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Numerical analyses of the flow and heat transfer due to buoyancy forces in a square enclosure divided by
an impermeable partition between air and water filled chests were carried out using a finite difference
technique. The enclosure was heated from left wall and cooled from right, isothermally. Horizontal walls
were adiabatic. The partition divided the enclosure into air and water regions. Thus, two cases were
examined: left side of partition was filled with air and right side was filled with water (Case I, air-parti-
tion-water) and left side was filled with water and right side with air (Case II, water-partition-air). Epoxy
was chosen as partition material. Results were obtained for different Grashof numbers (103

6 Gr 6 106),
thickness of the partition (0.05 6 e 6 0.2) and location of the partition (0.25 6 c 6 0.75). An analytical
treatment has been performed for low Grashof numbers. Numerical and analytical results gave an accept-
able agreement. It was found that filling of fluid into chests is important for obtaining maximum heat
transfer and energy saving. When left chest was filled with air (Case I), higher heat transfer was formed.
It was an interesting result that heat transfer decreased with increasing of location of the partition for all
values of partition thickness at Case I. On the contrary, heat transfer was a decreasing function of increas-
ing value of location of the partition.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Thermally driven flow and heat transfer in differentially heated
enclosures have wide application areas in engineering such as solar
collectors, double pane windows, fire spreads, etc. Wide and excel-
lent reviews on these applications can be found in study of Ostrach
[1], Catton [2], Gebhart et al. [3], De Vahl Davis and Jones [4]. The
topic of these studies is mostly on natural convection in cavities
bounded by solid walls with zero thickness.

A fully or partially dividers can be located inside the parti-
tions to control heat transfer especially in electronical devices,
nuclear reactors and building materials such as brick or some
wall materials. Tong and Gerner [5] made a numerical study
on natural convection in partitioned rectangular cavities with a
vertical partition and filled with air and found that partitioning
is an effective method of reducing heat transfer. Maximum
reduction in heat transfer occurs when the partition is placed
midway between the vertical walls. Turkoglu and Yucel [6] made
a numerical study to investigate the conjugate natural convec-
tion in enclosures with vertical partitions. They searched the ef-
fects of number of partitions on natural convection and found
that the mean Nusselt number decreases with increasing of par-
ll rights reserved.
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tition number. Nishimura et al. [7] investigated the natural con-
vection in enclosures with multiple vertical partitions both
numerically and experimentally. They showed that the Nusselt
number is inversely proportional to (1 + N) where N is the num-
ber of partitions. They made a similar study using single parti-
tion by inserting off-center of the enclosure [8]. Ho and Yih [9]
made a numerical study on conjugate natural convection in an
air-filled rectangular cavity with a partition. Their study indi-
cated that the heat transfer rate is considerably attenuated in
a partitioned cavity in comparing with that for non-partitioned
cavity. Acharya and Tsang [10] made a study on natural convec-
tion in inclined enclosures with a centrally located partition. Re-
cently, Kahveci [11–13] investigated the natural convection in
partitioned air filled enclosure using differential quadrature
method. He found that average Nusselt number increases with
decreasing of thermal resistance of the partition and partition
thickness has little effect on heat transfer. Dzodzo et al. [14]
investigated the effects of a heat conducting partition on the
laminar natural convection heat transfer and fluid flow by com-
paring the numerical and experimental results for a cubic enclo-
sure without and with a partition. The conclusion is that the
introduction of a complete vertical partition reduces convective
heat transfer from 59.1% to 63.6% in the range of Rayleigh num-
bers 38,000 < Ra < 369,000. Neymark et al. [15] analyzed the
phenomenon of natural convection of air and water in a partially
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Nomenclature

c dimensionless location of the partition, c0/L
c0 location of partition in the x-direction, m
g gravitational acceleration, m/s2

Gr Grashof number = gb(Th � Tc)L3/t2

H height of enclosure, m
k thermal conductivity ratio = ks/kf

L length of enclosure, m
Nu local Nusselt number
Nu mean Nusselt number
Pr Prandtl number = t/a
T temperature, K
u, v dimensional velocities, m/s
U, V non-dimensional velocities
X, Y non-dimensional coordinates

Greek letters
e dimensionless thickness of the partition, e0/L

e0 thickness of the partition, m
t kinematic viscosity, m2/s
h non-dimensional temperature = (T � Tc)/(Th � Tc)
X non-dimensional vorticity
b thermal expansion coefficient, K�1

a thermal diffusivity, m2/s
W non-dimensional stream function

Subscripts
A air
s solid
W water
E epoxy

Superscript
i denotes left/right chest or partition
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Fig. 1. Schematical configuration with coordinates and boundary conditions.

