
S P E C I A L I S S U E P A P E R

MHD buoyancy-driven flow in a nanoliquid filled-square
enclosure divided by a solid conductive wall

Tahar Tayebi1,2 | Ali J. Chamkha3,4

1Department of Mechanical Engineering,
Faculty of Sciences and Technology,
Mohamed El Bachir El Ibrahimi
University, Bordj Bou Arreridj, Algeria
2Energy Physics Laboratory, Department
of Physics, Faculty of Exact Sciences,
Frères Mentouri Constantine1 University,
Constantine, Algeria
3Institute of Research and Development,
Duy Tan University, Da Nang, Vietnam
4Institute of Theoretical and Applied
Research (ITAR), Duy Tan University,
Hanoi, Vietnam

Correspondence
Ali J. Chamkha, Institute of Research and
Development, Duy Tan University, Da
Nang 550000, Vietnam.
Email: alichamkha@duytan.edu.vn

This study is an attempt to understand the characteristics of heat transfer and

flow by natural convection of Cu/H2O-based nanoliquid filled-square domain

exposed to a horizontal magnetic field and containing various configurations

of a conductive wall. The buoyancy-driven flow inside the enclosure is acti-

vated by a horizontal temperature gradient between the two side vertical walls.

A numerical solution of the governing equations in the dimensionless form is

performed using the technique of finite volume discretization. The Corcione

correlations are used to estimate the overall thermal conductivity and viscosity

of the nanoliquid taking the regard the nanoparticle's Brownian motion.

Impacts of diverse parameters of the study such as copper nanoparticles vol-

umic concentration, Hartmann number, Rayleigh number, heat conductivity

ratio, relative wall thickness, and its relative location on the thermos-hydrody-

namic characteristic are examined. The results indicated that the combined

effects of the different configurations of the vertical conducting wall and other

pertinent parameters can be an effective means in controlling flow characteris-

tics and heat transfer rate within the system.
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1 | INTRODUCTION

The study of convective heat transfer in different working fluids-filled cavities in various shapes and geometrical sizes
continues to be of great importance in the open literature because of its particular importance in the thermal energy
systems.1–10 Many of these thermal systems, which rely on natural or mixed convection in their work, contain conduc-
tive and nonconductive solid partitions inside. This may alter the fluid flow and heat transfer characteristics. In the
open literature, many researchers have been studied the effect of including solid partitions in enclosures on convective
behavior with different internal and external excitations using different working fluids. A numerical study of the phe-
nomenon of free convection heat transfer in an inclined cavity with multiple conducting solid partitions and multiple
layers of fluid is considered by Mamou et al.11 Alhazmy12 has perused a numerical analysis of the possibility to use
inclined partitions within enclosures of hollow bricks in reducing natural convection. Laminar and turbulent free con-
vection in various configurations of a cavity in the presence of conducting walls attached to the horizontal adiabatic
walls have numerically investigated by Bilgen.13 Oztop and Bilgen14 examined the influence of an isothermal solid par-
tition fixed to the upper wall on the natural convection in a cavity containing heat-generating fluid. Nakhi and
Chamkha15 performed an investigation of conjugate free convective heat transfer within an enclosure with the presence
of a centered finned pipe and uniform internal heat generation. Selimefendigil and Oztop16 have used different
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nanofluids to study conjugate conduction and natural convection heat transfer in an inclined divided enclosure. It was
found that local and overall heat transfer rate improves with Grashof number, heat conductivity ratio, and volumic
fraction of nanoparticles. Also, the effect of the inclusion of nanoparticle on the heat transfer was more pronounced for
small thermal conductivity for the case of the vertical cavity. Rabhi et al17 examined coupled free convection-radiation
heat transfer in a titled and partitioned enclosure. The partitions number and size are investigated. Mixed free and
forced convection in lid-driven cavities separated by vertical solid walls is numerically investigated in the work of Oztop
et al.18 A similar investigation is carried out by Chamkha et al19 considering a parallelogram-shaped enclosure. Natural
convection of Al2O3–H2O nanofluid in an open cavity with a thick and conductive solid wall and heated block has been
investigated by Sheremet et al.20 Sheremet et al21 have examined the natural convection of a copper-water nanofluid
filled-square cavity having a hot centered block. It has been reported that the inclusion of copper nanoparticles makes
the heat transfer rate improve and reduces the flow intensity. Rahman et al22 perused a numerical study of the effect of
introducing a heat-conducting square solid at the center of a lid-driven enclosure on the flow and thermal behavior
with the presence of magnetic field and Joule heating. Alsabery et al23,24 used nonhomogeneous nanoliquid approach
to examine the thermo-hydrodynamic performance of nanofluid-filled enclosure equipped with a centered square con-
ductive solid block in different sizes. A numerical assessment of inserting adiabatic objects on the natural convection in
a square enclosure is considered by Mahapatra et al.25 Impacts of inserting a solid conducting block on Magneto-natural
convection in a porous region are evaluated by Sivaraj and Sheremet.26 Miroshnichenko and Sheremet27 evaluated the
impacts of heat conductivity and emissivity of solid walls on the coupled turbulent natural convection-radiation in a
rectangular cavity. Tayebi and Chamkha28 examined numerically the 2D-MHD free convection heat transfer and
entropy generation in a hybrid nanofluid-filled cavity considering a centered wavy conductive block. Very recently,
Tayebi and Chamkha29,30 perused a numerical study of Magneto-natural convection within a hybrid nanofluid-filled
square chamber containing conducting hollow cylinder29 and conducting wavy cylinder.30

