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Abstract:
In this research, the Buoyancy heat transfer and flow patterns in a partially
divided square enclosure with staggered partitions have been studied numerically.
The partitions were distributed on the lower and upper surfaces of the box in
staggered manner. The height of the partitions was varied. The conduction heat
transfer through the fins (partitions) was also included. It is assumed that the
vertical walls of enclosure were adiabatic and its horizontal walls were maintained
at uniform but in different temperature. The problem was formulated in terms of
the stream function-vorticity procedure. The numerical solution based on the
transformation of the governing equations by using finite difference method was
obtained. The effect of increasing the partition height and Rayleigh number on
contour maps of the stream lines and temperature were reported and discussed. In
addition, the research presented and discussed the results of the average Nussult
number of the enclosures heated wall at various Rayleigh number and
dimensionless partition heights. The results showed that the mean Nussult number
increases with the increasing of Rayleigh number and decreases with the
increasing of partition heights. The distributed heat by conduction through the
partition increases with the increasing of the partition height especially at
(H/L ≥ 0.3). A comparison between the obtained results and the published
computational studies has been made and it showed a good agreement with
percentage error not exceed (0.54%).
Keywords: CFD, Buoyancy heat transfer, staggered partitions, square
enclosure.

ﺍﻨﺘﻘﺎل ﺍﻟﺤﺭﺍﺭ ﺓ ﺒﺎﻟﻁﻔﻭ ﺩﺍﺨل ﺤﻴﺯ ﻤﻘﹼﺴﻡ ﺒﺤﻭﺍﺠﺯ ﺫﺍﺕ ﺘﺭﺘﻴﺏ ﻤﺘﺨﺎﻟﻑ
:ﺍﻟﺨﻼﺼﺔ
ﺘﻀﻤﻥ ﺍﻟﺒﺤﺙ ﺩﺭﺍﺴﺔ ﺍﻨﺘﻘﺎل ﺍﻟﺤﺭﺍﺭﺓ ﺒﺎﻟﻁﻔﻭ ﻭﺸﻜل ﺨﻁﻭﻁ ﺍﻟﺠﺭﻴﺎﻥ ﺩﺍﺨـل ﺤﻴـﺯ
ﻲ ﺍﻟﺤﻴﺯ ﺍﻷﺴـﻔل ﻭﺯﻋﺕ ﺍﻟﺤﻭﺍﺠﺯ ﻋﻠﻰ ﺴﻁﺤ.ﻤﺭﺒﻊ ﺒﻭﺠﻭﺩ ﺤﻭﺍﺠﺯ ﺒﺘﺭﺘﻴﺏ ﻤﺘﺨﺎﻟﻑ ﻋﺩﺩﻴﺎﹰ
 ﻜﻤـﺎ ﺘـﻡ ﺩﺭﺍﺴـﺔ ﺍﻨﺘﻘـﺎل ﺍﻟﺤـﺭﺍﺭﺓ. ﻤﻊ ﺘﻐﻴﻴﺭ ﺍﺭﺘﻔﺎﻉ ﺍﻟ ﺤﻭﺍﺠﺯ،ﻭﺍﻷﻋﻠﻰ ﺒﺸﻜل ﻤﺘﺨﺎﻟﻑ
 ﺍﻓﺘﺭﻀﺕ ﺍﻟﺠﺩﺭﺍﻥ ﺍﻟﻌﻤﻭﺩﻴﺔ ﻟﻠﺤﻴﺯ ﺃﺩﻴﺒﺎﺘﻴﺔ ﻭﺍﻟﺠﺩﺭﺍﻥ.(ﺒﺎﻟﺘﻭﺼﻴل ﺨﻼل ﺍﻟﺯﻋﺎﻨﻑ ) ﺍﻟﺤﻭﺍﺠﺯ
 ﻤﺜﻠﺕ ﺍﻟﻤﺸـﻜﻠﺔ ﺒﺎﺴـﺘﺨﺩﺍﻡ ﻁﺭﻴﻘـﺔ ﺩﺍﻟـﺔ.ﺍﻷﻓﻘﻴﺔ ﺫﺍﺕ ﺩﺭﺠﺔ ﺤﺭﺍﺭﺓ ﻤﻨﺘﻅﻤﺔ ﻟﻜﻥ ﻤﺨﺘﻠﻔﺔ
