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ABSTRACT
In the present work, the impact of cavity geometric shape on
heat exchange is numerically studied. The Cu-Al2O3 water hybrid
nanofluid with a solid volume fraction of 0,03 is considered in this
simulation. The bottomwall of the cavity is brought to a constant hot
temperature. The two vertical side walls are cooled, and the upper
wall of the cavity is adiabatic.

In these conditions, four cases are studied. The first one is a rect-
angular cavity filled with the hybrid nanofluid, while in each case of
the other three, the shape of one cavity wall is changed. The numer-
ical results are developed for Rayleigh numbers varying from 103

to 105 and for a laminar and stationary flow regime. The govern-
ing equations are solved numerically using the finite volumemethod
(FVM).

The results indicate that the cavity shape significantly affects
the improvement of heat exchange. We found that the third case
gives the best heat exchange compared to the other cases, and
the increase in the value of the Rayleigh number contributes to an
enhancement in heat exchange, especially in the third case. It also
participates in a decrease in the temperature inside the cavity.
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Nomenclature

Cp: specific heat of the fluid, J.kg−1.K−1

g: acceleration of gravity, m.s−2

Gr: Grash of number
H: cavity height, m
k: thermal conductivity, W.m−1.K−1

L: cavity length, m
NuL: local Nusselt number
P: pressure, Pa
Pr: Prandtl number
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2 K. CHADI ET AL.

T : temperature, K
Tc: temperature of bottom wall of cavity,K
u, v: velocity components, m.s−1

U, V : dimensionless velocity components form
x, y: cartesiancoordinates, m
X, Y : dimensionless cartesiancoordinates

Indices

f : base fluid (water)
hnf : hybrid nanofluid
nf1: Cu-water nanofluid
nf2: Al2O3-water nanofluid

Greek symbols

α: thermal diffusivity, m2.s−1

β : thermal expansion coefficient,K−1

θ : dimensionless temperature
µ: dynamic viscosity of coolant,kg. m−1.s−1

ρ: coolantdensity, kg.m−3

ϕ: nanoparticle volume fraction

1. Introduction

Thermal transfer in cavities is a scalable topic that can be applied in several fields, such as
cooling electronic components, thermal and nuclear installations, building industry, etc.
Researchers in this field have presented several solutions to improve heat exchange inside
the cavities. Amongwhich are the insertion of porousmedia, the addition of barriers inside
the cavity, the changing of the cavity shape, the use of hybrid fluids, and the use of the
magnetic field (MF). Mahmoodi et al. [1] presented a numerical study of the fluid flow by
free convection and the heat exchange of Cu-H2O nanofluid within a square cavity whose
center contains an adiabatic square body. They discretized the governing equations using
the finite volumemethod (FVM) and used the SIMPLER algorithm for velocity-pressure cou-
pling. They also shed light on the effect of the copper nanoparticle volume fraction, the
Rayleigh number (Ra), and the size of the adiabatic square body on the thermal fields and
the liquid flow. Their results indicate that themeanNusselt number (Nu) riseswith the rising
volume concentration of nanoparticles at all Ra numbers except for Ra = 104. Moreover,
with a lower Ra number (103 and 104), the thermal exchange rate reduces with the growth
of the adiabatic square body dimensions, where as at a high Ra number (105 and 106), it
enhances.

Aminossadati et al. [2] studied themagne to hydrodynamics of Cu-H2O nanofluid within
a triangular enclosure. The study shows that the increase in Ra number conducts to an
intensification of convective currents. In addition, increasing the Hartmann number (Ha)
reduces heat transfer and removes recirculation cells. Additionally, the study out comes
reveal that adding nanoparticles increases the Nu at low Ra number values.
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WAVES IN RANDOM AND COMPLEX MEDIA 3

Mehmood et al. [3] utilized the KKL model for investigating the mixed convection of Al-
H2O nanofluid in a square porous enclosure. They examined the influence of the non-linear
model of radiation and the inclinedMF effect. The study results showed that themaximum
stream function rises when the porosity intensifies. In addition, a significant reduction in
the mean Nu is explored with an increasing MF inclined angle.

