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ABSTRACT

Buoyancy driven heat transfer of Cu-water nanofluid in a differentially heated square
cavity with an inner adiabatic square baffle at different positions is studied
numerically. The left and right walls of the cavity are at temperatures of Th and Tc,
respectively that Th > Tc, while the horizontal walls are insulated. The governing
equations are discretized using the finite volume method while the SIMPLER
algorithm is used to couple velocity and pressure fields. A parametric study is
conducted and effects of Rayleigh number (103 to 106), the position of the baffle (six
different positions), and the volume fraction of nanoparticles (0 to 0.1) on flow
pattern, temperature distribution and heat transfer inside the cavity are investigated.
The obtained results show that the rate of heat transfer is enhanced with increase of
both Rayleigh number and volume fraction of nanoparticles. Moreover it is found that
based on the Rayleigh number, the effect of position of the baffle on the rate of heat
transfer varies. At all Rayleigh number considered, when the baffle is located in the
core of the cavity, maximum rate of heat transfer occurs. Also the position of the
baffle has a minimum effect on the rate of heat transfer at Ra = 106.

© 2015 Published by Semnan University Press. All rights reserved.

1. Introduction

Nanofluid, that is a mixture of nano-sized
particles (nanoparticles) suspended in a base fluid
has a higher thermal conductivity compared to the
base fluid, and hence is used to enhance the rate of
heat transfer. There are a large number of papers on
different applications of nanofluids such as forced
convection of nanofluids [1], boiling heat transfer
of nanofluids [2] and mixed convection of
nanofluids [3-6].

Some works are devoted to buoyancy driven
heat transfer of nanofluid in cavities. Khanafer et
al. [7] investigated numerically free convection of
nanofluid in rectangular cavities with cold right
wall, hot left wall and insulated horizontal walls
and found enhanced heat transfer by the nanofluid.
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nanofluid in a differentially heated square cavity
were investigated numerically by Ghasemi et
al. [16]. Mahmoodi [17] investigated numerically
natural convection of a nanofluid in L-shaped
cavities.

Apart from the nanofluid free convection,
buoyancy driven heat transfer in cavities having
inside bodies with various shapes has long been
studied. Some papers about free convection in
square cavities with inside bodies include: cavities
with square shaped bodies [18-19], square cavities
having inside thin fins and baffles [20-21], Square
cavities with thin fin on the walls [22-23] and
annuluses with different shapes [24-25].

There are few studies on buoyancy driven of
nanofluids in annuluses or in square cavities having
inside elements or bodies. Abu-Nada et al. [26]
investigated numerically free convection in
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horizontal annuli filled with nanofluids. Mahmoudi
et al. [29] studied numerically cooling of two heat
sources vertically attached to horizontal walls of an
open cavity utilizing nanofluids. In another
numerical study, Mahmoudi et al. [30] investigated
free convection around a heat source horizontally
attached to the left vertical wall of a cavity filled
with Cu-water nanofluid. Abbasian et al. [31]
considered nanofluid natural convection of Ag-
water nanofluid inside a square cavity with cold
side walls and having a horizontal heated thin plate.
Mahmoodi [32] investigated numerically natural
convection of various water-based nanofluids in
square cavities with cold side walls, adiabatic
horizontal walls and a horizontally or vertically
oriented thin heater inside it. Mahmoodi and
Sebdani [33] conducted numerical simulation of a
nanofluid free convection in a differentially hearted
square enclosure having a centrally located
adiabatic body with different sizes.

The authors are not aware of any work that has
investigated buoyancy driven heat transfer of
nanofluids in square cavity with an adiabatic square
body in different locations. For the free convection
heat transfer of mnanofluids in the thermal
engineering applications will be extending the
existing knowledge, the authors are motivated by
interest in investigation of the effects of a nanofluid
in the laminar free convection flow between a
differentially heated square cavity and an eccentric
adiabatic square body. The adiabatic body can be
considered as a modifier or controller of heat
transfer and flow pattern inside the cavity. In some
applications the heat transfer from some regions of
the wall must be decreased or increased; hence in a
such case the adiabatic body can be used. On the
other hand, in this study nanofluid with solid
volume fractions up to 10% has been investigated
in order to increase awareness of readers and also
the essential needs of some industries and reactors
to extremely high heat transfer regardless of
pressure drop and pumping costs.

