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Mixed convection in rectangular cavities at various aspect ratios
with moving isothermal sidewalls and constant flux heat source
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Abstract

Mixed convection heat transfer in a two-dimensional rectangular cavity with constant heat flux from partially heated bottom wa
the isothermal sidewalls are moving in the vertical direction is studied numerically. The enclosure represents a practical system such
air-cooled electronic device, where cooling from the sides is expectedto be an efficient electronic cooling option. The heat source repre
a heater or an electronic component located at the bottom in such an enclosure. Several different values of the heat source length
ratio of the cavity, as well as symmetric and asymmetric placement of the heat source are considered. All computations are done
of Richardson number from 0.1 to 10. The influence of the Richardsonnumber, heat source length, placement of the heat source, and
ratio of the cavity, on the maximum temperature and the Nusselt number at the heat source surface is investigated. Results are p
the form of streamline and isotherm plots as well as the variation of the maximum temperature and Nusselt number at the heat sou
under different conditions. The pressure–velocity coupling in the governing equations is achieved using the well-known SIMPLE method
numerical computation. The computational procedure is based on finite volume collocated mesh. The linear algebraic system of e
solved sequentially using the strongly implicit procedure (SIP).
 2003 Elsevier SAS. All rights reserved.
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1. Introduction

Air-cooling is one of the preferred methods for cooli
computer systems and other electronic equipment, du
its simplicity and low cost. It is very important that su
cooling systems are designed in the most efficient w
and the power requirement for the cooling is minimiz
The electronic components are treated as heat sou
embedded on flat surfaces [1]. A small fan blows air at
speeds over the heat sources. This gives rise to a situ
where the forced convection due to shear driven flow
the natural convection due to buoyancy driven flow
of comparable magnitude and the resulting heat tran
process is categorized as mixed convection. The interactio
between buoyancy-driven and shear-driven flows insid
cavity in a mixed convection regime is quite complex.
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The problem of convective heat transfer in an enclos
has been studied extensively because of the wide applic
of such process. Davis and Jones [2] studied the pure na
convection with uniformly heated walls. Papanicolaou an
Gopalakrishna [3] simulated the natural convection in
horizontal, enclosed air layer due to a discrete, constant
flux source at the bottom surface.The parameters studied a
the overall aspect ratio (length/height of the layer), the r
of source length to total length, and the Rayleigh num
Nguyen and Prudhomme [4] studied the free convection fl
in a horizontal rectangular cavity submitted to a uniform h
flux at the horizontal as well as vertical walls. Based on
analytical solutions for the flow amplitude in terms of t
Rayleigh numbers, the onset and development of conve
flow are shown in details.

Mixed convection in enclosures for various differe
boundary conditions has been studied by Gebhart et al. [5
and Hasanoui et al. [6]. Papaniclaou and Jaluria [7–
carried out a series of numerical studies to investigate
combined forced and naturalconvective cooling of heat
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Nomenclature

A aspect ratio of the cavity,H/W

Cp specific heat of air . . . . . . . . . . . . . . . J·kg−1·K−1

d distance from the right edge to the maximum
temperature on the heating element . . . . . . . . . m

ds distance of the midpoint of the source plate
from the right wall . . . . . . . . . . . . . . . . . . . . . . . . m

g gravitational acceleration . . . . . . . . . . . . . . m·s−2

Gr Grashof number
H height of the enclosure . . . . . . . . . . . . . . . . . . . . m
k thermal conductivity of air . . . . . . . W·m−1·K−1

L length of the heat source . . . . . . . . . . . . . . . . . . m
P dimensionless local pressure
Pr Prandtl number
q ′′ heat flux at the source. . . . . . . . . . . . . . . . W·m−2

Re Reynolds number
Ri Richardson number,Gr/Re2

T temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . K
U dimensionless velocity component in horizontal

direction
U0 magnitude of the sidewall velocity . . . . . m·s−1

V dimensionless velocity component in vertical
direction

W width of the enclosure . . . . . . . . . . . . . . . . . . . . m
α thermal diffusivity . . . . . . . . . . . . . . . . . . . m2·s−1

β thermal expansion coefficient . . . . . . . . . . . . K−1

θ dimensionless temperature
ν kinematic viscosity . . . . . . . . . . . . . . . . . . m2·s−1

ε dimensionless length of the heat source,L/W
ular
The
igh-
y
r a

11].

of
er.

