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Abstract In this study, natural laminar convection of Al2O3/water nanofluid in a cavity slightly different
from shaped H was investigated using the monophasic model. The various parameters of this flow were
determined numerically using CFD-Fluent software using the finite-volume method by introducing Boussi-
nesq approximation. The analysis is carried out for three values of the Rayleigh number (105; 2.3·105 and
3.072·105) and for three values of the form factor defined for this enclosure (0.2; 0.3 and 0.4). The impact
of Rayleigh number, nanofluid concentration and cavity form factor on dynamic and thermal structure of
the flow was analyzed. The results are shown in form of streamlines, isotherms, and profiles of velocity,
temperature, and Nusselt number. Nusselt number rises with increasing Rayleigh number and nanofluid
concentration and decreases with the form factor of the cavity. This study is well developed relative to
those carried out before. With using Al2O3 nanofluid, the heat transfer is improved because its thermal
conductivity is increased compared to that of the base fluid. Finally, to predict heat transfer inside cavity,
correlations for the Nusselt number were proposed for each form factor of the cavity. These correlations
are rarely presented in this type of study.

List of symbols

AR Aspect ratio of the cavity
Cp Specific heat at constant pressure, J kg−1

K−1

g Gravitational acceleration, m s−2

h Convection heat transfer coefficient W m−2

K−1

H Height of the enclosure, m
K Thermal conductivity, W m−1 K−1

Nu Average Nusselt number
P Pressure, N m−2

Ra Rayleigh number
T Temperature, K
u, v Velocity components, m s−1

Greek symbols

α Thermal diffusivity, m2 s−1

ρ Density, kg m−3

β Coefficient of thermal expansion, K−1

μ Dynamic viscosity, kg m−1 s−1

ν Kinematic viscosity, m2 s−1

a e-mail: saadi.bougoul@univ-batna.dz (corresponding
author)

ϕ Volume fraction, %
ψ Stream function value, m2 s−1

Subscripts

f Fluid
s Solid
nf Nanofluid
c, f Cold and hot wall
max Maximum
o Reference value

1 Introduction

Investigation of heat exchange that occurs inside closed
enclosures receives great interest because this phe-
nomenon occurs in several energy systems such as cool-
ing of electronic accessories in particular microproces-
sors, heat generators in computers, etc.

For these systems, convection is the dominant heat
transfer mode and temperature control is essential in
their use. These thermal systems must have significant
thermal efficiency while keeping a minimum size. To
achieve this objective, certain techniques can be used
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by modifying for example the exchange surface or using
a fluid of high thermal conductivity unlike that of con-
ventional fluids (water, oil, etc.) which are limited in
their use. To make a good choice of heat transfer fluid,
we mix very small (nanometric) nanoparticles with a
base fluid and we obtain what are called nanofluids.

Different types of nanofluids have been analyzed in
detail and their thermophysical properties can be found
in the literature. These nanofluids improve the ther-
mal performance of several energy systems such as heat
exchangers, solar collectors because their thermal con-
ductivity is increased compared to that of the base fluid.

After having succeeded in improving the thermophys-
ical properties of nanofluids, several industrialists and
research laboratories have tried to use them in various
applications such as medicine, transport, air condition-
ing, and electronics.

The study of natural convection in closed cavities sat-
urated with nanofluids was first performed by Khanafer
et al. [1]. They noticed that growing the nanofluid con-
centration increases the rate of heat transfer. Currently,
a number of research works have been investigated to
study the free convection of nanofluids in closed enclo-
sures of different geometries. These studies can provide
answers to several problems encountered in engineering
and serve for example for the location and cooling of
electronic components in closed enclosures.

Several studies have been carried out, we can quote
that of Mohebbi and Rashidi [2] in an L-shaped cavity
with an obstacle. They confirmed that if form factor
(AR) of the cavity rises the heat transfer decreases.
Moreover, if the Rayleigh number rises, the Nusselt
number increases.