2. Problem Formulation

The considered physical model is buoyancy
driven heat transfer of Cu-water nanofluid in
square cavities of width H with an inside adiabatic
square baffle of length H/4 in six different
positions, as schematically shown in Fig. 1. The
left and right walls of the cavity are kept at
temperatures of Th and Tc, respectively. The
horizontal walls of the cavity are insulated. The
cavity is filled with Cu-water nanofluid. The
nanoparticles and the base fluid are in thermal
equilibrium and there is no slip between them. The
thermophysical properties of Cu nanoparticles and
the water at standard temperature (T = 25 oC) are
presented in Table 1. The nanofluid is considered

Newtonian and incompressible and the nanofluid
flow is assumed to be laminar.
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Figure 1. Schematic view of differentially heated
square cavity with six different positions of an adiabatic
square body considered in the present study

Table 1
Thermophysical properties of water and
nanoparticles at 7= 25°

Physical properties Water Cu

C, (J/kg K) 4179 385

p (kg/m®) 997.1 8933

k (W/mK) 0.613 400
SEK™ 21x107 1.67x10°

The equations governing steady state laminar
natural convection fluid flow and heat transfer with
Boussinesq approximation in y-direction are as
following:
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where, p = (l—(p)pf +@p , is the density ,
(e, ) =(1,(/,)(pcﬂ)/ +o(pe) . is the heat capacity,

(08), =(1-0)(pB), +o(pp)., and a, :k,,//(pcp )”, )

are the thermal expansion coefficient and thermal
diffusivity of the nanofluid, respectively. Also,

u, = [(1-9)" and

k =k ((k +2k )=20(k ~k )/(k +2k )+ o(k ~k))

, are the viscosity and thermal conductivity of the
nanofluid, respectively.

The following dimensionless parameters are
defined to convert the governing equation to
dimensionless form:
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The governing equations in dimensionless form are

as follows:
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where the Rayleigh number Ra, and the Prandtl
number Pr, are:
(T, -T.)H’ v,
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The boundary conditions for Eqs. 13-16 are:

on the left wall:

on theright wall:

on the adiabatic walls :
U=V=0,0=1 (10)
U=V=0,0=0
U=V=0,00/on=0

where n is normal direction to the walls.
The local Nusselt number of the hot wall is:
hH

Nu/acal = ; (1 1)
where the heat transfer coefficient, £, is
q
h=—Tv_
T,-T. (12)
The thermal conductivity is calculated as following
q

| I —

verjex|, (13)

By substituting Eqs. (12) and (13) in Eq. (11), the
Nusselt number can be written as:

[ ky |00

X=0

The average Nusselt number of the hot wall is
obtained by integrating the local Nusselt number
along the hot wall as follows:

1
Ny, = J'O Nudy (15)

X=0
3. Numerical Approach

The governing equations in terms of primitive
variables are discretized using the finite volume
method. The diffusion terms in the equations are
discretized by a second order central difference
scheme while upwind scheme is employed to
approximate the convection terms. Coupling
between the pressure and the velocity fields is done
using the SIMPLER algorithm [34]. The set of
discretized equations are solved by TDMA line by
line method [35]. The solution is terminated until
the convergence criterion is reached, which is:

iz”: &_,Hl _&_,t
Errorz%ﬁloq, (16)
ZZ atﬂ

j=1 i=l

where m and n are the number of meshes in the
x and y direction, respectively, £ is a transport
quantity, and ¢ is number of iteration.