Rahmati et al. [4] simulated the free convection of water-TiO2 nanofluid around a hot
obstacle in a square enclosure using the Lattice Boltzmannmethod. The impact of Ra num-
ber, obstacle dimensions, the volume fraction of the nanofluid, and enclosure sizes on Nu
and thermal transfer rate around the hot obstacle in the enclosure are analyzed. The sim-
ulation findings indicated that with increasing the Ra number and volume concentration,
the average Nu augments. Further, the average Nu increases with increasing the enclosure
length and decreases with increasing enclosurewidth. They also found that the averageNu
in Wang’s model is lower than Nu in Brinkman’s model.

Mohebbi et al. [5] carried out a two-dimensional numerical investigation of the impact
of MF on forced convection of Ag/MgO nanofluid and thermal exchange in a conduit with
active coolers and heaters. For this purpose, a FORTRAN code was developed, and the
impacts of thermal arrangement (case 2, 3, and 1), Ha number (0 to 60), Reynolds number
(50 to100), and volume concentration of nanoparticles ϕ (0 to 0.02) on flow configuration
and on heat exchange properties was examined. Results indicated that themost significant
value of the local Nu occurs at the junction of the cooler and the heater. Their numbers
also indicate that the thermal exchange rate increases with increasing ϕ or decreasing
Ha number, and the thermal exchange rate in case 1 is more significant than in the
others.

Ghalambaz et al. [6] studied convection stream of Ag-MgO/H2O hybrid nanofluid in
a square enclosure. They calculated the thermo-physical properties of the nanofluid by
using experimental data. They studied the impact of dimensionless parameters such as Ra
number, the volume concentration of nanoparticles, and the thermal conductivity ratio on
temperature distribution and the variation of the average Nu and the local Nu. Their results
showed that the rate of heat transfer increases by adding hybrid nanoparticles for low Ra
number. For high Ra number, they found that the local Nu at the surface of the conjugate
wall reduces by displacing from the bottom of the enclosure toward the top.

Rizwan et al. [7] presented a two-dimensional numerical study of free convection in
a trapezoidal enclosure filled with copper oxide water nanofluid with an internal heater
trapezium. In this study, they relied on the Finite Element Method (FEM) to achieve the
appropriate outcomes in stream function and isothermal inside the limited field of the
enclosure. The studywas performed for the Ra number between 104 and 105.7. Their results
show that the flow and the heat field rise with increasing Ra number. They also found that
the liquid velocity decreased with the enhancement in the NPS volume concentration.

Chakkingal et al. [8] investigated the natural convectionin an enclosure heated from
below and cooled from its upper wall, entirely and partially filled with adiabatic spheres
arranged in a cubic packing. They studied the impact of packing size and the position
of porous media. In this study, they considered Ra =1.16×105, 1.16×106 and 2.31×107.
Among the most important results is that the cavity’s heat transfer decreases when the
porous medium is close to the isothermal walls. It was remarked that when the thermal
boundary layer thickness is greater than thepore space, the locationandnumberofpacking
layers modify the heat exchange rate.
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4 K. CHADI ET AL.

Armaghani et al. [9] presented numerical research on the impact of source/sink setting
and size onMHDmixed convection in Al2O3-Cu/Water hybrid nanofluid filling an L-shaped
enclosure. Two uniform thermal sources are placed in the lower corners of the enclosure.
The impact of several thermo-physical parameters such asMF,Ha, sink/source location and
power and length ratio, the angle, and the volume fraction of copper (Cu) and alumina
(Al2O3) and their combination nanoparticles seeded in water are studied. Among themost
important results, the MF angle which leads to the best heat exchange efficacy is 180. Also,
the concentrationof nanoparticles increases thermal performance, and themost significant
thermal efficacy corresponds to the case (L1 = 0.8, L2 = 0.2).