 ﻭﺘﻡ ﺍﻟﺤﺼﻭل ﻋﻠﻰ ﺍﻟﺤل ﺍﻟﻌﺩﺩﻱ ﻋﻥ ﻁﺭﻴﻕ ﺘﺤﻭﻴل ﺍﻟﻤ ﻌﺎﺩﻻﺕ ﺍﻟﺤﺎﻜﻤﺔ.ﻴﺔ ﺍﻟﺩﻭﺍﻤ-ﺍﻻﻨﺴﻴﺎﺏ
 ﻜﻤﺎ ﺩﺭﺱ ﺘﺄﺜﻴﺭ ﻜل ﻤﻥ ﺍﺭﺘﻔﺎﻉ ﺍﻟﺤﻭﺍﺠﺯ ﻭﺭﻗﻡ ﺭﺍﻴﻠﻲ ﻋﻠﻰ.ﺒﺎﺴﺘﺨﺩﺍﻡ ﻁﺭﻴﻘﺔ ﺍﻟﻔﺭﻭﻕ ﺍﻟﻤﺤﺩﺩﺓ
 ﺒﺎﻹﻀﺎﻓﺔ ﺇﻟﻰ ﻤﻨﺎﻗﺸﺔ ﺍﻟﻨﺘﺎﺌﺞ ﺍﻟﺨﺎﺼﺔ ﺒﻤﻌـﺩل ﻋـﺩﺩ،ﻤﺨﻁﻁﺎﺕ ﺍﻟﺴﺭﻋﺔ ﻭﺩﺭﺠﺎﺕ ﺍﻟﺤﺭﺍﺭﺓ
 ﺒﻴﻨـﺕ.ﻨﺴﻠﺕ ﻟﻠﺠﺩﺍﺭ ﺍﻟﻤﺴﺨﻥ ﻓﻲ ﺍﻟﺤﻴﺯ ﻷﺭﻗﺎﻡ ﺭﺍﻴﻠﻲ ﻭﺍﺭﺘﻔﺎﻋﺎﺕ ﺍﻟﺤﻭﺍﺠﺯ ﺍﻟﻼﺒﻌﺩﻴﺔ ﻤﺨﺘﻠﻔﺔ
ﺍﻟﻨﺘﺎﺌﺞ ﺃﻥ ﻋﺩﺩ ﻨﺴﻠﺕ ﺍﻹﺠﻤﺎﻟﻲ ﻴﺯﺩﺍﺩ ﻤﻊ ﺍﺯﺩﻴﺎﺩ ﻋﺩﺩ ﺭﺍﻴﻠﻲ ﻭﻴﻘـل ﻤـﻊ ﺍﺯﺩﻴـﺎﺩ ﺍﺭﺘﻔـﺎﻉ
H/L ) ﻋﺔ ﺒﺎﻟﺘﻭﺼﻴل ﺘﺯﺩﺍﺩ ﻤﻊ ﺍﺯﺩﻴﺎﺩ ﺍﺭﺘﻔﺎﻉ ﺍﻟﺤﻭﺍﺠﺯ ﺨﺎﺼﺔﹰ ﻋﻨﺩ ﺍﻟﺤﺭﺍﺭﺓ ﺍﻟﻤﻭﺯ،ﺍﻟﺤﻭﺍﺠﺯ
 ﻗﻭﺭﻨﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺍﻟﺤﺎﻟﻴﺔ ﻤﻊ ﻨﺘﺎﺌﺞ ﻋﺩﺩﻴﺔ ﻤﻨﺸﻭﺭﺓ ﻭﺘﺒﻴﻥ ﺃﻥ ﺍﻟﺘﻭﺍﻓـﻕ ﺠﻴـﺩ ﺒﻴﻨﻬﻤـﺎ.(≥ 0.3
.(0.57% ) ﻭﺒﻨﺴﺒﺔ ﺨﻁﺄ ﻻ ﺘﺘﺠﺎﻭﺯ
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decreases with increasing the
height and number of partitions.
Dagtekin and Oztop [3] have
investigated natural convection
heat transfer by heated partitions
within an enclosure. They have
found that as the partitions, height
increases,
the
mean
Nusselt
number increases and that the
position of partitions have more
effects on fluid flow than that of
heat transfer. Abdullatif and Ali
[4]
study
laminar
natural
convection flow of a viscous fluid
in an inclined enclosure with
partitions, the range of Rayleigh
and the angle of inclination was
(1E3 to 1E6) and (0-90o)
respectively. It was found that the
average Nusselt number increases
with increase in the Rayleigh
number.
Also,
as
the
dimensionless
partition
height
increases, the flow speed within
the partitioned enclosure decreases
resulting in less wall heat transfer.
In addition, the average Nusselt
number was found to decrease as
the
partitioned
enclosure
inclination angle was increased
beyond (30o ). Nansteel and Greif
[5, 6] performed experiments on
natural convection heat transfer in
undivided and partially divided
rectangular enclosures. In their
studies, the vertical walls were
maintained different temperatures
while the horizontal walls were
adiabatic. The experiment carried
out with water for Rayleigh
numbers
over
the
range
(1E10–1E11). The vertical partial
partition was fitted the top surface.
The correlations for the average
Nusselt number were generated for