For grid independence study, the square cavity
of case 4, shown in Fig. 1, filled with Cu-water
nanofluid with ¢ = 0.05 at Ra = 10° is considered.
Six different uniform grids, namely, 21x21, 41x41,
61x61, 81x81, 100x100 and 121x121 are
employed for the numerical simulations. The
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average Nusselt numbers of hot left walls of the
cavity for these grid sizes are obtained and shown
in Table 2. As it is evident from the table, a
uniform 81x81 grid is sufficiently fine for the
numerical calculation.

In order to validate the developed code, three
different test cases are employed using the
presented code, and the results are compared with
the existing results in the literature. The first test
case is free convection fluid flow and heat transfer
in a differentially heated square cavity filled with
air. The second test case is the problem of free
convection in square cavity filled with Cu—water
nanofluid with ¢ = 0.1 with heat source and sink at

the middle of its left and right walls. The third test
case is free convection of air in an annulus between
an inner hot square duct and an outer cold square
duct. Tables 3, 4, and 5 show comparison between
the average Nusselt numbers obtained by the
present numerical simulation and those presented
by other investigators for three considered test
cases. As it can be observed from theses tables,
very good agreements exist between the results of

the current simulation with those of other

investigators for two different test cases.

Table 2

Average Nusselt number along the hot wall of the cavity according to the case 4 for different

grid sizes (Ra = 10°, ¢ = 0.05)

Grid size 21x21 41x41 61x61 81x81 101x101 121x121
Nu 5.9614 8.3609 9.8739 10.0050 10.0113 10.0121
Table 3

The average Nusselt number of the hot wall for the first test case, comparisons of the present
results with the results of other investigators

Ra=10  Ra=10" Ra=10° Ra=10°
Present study 1.113 2.254 4.507 8.802
Khanafer et al. [7] 1.118 2.245 4.522 8.826
Barakos and Mitsoulis [36] 1.114 2.245 4.510 8.806
Davis [37] 1.118 2.243 4.519 8.799
Fusegi et al. [38] 1.105 2.302 4.646 9.012
Markatos and Pericleous [39] 1.108 2.201 4.430 8.754
Table 4

The average Nusselt number of the hot portion of wall for the second test
case, comparisons of the present results with the results of Sheikhzadeh et

al. [13]
Present Study Sheikhzadeh et al. [13]
Ra =10’ 2218 2.228
Ra=10* 3.715 3.709
Ra =10’ 7.221 7.160
Ra=10° 12.905 12.881
Table 5

The average Nusselt number of the outer square duct of the third test case,
comparisons of the present results with the results of Asan [18]

Ra =10’ Ra = 10* Ra=10° Ra=10°
Present study 3.655 3.749 3.760 5.873
Asan [18] 3.790 3.832 3.899 5.926

4. Results and Discussions

In this section, the obtained numerical results of
natural convection of Cu-water nanofluid inside a

differentially heated square cavity are presented.
As shown in Fig. 1, the results have been obtained
for six different positions of the adiabatic baffle.
For all considered positions of the adiabatic baffle,
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the Rayleigh number is ranging from 10° to 10° and
the volume fraction of the nanoparticles is varying
from 0 to 0.1. The results are presented in terms of
streamlines, isotherms, average Nusselt number
and local Nusselt number.

The streamlines and isotherms inside the cavity
filled with pure fluid (dashed line) and nanofluid
with ¢ = 0.1 (solid line) at different Rayleigh
numbers for six different positions of the adiabatic
square body are shown in Figs. 2 and 3,
respectively. According to Fig. 2 at Ra = 10° a
clockwise circulating eddy is developed inside the
enclosure for all considered cases. In cases 3 and 4,
which the baffle is located at the middle of the
cavity, all of cooled fluid descending adjacent the
right cold wall, moves under the baffle and then
warms and ascends along the hot left wall, whereas
for all other cases the fluid is divided into two
streams which flow over and under the baffle. The
condensation of the streamlines in the figure shows
that for case 1 and 2, the bigger stream flows under
the baffle while for the case 4 and 5 major stream
flows over that.