Among the most important recent research work, we find Hassan et al. [10] did a micro-
scopic study of natural convection due to Fe3O4 -MWCNT/H2O hybrid nanofluid using the
Lattice Boltzmannmethod. They filled the test fluid into a differentially heated rectangular
enclosure. This study demonstrates the impacts of Ra number from 103 to 105, aspect ratio
from 0.5 to 2.0, and nanocomposite concentration volume on heat and liquid flow proper-
ties and entropygeneration. They observed that the averageNu riseswith an increase in the
Ra number, while it decreases with an increase in the aspect ratio. They also observed that
the Ra number increases with the number of dimensionless entropy generation increases.
They also found that increasing nanoparticles loading fraction helps increase the entropy
generation number. They also concluded that the better heat transfer for the enclosure of
0.5 aspect ratio.

Chamkha et al. [11] studied numerically and using the finite element method (Galerkin
method), the heat transfer by mixed convection in the enclosure with a wavy-walled lid
containing a conductive square solid. Using a Cu-Al2O3-H2O hybrid nanofluid, one of the
primary objectives of this study is to examine the effect of the two-phase hybrid nano-
fluid approach on conduction and convection properties, including the consequences of
Richardson number difference, nanoparticle concentration volume, number of oscillations,
the solid obstacle position and dimensionless length, where they found that imposing spe-
cific undulations on the walls of vertical active helps in enhancing the heat transfer and
distributions of the nanoparticles within the cavity.

Geridonmez et al. [12] conducted a numerical study on the natural heat flow of Ag-
MgO-H2O hybrid nanofluid in a trapezoidal formed enclosure under the influence of partial
magnetic fields. This research also relied on the Brinkmannmodel of dynamic viscosity and
Xue’s thermal conductivity model. They concluded in the last that the large area of influ-
ence area of the partial magnetic field leads to the inhibition of liquid flow and thermal
transfer.

On the other hand, Aly et al. [13] studied the effects of magnetic field on mixed convec-
tive flux inside a corrugated cavity filled with porous media and hybrid nanofluids. They
considered the plane walls to be adiabatic and the vertical corrugated walls of the cavity to
have a temperature of Tc. The bottomwall of the cavity is heated, and the top leftwalls have
lid velocities. They also used the finite volumemethodby SIMPLE technique to solvedimen-
sionless control equations. Among theessential results they reached is that theposition and
length of the heater are efficient in improving themovements of nanofluid and the thermal
performance within an undulating cavity. Increasing the thermal radiation coefficient and
the heat absorption/generation coefficient improves the solid phase isotherms.

Sudarsana and Sreedevi [14] numerically examined fluid entropy generation, flow and
heat transfer within the closed chamber by magnetic field attraction using a hybrid liquid
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nanofluid and using finite element method; their results which are schematic diagrams,
indicate that the heat gradient of single-walled carbon nanotubes is higher than that of
silver nanoparticles. The heat transfer rate increases from 6.2% to 15.6% in the case of
single-walled carbon nanotubes with a volume fraction of 0.05 suspended in the base liq-
uid, while the thermal transfer rate rises from 6.2% to 10.4% in the case of volume fraction
silver nanoparticles 0.05 suspended in the base liquid.

Another recent study [15] examined the impact of hybrid nanofluid flow under the influ-
ence of amagnetic field in a compact tube applied in a fixedmagnetic field. They also used
a hydrothermal behavior of 1.0% vol. Fe3O4/water, 1.0% vol. Cu/water as mono-nanofluid
and 0.5% vol. Fe3O4–0.5% vol. They also examined Cu/water as a hybrid nanofluid in the
rammed tube under the condition of the laminar flow regime Re number = [1131-2102]
and the constant heat flux.

Among the essential results they obtained is that the magnetic field affects enhancing
the Nusselt number (Nu) and the friction factor and that the flow of hybrid nanofluids in
the dredged tube, the magnetic field with the magnitude of 0.3 Tesla leads to an increase
in the Nu and the friction factor.