5910 H.F. Oztop et al. / International Journal of Heat and Mass Transfer 52 (2009) 5909–5921
divided enclosure aiming to determine the effect of an internal
partition on the natural convection in enclosures. Khan and Yaho
[16] compared steady natural convection of water and air in a
two dimensional, partially divided, rectangular enclosure. They
indicated that flow configurations for air and water are com-
pletely different. Prandtl number has an important effect on
the flow configuration. For the same Rayleigh number, geometry
and boundary conditions, the average Nusselt number for water
is about 2 � 5% larger than that of air.

As listed above, there are many studies on partially divided
enclosure. But there is no study on solid partition located between
different fluid layers in systems. In this context, Nishimura et al.
[17] performed a numerical work to analyze the natural convection
in a rectangular enclosure horizontally divided into fluid and por-
ous regions. Moshkin [18] used finite difference approximation of
the Navier–Stokes equations under the Boussinesq-fluid assump-
tion to simulate the flow and heat transfer in a two-layer system
of an immiscible fluid. This problem also analyzed by different
authors as Prakash and Koster [19,20], Richer [21], Richer and
McKenzie [22], Dobretsov and Kyrdyashkin [23], Csereper and
Rabinovich [24], Csereper et al. [25].

In this study, natural convection heat transfer was presented
for a composite system as water-partition-air or air-partition-
water in a differentially heated square cavity. In other words,
thick solid partition was used to separate the fluid layers in the
cavity. As an example, this case may be referred to cooling prob-
lem of internal combustion engines (one side filled with oil and
other side cooling water), cooling of electronical heaters (air in
one side and cooling fluid in other side) or solar collector (air in
one side and phase change material to store heat in liquid phase
in other side). Another example given by Mbaye and Bilgen [26] is
that transient heat transfer in a composite passive system con-
sisting of air-phase change material–air arranged as a rectangular
enclosure. They studied geometrical and thermal parameters and
found that subcooling coefficient was the most important param-
eter influencing heat transfer, and for a given subcooling, there
was an optimum phase change partition thickness. To the best
of the author’s knowledge and from the above literature, there
is a great lack of generalized information on natural convection
in a divided enclosure filled with different fluids layers. Thus,
the main aim of the present study is to investigate the natural
convection fully divided with a partition in an enclosure filled
with different fluid.
2. Physical model

Physical model is given in Fig. 1 with coordinates and boundary
conditions. In this figure, cross-section of the cavity is square with
H = L. It is heated from left vertical wall and cooled from right while
top and bottom walls are adiabatic. The cavity is divided by a con-
ductive partition with finite thickness (e = e0/L). Its material is cho-
sen as epoxy due to its wide application in engineering. The location
of the partition is given by c = c0/L. Two cases were treated. The left
rectangular cavity is filled with water and right one with air (Case I)
and the left one with air and right one with water (Case II).



Table 2
Analytical results for mean Nusselt numbers using Eqs. (20) and (21) for Case II at
e = 0.2.

c NuH NuC

0.25 0.065 1.477
0.50 0.101 2.283
0.75 0.223 5.023

Table 1
Comparison of the values of mean Nusselt number with the literature.

Gr k Nu (Sanchez et al.
[27])

Nu (Kaminski and Prakash
[28])

Nu
(present)

105 5 2.078 2.08 2.187
105 25 3.49 3.42 3.394
106 5 2.80 2.87 2.741
106 25 5.91 5.89 5.815
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3. Governing equations

The system was considered to be laminar, incompressible and
steady-state. The dimension perpendicular to the plane of the dia-
gram is assumed to be long enough, so that the airflows may be
conceived with 2-D motion. Dimensionless governing equation in
vorticity–stream function formulation can be obtained by using
the following dimensionless variables