Introduction
Natural
convection
in
an
enclosure with partial vertical
divider has received considerable
degree of recent interest. This
interest
stems
from
the
significance of buoyancy-induced
flows in various engineering and
technological applications such as
convective heat loss from solar
collectors,
thermal
insulation,
nuclear
reactors, heat-recovery
systems, energy conservation in
buildings, air conditioning and
ventilation, cooling of electronic
equipments, and semiconductor
production.
Many scientists and researchers
have been studied the natural heat
transfer and fluid flow in square
enclosure
with
and
without
divided partitions to see the effect
of partitions on the heat transfer
mechanism inside the space,
Karayiannis et. al. [1] studied the
Convective heat transfer for air in
rectangular cavities without a
partition and with a vertical
partition with different constant
temperatures on the opposite walls
numerically. The aspect ratio
changed from (0.1) to (16), and the
Rayleigh number from (3.5E3) to
(3.5E7) (for cavities without
partitions) and from (1E5) to
(1.6E8)
(for
cavities
with
partitions), with the partition
thickness and thermal conductivity
being varied, the Nussult number
reduced by (12%) due to the
partition. Yucel and Ozdem [2]
have studied natural convection in
partially
divided
square
enclosures. They have concluded
that the mean Nusselt number
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the cases of conducting and nonconducting partial divisions as a
function of Rayleigh number and
aperture ratio (height of partition
height of enclosure). The partial
divisions
were
shown
to
significantly decrease the overall
heat transfer, especially when the
partitions were non-conducting.
Lakhal
et.
al.
[7]
study
numerically the natural convection
in inclined rectangular enclosure
with perfectly conducting fins
attached to the heated wall. The
parameter governing this problem
are the Rayleigh (1E2–2E5), the
aspect ratio (2.5- 10), and the
inclination angle (0- 60o ). the
results indicate that the heat
transfer through the cover is
considerably effected by the
presences of the fin. Also at low
Rayleigh numbers the heat transfer
regime
is
dominated
by
conduction.
In the present study, natural
convection in partially staggered
partitioned square enclosures is
considered. The vertical walls are
assumed to be adiabatic and
horizontal top and bottom walls
are kept at constant but different
temperatures.
The
partitions
having finite thickness and finite
thermal conductivity are attached
to the bottom and the top walls of
the enclosure in staggered manner.
A computer program is developed
on the basis of the finite difference
method. The fluid flow and
temperature fields are predicted for
different Rayleigh numbers, and
partition
heights.
From
the
temperature fields predicted, the
average Nusselt numbers are
calculated.

The mathematical model
The
physical
domain
considered in this study is a (2-D)
square enclosure with partially
divided staggered partitions which
is shown in Fig. (1) The length of
the side of the square is denoted by
(L). The thickness and length of
partitions are represented by (d and
H), respectively.
Considering, steady laminar, twodimensional, natural convective
flow inside partitioned enclosure.
The temperatures (Th) and (Tc) are
uniformly
imposed
on
two
opposing horizontal walls such that
(Th> Tc) while the other walls are
assumed to be adiabatic. Fig. (1)
Shows
the
schematic
and
coordinate system of the problem
under consideration. The fluid is
assumed to be incompressible,
Newtonian and viscous and has
constant
thermo-physical
properties except the density in the
buoyancy term of the momentum
equations. The effect due to
viscous dissipation is assumed to
be negligible.
The governing equations for this
problem are based on the balance
laws of mass, linear momentum
and energy. Taking into account
the assumptions mentioned above,
and applying the Boussinesq
approximation for the body force
terms in the momentum equations,
the governing equations can be
written in dimensionless stream
function–vorticity form as:

∂ζ ∂ζ  ∂2ζ ∂2ζ 
U +V =Pr 2 + 2 +
∂X ∂Y ∂X ∂Y 
∂θ
RaPr
∂X
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gβ(Th −Tc )L3
ν
Pr= , Ra=
α
αν