As can be seen from the Figs. 2 and 3 in case 1
at Ra = 10° a clockwise eddy is developed inside
the cavity. The core of the eddy is located at the
middle region of the cavity. Also it is observed that
the streamlines are uniformly distributed inside the
cavity. The flow pattern shows that more part of
the fluid flows over the baffle. At Ra = 10° the
streamlines associated to nanofluid and pure fluid
are similar. With increase in buoyancy force at Ra
= 10" the core of the eddy moves slightly upward
and the streamlines are slightly packed next to the
side walls which motivates the flow rate under the
baffle to increase. At this Rayleigh number the
streamlines related to the pure fluid are more
packed next to the side walls compared to those of
the nanofluid. The number of streamlines under the
baffle for the pure fluid is more than those of
nanofluid which means that as the volume fraction
of the nanoparticles decreases the flow rate under
the baffle increases. At Ra = 10° when the cavity is
filled with pure fluid, a small secondary eddy is
developed over the baffle while for the cavity filled
with nanofluid it is not developed. These
phenomena are because of higher viscosity of
nanofluid compared to pure fluid. According to the
streamlines, at Ra = 10° the flow rate under the
baffle is higher than over of adiabatic body. At Ra
= 10’ the isotherms are distributed uniformly
parallel with side walls which is characteristic of
conduction heat transfer. The isotherms of
nanofluid (dashed lines) are more parallel than
those of pure fluid (solid lines) which means that
the strength of conduction is more for the cavity
filled with nanofluid. At Ra = 10* and 10° the
isotherms are condensed in the upper right and
lower left corners of cavity. At Ra = 10, which is
highest Rayleigh number in the present study,

existence on distinct thermal boundary layers is
evident from the isotherms at the vicinity of the
isothermal walls. For all Rayleigh numbers
considered, condensation of isotherms along the
side walls for the pure fluid is higher than that for
nanofluid which is because of higher thermal
conductivity of nanofluid.

In case 2 at Ra = 10’ a clockwise eddy, that its
core is located over the baffle, is observed inside
the cavity. At this Rayleigh number, a symmetric
flow pattern about vertical centerline of the cavity
is observed because of weak buoyancy force. At Ra
= 10’ the concentration of streamlines shows that
the flow rate over the baffle is bigger than one
under that. As Rayleigh number increases core of
eddy is elongated from left to right of cavity.
Moreover with increase in Rayleigh number, the
streamlines are condensed next to the walls and the
flow rate under the baffle increases. From the
isotherms in Fig. 3, formation of thermal boundary
layers along the side walls with increase in
Rayleigh number is remarkable. Also as the
volume fraction of nanoparticles increases, the
thermal boundary layers are beginning to thicken.

In case 3 at Ra = 10’ a clockwise eddy, that its
core is located in the right side of the baffle, is
developed inside the cavity. At Ra = 10* the flow
rate in the gap between the baffle and the hot wall
is higher than that at Ra = 10°. At Ra = 10° the flow
pattern varies compared to lower Rayleigh
numbers. At this Rayleigh number the nanofluid
which moves horizontally from right to left of the
cavity faces the baffle, then breaks into two distinct
streams. When the nanofluid moves under the
baffle a small clockwise eddy is formed in this
region as a result of stagnation pressure and friction
losses. The shape of the core of the primary eddy is
different from that at lower Rayleigh numbers. At
Ra = 10° the secondary eddy is not observed and
the major flow rate moves in the gap between the
baffle and the left side wall.