X ¼ x
L
; Y ¼ y

L
; Wi ¼ wiPri

ti
; Xi ¼ xiðLÞ2Pri

ti
;

h ¼ T � Tc

Th � Tc
; Pri ¼ ti

ai
; ui ¼ @w

i

@y
; v i ¼ � @w

i

@x
;

xi ¼ @v i

@x
� @ui

@y

� �
; Gr ¼ bigðTh � TcÞL3

ðtiÞ2
ð1Þ

The standard Boussinesq approximation adopted and all fluid
properties are assumed to be constant. Based on the dimensionless
variables above governing equations using vorticity–stream func-
tion formulation together with energy equation, the Navier–Stokes
equations for a Newtonian fluid can be written in Eqs. (2)–(4). The
equations have been scaled using the thermophysical properties of
the right side.

�Xi ¼ @
2Wi
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@Y2 ð2Þ
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For the solid region,

@2h

@X2 þ
@2h

@Y2 ¼ 0 ð5Þ

In above equations, [i = left chest and right chest]. A relatively high-
er Prandtl number was taken for partition. This approximation was
taken from Moshkin [18] and Prakash and Koster [19]. Thus, left
side of Grashof number was taken as base Grashof number.

3.1. Boundary conditions

It is assumed that walls of enclosures are solid and imperme-
able. Thus, all velocities and stream function are zero on the walls.
The trapped air does not slip at the cavity walls. The temperature
boundary conditions are established with a prescribed hot temper-
ature Th at the hot portion of the left vertical wall and a prescribed
cold temperature Tc at the right vertical wall. On the other hand,
the horizontal walls are adiabatic. Thus, the physical boundary
conditions are illustrated in the physical model (Fig. 1) and they
can be defined as follows:

On the hot wall; U ¼ V ¼ 0; h ¼ 1; X ¼ � @
2W

@X2 ð6Þ

On the first interface (X = c � e/2) and second interface (X = c + e/2),

k
@h
@X

����
s

¼ @h
@X

����
f

; X ¼ � @
2W

@X2 ð7Þ

where k = ks/kf is the thermal conductivity ratio.

On the cold wall; U ¼ V ¼ 0; h ¼ 0; X ¼ � @
2W

@X2 ð8Þ

On adiabatic walls; U ¼ V ¼ 0; @h=@y ¼ 0; X ¼ � @
2W

@Y2 ð9Þ
The numerical method used in the present study is based on fi-
nite difference method to discretize the governing equations and
the set of algebraic equations (Eqs. (2)–(9)) are solved using suc-
cessive under-relaxation (SUR) technique. Thus, the velocity and
temperature fields are obtained in the cavity. Regular grid was
used for whole computational domain. Central difference method
is applied for discretization of equations. The convergence criterion
is chosen as 10�4 for all dependent variables and 0.1 is taken for
under-relaxation parameter. A grid independence study is con-
ducted using five different grid sizes of 31 � 31, 51 � 51, 81 � 81,
101 � 101 and 121 � 121. Regular grid was used for all cases. It
is obtained that a further refinement of grids from 101 � 101 and
121 � 121 does not have a significant effect on the results in terms
of average Nusselt number and stream function. According to this
observation, a uniform grid size of 101 � 101 is enough for this
study.

3.2. Heat transfer relations

The local and mean Nusselt numbers can be defined as follows:

On hot wall Nu¼ @h
@X

����
X¼0
ðheated wallÞ ð10Þ

On cold wall Nu¼ @h
@X

����
X¼cþe=2

ðright side of the partitionÞ ð11Þ

and mean Nusselt number is given by

Nu ¼
Z H

0
Nu � dy ð12Þ

The horizontal walls of the cavity are considered adiabatic.
Then, the heat flux evacuated from the vertical heated left wall
must be identical to that crossing the cavity at each vertical plane.
For the active vertical walls in contact with air and water, the en-
ergy balance leads to

�kA

Z 1

0
NuA � dY ¼ �kW

Z 1

0
NuW � dY ð13Þ

Then

kANuA ¼ kW NuW ð14Þ

For Case I: (air-partition-water); NuA ¼ NuH and NuW ¼ NuC . The
conservation of heat flux leads to NuH ¼ kw

kA
NuC . Based on ratio of

thermal conductivities.Thus,

kW

kA
¼ 22:5 ð15Þ



5912 H.F. Oztop et al. / International Journal of Heat and Mass Transfer 52 (2009) 5909–5921
Then,

For Case I; NuH ¼ 22:5NuC ð16Þ

For Case II; NuH ¼
1

22:5
NuC ð17Þ

Eqs. (16) and (17) are used to test for energy balance.