The study Haokun and Yit Fat [16] conducted dealt with the heat transfer and the flow of
hybrid nanofluids in a curved porous channel. This study included the various transfer pro-
cesses (i.e., momentum, mass, and energy). They also validated the model’s performance
to check the flow and thermal transfer of the Al2O3-Cu-H2O hybrid nanofluid. Their results
showed that the thermal transfer increases with a raised volume fraction of nanoparticles,
higher, more significant porosity, and Reynolds number (Re).

Nazar et al. [17] analyzed the unstable mixed convection of the Al2O3-Cu/water hybrid
nanofluid flow past a vertical plate close to the stagnation point. They used the bvp4c tech-
nique to solve the resulting differential equations. In this study, they studied the impacts
of several relevant physical factors. Their results showed that the rate of heat transfer
decreases when the concentration volume of the nanoparticles rises, and they also found
that the parameter of the slip is proven to raise the skin friction coefficient while the local
Nu decreases in the buoyancy opposing flow.

This work aims to study the natural convection in the various geometric shapes of the
cavities to obtain the appropriate cavity shape, which contributes to increasing the heat
exchange of the hybrid nanofluid.

2. Thermo-physical properties of hybrid nanofluid

The effective thermal conductivity of the hybrid nanofluid (hnf ) is given by [18]:

khnf =
[
(ϕnf2knf2 + ϕnf1knf1)

ϕhnf
+ 2kf + 2(ϕnf2knf2 + ϕnf1knf1) − 2ϕhnf kf )

]

×
[
(ϕnf2knf2 + ϕnf1knf1)

ϕhnf
+ 2kf − (ϕnf2knf2 + ϕnf1knf1) + ϕhnf kf )

]−1

(1)

Where: ϕhnf = ϕnf1 + ϕnf2

The density of the hybrid nanofluid (hnf ) is given by [18]:

ρhnf = ϕnf2ρnf2 + ϕnf1ρnf1 + (1 − ϕhnf )ρf (2)
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Table 1. Thermophysical properties of the water and nanoparticles.

ρ [kg/m3] Cp [J/(kg.K)] K [W/(m.K)] µ [kg/(m·s)] β [1/K]

Water 997.1 4179 0,613 0.001003 21 × 10−5

Cu nanoparticles 8933 385 401 – 1.67 × 10−5

Al2O3 nanoparticles 3970 765 40 – 0.85 × 10−5

The dynamic viscosity is expressed by [18]:

μhnf = [1 − (ϕnf1 + ϕnf2)]
−2.5μf (3)

The heat capacitance of the hybrid nanofluid (hnf ) is expressed by [18]:

(ρCp)hnf = ϕnf2(ρCp)nf2 + ϕnf1(ρCp)nf1 + (1 − ϕhnf )(ρCp)f (4)

The thermal expansion coefficient of the hybrid nanofluid (hnf ) is expressed as given by
[18]:

(ρβ)hnf = ϕnf2(ρβ)nf2 + ϕnf1(ρβ)nf1 + (1 − ϕhnf )(ρβ)f (5)

The thermo-physical properties of water and nanoparticles are grouped in Table 1 [19]

3. Geometrical system

The field of study is a two-dimensional rectangular enclosure where the dimensions are
length L and width H. The enclosure is filled with Cu-Al2O3 /water hybrid nanofluid. Four
cases with identical boundary conditions are presented.

The first case is a rectangular enclosure whose bottom wall is fixed at a constant hot
temperature (Th), the two vertical walls of the enclosure are maintained isothermally at a
temperature (Tc) lower than the temperature of the bottomwall, and the upper wall of the
cavity is considered as adiabatic.

The second case: The shape of the cavity’s right vertical wall in the first case is changed
(Figure 1b).

The third case: The shape of the cavity’s right and left vertical walls of the first case is
changed (Figure 1c)

Fourth case: The shape of the cavity’s upper horizontal wall in the first case is changed
(Figure 1d).