According to the above citations, modest attention has been devoted to the MHD natural convection in a nanofluid
filled-cavity having conductive walls. The main goal of this numerical study is to evaluate the various geometrical con-
figurations of an inserted conductive wall within a square domain filled with Cu water-based nanofluid on the MHD
natural convection. Coupled conservation equations are resolved via the finite volume technique. The effects of volumic
fraction, Hartmann and Rayleigh number, fluid/solid heat conductivity ratio, the relative position of the conductive
wall within the cavity and its relative size are scrutinized.

2 | MODELING

Figure 1A schematically portrayed the physical problem of the magneto-hydrodynamics free convection in a Cu-H2O
nanofluid filled-square cavity divided by a conductive wall. The buoyancy-driven flow inside the enclosure is engen-
dered by a horizontal thermal gradient between the two side vertical walls. The bottom and upper horizontal walls are
insulated. It is assumed that the nanoliquid flow is incompressible and laminar. The Boussinesq approximation is
employed. A constant magnetic field is applied in a horizontal direction. The nanoparticles volumic concentration ϕ
are equal to 0, 4, 8, and 12%. The Prandtl number for the host liquid (water) is 6.2. The thickness of the conductive wall
is W = 10% to 50% of the length of the cavity and its distance from the left wall is D = 0.2 to 0.8 of the length of the
cavity.

2.1 | Nanofluid property relations

Material properties of water and nanoparticles are exhibited in Table 1.31,32

Thermophysical properties of the nanoliquid are determined in the following:

ρnf = ρCuϕCu + 1−ϕCuð Þρ f , ð1Þ

ρCpð Þnf = ρCpð ÞCuϕCu 1−ϕCuð Þ ρCpð Þ f , ð2Þ
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ρβð Þnf = ρβð ÞCuϕCu + 1−ϕCuð Þ ρβð Þ f : ð3Þ

The nanoliquid global dynamic viscosity and thermal conductivity are calculated respectively via Equations 4 and 5
using Corcione correlations33:

μhnf = μ f = 1−34:87 dCu=d f
� �−0:3

ϕCuð Þ1:03
� �

, ð4Þ

khnf = k f 1+ 4:4Re0:4 Pr0:66 T=Tfr
� �10

kCu=k f
� �0:03

ϕCuð Þ0:66
� �

, ð5Þ

Re=2Tρ f kb=πdCuμ f
2:

The mixture electrical conductivity is estimated using Maxwell relation34:

σnf =ϕCu 1+ 3
σCu
σ f

−1

� �
σ f =ϕCu

σCu
σ f

+2

� �
−

σCu
σ f

−1

� �� �
: ð6Þ

2.2 | Basic equations

The equations of continuity, motion, and heat for steady 2D magneto-natural convection flow of hybrid nanoliquid can
be expressed as follows:

FIGURE 1 (A) A schematic view of the considered physical domain. (B) A schematic of grid distribution [Colour figure can be viewed

at wileyonlinelibrary.com]

TABLE 1 Material properties31,32

Cp, J/kg K ρ, kg/m k, W/mK β, 1/K σ, S/m

Host liquid (water) 4179 997.1 0.613 21 × 10−5 0.05

Copper nanoparticles (30 nm) 385 8933 401 1.67 × 10−5 5.96 × 107
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• Continuity:

∂u
∂x

+
∂v
∂y

=0: ð7Þ

• Momentum:

u
∂u
∂x

+ v
∂u
∂y

=
μnf
ρnf

∂2u
∂x2

+
∂2u
∂y2

� �
−

1
ρnf

∂p
∂x

, ð8aÞ

u
∂v
∂x

+ v
∂v
∂y

=
μnf
ρnf

∂2v
∂x2

+
∂2v
∂y2

� �
+

ρβð Þnf
ρnf

g T−Tcð Þ− 1
ρnf

∂p
∂y

−
σnf
ρnf

B2
0v: ð8bÞ

• Heat equation for nanofluid domain:

u
∂T
∂x

+ v
∂T
∂y

= αnf
∂2T
∂x2

+
∂2T
∂y2

� �
: ð9aÞ

• Heat equation for the solid domain:

ks
∂2T
∂x2

+ ks
∂2T
∂y2

= 0: ð9bÞ

The associated non-dimensional parameters are defined as

X =
x
H
, Y =

y
H
, P=

pH2

ρ fα f
2
, U =

H
α f

u, V =
H
α f

v, θ=
T−Tc

Th−Tc
, k* =

k f

ks
, D=

d
H
, W =

w
H
: ð10Þ

The non-dimensional conservation equations are established as follows:

∂U
∂X

+
∂V
∂Y

=0, ð11Þ

U
∂U
∂X

+V
∂U
∂Y

= −
ρ f

ρnf

∂P
∂X

+
μnf

ρnfα f

∂2U

∂X2 +
∂2U

∂Y 2

� �
, ð12aÞ

TABLE 2 Mean Nusselt numbers for various grid dimension at Ra = 105, Ha = 20, k* = 1, D = 0.5, W = 0.1, and ϕ = 0.04

Grid dimension 41 vs. 41 61 vs. 61 81 vs. 81 101 vs. 101 121 vs. 121 141 vs. 141

Nuavg 3.725 2.531 1.814 1.791 1.787 1.784
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FIGURE 2 Comparison of isotherms and

streamlines with House et al36 when Pr = 0.71,

Ra = 105, and k* = 5 [Colour figure can be

viewed at wileyonlinelibrary.com]

FIGURE 3 Comparison of isotherms and

streamlines with House et al36 when Pr = 0.71,

Ra = 105, and k* = 0.2 [Colour figure can be

viewed at wileyonlinelibrary.com]

TAYEBI AND CHAMKHA 5

Downloaded from https://iranpaper.ir
https://www.tarjomano.com https://www.tarjomano.com

http://wileyonlinelibrary.com
http://wileyonlinelibrary.com


U
∂V
∂X

+V
∂V
∂Y

= −
ρ f

ρnf

∂P
∂Y

+
μnf

ρnfα f

∂2V

∂X2 +
∂2V

∂Y 2

� �
+RaPrθ

ρβð Þnf
ρnf β f

−Ha2 Pr V
ρ f

ρnf

σnf
σ f

, ð12bÞ

U
∂θ

∂X
+V

∂θ

∂Y
=
αnf
α f

∂2θ

∂X2 +
∂2θ

∂Y 2

� �
, ð13aÞ

TABLE 3 Comparison of the average Nusselt number of the present code with the results of House et al36 at Pr = 0.71 and Ra = 105

k* = 0.2 k* = 5

Present results Nuavg 4.289 4.592

House et al36 4.324 4.624

FIGURE 4 Isotherms and streamlines for different values of

Ra; (Ha = 20, k* = 0.1, ϕ = 0.04, W = 0.1, D = 0.5) [Colour figure can

be viewed at wileyonlinelibrary.com]
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FIGURE 5 Isotherms and streamlines for different values of k*;

(Ra = 105, Ha = 20, ϕ = 0.04, W = 0.1, D = 0.5) [Colour figure can be

viewed at wileyonlinelibrary.com]
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k*
∂2θ

∂X2 + k*
∂2θ

∂Y 2 = 0, ð13bÞ

U =
∂ψ

∂Y
,V = −

∂ψ

∂X
, ð14Þ

where

Pr=
υ f

a f
, Ra=

g Th−Tcð Þβ f H
3

υ fα f
and Ha=HB0

ffiffiffiffiffiffiffiffiffiffiffiffiffi
σ f =μ f

q
:

FIGURE 6 Isotherms and streamlines for different values of

Ha; (Ra = 105, k* = 0.1, ϕ = 0.04, W = 0.1, D = 0.5) [Colour figure

can be viewed at wileyonlinelibrary.com]
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2.3 | Boundary conditions

U=V=ψ =0, θ=1 for the left wall

U=V=ψ =0, θ=0 for the right wall

U=V=ψ =0,
∂θ

∂Y
=0 for the horizontal adiabatic walls

U=V=ψ =0,θnf = θs, knf
∂θ

∂n

� �
nf

= ks
∂θ

∂n

� �
s

for solid−nanofluid interfaces :

8>>>>>>>>><
>>>>>>>>>:

ð15Þ

Local Nusselt number (Nu) and mean Nusselt number (Nuavg) on the left heated surface are performed as

FIGURE 7 Isotherms and streamlines for different values of ϕ;

(Ra = 105, k* = 0.1, Ha = 20, W = 0.1, D = 0.5) [Colour figure can be

viewed at wileyonlinelibrary.com]
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Nu= −
knf
k f

� �
∂θ

∂X

				
X =0

, ð16Þ

Nuavg =
ð1

0

NudY : ð17Þ

3 | NUMERICAL PROCEDURES

The finite volume method (FVM) is applied to solve governing equations.35 The central difference scheme is used to
approximate the diffusion terms which furnishes a stable solution whereas the upwind difference scheme is employed

FIGURE 8 Isotherms and streamlines for different values of W

(Ra = 105, k* = 0.1, Ha = 20, ϕ = 0.04, D = 0.5) [Colour figure can be

viewed at wileyonlinelibrary.com]
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for the convection terms. The SIMPLE algorithm is employed for the pressure-velocity coupling. A schematic view of
the mesh distribution is illustrated in Figure 1B. For the simulation analysis, mesh independence of the numerical solu-
tions is assured. Table 2 shows the mesh independence test results for various grid dimensions for the case of, Ra = 105,

FIGURE 9 Isotherms and streamlines for different values of D

(Ra = 105, k* = 0.1, Ha = 20, ϕ = 0.04, W = 0.1) [Colour figure can

be viewed at wileyonlinelibrary.com]

TAYEBI AND CHAMKHA 11

Downloaded from https://iranpaper.ir
https://www.tarjomano.com https://www.tarjomano.com

http://wileyonlinelibrary.com


FIGURE 10 Nuavg = f (Ra) for different values of k* [Colour

figure can be viewed at wileyonlinelibrary.com]

FIGURE 11 Nuavg = f (Ha) for different values of k*, (A) Ra = 103; (B) Ra = 105 [Colour figure can be viewed at wileyonlinelibrary.

com]

FIGURE 12 Nuavg = f(ϕ) for different values of k*, (A) Ra = 103; (B) Ra = 105 [Colour figure can be viewed at wileyonlinelibrary.com]
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Ha = 20, k* = 1, D = 0.2, W = 6, and ϕ = 0.02. Validation of the present code is shown in Figures 2 and 3 and
Table 3.36

4 | RESULTS AND DISCUSSION

The present study has been performed to explore the impact of various parameters, namely, Ra (between 103 and 106),
Hartmann numbers, Ha (between 0 and 100), heat conductivity ratio, k* = kf/ks (between 0.1 and 10), solid particles vol-
ume fraction, ϕ (between 0 and 0.12), dimensionless location of the conductive wall, D (d/H) (between 0.2 and 0.8),
and dimensionless thickness of the conductive wall, W (w/H) (between 0.1 and 0.5) on MHD natural convection in an
enclosure with a conductive wall inside are considered.

The dynamic and thermal fields for different values of the buoyancy parameter (Rayleigh number) between 103 and
106 are represented by the contours of the streamlines and isotherms in Figure 4 for k* = 0.1, Ha = 20, ϕ = 0.04,
W = 0.1 and D = 0.5. The streamlines form a single rotating cell in the left region of the cavity and another cell in the
right side. The two rotating cells rotate in the clockwise direction with a similar circulation intensity. It is obvious that
at Ra = 103, isotherms are almost parallel to the active vertical walls and the flow intensity is very low, which indicates
that heat conduction is the predominant mode of thermal energy transfer. The flow circulation augments much more
intensively with the increase of the buoyancy forces (as Ra increases). The flow intensity remains similar on both sides