3.3. Validation of numerical code

Validation of the present code was performed by two different
study from available literature as Sanchez et al. [27] and Kaminski
and Prakash [28] in authors’ earlier work [29]. In their case, the
Fig. 2. Streamlines (on the left) and isotherms (on the right) at different Grash
cavity is filled with single viscous fluid and bounded by single or
double walls with finite length and thermal conductivity. Compar-
ison between these studies and our code was performed and re-
sults are listed in Table 1. As seen from the table, obtained
results show good agreement with the literature. Thus, it is decided
that the present code is valid for further calculations.

3.4. Analytical treatment

An analytical treatment has been performed to validate the re-
sults at low Grashof numbers (Gr = 103, for example). In this case,
of numbers for Case I, e = 0.1, c = 0.5, (a) Gr = 103, (b) Gr = 105, (c) Gr = 106.
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conduction is the dominating heat transfer mode across the cavity.
For this case, the heat flux density crossing the cavity in the hori-
zontal direction (�x-direction) can be calculated analytically by
considering the thermal analogy (conductive thermal resistance
notion) as follows:

Q ¼ �kW
@T
@x

����
W

¼ TH � TC
c0�e0=2

kW
þ e0

kE
þ L�c0�e0=2

kA

¼ �kA
@T
@x

����
A

ð18Þ
Fig. 3. Streamlines (on the left) and isotherms (on the right) at different thicknes
In dimensionless form,

Q ¼ kW NuH ¼
1

c�e=2
kW
þ e

kE
þ 1�c�e=2

kA

¼ kANuC ð19Þ

It follows that

NuH ¼
1

ðc � e=2Þ þ kW
kE

eþ kW
kA
ð1� c � e=2Þ

ð20Þ
ses of partition for c = 0.75, Case I, Gr = 105, (a) e = 0.05, (b) e = 0.1, (c) e = 0.2.
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and

NuC ¼
1

kA
kW
ðc � e=2Þ þ kA

kE
eþ ð1� c � e=2Þ

ð21Þ

A test was performed for e = 0.2 and results tabulated in Table 2.
Values in the table and figures of mean Nusselt number for Case
II (Figs. 10 and 11) are agree with each other. It means that numer-
ical code gives acceptable results.
4. Results and discussion

A computational study has been performed to investigate natu-
ral convection in a square enclosure divided by solid partition into
air and water regions. Computations were performed for different
values of Grashof number, locations and thickness of the partition.
The material of the partition is chosen as epoxy. The tests were
performed for two cases: in the first case (Case I, air-partition-
water), air is filled in left chest and water is filled in the right chest.
In the second case (Case II, water-partition-air), the left chest is
filled with water and the right one is air. Thus, the study focuses
on the effects of location of fluids on heat transfer. We defined
the dimensionless thermal conductivity ratio as k = ks/kf. Thus,
dimensionless thermal conductivity is taken as k = kE/kA = 9.9 and
k = kE/kW = 0.44, in Case I and Case II, respectively. Values of Prandtl
number are 0.7 and 6.4 for air and water, respectively.
Fig. 4. Streamlines (on the left) and isotherms (on the right) at different loc
4.1. Results for Case I