2

∂θ ∂θ ∂2θ ∂2θ
U +V = 2 + 2
∂X ∂Y ∂X ∂Y

…(2)

The equations (1, 2, 3, 5) are
subjected
to
the
following
boundary conditions:
1. the left wall (X=0) and the right

…(3)

Where: the dimensionless
stream function and vorticity are
defined in the usual way as:

∂ψ
∂ψ
∂V ∂U
U= , V=− , ζ = −
∂Y
∂X
∂X ∂Y

wall (X=1):

….(4)

4. For the all surface walls: ψ = 0
5. For the all surface walls:
(ζ 0 =

3
1
(ψ o −ψ 1 ) + ζ 1 )
2
∆n
2

woods condition.
The heat transfer rate (Nussult
number) was calculated along the
lower
surface
(heated
wall)
according to the equation:

…(5)

1

Nu = ∫

The following equation
was defined for the interface
between the solid and fluid [8]:

∂θ
∂θ
Kf
= Ks
∂n
∂n

∂θ
=0
∂X

2. the lower wall (Y=0): θ = 1
3. The upper wall (Y=1): θ = 0

For the solid region (in the
partitions), the energy equation for
the heat transfer by conduction
(Eq. (3)) becomes:

∂ 2θ ∂ 2θ
+
=0
∂X 2 ∂Y 2

…(7)

0

∂θ
dX
∂Y Y=0

….(8)

Numerical Solution
The governing equations
(1,2,3,5) are solved by finite
difference scheme which used central
differencing for the second order
derivative and upwind or one-sided
differencing for non linear first order
convective terms. The role of upwind
differencing procedure in stabilizing
the numerical scheme has been well
documented. The application of this
scheme to free convection flow at
high Rayleigh number is discussed in
[9].
Following is the procedure in
[9], the governing finite difference
equations for (ζ, Ө, and ψ) can be
written in the standard five point
formula form. These finite difference

…(6)

Where: (Kf) and (Ks) is the
thermal conductivity of fluid and
solid respectively, (n) represent the
normal distance.
The governing equations
are converted into the nondimensional form by defining the
following
nondimensional
variables:

x
y
ωL2
, Y= , ζ =
,
L
L
α
T − Tc
Ψ
ψ = ,θ =
,
α
Th − Tc
X=
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θint = (Kr θ f + θs ) /(1+ Kr ) …(10)

equations
which
subject
to
appropriate boundary conditions are
solved by an iterative method known
as successive substitution. If ( s, s,
and s) denote functional values at
the end of sth iteration, the value of
( , , and ) at (s+1)th iteration
level are calculated from the
following expressions,

ζ

s +1
i, j

bζ ζ

= (1 − γ ζ )ζ

s +1
i −1, j

+ cζ ζ

s
i, j

s
i , j +1

+

γζ
Aζ

+ dζ ζ

[a ζ ζ
s +1
i , j −1

s
i +1, j

Aconverged solution
was defined as one that meet the
following criterion for all dependent
variables.

φ n+1 − φ n ≤10 −4

+
Results and discussions
The heat transfer in partially
divided square enclosures and the
fluid
flow
were
numerically
investigated. It is assumed that the
Left and the right walls of enclosures
are adiabatic and the upper and the
lower walls of enclosures are
maintained at uniform but different
temperatures. By assuming the
enclosure contains air, hence (Pr) is
taken to be (0.7) in the fluid region.
Partitions are placed on horizontal
surfaces in staggered manner, their
dimensionless heights (H/L) are
taken (0.0, 0.1, 0.2, 0.3, 0.4, and 0.5),
and the thicknesses (d/L) are taken
(0.1).
Dimensionless locations of
partitions (w1/L, w2/L, w3/L, w4/L,
w5/L, w6/L) are chosen as (0.15, 0.45,
0.75, 0.3, 0.6, and 0.9) respectively.
In the partition regions (kr) is
taken as (8416.66) (which represents
the ratio of the thermal conductivity
of aluminum to that of air).
Computations are performed at
different Rayleigh numbers in the
range (103, 10 4, 10 5, 3*105, 4*10 5,
5*105, 7*10 5, and 106), for the
different dimensionless partitions
heights. In order to investigate fluid
structure and heat transfer, the
streamline and isotherm contours are
drawn and mean Nusselt number is

+

0.5Ra Pr h(θ is++11, j − θ is−+11, j )]