FIGURE 13 Nuavg = f(W) for different values of k*, (A) Ra = 103; (B) Ra = 105 [Colour figure can be viewed at wileyonlinelibrary.com]

FIGURE 14 Nuavg = f(D) for different values of k*, (A) Ra = 103; (B) Ra = 105 [Colour figure can be viewed at wileyonlinelibrary.com]
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of the enclosure. The isothermal lines deform and concentrate on the upper area of the cold wall and lower zone of the
left hot wall (high-temperature gradient in these areas and thus a maximum rate of heat transfer). It is also observable
that the isotherms are parallel in the solid conductive wall indicating that the heat transfer is purely conductive. We
compare in Figure 5 the streamlines and isotherms for different heat conductivity ratio k* at fixed values of Ha = 20,
Ra = 105, D = 0.5, W = 0.1 and ϕ = 0.04. The circulation intensity of the nanofluid gradually decreases with the
increase in the heat conductivity ratio (reduction of the thermal conductivity of the conductive wall) and the isotherms
in the solid partition become closer. This is because the decrease in the thermal conductivity of the solid wall prevents
the passage of a significant part of heat across the solid partition wall to reach the cold wall, which decreases the flow
by natural convection into both regions of the cavity with a higher temperature on the left region. It should be noted
that the flow intensities inside the two sides are equal because the dimensionless temperature between the solid con-
ductive wall and the hot wall is equal to that between the solid conductive wall and the cold wall. It can be extracted
from Figure 6 that when the magnetic forces increase, by increasing the Hartmann number, the movement of the fluid
dampens and convection drops. The impact of inclusion of copper nanoparticles to the host liquid (water) on the tem-
perature isolines and stream function isolines for Ra = 105, Ha = 20, W = 0.1, D = 0.5 and k* = 0.1 is displayed in Fig-
ure 7. It is stated that the overall structure of the streamlines and isotherms is not greatly affected by the increase in the
volumic fraction of the nanoparticles, but the intensity of the convective flow is enhanced. In Figure 8, the dimension-
less isolines of stream function and temperature at fixed values of Ha = 20, Ra = 105, D = 0.5, k* = 0.1 and ϕ = 0.04 are
compared for different values of the relative thickness of the conductive wall (W). This figure shows that the intensity
of the circulation of the nanoliquid decreases with the increase of W. This is due to the fact that the augmentation in
the relative thickness of the conductive portion decreases the area of flow circulation in both regions and reduces the
passage of an important part of the heat in the wall until it reaches the cold wall, which decreases the natural convec-
tion inside the cavity. Figure 9 shows that as the area between the active walls (left and right) and the conductive wall
increases, the convective flow increases. This can be explained by the fact that, when the space between the active walls
becomes narrow, the convection inside decreases because the fluid cannot move freely in the cavity. Also, the rap-
prochement of the conducting wall to the active wall reduces the thermal gradient between them. Figure 10 shows the
variation of the mean Nusselt number with Rayleigh for different values of conductivity ratio k*. For a given value of
k*, the mean Nusselt increases with the increase in the Rayleigh number and this increase is more graduated for the
weak values of k* (high values of ks). For a fixed Ra, mean Nusselt decreases with the increase in the value of the heat
conductivity ratio, and this decrease is more considerable for higher values of Ra. So we can say that the maximum heat
transfer rate can be obtained for a low value of k* and a high value of Ra for this basic configuration (D = 0.5 and
W = 0.1). Figure 11 represents the variation of the mean Nusselt at the level of the hot wall as a function of Ha for dif-
ferent values of k* at two separate Rayleigh numbers. This figure shows that the heat transfer rate decreases with the
increase of Hartmann. It is seen also from this figure that the magnetic effects are more influential for the high values
of Rayleigh during the convection is predominant. At low Rayleigh, Figure 12A shows that the overall heat transfer rate
decreases slightly with the volume fraction of the nanoparticles because the inclusion of nanoparticles increases both
the viscosity and the thermal conductivity of the fluid, and when convection is weak, the viscous forces overcome the
buoyancy forces. Figure 12B shows that during convection is the dominant heat transfer mechanism, the addition of
copper nanoparticles in water increases the heat transfer rate mainly for the values of k* < 1. Whereas for the values of
k* ≥ 1, the transfer rate decreases with the increase in the concentration of nanoparticles. When conduction is the dom-
inant heat transfer mode, increasing the thickness of the solid partition increases the heat transfer rate for cases of
k* < 1. The reverse of this behavior is noted for the cases of k* ≥ 1 (see Figure 13A). In Figure 13B, we note that when
convection sets in, heat transfer always decreases with increasing thickness of the solid wall. Figure 14 allows us to con-
clude that moving the solid partition to the left or right does not have much effect in improving the rate of heat transfer
in the cavity.

