0./.
The convection flow patten in the
enclosure is as two symmetrical counter
rotating-rolls. There are two high
temperature regions in both lefl and right
sides; and adjacent to the heat source
position. The major of the heat is

1 T T T T LI 'wa T

08

06

T T 1

08

asl

02

§

o8B

06

04

0z

0

o 4 % 02 04 06 08
{b) Isotherms and strearn distributed heat source along a plane parallet to the base

Fig.(5) Isotherms and stream distributed heat source atZ=0.1 and at: Ra = 1.0x 10°,
Pr=07
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Lacal Nussel! number {Mul

L] 0.2 04 LLX] 0.8 1
Ouirensiostie sz dislance

Fig.[5) Locaf Nusselt number for concentrated heal

source akng line normal ta tha base at x= 0.125
accuntulated at upper of the heat source
and decay rapidly near the walls. There is
one high temperature region near the right
end of the heal source. The distance
between the high temperature region and
the right side of the enclosure, decreases as
the heat source for point or line increases.
Near the heat source, the stream function is
decayed while the temperature gradient
increases rapidly. So, the conduction is
predominant adjaccnt to location of the
heat source.

Figure (5) illustrates the local Nusselt
number distribution adjacent to each wall
of the enclosure at Ra=/x10° for
concenfrated heat source along the base
and lies at y= 035 and Z=00 . The
temperature increases rapidly near the
walls and miore rapid at the top, while no
changing in tempcrature at the base is
observed. So, the greatest value of local
Nusselt number is at the top. Enclosure
causes that the value of local Nusselt
pumber at the right wall is equal it at the
left wall,

3.3 Different wall-temperatures

The wall-temperature affccts  the
temperature  distribution  and  the
corresponding  flow patterns  in  (he
enclosure. To discuss this effect, basc,
right and top waulls are maintained at a
uniform temperature at zero dimensionlcss
wall temperature ((? =0 ) while the left

M T i
By 0 07 oA 0% +

Isotherms

1 PRSP
¢ fr a7 03 B4

i s

Py —— L i N PR i
¢ &1 0 p3 44 g3 08 47 ps _OF

Stream lines

Fig.(7)Isothcrms and stream lines for a
untformly distributed heat source
with the left-wall temperature of ()=
-02and at: Ra = 1.0x 10°, Pr=0.7

wall temperature (&) assigns a different
value. The enclosure contains internal
uniformly distributed heat source.
3.3.1 Dimensionless temperature of
the Left wall of -0.2

Figure {7) illustrates the temperature
distribution and the corresponding. flow
patterns at Ra = [.0x 10, Pr = 0.7 and
with temperature of the left wall(Y-Z)wall
cquals (= -0.2). The flow pattemns are as
two counter-rotating rotls. The temperature
gradient increases rapidly adjacent to the
left and top walls. The right roll provides
with a  relatively  higher  dynamic
momentum, hence it enlarges toward the
left side while the left roll relatively
attenuatcs, The high temperature region
exists at vicinity of the top wall.
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Stream lines

Fig.(8)Isotherms and stream lines for a
uniformly distributed heat source with
the left-wall temperature of (8)= 0.2
and at: Ra = 1.0x 10°. Pr=10.7

o Ay 03 B3 o4

3.3.2 Dimensionless temperature
of the Left wall of 0.2

Figure (8) illustrates the temperature
distributton and the corresponding flow
patterns for the same previously mentioned
conditions at Ra = 1.0x 10°, Pr = 0.7
except for the temperature of the left wall
(0) is equal 1o 0.2. The conveclive flow is
four-roll structure, two rolls are closed to
each other and lhe other two rolls are
separated.

The temperature gradient increases
rapidly adjacent to both the right and top
walls. The two-joined rolls are providing
with a relatively higher  dynamic
momentum, hence they enlarge towards
the left side while the two separaled rolls
attenuate and displace toward the top. Two
high temperature regions exist at (he
vicinity of the top wall and near the two
sidewalls.

The following relation correlate the
results, where the local Nusselt number is

cxpressed  as  functions  of  Rayleigh
number, Prandtl number and the equivalent

diameter of the top vented '
Nu=0.3211 Ra™% P23 ({4-((;/1‘,,)9-69)'

3.4 Effect of aspect ratio on Average
Nusselt number

Figure (9) illustrates the average Nusselt
number for different aspect ratio of top
vented enclosure at Ry = 1.0x 107, Pr =
0.7 One can show thal the average
Nusselt number increase for increasing
aspect ratio.

12 p—

Average Nusseft number, Nu

08 N 0.8 L]

Aspgd Ratio, AS

Fig.(9) Relation between average Nusselt
number and Aspect ratio for different value
of Rayleigh number

3.5 Effect of vented dimension on
average Nusselt number

Figure (10) show the relation between
average Nusselt number for different vent
aspect ratio (VAR) of top vented enclosure
at Ra = 1.0x 10°, Pr = 0.7. The average
Nussell number have a minimum value at
the lowest value of vent aspect ratio and
increase with increasing vent aspect ratio
up to VAR=0.035, there they hdve a peak.
Then they decrease with increasing vent
aspect ratio, due to the random motion of
air inside the vent and in tum, rate of heat
transfer is decreased

Conclusions

The three-dimensional  natural
convection in a top-vented enclosure
contaiming a concentrated heat sources is
investigated theoretically. The convective
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flow is described by partial differential
equations of continuity, momenium
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Dimensionless Vent Aspect ratio, cW\Q}AR :
Fig.(10) Relation between average Nusselt
number and vent Aspect ratio at Ra=10°,
As=1.0
and energy equations. The derivatives of
the variables in the govemning equations
are replaced by the corresponding
approximate finite differences.  These
equations are solved, numerically, by using
gauss-seidel  iterative  method  with
relaxation. The Prandtl number ranging 0.7
to 1.0 and Rayleigh number varies from
1X10° to 1.5X 10" The numerical results
presented in this work confirm the
timportance of the vent geometry in
particular when the condition of compact
enclosure.  Comparison  between  the
theoretical models determined in present
model with previous one is good
agreement
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