The corresponding boundary conditions for the four cases are given by:

− All walls : U=0, V=0
− Top wall: 0 ≤ X ≤ 1;Y=1; (∂θ/∂Y) = 0
− Right and left sidewalls: Right wall X=1; 0 ≤ Y ≤ 1; θ = 0
− left wall X=0; 0 ≤ Y ≤ 1; θ = 0
− Bottom wall: 0 ≤X≤ 1; Y=0; θ = 1;
− Simplifying Hypothesis:

• Newtonian and incompressible fluid.
• Two-dimensional flow in cartesian coordinates.
• Laminar and permanent flow regime.
• Absence of internal heat source, mass source or chemical reaction.
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WAVES IN RANDOM AND COMPLEX MEDIA 7

Figure 1. Schematization of the four cases of cavities (L = H).

• The radiation heat transfers negligible

∗The thermo-physical properties of the hybrid nanofluid inside the cavity are constant
except for the density for which the variations due to the temperature differences generate
the movement, i. e. the Boussinesq hypothesis is considered to be applicable.

4. Mathematical formulation

The equations governing the problem are:

• The continuity equation is written as follows:

∂u

∂x
+ ∂v

∂y
= 0 (6)
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• The momentum equations along the x-axis and the y-axis are expressed by:

u
∂u

∂x
+ v

∂u

∂y
= 1

ρhnf

[
−∂p

∂x
+ μhnf

(
∂2u

∂x2
+ ∂2u

∂y2

)]
(7)

u
∂v

∂x
+ v

∂v

∂y
= 1

ρhnf

[
−∂p

∂y
+ μhnf

(
∂2v

∂x2
+ ∂2v

∂y2

)
+ (ρβ)hnf g(T − Tc)

]
(8)

• The energy equation is expressed by:

u
∂T

∂x
+ v

∂T

∂y
= αhnf

(
∂2T

∂x2
+ ∂2T

∂y2

)
(9)

With αhnf = khnf
(ρCp)hnf

To reduce the previous equations to a dimensionless form, it is necessary to define the
following changes of variables:

X = x

L
; Y = y

L
; D = αf

L
; U = u

D
; V = v

D
; θ = T − TC

TH − TC
; P = p

D2ρhnf

The system of equations in dimensionless form:

• The continuity equation :

∂U

∂X
+ ∂V

∂Y
= 0 (10)

• The momentum equations:

U
∂U

∂X
+ V

∂U

∂Y
= − ∂P

∂X
+ μhnf

ρhnfαf

(
∂2U

∂X2
+ ∂2U

∂Y2

)
(11)

U
∂V

∂X
+ V

∂V

∂Y
= − ∂P

∂Y
+ μhnf

ρhnfαf

(
∂2V

∂X2
+ ∂2V

∂Y2

)
+ (ρβ)hnf

1
ρhnfβf

Ra Pr θ (12)

• The energy equation :

U
∂θ

∂X
+ V

∂θ

∂Y
= αhnf

αf

(
∂2θ

∂X2
+ ∂2θ

∂Y2

)
(13)

The Rayleigh number is defined as follows:

Ra = Gr.Pr = (β)hnf g(TH − Tc)L3

ϑ2
hnf

× ϑhnf

αhnf
= (β)hnf g(TH − Tc)L3

ϑhnfαhnf

The local Nusselt number calculated at the cavity’s bottom wall is expressed by [20]

NuL = −khnf
kf

(
∂θ

∂Y

)
Y=0

(14)

The average Nusselt number calculated at the cavity’s bottom wall is expressed by [20]:

Nuave =
∫ 1

0
NuLdX (15)
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WAVES IN RANDOM AND COMPLEX MEDIA 9

Figure 2. Streamlines (left) and isotherms (right) for Ra = 103 (a) the numerical results [21] (b) This
study results.