5 | CONCLUSION

In the current numerical study, natural convection of copper-water nanoliquid in a cavity with a containing a con-
ducting wall and exposed under constant horizontal magnetic field is examined. The finite volume technique (FVM) is
applied to discretize the transport equations. The Corcione correlations to estimate the overall thermal conductivity
and the overall viscosity of the nanoliquid taking into account the Brownian motion are used. The investigation has
been executed considering the pertinent quantities: Rayleigh number (Ra), Hartmann number (Ha), volumic
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concentration of the nanoliquid (ϕ ), fluid/solid heat conductivity ratio (k*), dimensionless wall thickness and its
dimensionless location. The main conclusions are summarized as follows:

• The intensity of the convective flow circulation increases with Rayleigh, the solid partition conductivity, and the vol-
ume concentration of nanoparticles and with the decrease in Hartmann number.

• The overall heat transfer rate raises with an increase in the Rayleigh number and this raising is more graduated for
low values of k*. Besides, Mean Nusselt reduces with an increase in the value of the heat conductivity ratio, k*, and
this reduction is more effective for higher values of Rayleigh.

• To control the convective flow characteristics and heat transfer rate an external magnetic field can be imposed.
• The role of the magnetic field in reducing the heat transfer rate is more visible when the convection is predominant.
• During conduction is the main mechanism of heat transmission, increasing the thickness of the conductive solid par-

tition improves the heat transfer rate for cases of k* < 1. The reverse of this behavior was observed for cases of k* ≥ 1.
• The effect of the addition of copper nanoparticles in the base fluid on natural convection in the cavity is positive for

the high Rayleigh values and the low k* values.
• Moving the solid partition to the left or right does not have much effect in improving the rate of heat transfer in the

cavity.
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LIST OF SYMBOLS
B0 Magnetic field (N/Am2)
Cp Specific heat (J/kg K)
d Distance of the solid partition from the left wall (m)
D Dimensionless of d
g Gravitational acceleration (m/s 2)
H Width (length) of the cavity (m)
k* Ratio of fuid/solid thermal conductivity (k* = kf/ks)
k Heat conductivity (W/m K)
kb Constant of Boltzmann, 1.380648 × 10−23 (J/K)
T Temperature (K)
Tfr Freezing temperature of the water (273.15 K)
u, v Dimensional velocities (m/s)
U, V Dimensionless velocities
x, y Dimensional coordinates (m)
X, Y Dimensionless coordinates
w Conductive wall thickness (m)
W Dimensionless of w

GREEK LETTERS
μ Dynamic viscosity (kg/m s)
υ Kinematic viscosity (m2/s)
ρ Density (kg/m3)
β Thermal expansion coefficient (1/K)
ϕ Volumic concentration
θ Dimensionless temperature
ψ Dimensionless stream function
α Thermal diffusivity (m2/s)
σ Electrical conductivity (1/Ω.m)

SUBSCRIPTS
h Hot
c Cold
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nf Nanoliquid
s Solid wall
f Fluid

ORCID
Tahar Tayebi https://orcid.org/0000-0001-5524-385X

REFERENCES
1. Das D, Roy M, Basak T. Studies on natural convection within enclosures of various (non-square) shapes—a review. International Journal

of Heat and Mass Transfer. 2017;106:356-406.
2. Dogonchi AS, Sheremet MA, Ganji DD, Pop I. Free convection of copper–water nanofluid in a porous gap between hot rectangular cyl-

inder and cold circular cylinder under the effect of inclined magnetic field. Journal of Thermal Analysis and Calorimetry. 2019;135(2):
1171-1184.

3. Esfe MH, Afrand M, Esfandeh S. Investigation of the effects of various parameters on the natural convection of nanofluids in various
cavities exposed to magnetic fields: a comprehensive review. Journal of Thermal Analysis and Calorimetry. 2019;1-21.

4. Ghahremani E. Transient natural convection in an enclosure with variable thermal expansion coefficient and nanofluid properties. Jour-
nal of Applied and Computational Mechanics. 2018;4(3):133-139.