n
e
selt
the

was
wall
and
f the
mal
n the
well
ydin
eat
pect
of

ity
al

ber
eat

din
the
ce,
el

tant

y of
rd
nt
as
cal

all
stem
g
the
t at
ed
alls
t the

ena
son
ed
ere
lso
dissipating electronic components, located in rectang
enclosure, and cooled by an external through flow of air.
results indicate that flow patterns generally consist of h
or low-velocity recirculating cells because of buoyanc
forces induced by the heat source. Computations fo
turbulent flow in mixed convection in a cavity byk–ω

model were later performed by Papaniclaou and Jaluria [
Numerical solutions were obtained forRe = 1000 and
2000 in the range ofGr = 5 × 107 to 5 × 108. Iwatsu
et al. [12] performed numerical studies for the flow
a viscous thermally stratified fluid in a square contain
Shaw [13] investigated three-dimensional mixed convectio
heat transfer in a cavity heated from below. The influenc
of Reynolds number and Grashof number on the Nus
number was discussed. Hsu and Wang [14] investigated
mixed convective heat transfer where the heat source
embedded on a board mounted vertically on the bottom
at the middle in an enclosure. The cooling airflow enters
exits the enclosure through the openings near the top o
vertical sidewalls. The results show that both the ther
field and the average Nusselt number depend strongly o
governing parameters, position of the heat source, as
as the property of the heat-source-embedded board. A
and Yang [15] numerically studied mixed convection h
transfer in a two-dimensional square cavity having an as
ratio of 1. In their configuration the isothermal sidewalls
the cavity were moving downwards with uniform veloc
while the top wall was adiabatic. A symmetrical isotherm
heat source was placed at the otherwise adiabatic bottom
wall. They investigated the effects of Richardson num
and the length of the heat source on the fluid flow and h
transfer.

The present study is based on the configuration of Ay
and Yang [15] where the isothermal heat source at
bottom wall is replaced with a constant flux heat sour
which is physically more realistic. The physical mod
considered here is shown in Fig. 1, along with the impor
Fig. 1. Schematic diagram of the physical system.

geometric parameters. It consists of a rectangular cavit
dimension,W × H , whose sidewalls are moving downwa
with a uniform velocity,U0, and are kept at a consta
temperature,TC . The aspect ratio of the cavity is defined
A = H/W . The lower wall has an embedded symmetri
heat source with constant heat flux,q ′′, and lengthL. The
remaining parts of the bottom wall and the entire upper w
are adiabatic. The enclosure represents a practical sy
such as an air-cooled electronic device, where the movin
sidewalls are an idealization of the cold airflow along
sides of the cavity blown downwards from a fan or a je
the top. The flow in the cavity is induced by the combin
shear force resulting from the movements of the sidew
and the buoyancy force resulting from the heat source a
bottom wall.

In the present study, the flow and heat transfer phenom
in the cavity are investigated for a series of Richard
numbers andL/W ratios, which is subsequently designat
as ε. Asymmetric placement of the heat source, wh
the heat source is moved towards the right wall is a
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investigated. Aydin and Yang [15] did not investigate t
effect of aspect ratio on the heat transfer process in
cavity. This study includes additional computations
cavities at various aspect ratios,A, ranging from 0.5 to 2 and
their effects on the heat transfer process is analysed and t
results are presented in terms of the average Nusselt nu
and maximum temperature at the heat source surface.

2. Mathematical formulation

The governing equations for laminar steady convect
after invoking the Boussinesq approximation and neglec
the viscous dissipation, can be expressed in the dimen
less form as

∂U

∂X
+ ∂V

∂Y
= 0 (1)

U
∂U

∂X
+ V

∂U

∂Y
= −∂P

∂X
+ 1

Re

(
∂2U

∂X2 + ∂2U

∂Y 2

)
(2)

U
∂V

∂X
+ V

∂V

∂Y
= −∂P

∂Y
+ 1

Re

(
∂2V

∂X2
+ ∂2V

∂Y 2

)
+ Gr

Re2
θ (3)

U
∂θ

∂X
+ V

∂θ

∂Y
= 1

PrRe

(
∂2θ

∂X2 + ∂2θ

∂Y 2

)
(4)

where U and V are the velocity components in theX
and Y directions, respectively,P is the pressure, an
θ is the temperature. Here, all distances are normalize
by W , all velocities are normalized byU0, and pressure i
normalized byρU2