In case 4 a single clockwise eddy is
characteristic of the flow pattern. All of warmer
fluid ascend along the left wall, move horizontally
and then are cooled and descended along the right
cold wall which forms a single clockwise eddy. At
Ra = 10° and 10* the streamlines are distributed in
the cavity uniformly while at Ra = 10° and 10° they
are condensed next to the side walls. At high
Rayleigh numbers (Ra = 10° and 10°) when the
cavity is filled with pure fluid, two secondary small
vortices are formed in left and right sides of the
baffle while they disappear for the cavity filled
with nanofluid. This is because of higher viscosity
and diffusion of momentum of nanofluid than the
base fluid. The observations in previous cases
about effect of increase in Rayleigh number and
volume fraction of the nanoparticles on temperature
field inside the cavity are valid for case 4.
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Figure 2. Streamlines inside the cavities of different cases
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Figure 3. Isotherms inside the cavities of different cases
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In case 5 the nanofluid ascending along the hot
wall, baffled faces and divided into two distinct
streams. At Ra = 103, 10* and 10° the flow rate
under the baffle is more than that along the hot wall
while at Ra = 10° an inverse behavior is observed.
Moreover at Ra = 10°, the core of the eddy moving
under the baffle consists of two small cells. It is
observed from the isotherms that the nanofluid in
the upper left corner of baffle is isotherms. This
phenomenon means that the rate of heat transfer
decreases in this region. This phenomenon weakens
with increase in Rayleigh number.

In case 6 an inner and outer eddy are formed
inside the cavity. The nanofluid is heated and
ascended along the left hot wall, moves
horizontally in the gap over the baffle and under
the top wall of the cavity and then is cooled and
descended along the right cold wall and formed the
outer eddy. The inner eddy is developed inside the
outer eddy and moved under the baffle. The
nanofluid existing in the inner eddy does not move
at the vicinity of the walls. As the Rayleigh number
increases, the core of inner eddy is elongated
horizontally and the streamlines are condensed next
to the side walls. From the isotherms it is observed
that at
Ra =10’ and 10" the temperature gradient in lower
half of the right wall is higher than that in upper
half of the left wall.

Figure 4 shows the Nusselt number distribution
along the hot left wall of the cavity for different
positions of the baffle. For the case 1 at Ra = 10°,
the heat transfer steadily increases by moving from
top toward the bottom of cavity, then dramatically
decreases due to existence of the baffle and finally
reaches to its maximum value close to the bottom
of cavity. As far as the effect of the volume fraction
of the nanoparticles, the local Nusselt number
increases with increase in ¢. The effect of volume
fraction of nanoparticles on enhancement of heat
transfer is more at the upper half of the hot wall. As
the Rayleigh number increases the local change in
the local Nusselt number due to existence of the
baffle diminishes. The thermal conductivity and
viscosity of the nanofluid increase with increase in
@. The increasing thermal conductivity enhance the
heat transfer, while the increasing viscosity
diminishes the natural convection. At Ra = 10" the
buoyancy force is not strong and contribution of
conduction and convection on heat transfer process
are comparable. Therefore at this Rayleigh number
at the lower half of the hot wall that existence of
the baffle motivates to decrease in the flow
strength, effect of increasing viscosity of nanofluid
is more than increasing thermal conductivity, hence
the net effect is decreasing in the heat transfer with
increase . At Ra = 10° in the part of wall that is
located near the baffle, the increase in volume
fraction of nanoparticles does not affect the Nusselt
number distribution significantly, while at the other

parts of the wall the heat transfer increases with
increase in ¢. At Ra = 10° by moving from the top
of wall, where the temperature gradient is quite
low, toward the bottom wall, where the temperature
gradient is the highest, the local Nusselt number
increases steadily from its minimum value to its
maximum value. As the nanofluid is raised along
the hot wall, becomes warmer and the temperature
gradient decreases and finally the local heat
transfer decreases. As can be seen from the figure
at this Rayleigh number the rate of heat transfer
increases with increase in volume fraction of
nanoparticles. It is evident that the effect of
increasing ¢ on enhancement of local heat transfer
diminishes by moving from bottom toward the top
of the hot wall.

For the case 2 at all considered Rayleigh
numbers, by moving from top to the bottom of
cavity the local Nusselt number increases steadily.
Moreover at all Rayleigh numbers with the
exception of Ra = 10* the increase in ¢ motivates
the local heat transfer to decrease. At Ra = 10* in
the part of wall that is located under the baffle, the
local heat transfer decreases with increasing ¢.
Moreover at Ra = 10* and 10* by moving from
down to the top of the hot wall, effect of volume
fraction of nanoparticles on enhancement of heat
transfer increases, while at Ra = 10’ and 10° a
reverse behavior is found.