5. Ghahremani E, Ghaffari R, Ghadjari H, Mokhtari J. Effect of variable thermal expansion coefficient and nanofluid properties on steady
natural convection in an enclosure. Journal of Applied and Computational Mechanics. 2017;3(4):240-250.

6. Ma Y, Mohebbi R, Rashidi MM, Yang Z, Sheremet MA. Numerical study of MHD nanofluid natural convection in a baffled U-shaped
enclosure. International Journal of Heat and Mass Transfer. 2019;130:123-134.

7. Pandey S, Park YG, Ha MY. An exhaustive review of studies on natural convection in enclosures with and without internal bodies of
various shapes. International Journal of Heat and Mass Transfer. 2019;138:762-795.

8. Rahimi A, Dehghan Saee A, Kasaeipoor A, Hasani Malekshah E. A comprehensive review on natural convection flow and heat transfer:
the most practical geometries for engineering applications. International Journal of Numerical Methods for Heat & Fluid Flow. 2019;
29(3):834-877.

9. Tayebi T, Djezzar M. Numerical study of natural convection flow in a square cavity with linearly heating on bottom wall using copper-
water nanofluid. Journal of Nanofluids. 2015;4(1):38-49.

10. Venkatadri K, Abdul Gaffar S, Reddy MS, Prasad VR, Khan MH, Beg OA. Melting heat transfer analysis on magnetohydrodynamics
buoyancy convection in an enclosure: a numerical study. Journal of Applied and Computational Mechanics. 2019;6(1) 2020:52-62.

11. Alhazmy MM. Numerical investigation on using inclined partitions to reduce natural convection inside the cavities of hollow bricks.
International Journal of Thermal Sciences. 2010;49(11):2201-2210.

12. Mamou M, Hasnaoui M, Vasseur P, Bilgen E. Natural convection heat transfer in inclined enclosures with multiple conducting solid
partitions. Numerical Heat Transfer. 1994;25(3):295-315.

13. Bilgen E. Natural convection in enclosures with partial partitions. Renew Energy. 2002;26(2):257-270.
14. Oztop H, Bilgen E. Natural convection in differentially heated and partially divided square cavities with internal heat generation. Inter-

national Journal of Heat and Fluid Flow. 2006;27(3):466-475.
15. Ben-Nakhi A, Chamkha AJ. Conjugate natural convection around a finned pipe in a square enclosure with internal heat generation.

International Journal of Heat and Mass Transfer. 2007;50(11–12):2260-2271.
16. Selimefendigil F, Öztop HF. Conjugate natural convection in a nanofluid filled partitioned horizontal annulus formed by two isothermal

cylinder surfaces under magnetic field. International Journal of Heat and Mass Transfer. 2017;108:156-171.
17. Rabhi M, Bouali H, Mezrhab A. Radiation–natural convection heat transfer in inclined rectangular enclosures with multiple partitions.

Energ Conver Manage. 2008;49(5):1228-1236.
18. Oztop HF, Zhao Z, Yu B. Conduction-combined forced and natural convection in lid-driven enclosures divided by a vertical solid parti-

tion. International Communications in Heat and Mass Transfer. 2009;36(7):661-668.
19. Chamkha AJ, Hussain SH, Ali FH, Shaker AA. Conduction-combined forced and natural convection in a lid-driven parallelogram-

shaped enclosure divided by a solid partition. Progress in Computational Fluid Dynamics. 2012;12(5):309-321.
20. Sheremet MA, Oztop HF, Gvozdyakov DV, Ali ME. Impacts of heat-conducting solid wall and heat-generating element on free convec-

tion of Al2O3/H2O nanofluid in a cavity with open border. Energies. 2018;11(12):3434.
21. Sheremet MA, Oztop HF, Pop I, Abu-Hamdeh N. Analysis of entropy generation in natural convection of nanofluid inside a square cav-

ity having hot solid block: Tiwari and Das' model. Entropy. 2016;18(1):9.
22. Rahman MM, Mamun MAH, Saidur R. Analysis of magnetohydrodynamic mixed convection and joule heating in lid-driven cavity hav-

ing a square block. Journal of the Chinese Institute of Engineers. 2011;34(5):585-599.
23. Alsabery A, Tayebi T, Chamkha A, Hashim I. Effects of two-phase nanofluid model on natural convection in a square cavity in the pres-

ence of an adiabatic inner block and magnetic field. International Journal of Numerical Methods for Heat & Fluid Flow. 2018;28(7):1613-
1647.