Streamlines (on the left) and isotherms (on the right) are pre-
sented for e = 0.1, c = 0.5 and different Grashof numbers in
Fig. 2(a)–(c). The heated fluid moves from the hot wall and im-
pinges to the top and top side of the partition. And then, it im-
pinges to the bottom wall. Thus, it circulates in clockwise
direction. As seen from the figure that single circulation cell was
formed on both sides of the partitions but the strength of the fluid
is lower at the right chest than that of left chest. For Gr = 103, the
circulation is so weak due to domination of conduction mode of
heat transfer as plotted in Fig. 2(a). Isotherms are also parallel to
the vertical walls at this value of Grashof number. There is a huge
temperature difference between two sides due to difference of Pra-
ndtl number of the fluids (Fig. 2b). The figure shows that the flow
strength increases with increasing of Grashof number in both
chests and isotherms deviate from the parallel structure. All figures
show that circulation intensity is higher in the air filled chest due
to domination of convection. Fluid temperature inside the water is
extremely low due to weak transportation of heat from left side to
right. It stems from low conductivity of air and the presence of
epoxy partition. Here, the partition behaves as a curtain for heat
transport. It will be seen from Nusselt number in next parts of
the paper. For the highest values of Grashof number, the shape of
the left chest is changed due to increasing of domination of convec-
tion mode of heat transfer. It also similar to the benchmark study
ations of partition for e = 0.05, Case I, Gr = 106, (a) c = 0.25, (b) c = 0.75.
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of differentially heated cavity at Gr = 106 (Fig. 2(c)) which can be
compared with De Vahl Davis and Jones [4]. In this case, flow
strength increases in both chest and isotherms are almost parallel
to the horizontal wall at the middle of the enclosure.

Fig. 3(a)–(c) shows the effects of partition thickness on stream-
lines (on the left) and isotherms (on the right) for c = 0.75 and
Gr = 105 for Case I. Effects of partition thickness are tested from
e = 0.05 to e = 0.2 in this figure. In this case, the right chest of the
enclosure becomes shallower with increasing of partition thick-
ness. Thus, the flow circulation path becomes almost same. As seen
from the figure, egg shaped cell center was formed at the left chest
but the main cell is elongated in �y-direction at the right with
Wmin = �5.34 (Fig. 3a). Streamlines form a nearly centrally located
single cell. There is a huge difference on flow intensity between
two sides. The study of Kahveci [12], which is performed for a cav-
ity with divided a partition filled same fluid, there is no big differ-
ence on flow intensity on both sides. Conduction heat transfer is
Fig. 5. Variation of mean Nusselt number with Grashof number at different
locations of partition for hot side, Case I, (a) e = 0.05, (b) e = 0.1, (c) e = 0.2.
dominant at the right chest (water filled side) even for the small
partition thickness. For higher partition thickness, the top side of
the partition is more heated when it is compared to the thin parti-
tion. Isotherms show that effectiveness of the convection mode of
heat transfer increases with increasing of partition thickness at the
air side. For the highest value of the partition thickness, the tem-
perature of the fluid at right chest is almost equal to temperature
of the right vertical wall.

Fig. 4(a) and (b) show the effects of location of the partition on
flow fields and temperature distribution for e = 0.05 and Gr = 106.
For this value of Grashof number, as a consequence of increasing
convective motion, temperature gradients near the heated wall be-
comes more severe. We presented the results for locations of the
partition as c = 0.25 (near the hot wall) and c = 0.75 (near the cold
wall). As illustrated from the figure, a main cell elongates through
the vertical wall at the left chest and a circle shaped circulation cell
was formed at the right chest. In this case, flow strength is higher
Fig. 6. Variation of mean Nusselt number with Grashof number at different
locations of partition for cold side, Case I, (a) e = 0.05, (b) e = 0.1, (c) e = 0.2.
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at the right than that of right. Still, there is a huge difference in
temperature at both sides due to presence of the partition. When
the partition moves to the right wall, again, flow strength increases
at the left chest. The figure can be compared with Fig. 3 to see the
effects of Grashof number.

Variation of mean Nusselt number with Grashof number for
both left and right side of the partition are presented in Figs. 5
and 6, respectively. Fig. 5(a) shows mean Nusselt numbers for
e = 0.05 and different locations of the partition. The mean Nusselt
numbers were calculated from the left side of the partition using
Fig. 7. Streamlines (on the left) and isotherms (on the right) at different Grash
Eq. (12). As seen from the figure, conduction mode of heat transfer
is dominant up to 8 � 104 and convection is effective over that va-
lue for c = 0.25. Thus, mean Nusselt number is constant up to this
value. The lowest Nusselt number occurs for c = 0.75. The figure
indicates that mean Nusselt numbers are decreased with increas-
ing of location of the partition. Overall evaluation of Fig. 5 shows
that heat transfer is an increasing function of wall thicknesses. Fi-
nally, results are showed that in high Grashof numbers range a
boundary layer is established on the hot wall and convection
mechanism becomes dominant. Fig. 6 shows the mean Nusselt
of numbers for Case II, e = 0.1, c = 0.5, (a) Gr = 103, (b) Gr = 105, (c) Gr = 106.
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numbers at the right side of the partition again for different parti-
tion thickness and location of the partition. As seen from the fig-
ures that values of mean Nusselt numbers are lower at the right
side than that of left side.
4.2. Results for Case II