5. Validation and comparison of the results

Figure 2 shows a comparison between the streamlines and the isotherms plotted in this
study for Ra = 103 in the right-angled triangular cavity and those found by Yesiloz et al.
[21]. On the other hand, Figure 3 represents another comparison between our isotherms
for Ra = 5 × 106 with 	T = 11.6K in a quadrantal cavity at an inclination angle equal to 0
and those plotted in thework of Gurkan et al. [22]. FromFigures 2 and 3, it can be concluded
that there is a good agreement between the results of this work and those obtained in the
two works [21] and [22], which confirms the validity of our numerical results.

6. Grid independence examination

In this work, a quadrilateral mesh is chosen in the two directions (x, y); after the simulation
calculations converged, we tested the mesh independently. From Figure 4, which shows
the dimensionless temperature variation along the plane y= 0.25H for the different cells
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10 K. CHADI ET AL.

Figure 3. Numerical isotherms in a quadrantal cavity at an angle of inclination equal to 0 (a) Numerical
results [22], (b) This study results.

applied to the cavity in the first case, it can be seen that the temperatures are nearly identi-
cal. On the other hand, Figure 5 shows the influence of the number of nodes on the solution
expressed by the profile of the average Nusselt number (Nuave) of the bottom wall of the
cavity in the first case in terms of the number of nodes according to the results of Figure
5. We conclude that when the number of nodes is 5000 nodes and more, the value of the
average Nu number is independent of the mesh.

7. Results and discussions

In this paragraph, all the results obtained in this study by the fluent software in the form
of current lines, isothermal and variations of the Nusselt number for the four cases studied
will be highlighted.

Figure 6 a,b and c show the isotherms for the four cases and different values of the Ra.
The temperature profiles show tight lines around the heat source, i. e.; the temperature
gradient becomes higher near this heated wall which implies an increase in heat transfer
through the bottom wall of the enclosure. These isotherms have a symmetrical shape in
the first, the third and the fourth case at each Ra. Furthermore, the shape of the cavity has a
considerable effect on the isotherms, and this becomes clearer at significant valuesof theRa
number, according to the results shown in Figure 6 a,b and c. The contours of the isotherms
in the third case are close to the heat source for Ra = 105. This indicates that there is good
heat exchange between the hybrid nanofluid and the hot bottom wall of the cavity, which
improves the heat exchange rate.

Figure 7 a,b and c show streamlines for the four cases and different values of the Ra. It is
noticeable that the value of Ra = 103 (Figure 7a), the values of the streamlines are almost
zero, inthe order of 10−5 and 10−6 for the four cases. On the other hand, when the Ra num-
ber is increased and for Ra = 105(Figure 7c), the values of the streamlines are in the order
of 10−3 and 10−4. We also find that the shape of the enclosure has a significant effect on
the stream-lines structures.
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WAVES IN RANDOM AND COMPLEX MEDIA 11

Figure 4. Influence of the mesh on the dimensionless temperature along the plane y = 0.25H of the
cavity for case 1 and Ra = 104.

Figure 8 a and b show the dimensionless temperature evolution along two planes y =
H/2and y = H/4, for the four cases studied and for Cu-Al2O3/water hybridnanofluid. Figure
8a, show that the dimensionless temperature decreases near the sides of the cavity in all
cases and rises in the middle of the cavity at x = L/2 in the first, the third andthe fourth
case. In the second case, the temperature’s peak is recorded at x = 0.2L, which is due to the
asymmetrical shape of the cavity. We also note that the dimensionless temperature values
in the third cavity case are low compared to the other cases, and this is due to the small
length of the cavity at x = [0.4L − 0.6L] and y = H/2, where the fluid flow velocity is high.
Other wise, we see at the y = H/4 a plane where the dimensionless temperature values in
all cases are high in the middle of the cavity at x = L/2 as shown in Figure 8b.

Fromaphysical point of view, this presented study reveals that the phenomenonof heat
transfer is related to both Rayleigh number, cavity shape and the movement velocity of
nanoparticles in the base liquid.