24. Alsabery AI, Tayebi T, Chamkha AJ, Hashim I. Effects of non-homogeneous nanofluid model on natural convection in a square cavity
in the presence of conducting solid block and corner heater. Energies. 2018;11(10):2507.

16 TAYEBI AND CHAMKHA

Downloaded from https://iranpaper.ir
https://www.tarjomano.com https://www.tarjomano.com

https://orcid.org/0000-0001-5524-385X
https://orcid.org/0000-0001-5524-385X


25. Mahapatra PS, De S, Ghosh K, Manna NK, Mukhopadhyay A. Heat transfer enhancement and entropy generation in a square enclosure
in the presence of adiabatic and isothermal blocks. Numer Heat Transf Part a Appl. 2013;64(7):577-596.

26. Sivaraj C, Sheremet M. MHD natural convection in an inclined square porous cavity with a heat conducting solid block. J Magn Magn
Mater. 2017;426:351-360.

27. Miroshnichenko IV, Sheremet MA. Effect of thermal conductivity and emissivity of solid walls on time-dependent turbulent conjugate
convective-radiative heat transfer. Journal of Applied and Computational Mechanics. 2019;5(2):207-216.

28. Tayebi T, Chamkha AJ. Entropy generation analysis during MHD natural convection flow of hybrid nanofluid in a square cavity con-
taining a corrugated conducting block. International Journal of Numerical Methods for Heat & Fluid Flow. 2019;30(3):1115-1136.

29. Tayebi T, Chamkha AJ. Entropy generation analysis due to MHD natural convection flow in a cavity occupied with hybrid nanofluid
and equipped with a conducting hollow cylinder. J Therm Anal Calorim. 2020;139(3):2165-2179.

30. Tayebi T, Chamkha AJ. Magnetohydrodynamic natural convection heat transfer of hybrid nanofluid in a square enclosure in the pres-
ence of a wavy circular conductive cylinder. Journal of Thermal Science and Engineering Applications. 2020;12(3):031009.

31. Akinshilo AT, Olofinkua JO, Olaye O. Flow and heat transfer analysis of the sodium alginate conveying copper nanoparticles between
two parallel plates. Journal of Applied and Computational Mechanics. 2017;3(4):258-266.

32. Rawat, S. K., Upreti, H., & Kumar, M. (2020). Comparative study of mixed convective MHD Cu-water nanofluid flow over a cone and
wedge using modified Buongiorno's model in presence of thermal radiation and chemical reaction via Cattaneo-Christov double diffu-
sion model. Journal of Applied and Computational Mechanics, ▪▪▪ ▪▪▪ (articles in press: DOI: https://doi.org/10.22055/JACM.2020.32143.
1975).

33. Corcione M. Empirical correlating equations for predicting the effective thermal conductivity and dynamic viscosity of nanofluids. Energ
Conver Manage. 2011;52(1):789-793.

34. Maxwell JC. A Treatise on Electricity and Magnetism. Oxford, UK: Clarendon Press; 1881.
35. Patankar SV. Numerical Heat Transfer and Fluid Flow. New York: McGraw-Hill; 1980.
36. House JM, Beckermann C, Smith TF. Effect of a centered conducting body on natural convection heat transfer in an enclosure. Numeri-

cal Heat Transfer. 1990;18(2):213-225.

How to cite this article: Tayebi T, Chamkha AJ. MHD buoyancy-driven flow in a nanoliquid filled-square
enclosure divided by a solid conductive wall. Math Meth Appl Sci. 2020;1–17. https://doi.org/10.1002/mma.6598

TAYEBI AND CHAMKHA 17

Downloaded from https://iranpaper.ir
https://www.tarjomano.com https://www.tarjomano.com

https://doi.org/10.22055/JACM.2020.32143.1975
https://doi.org/10.22055/JACM.2020.32143.1975
https://doi.org/10.1002/mma.6598

	MHD buoyancy-driven flow in a nanoliquid filled-square enclosure divided by a solid conductive wall
	  INTRODUCTION
	  MODELING
	  Nanofluid property relations
	  Basic equations
	  Boundary conditions

	  NUMERICAL PROCEDURES
	  RESULTS AND DISCUSSION
	  CONCLUSION
	  CONFLICT OF INTEREST
	  LIST OF SYMBOLS
	  GREEK LETTERS
	  SUBSCRIPTS
	REFERENCES