As indicated in previous part that the left chest of the enclosure is
filled with water and the right one is air in Case II. Thus, a numerical
Fig. 8. Streamlines (on the left) and isotherms (on the right) at different thickness
solution comparing steady natural convection of different fluids
filled at different chests is presented. Fig. 7 shows the streamlines
(on the left) and isotherms (on the right) for e = 0.1 and c = 0.5 at dif-
ferent Grashof numbers. As seen from the figure that again single cir-
culation cell was formed in direction of clockwise rotation. Their
values of stream function are close to each other as Wmin = �0.157
and Wmin = �0.144, on the left and right chest, respectively. In other
words, there is no huge difference between flow intensity in both
sides on the contrary of Case I. The temperature on water side is
es of partition for c = 0.75, Case II, Gr = 105, (a) e = 0.05, (b) e = 0.1, (c) e = 0.2.
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almost equal but it decreases from left to right inside the air side. It is
due to the fact that domination of conduction for Gr = 103. Flow
strength increases with increasing of Grashof number; however,
temperature difference at the water side was still low even at the
highest value of Grashof numbers. But differences on stream func-
tion values are increased with the increasing of Grashof numbers be-
tween two sides. On the contrary, the convection plays important
role in the right chest due to low values of Prandtl number of air.
As indicated by Khan and Yao [16] that Prandtl number has an
important effect on the flow configuration. The effects of partition
thickness on flow fields and temperature distribution are given in
Fig. 8(a–c) by plotting the streamlines and isotherms patterns at
c = 0.75 and Gr = 105. An oval shaped cell center was formed near
the right bottom corner of the left chest. It becomes bigger and
moves to the middle of the left chest with increasing of partition
thickness. The flow strength values are higher for Case II than that
of Case I at the left chest. On the contrary, they become smaller at
the right chest. The flow and temperature distribution shows the
same behavior with shallow cavities but temperature of the flow de-
creases due to presence of the partition. The skewness of isotherms is
decreased with increasing of partition thickness. Fig. 9 shows the
streamlines and isotherms for different locations of the partition.
As given in the figure that when partition locates near the left vertical
wall as c = 0.25, the flow strength decreases due to increasing of con-
duction mode of heat transfer. Both partition temperature and tem-
perature of the air side decrease with the increasing of location of the
partition.
Fig. 9. Streamlines (on the left) and isotherms (on the right) at different loc
Figs. 10 and 11 present the variation of mean Nusselt numbers
with Grashof number for hot side and cold side of enclosure,
respectively. It is clear from the Fig. 10 that heat transfer de-
creases when partition locates near the hot wall. Higher heat
transfer was formed for higher value of c value. However, higher
heat transfer was formed for higher partition thickness. Fig. 12
shows the comparison of velocity profiles for Case I (on the left
column) and Case II (on the right column) at the mid-section in
vertical way for different thickness of the partition at c = 0.5,
Gr = 103 (Fig. 12a) and Gr = 105 (Fig. 12b). Velocity profile for Case
I indicates that lower velocity is obtained for higher thickness of
the partition at the left chest. On the contrary, fluid is motionless
due to low Grashof numbers and domination of the conduction
mode of heat transfer. In Case II, flow velocity is almost equal
in each chest for Gr = 103 due to higher thermal conductivity of
water which is filled at the left chest. For Gr = 105, velocity values
are increased at the air side in both cases due to strong convec-
tion. It is an interesting result that lower velocity was formed
in water filled chest.