θ is, +j 1 = (1 − γ θ )θ is, j +

γθ
(a θ θ is+1, j
Aθ

+ bθ θ is−+11, j + cθ θ is, j + d θ θ is, +j −11 )
ψ is,+j 1 = (1 − γ ψ )ψ is,+j 1 +
ψ is−+11, j

γψ

(ψ is+1, j +
4
+ ψ is, j +1 + ψ is,+j 1−1 + h 2ω is,+j 1 )

θis, +j 1 = (1 − γ θso )θis, +j1 +

....(11)

γ θso s
(θi+1, j +
4

θis−+11,j + θis, j +1 + θis, +j −11 )
…(9)
Where (h) is the step size and
(γζ , γ θ, γ ψ , and
γθso)
are
over
relaxation parameter which depend
on the mesh size and fluid
mechanical
parameters
and
(Aζ , Aθ) are given in [9].
For the interface region, the
equation (6) is solved forward or
backward according to the location of
the partition. The final form of
equation (6) is:
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shifted upward, also the strength of
the flow become more strongly.
Fig.(6)
shows
the
temperature contours for different
Rayleigh numbers for (H/L=0.2). The
temperature distribution continuous
to move toward the right vertical wall
which demonstrate the effect of heat
conducted from the lower partitions
(especially from the second and the
third partition). the left circulated cell
of the streamline contour for the
same value of (H/L) will growth as
the Rayleigh numbers increases, that
growth will squeeze the other cell. A
third cell will appear at the high
Rayleigh number, that is clearly
appear in fig.(7).
As the height of the
staggered
partitions
increases
(H/L=0.3,
0.4,
0.5)
Fig. (8, 10, and 12), the conduction
heat transfer will dominate in the
enclosure and the effect of heat
transfer by convection will be less
than of conduction heat transfer due
to increase the height of the
partitions, in other word the heat
exchange by conduction between the
hot partitions and the cold one is
increased as they come close to each
other. Also the plume effect will
diminish after the ratio (H/L > 0.3)
which illustrate the dominate of
conduction heat transfer on the
convection heat transfer.
For the flow inside the
enclosure, increasing the height of
the staggered partitions will effect the
streamline contour strongly, as
shown in Fig.(9, 11, and 13) the
number of circulating cells will
increase until almost each of the
zones between the partitions will
contain one cell, that is clear at (H/L
≥ 0.4), also the gradient of stream

calculated from the local Nusselt
number for each case.
Fig.(2)
shows
the
temperature contours for different
Rayleigh numbers plotted for a
(H/L=0.0) case (no partition) with
adiabatic vertical walls. As seen in
Fig. (2), when the Rayleigh number
increases, the temperature gradient
next to hot and cold wall increases.
Also development of the plume effect
can be seen as the Rayleigh number
increases.
In Fig. (3), the streamline
contours for different Rayleigh
numbers are plotted, at low Rayleigh
number there are two circulating cells
with opposite direction in the lower
half of the enclosure, as the Rayleigh
number increased the two circulating
cells stretched and shifted upward,
also the flow (stream function)
become more strongly.
Fig.(4)
shows
the
temperature contours for different
Rayleigh numbers for (H/L=0.1).
also when the Rayleigh number
increases, the temperature gradient
next to hot and cold wall increases.
But the symmetry of the temperature
region about the vertical mid line
change duo to the presence of the
partitions which develop conduction
heat transfer. It can be seen that the
plume temperature region shifted to
the right wall duo to the staggered
distribution of the partitions.
In Fig. (5), the streamline
contours for (H/L=0.1) are plotted,
the two circulating cells with
opposite direction also found in the
enclosure, the effect of staggered
partitions clearly seen by shifting the
right circulating cell to the right wall,
as the Rayleigh number increased the
two circulating cells stretched and
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rate as Rayleigh number
increased.
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List of Symbol

Symbol
d
g
H
Ks
kf
kr
L
n
Nu
Pr
Ra
T
Tc
Th
U
V
x
X
y
Y
α
β

Description
Thickness of the partition
Gravitational acceleration
Height of the partition
Thermal conductivity of the partition (solid)
Thermal conductivity of fluid
Thermal conductivity ratio
Length of the cavity
Normal distance
Mean Nusselt number
Prandtl number (Pr = νf/αf)
Rayleigh number Ra = gβ(TH – TC)L3/νfαf
Temperature
Cold wall temperature
Hot wall temperature
Dimensionless velocity component in xdirection
Dimensionless velocity component in ydirection
Horizontal axis
Dimensionless horizontal axis (X = x/L)
Vertical axis
Dimensionless vertical axis (Y = y/L)
Thermal diffusivity of fluid
Thermal expansion coefficient
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Unit
m
m/sec2
m
W/m.K
W/m.K
kr = ks/kf
m
ــــــــ
ــــــــ
ــــــــ
ــــــــ
K
K
K
ــــــــ
ــــــــ
m
ــــــــ
m
ــــــــ
m2/sec
K–1
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ν
θ
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Kinematic viscosity
Dimensionless temperature (θ = (T – Tc)/ (Th –
Tc)
Stream function
Dimensionless Stream function
Vorticity
Dimensionless Vorticity