0 ; ρ being the fluid density. The cavit
width W is chosen for normalizing the distances since
dimensionsH and L are varied while keepingW fixed
for varying the aspect ratio,A, and the normalized hea
source length,ε. The temperature is normalized asθ =
(T − TC)/	T where	T is the temperature scaling defin
as q ′′W/k; k being the thermal conductivity of the fluid
The dimensionless parameters appearing in Eqs. (2)–(4
the Prandtl numberPr = ν/α, the Reynolds numberRe =
U0W/ν, and the Grashof numberGr = gβ	T W3/ν2, where
ν is the kinematic viscosity of the fluid,α is the thermal
diffusivity of the fluid,β is the thermal expansion coefficie
of the fluid, andg is the gravitational acceleration. Th
ratio Gr/Re2 in Eq. (3) is called the Richardson numb
Ri, which represents the relative magnitude of the f
convection to the forced convection and plays an impor
role in designating the convection flow regimes. Wh
Ri ∼ 1 both free and forced convection are equally domin
and the flow regime is designated as mixed convection
Ri � 1 then free convection is dominant whereas for
convection is dominant whenRi � 1. Many of the electronic
component cooling processes are operated within m
convection regime, which is the topic of the present stud

The boundary conditions for the present problem
specified as follows:

Top wall: ∂θ/∂Y = 0, U = V = 0
r

-

Bottom wall:

∂θ/∂Y =
{0, for 0 < X < (1− ε)/2

−1, for (1− ε)/2 � X � (1+ ε)/2
0, for (1+ ε)/2 < X < 1

U = V = 0

Right and left wall: θ = 0, U = 0, V = −1

The condition ∂θ/∂Y = −1 for (1 − ε)/2 � X �
(1+ ε)/2 at the bottom wall arises as a consequence of
stant heat fluxq ′′.

We define the local heat transfer coefficienthx = q ′′/
[Ts(x)−Tc] at a given point on the heat source surface wh
Ts(x) is the local temperature on the surface. Accordin
the local Nusselt number and the average or overall Nu
number can be obtained respectively as

Nu = hxW

k
= 1

θs(X)
and

Nu = hW

k
= 1

ε

ε∫
0

1

θs(X)
dX (5)

whereθs(X) is the local dimensionless temperature.

3. Numerical procedure

The set of governing equations are integrated over
control volumes, which produces a set of algebraic eq
tions. Central differencing is used to discretize the dif
sion terms whereas a blending of upwind and central
ferencing is used for the convection terms. The convec
fluxes at the control volume faces are calculated asF =
FL + η(FH − FL)old where the superscriptsL andH im-
ply that the fluxes are calculated by the lower order upw
differencing and higher ordercentral differencing scheme
respectively. The value of the blending factorη in the right-
hand side ranges between 0 and 1 and the superscript
indicates the value at previousiteration level, which is cal-
culated explicitly and added to the source terms. The so
terms in the governing transport equations are not fu
tions of the respective transported variables and are ca
lated explicitly. The algebraic equations are solved sequ
tially using the strongly implicit procedure (SIP) propos
by Stone [16]. The pressure–velocity coupling is achie
using the well-known SIMPLE method [17] where the v
locity components are first solved using an assumed pres
field (or the pressure field from previous iteration). A pr
sure correction equation is then solved whose coeffici
are functions of the calculated velocity components. T
pressure and velocity fields are then corrected based o
pressure correction values. This sequence is repeated
the residuals for all equations are negligible. The comp
tional procedure is based on collocated mesh where the
locity components, pressure, and other scalar variables
as temperature are all stored at the same location (cell
ter). To avoid the possibility of checkerboard pressure va
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tion, the mass fluxes across the cell faces are corrected
the pressure gradient across the cell faces. The details o
computational procedure can be found in [18]. The con
gence of the sequential iterative solution is achieved w
the sum of the absolute differences of the solution varia
between two successive iterations falls below a pre-spec
small number, which is chosen as 5× 10−5 in this study.

4. Results and discussion

The FORTRAN computer code of Ferziger and Peric [
was modified and used for the computations in this stu
The working fluid is chosen as air with Prandtl numb
Pr = 0.71. The normalized length of the constant flux h
source at the bottom wall,ε, was varied to be 0.2, 0.4, 0.
and 0.8. For each value ofε, computations were performe
at Ri = 0.1, 0.2, 0.5, 1, 2, 5, and 10 keeping the Reyno
number,Re, fixed at 100.