For case 3 at Ra = 10° the minimum Nusselt
number happens at the middle of hot wall, where
the baffle is located opposite it. Moreover, as the
figure shows, the local Nusselt number increases
steadily by moving toward the top and bottom
walls. The maximum local Nusselt number occurs
at the intersection of left and bottom wall where the
temperature gradient is the highest. At higher
Rayleigh numbers the rate of local heat transfer
increases by moving from top towards the bottom
of the hot wall. At Ra = 10’ the local Nusselt
number increases with increase in ¢ along all
portion of the hot wall, while at Ra = 10* the
increase in local Nusselt number with ¢ is observed
only in the part of hot wall that is located over the
baffle. At Ra = 10° and 10° by moving from down
to the top of the hot wall, effect of volume fraction
of nanoparticles on enhancement of heat transfer
increases.

For case 4 in which the baffle is located at the
middle of the cavity, it can be said that existence of
the baffle does not affect Nusselt number
distribution on the hot wall significantly. At all
considered Rayleigh numbers, by moving from
down toward the top of the hot wall the local
Nusselt number decreases. Moreover at all
Rayleigh number considered the rate of heat
transfer increases with increase in ¢.
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For case 5, existence of the baffle in the upper half
of the cavity near the hot wall blocks the nanofluid
flow. As can be seen from the Nusselt number
distribution, At Ra = 10? the heat transfer decreases
in the upper half of the hot wall via existence of the
baffle. At higher Rayleigh numbers that the major
amount of nanofluid flows into the gap between the
baffle and the hot wall existence of the baffle has a
minor effect on Nusselt number distribution. At Ra
= 10* the increasing ¢ does not affect local Nusselt
number significantly. At Ra = 10° in the part of hot
wall which is located near the baffle, the heat
transfer decreases with increase in volume fraction
of nanoparticles. At Ra = 10° the increase in
volume fraction of nanoparticles enhances the rate
of heat transfer.

For case 6 similar to case 4, the existence of the
baffle does not affect the rate of heat transfer and
Nusselt number distribution significantly. At all
Rayleigh numbers with the exception of Ra = 10*
the increasing Rayleigh number enhances the rate
of heat transfer. At Ra = 10" in lower half of the hot
wall the local Nusselt number decreases with
increase in ¢.

Variations of average Nusselt number with
volume fraction of nanoparticles for different
locations of the baffle are shown in Fig. 5. As can
be seen from the figure for all considered cases
with the exception of case 1, the average Nusselt
number increases with increase in ¢. At Ra = 10°
for cases 1 and 2 (the baffle located in the lower
half of the cavity) and for cases 5 and 6 (the baffle
located in the upper half of the cavity), when the
volume fraction of nanoparticles is kept constant,
same average Nusselt number is observed, while
different average Nusselt numbers are found for
cases 3 and 4 (the baffle located in the middle of
the cavity). Moreover at Ra = 10° the maximum
rate of heat transfer occurs for the case 4. For case
4 the baffle which is located in the core of cavity
has a minimum effect on blockage of nanofluid
flow, hence maximum rate of heat transfer is
obtained.

At Ra = 10* minimum effect of volume fraction
of nanoparticles on average Nusselt number is
observed for case 3. Also at this Rayleigh number
the minimum rate of heat transfer occurs for case 3
while its maximum occurs for case 4 that the baffle
is located in the core of the cavity. Moreover it is
evident from the figure that when the body is
located in lower half of cavity (cases 1 and 2) the
rate of heat transfer is lower than that when the
baffle is located in upper half of cavity (cases 5 and
6). As it was observed earlier from Nusselt number

distributions in Fig. 10, in lower half of the hot
wall the rate of heat transfer is higher than that in
upper half of the hot wall, hence the existence of
the baffle in lower half of cavity blocks the
nanofluid flow which motivates higher reduction in
heat transfer rate. Furthermore it is observed from
the figure that at Ra = 10*, for a constant height of
location of the baffle when the baffle is located in
the middle of cavity the rate of heat transfer is
higher than that when the baffle is located near the
hot wall.