ψ
Ψ
ω
ζ

w4
w5

L

w6

w3
w2
w1

H

d

Y

L
X

Figure (1) Problem schematic and coordinate system.
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m2/sec
ــــــــ
ــــــــ
ــــــــ
ــــــــ
ــــــــ
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a

d
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e

c

f

Figure (2) Temperature contours at H/L=0.0 with different Rayleigh Number (a. Ra=1*10 4,
b. Ra=1*10 5, c. Ra=3*10 5, d. Ra=1*10 4, e. Ra=5*10 5, and f. Ra=1*10 6).
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Figure (3) Stream contours at H/L=0.0 with different Rayleigh Number (a. Ra=1*10 4, b.
Ra=1*10 5, c. Ra=3*10 5, d. Ra=1*10 4, e. Ra=5*10 5, and f. Ra=1*10 6).
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Figure (4) Temperature contours at H/L=0.1 with different Rayleigh Number (a. Ra=1*10 4 ,
b. Ra=1*10 5, c. Ra=3*105, d. Ra=1*10 4, e. Ra=5*10 5, and f. Ra=1*10 6).
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Figure (5) Stream contours at H/L=0.1 with different Rayleigh Number (a. Ra=1*10 4, b.
6524
Ra=1*10 5, c. Ra=3*10 5, d. Ra=1*10
, e. Ra=5*10 5 , and f. Ra=1*10 6).
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Figure (6) Temperature contours at H/L=0.2 with different Rayleigh Number (a. Ra=1*10 4, b.
4
Ra=1*10 5, c. Ra=3*10 5, d. Ra=1*10
, e. Ra=5*10 5 , and f. Ra=1*10 6).
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Figure (7) Stream contours at H/L=0.2 with different
Rayleigh Number (a. Ra=1*10 4, b.
5
5
4
Ra=1*10 , c. Ra=3*10 , d. Ra=1*10 , e. Ra=5*10 5, and f. Ra=1*10 6).
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Figure (8) Temperature contours at H/L=0.3 with different Rayleigh Number (a. Ra=1*10 4, b.
Ra=1*10 5, c. Ra=3*10 5, d. Ra=1*10 4, e. Ra=5*10 5 , and f. Ra=1*10 6).
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Figure (9) Stream contours at H/L=0.3 with different
Rayleigh Number (a. Ra=1*10 4 , b. Ra=1*10 5, c.
656
5
4
Ra=3*10 , d. Ra=1*10 , e. Ra=5*10 5, and f. Ra=1*10 6).
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Figure (10) Temperature contours at H/L=0.4 with different Rayleigh Number (a. Ra=1*10 4, b.
657 4, e. Ra=5*105, and f. Ra=1*10 6).
Ra=1*10 5, c. Ra=3*10 5, d. Ra=1*10
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Figure (11) Stream contours at H/L=0.4 with658
different Rayleigh Number (a. Ra=1*10 4, b. Ra=1*10 5,
5
c. Ra=3*10 , d. Ra=1*10 4, e. Ra=5*10 5, and f. Ra=1*10 6).
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Figure (12) Temperature contours at H/L=0.5
different Rayleigh Number (a. Ra=1*10 4, b.
659with
5
5
4
Ra=1*10 , c. Ra=3*10 , d. Ra=1*10 , e. Ra=5*10 5, and f. Ra=1*10 6).
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Figure (13) Stream contours at H/L=0.5 with different Rayleigh Number (a. Ra=1*10 4, b. Ra=1*10 5,
c. Ra=3*10 5, d. Ra=1*10 4, e. Ra=5*10 5, and f. Ra=1*106 ).
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Figure (14) Variations of mean Nusselt number with the Rayleigh
number at different partitions height.
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Nuri Yucel et. al. [2].

Present steady

a. Temperature counter comparison

Nuri Yucel et. al. [2].

Present steady

a. Stream counter comparison
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[2]

Figure (15). The comparison between the present study and ref. [2]
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