In order to obtain grid independent solution, a g
refinement study was performed for a square cavity(A = 1)

(a)

(b)

Fig. 2. Convergence of the average Nusselt number and the tempe
profile along the vertical mid-plane, with grid refinement.
g
e
at a representative value ofε = 0.4. Fig. 2(a) shows the
convergence of the average Nusselt number,Nu, while
Fig. 2(b) shows the convergence of the temperature pr
along the vertical mid-plane with grid refinement. It is
observed that grid independence is achieved with a 50× 50
grid. This grid resolution is therefore used for all subsequ
computations forA � 1. For taller cavities withA > 1,
a proportionately larger number of grids in the verti
direction is used while keeping the number of grids in
horizontal direction fixed at 50.

Due to the lack of experimental data on the particu
problem along with its associated boundary condition
investigated in this study, validation of the predictions co
not be done against experiment. However, the case of A
and Yang [15] with symmetric isothermal heat source at
bottom wall was reproduced. A comparison of the variation
of the Nusselt number along the isothermal heat sourc
the bottom wall and theV velocity components along th
horizontal mid-plane, predicted by Aydin and Yang [1
and this study, is shown in Fig. 3 where the agreemen

Fig. 3. Comparison of the Nusselt number variation along the isothe
heat source at the bottom andV velocity components along the horizont
mid-plane predicted by the present code with those of Aydin and Yang [15
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found to be excellent. Aydin and Yang [15] validated th
result against experimental data. Thus the validity of
present computational process is indirectly establishe
some extent.

4.1. Square cavity (A = 1)

The flow and temperature fields in terms of compu
streamlines and isotherms for two representative values o

Ri = 0.2

Ri = 1

Ri = 5

Ri = 10

Fig. 4. Streamlines and isotherms for mixed convection case withε = 0.2.
the dimensionless source length,ε = 0.2 and 0.6, are show
in Figs. 4 and 5. Plots are shown only for four differe
values of the mixed convection parameter,Ri = 0.2, 1, 5,
and 10, for each case. Plots for the whole range ofRi andε

investigated are available in [19].
The solution is symmetric about the vertical midline d

to the symmetry of the problem geometry and boundary c
ditions. In each case the flow descends downwards alon
moving sidewalls and turns horizontally to the central reg

Ri = 0.2

Ri = 1

Ri = 5

Ri = 10

Fig. 5. Streamlines and isotherms for mixed convection case withε = 0.6.
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after hitting the bottom wall. The flow then rises along t
vertical symmetry axis and gets blocked at the adiabatic
wall, which turns the flow horizontally towards the cold sid
walls. Thus a pair of counter-rotating rolls is formed in t
flow domain. Visual examination of the streamlines does
reveal any significant difference among the different ca
However, noticeable difference is observed in the isoth
plots. The convection region adjacent to the heat source
comes thinner and denser producing higher temperature
dients with increasingRi. Similar behavior is also observe
for cases with other values ofε andRi for which the plots
are not presented here for brevity.

The mixed convection regime becomes more discernib
with the increasingε because the energy transport increa
-
-

Fig. 6. Temperature profiles along the vertical mid-plane in the cavity.
Fig. 7. Variation of the local Nusselt number at the heat source surface.

Fig. 8. Variation of the average Nusselt number and maximum surface temperature at the heat source with Richardson number for different heat source length.
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due to the increased area of the heated part. Increasin
value of ε makes the range of mixed convection regi
larger. Since the isotherm plots change whenRi changes
it is the parameter of focus in the analysis for all case
At low values of Ri (< 0.5), the shear force plays th
main role in the heat transport. ForRi � 0.5, the buoyancy
begins to influence the heat transport and the isothe
with high values tend to concentrate near the heat so

ds/W = 0.4

ds/W = 0.3

ds/W = 0.2

ds/W = 0.1

Fig. 9. Streamlines and isotherms for asymmetric placement of the
source,ε = 0.2, Ri = 1, Re = 100.
esurface. This trend keeps on growing asRi increases. When
Ri � 5, buoyancy becomes dominant in the heat tran
mechanism and most of the heat transfer phenomenon
place near the heat source surface. Based on these beha
a regime classification forRi can be made as follows: th
forced convection regime (Ri � 0.2, with negligible natura
convection), mixed convection (0.5 � Ri � 2, comparable
forced and natural convection), and natural convec
(Ri � 5, with negligible forced convection).