Fig. 13 displays the temperature profiles for Case I (black lines)
and Case II (red lines) at the mid-section of the cavity for different
thickness of the partition at c = 0.5 and different Grashof numbers
as Gr = 103 (Fig. 13(a)) and Gr = 105 (Fig. 13(b)). Firstly, it is noticed
that higher temperature values are obtained in Case II than Case I.
As seen from the figure, temperature is linearly decreased up to
partition in an angle. Then, inclination angle changes after parti-
tion. Thickness of the partition makes small effect on temperature
ations of partition for e = 0.05, Case II, Gr = 106, (a) c = 0.25, (b) c = 0.75.
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profile in both cases for low Grashof numbers. Again, there is a
decreasing along the x-direction of the enclosure for higher Gras-
hof numbers. Wavy temperature profile was formed at the air side
on both cases. On the contrary, temperature is linearly decreased at
the water side due to low flow velocity as indicated earlier. Fig. 14
illustrates the temperature profiles for Case I (black lines) and Case
II (red lines) at the mid-section in partition at c = 0.5 and different
Grashof numbers as Gr = 103 (Fig. 14(a)) and Gr = 105 (Fig. 14(b)).
As illustrated from the figure, temperature profile is constant along
the partition for all values of partition thickness for Case I
(Fig. 14(a)). For higher Grashof numbers as Gr = 105, heat transfer
increases from bottom to top for both cases. Temperature value
is decreased with increasing of partition thickness in Case II. On
the contrary, effects of partition become insignificant in Case I.

Variation of local Nusselt number for Case I (black lines) and Case
II (red lines) along the hot wall is presented in Fig. 15(a) and (b) for
Gr = 103 and Gr = 105, respectively. The figures are plotted for differ-
ent partition thicknesses and Grashof numbers and c = 0.5. As given
in Fig. 15(a) local Nusselt number is decreased along the hot wall and
Fig. 10. Variation of mean Nusselt number with Grashof number at different
locations of partition for hot side, Case II, (a) e = 0.05, (b) e = 0.1, (c) e = 0.2.
it also decrease with increasing of partition thickness in Case I. On
the contrary, it becomes constant around Nu = 1.0 in Case II. It means
that location of different fluid in a system makes important effect
even at small Grashof numbers. For higher Grashof numbers, local
Nusselt number increases around the bottom hot wall, and then it
decreases. Higher local Nusselt number values are formed in Case I
than that of Case II. It is an interesting result that lower local Nusselt
number is formed for higher partition thickness in Case I. On the
contrary, higher local Nusselt value is obtained at higher partition
thickness. This is due to the fact that depends on the thermal conduc-
tivities of the fluids in chests.
5. Conclusions

A numerical study was conducted to examine laminar natural
convection flow fields and temperature distribution in a partially
divided enclosure. The square cavity was with its vertical walls
maintained at constant temperatures while its horizontal walls
Fig. 11. Variation of mean Nusselt number with Grashof number at different
locations of partition for cold side, Case II, (a) e = 0.05, (b) e = 0.1, (c) e = 0.2.



Fig. 12. Comparison of velocity profiles for Case I (on the left) and Case II (on the right) at the mid-section in vertical way for different thicknesses of the partition at c = 0.5 (a)
Gr = 103, (b) Gr = 105.
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Fig. 13. Comparison of temperature profiles for Case I (black lines) and Case II (red
lines) at the mid-section of the cavity for different thicknesses of the partition at
c = 0.5 (a) Gr = 103, (b) Gr = 105. (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this paper.)
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Fig. 14. Comparison of temperature profiles for Case I (black lines) and Case II (red
lines) at the mid-section in partition for different thicknesses of the partition at
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figure legend, the reader is referred to the web version of this paper.)
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insulated. The thick partition divided the enclosure into two differ-
ent chests. Each chest was filled with different fluids such as water
or air. The study was performed covering a range of parameters
including Grashof number, Gr, location of the partition, c, and
thickness of the partition, e.

It is found that flow field, temperature distribution and heat
transfer were affected from the changing of filled fluid in chests.
When left chest was filled with air (Case I), higher heat transfer
was formed. It was an interesting result that heat transfer
decreased with increasing of location of the partition for all
values of partition thickness at Case I. On the contrary, heat
transfer was a decreasing function of increasing value of location
of the partition. Heat transfer was a function of Grashof number
that conduction mode of heat transfer became dominant at low



Fig. 15. Variation of local Nusselt number for Case I (black lines) and Case II (red
lines) along the hot wall for different thicknesses of the partition at c = 0.5 (a)
Gr = 103, (b) Gr = 105. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this paper.)
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Grashof numbers especially partition was located near the hot
wall.
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