Thus, the increase in the Rayleighnumber leads to an increase in heat transfer and, there-
fore, a faster liquid flow. The flow speed helps the nanoparticles to move quickly inside the
base liquid and makes the heat transfer process between the particles suitable, and the
cavity’s shape helps the heat exchange process.

The cavity shape in the third case is characterized by its ability to improve heat exchange
by changing the shape of the side walls of the cavity and making it convergent-divergent
nozzle geometry to increase the fluid velocity at the coordinates (x= 0,5L, y= 0.5H) and this
is with the help of gravity, on the other hand, we found that when changing the shape of
one side wall (case 2- case 4) does not meet the desired purpose. The fluid velocity remains
insufficient to improve the heat exchange inside the cavity.
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Figure 5. Influence of the mesh on the average Nu number of the bottom wall of the cavity for case 1
and Ra = 105.

Figure 6. a. Isotherms for the four cases and for Ra = 103(ϕ = 0.03). b. Isotherms for the four cases
and for Ra = 104(ϕ = 0.03). c. Isothermsfor the four cases and for Ra = 105(ϕ = 0.03).
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Figure 7. a. Streamlinesfor the four cases and for Ra = 103(ϕ = 0.03). b. Streamlinesfor the four cases
and for Ra = 104(ϕ = 0.03). c. Streamlinesfor the four cases and for Ra = 105(ϕ = 0.03).

Figure 9 shows the dimensionless temperature evolution along the plane y = H/2 in
the fourth case of the cavity for different values of Ra. According to this study’s results, we
note that when Ra increases, the dimensionless temperature in the plane y = H/2 increas-
esas the temperature transition within the hybrid nanofluid increase with increasing flow
velocity and the increasing movement of the Cu-Al2O3 nanoparticles in the base fluid
(water).

Figure 10 presents the evolution of the local Nu along the lower wall (hot wall) for dif-
ferent values of Ra. This figure shows that Nu decreases as we move along the lower wall
to its middle, which is for all the values of Ra. This is because the hybrid nanofluid, which is
at a low temperature compared to the wall, comes into contact with the hot wall and thus
receives a quantity of heat (due to the large temperature gradient).

The evolution of the Nuave as a function of Ra for the four cases (arranged from left to
right) and the hybrid nanofluid with a nanoparticle volume fraction equal to 0.03 is pre-
sented in Figure 11. It is noticeable that in the four cavity cases, theNuave increases with Ra,
but the Nuave values for the third cavity case are higher than in the three cases. This is due
to the shape of the cavity and its effectiveness in increasing heat transfer.
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Figure 8. The dimensionless temperature evolution along the plane (a) y = H/2 and (b) y = H/4 for
the four cases studied and for hybrid nanofluid (ϕ = 0.03).
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Figure 9. Evolution of the dimensionless temperature along the plane y = H/2 in case 4.

8. Conclusion

This study presents a numerical investigation of the laminar regime and the impact of the
geometric form of the cavity by using Cu-Al2O3-water hybrid nanofluid with a solid volume
fraction equal to 0.03 and using the commercial software, ANSYS Fluent 17.0.

The acquired results are represented in the formofprofiles of streamlines, isotherms, and
Nusselt number for the different shapes of the cavity as a function of the Rayleigh number
(between 103 and 105); the results obtained led to the following observations:

− For low values of the Rayleigh number (103, 104) The heat transfer takes place
mainly by conduction in the cavity.

− The shape of the cavity in the third case gives the best heat exchange compared to
the other cases, and the increase in the value of the Rayleigh number contributes to
an enhancement in heat exchange, especially in the third case. It also participates in
a decrease in the temperature inside the cavity.

− According to the simulation results and for the remaining three forms, the cavity
shape in the second case gives better heat exchange than in the fourth and first
cases.

These results will be used for the design and the improvements of the cavity.
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Figure 10. Local Nu profile along the hot bottom wall for different Ra values.

Figure 11. Average Nu variation with Ra for the four cases studied.
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