The temperature profiles along the vertical middle sec
of the cavity for a range of heat source length,ε, at Ri = 1
are shown in Fig. 6. It is noticed that the temperat
decreases from the bottom to the top along the centre
of the cavity for a particular value ofε. At a fixed height,
the temperature increases as the heat source lengthε grows.
The temperature profiles clearly enunciates the heat tra
behaviour expected from the isotherms given in Figs
and 5, where the most intensive heat transfer regio
located near the heat source surface due to the presen
large temperature gradients. The temperature gradien
the cooling air decrease as it ascends from the bottom. W
the heat source lengthε increases, more heat is transferr
into the system, thus the whole temperature level in
cavity is upgraded.

The variation of local Nusselt number,Nu, along the
heat source surface defined by Eq. (5), is shown in Fig
It is to be noticed in these figures that the length of
heated surface is different for different values ofε. The
minimum localNu occurs at the centre of the heat sou

Fig. 10. Effect of the asymmetry of the heating element on the ave
Nusselt number,Nu, and the maximum source temperatureθmax (top).
The variation of the normalized distance(d/L) from the right edge of the
heating element to the location ofθmaxon the element withds/W (bottom).
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A = 1.5

A = 1

A = 0.5

Fig. 11. Streamlines and isotherms for mixed convection case withε = 0.2
andRi = 1 for different aspect ratiosA.

and increases to a maximum at the edge of the he
surface. Due to the symmetrical boundary conditions,
symmetric convection cells are generated and their interfac
behaves like an insulator. The centre of the heat so
surface becomes the stagnation point of the heat tran
area, and attains the maximum temperature and minimum
heat transfer rate yielding the minimumNu.

The variation of the average Nusselt number,Nu, defined
in Eq. (5), againstRi is shown in Fig. 8 for various
values ofε. Concentrating on each plot separately fo
particular value ofε, a trend ofNu increasing withRi, is
observed. WhenRi is less than 1,Nu grows only slightly
with increasingRi. After Ri is more than 1,Nu is found to
increase more rapidly. SinceRe is kept constant the force
convection effect remains invariant asRi increases for a
particular case. WhenRi > 1, the natural convection aid
more and more in the heat transfer process in additio
the forced convection which results in more rapid incre
of Nu.
r

A = 1.5

A = 1

A = 0.5

Fig. 12. Streamlines and isotherms for mixed convection case withε = 0.6
andRi = 1 for different aspect ratiosA.

An important information desired from this analysis
the identification of the hottest spot on the heat source
obtain the associated maximum temperature at that point s
that detrimental conditions for the electronic circuit boa
can be avoided. The hottest point is obviously at the mid
of the heat source surface, which is a stagnation point
to the flow geometry, and the convection mechanism th
is very weak compared to the other regions on the surf
The temperature at this point,θmax, was obtained from the
solution and is plotted as a function ofRi for different values
of ε in Fig. 8. An increase inε increases the total he
transferred, which in turn increases the temperature of
heat source. This is whyθmax increases with increasingε for
any particularRi. An increase in the value ofRi leads to a
decrease inθmax for the sameε because natural convectio
aids more and more in the heat removal process in add
to the forced convection. The variation inθmax, however, is
insignificant forRi less than 0.1 if the Reynolds number
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Fig. 13. Variation of the average Nusselt number at the heatsource for different Richardson number and aspect ratios.
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kept constant. This verifies the earlier assertion that fo
convection process dominates for theRi � 1 regime.

The analyses presented in the preceding section are fo
the configuration when the heated surface is placed sym
rically at the bottom. It is also of interest to investigate
effect on the heat transfer for asymmetric placement of
heated surface. For this reason simulations were also
formed for such configurations. The characteristic para
ter for this configuration is the ratiods/W , whereds is the
distance of the mid point of the heated surface from the r
wall. For symmetric configurationds/W is obviously 0.5.
The asymmetric configurations were simulated withds/W

values of 0.1, 0.2, 0.3, and 0.4. The values of other perti
parameters such asRe, Ri, andε were chosen as 100, 1, an
0.2, respectively.