At Ra = 10° the minimum and maximum mean
Nusselt numbers occur for case 1 and case 4,
respectively. At this Rayleigh number similar to Ra
= 10* when the baffle is kept at a fixed height, the
rate of heat transfer for the baffle located in the
middle of cavity is higher than that for the baffle
located near the hot wall.

At Ra = 10° a different behavior in comparison
with lower Rayleigh numbers is observed. As
illustrated in the figure at this Rayleigh number the
minimum rate of heat transfer occurs for cases 1
and 2, while a similar average Nusselt number is
observed for all other cases. As it can be observed
from the figure at this Rayleigh number, position of
the baffle at the middle of cavity or near the hot
wall does not affect the average Nusselt number
significantly. It was observed earlier from the
streamlines that at Ra = 10° major amount of
nanofluids flow at the vicinity of hot wall and
effect of position of the baffle decreases. As a
result it can be said that at Ra = 10° when the baffle
is located higher than the horizontal centerline of
cavity, the rate of heat transfer does not change
significantly.

An important parameter that should be
considered in thermal behavior of the nanofluids is
the Prandtl number. The viscosity and thermal
diffusivity of the nanofluids and consequently the
Prandtl number of the nanofluids are different with
those of pure fluids. Figure 6 depicts variation of
the nanofluid Prandtl number with nanoparticles
volume fraction. The results show that nanofluid
Prandtl number is a decreasing function of ¢. A
lower Prandtl number means increasing thermal
diffusivity or decreasing kinematic viscosity, both
of which results in increase of heat transfer via
conduction and weakening convection heat
transfer. Therefore in the case of nanofluid as a
coolant the conduction heat transfer increases while
the convection decreases. In other word, the
increasing Nusselt number of the nanofluids is due
to increase of conduction heat transfer.
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Figure 5. Average Nusselt number versus volume fraction of nanoparticles for different cases at various Rayleigh numbers
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5. Conclusion

Natural convection fluid flow and heat transfer
of Cu-water nanofluid in a square cavity with a
baffle were studied numerically using the finite
volume method. The left and right wall of the
cavity were kept at temperatures of Th and Tc, that
Th>Tc, while the horizontal walls were kept
insulated. An adiabatic square baffle with six
different positions was positioned in the cavity.
The numerical procedure was validated by
comparing the obtained results with those available
in the literature for the free convection in a square
cavity filled with air or nanofluid. Subsequently,
the code was employed to investigate the effects of
Rayleigh number, volume fraction of nanoparticles,
and position of the baffle on the heat transfer
characteristics and fluid flow within the cavity.

At Ra = 10’ when the baffle is located in the
lower half of the cavity and when the baffle is
located in the upper half of the cavity, same
average Nusselt number is obtained for the baffle
located at the middle of cavity or near the hot wall.
Moreover at Ra = 10° maximum rate of heat
transfer occurs for the cavity with a baffle located
in the core of cavity.

At Ra = 10* minimum and maximum rate of
heat transfer occur for case 3 and case 4,
respectively. When the baffle is located in lower
half of cavity (cases 1 and 2) the rate of heat
transfer is smaller than that when the baffle is
located in upper half of cavity (cases 5 and 6).

At Ra = 10° the minimum and maximum mean
Nusselt numbers occur for case 1 and case 4,
respectively.

At Ra = 10* and 10°, when the baffle is kept in a
fixed height, the rate of heat transfer for the baffle
located in the middle of cavity is higher than when
it is located near the hot wall.

At Ra = 10° the minimum rate of heat transfer
occurs for cases 1 and 2, while a similar average
Nusselt number is observed for all other cases. At
this Rayleigh number, the position of the baffle in
the middle of cavity or near the hot wall does not
affect the average Nusselt number significantly.
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