The predicted flow patterns and isotherms for the as
metric configurations are shown in Fig. 9. In this case a
two counter-rotating vortices are produced. However,
right hand vortex gets thinner as theds/W ratio is decreased
The isotherms also get skewed and move towards the
wall as theds/W ratio decreases. Thus the significant par
the heat transfer is occurring through the right hand vo
for the asymmetric configuration.
-

-

t

The maximum temperature,θmax, and the average Nusse
number,Nu, at the heat source surface for the asymme
configuration is obtained from the computed tempera
field and is plotted in Fig. 10 as a function of theds/W

ratio. It is observed thatθmax increases andNu decreases
as the heat source becomes more and more symmetric
increasingds/W . In other words, the closer an electron
component is located adjacent to the sidewalls, the bette
cooling effect or heat removal is achieved. The normali
distanced/L from the right edge of the heating element
the location ofθmax on the element for different values
ds/W is also plotted in Fig. 10. It is noticed that as t
heating element is moved towards the right wall, the loca
of θmax moves towards left relative the heating element.

4.2. Rectangular cavities at various aspect ratios

The results presented in the preceding section is for
square cavity for which the aspect ratio,A, is 1. In order
to investigate the convective heat transfer behavior at o
aspect ratios, computations were also done for cavities
additional aspect ratios of 0.5, 0.75, 1.25, 1.5, 1.75, an
with ε = 0.2 and 0.6, keepingRe fixed at 100 andRi at 1. The
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Fig. 14. Variation of the maximum surface temperature at the heat source for different Richardson number and aspect ratios.
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flow patterns and temperature fields forA = 0.5,1, and 1.5
as representative cases are compared in Fig. 11 forε = 0.2
and in Fig. 12 forε = 0.6. As expected, two counter-rotatin
vortices are formed at all aspect ratios. However, in
convection region adjacent to the heat source, the isotherm
become thinner and denser producing higher tempera
gradients (increasing the overall Nusselt number) w
increasingA, specially until the cavity changes from th
rectangle to square. This is due to the fact that the ca
volume increases with aspect ratio and more volume o
cooling air is involved in cooling the heat source lead
to better cooling effect. The average Nusselt number
the maximum surface temperature at the heat source
plotted for a range of Richardson number and aspect ra
in Figs. 13 and 14 from which a trend is observed. Fo
particular aspect ratio, the average Nusselt number incre
while the maximum temperature decreases monotonic
with Ri. On the other hand, when the Nusselt number
maximum surface temperature are plotted for a partic
Ri as a function of the aspect ratio, it is observed that
average Nusselt number increases and the maximum su
temperature decreases rapidly with increasing aspect rati
until A is about 1. ForA > 1 the variation is almost fla
s

e

indicating that the aspect ratio does not play a dominant
on the heat transfer process at that range.

From these observations, it can be concluded that
overall heat transfer process improves as the aspect ra
increases until the cavity becomes square. For taller cav
(A > 1), the improvement in heat transfer process is
significant.

5. Conclusions

A mathematical model to simulate mixed convective h
transfer in a two-dimensional rectangular enclosure and
associated computer coding has been developed. The m
is applied to analyze mixed convection in a square ca
where the cold isothermal vertical sidewalls are moving w
constant velocity and a constant flux heat source is plac
the bottom. The moving sidewalls are an idealization of c
air jet blown across the cavity. The cooling airflow caus
by the shearing action of the moving sidewalls intera
with the buoyancy-driven flow due to the heat source
the bottom. The resulting processes are investigated to
quantitative results regarding the cooling effects. The m
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parameters of interest are mixed convection parameterRi,
the dimensionless heat source length,ε, and the aspect rati
of the cavity,A. The variation of maximum dimensionle
temperature and the average Nusselt number along
surface of the heat source is obtained for a range oRi
encompassing the forced, mixed, and natural convectio
regimes. Symmetric and asymmetric placements of the he
source are considered.

The resulting flow consists of two counter-rotating v
tices. As far as the temperature field is concerned, at
values ofRi, when forced convection is the dominant mec
anism of heat transfer, the temperature is found to be m
evenly distributed within the enclosure, and a relatively la
region of the enclosure is affected by the heat source
Ri increases and natural convection prevails, the temper
ature variation is restricted over a gradually diminish
region around the heat source. It is also noticed that
heat-affected region becomes larger with the increasing
source length.

For asymmetric placement of the heat source, it
observed that the maximum temperature decreases an
average Nusselt number increases as the source is m
more and more towards the sidewall. This is desirable s
more effective cooling process is achieved.

For thin rectangular cavities, the heat transfer proc
improves rapidly as the aspectratio approaches 1 where
the improvement is not significant when the cavities
made taller.
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