Investigation of free convection of the water–alumina
nanofluid in an enclosure having a form C and under
action of a magnetic field was conducted by Maku-
lati et al. [3], they highlighted that the growth in the
height/width ratio of the cavity increases the Nusselt
number. Ghasemi [4] developed a study of magneto-
hydrodynamic free convection of nanofluids in a U-
shaped enclosure using the finite-volume method. He
noticed that heat exchange rate increases by increas-
ing the Rayleigh number and nanofluid concentration.
Abu-Nada et al. [5] studied numerically heat exchange
in horizontal concentric annuli using nanofluids. They
concluded that nanofluids with relatively high thermal
conductivity improve significantly heat transfer for high
Rayleigh number values and for high ratio of length and
diameter (L/D). Abu-nada and Oztop [6] carried out a
numerical investigation of impact of inclination angle of
a square enclosure on Cu/water nanofluid free convec-
tion. They found that the tilt angle significantly affects
fluid flow and heat transfer.

Mohebbi et al. [7] analyzed impact of associating a
heat source and its location on free convection in a
C-shaped geometry saturated with a nanofluid. They
noticed that for low values of Rayleigh number, the rise
in Nusselt number does not depend on the position of
the heat source, but for high values of Rayleigh num-
ber Nusselt number is maximum when heat source is
positioned at the top. Natarajan et al. [8] carried out a

free convection study in a trapezoidal enclosure with a
hot wall. They noted that variable heating of the wall
improves heat exchange than the uniform one.

The presence of obstacles, rods and heat sources
inside cavities of different shapes filled with nanoflu-
ids and subjected to impacts of thermal radiation and
magnetic field is a very important research topic. The
main objective of these studies is to improve heat trans-
fer.

Several studies have been carried out in recent years
[9–16].

Sudarsana Reddy et al. [9] present an analysis of mag-
netohydrodynamic boundary layer flow and heat and
mass transfer of a nanofluid over an inclined porous
plate subject to the effect of thermal radiation and
chemical reaction. Impact of the various parameters
relating to this study on variations of speed, temper-
ature and concentration is well analyzed. It was found
that thickness of the thermal boundary layer becomes
important, and thickness of the solutal boundary layer
retards with growing the Brownian motion parameter.

Heat and mass transfer of nanofluid flow on a
stretched surface introduced into a porous medium by
considering a chemical reaction under the effects of
thermal radiation, magnetic field and of thermal and
solutal stratification is analyzed in this study conducted
by Sudarsana Reddy and Sreedevi [10]. An analysis of
speed, temperature, concentration variation and other
variables is carried out. It is observed that the tem-
perature variation deteriorates and the concentration
variation decreases when the corresponding stratifica-
tion coefficients increase.

The study of free convection and heat transfer inside
an enclosure using Buongiorno’s model nanofluid has
been investigated by Sudarsana Reddy and Sreedevi
[11]. The results obtained are presented in the form
of streamlines, isotherms, isoconcentrations and other
dimensionless numbers. They noticed that the rate of
heat transfer rises with increasing Rayleigh number.

The model of radiative heat transfer of Tiwari-Das
and the flow of the nanofluid Ag–water inside an enclo-
sure subjected to the effect of a magnetic field, are
studied numerically by Sreedevi et al. [12]. It has been
noted that the heat transmission is improved from 6.3%
to 12.4% for the volume fraction of silver nanoparticle
equal to 0.05.

Hamid et al. [13] conducted a study that investigated
heat transmission and hydromagnetic flow of water–
carbon nanotubes inside a partially heated fin-shaped
enclosure. A thin heated rod is positioned within this
geometry to oppose flow and to act as a heat transfer
source. For certain selected boundary conditions, the
velocity components are maximum in a vertical cor-
ner and they are minimum in the horizontal one and
it was found that local Nusselt number increases with
the volume fraction of the carbon nanotubes and the
introduction of radiative effects.

Impacts of water-based single-walled carbon nan-
otubes on free convection in a partially heated trape-
zoidal enclosure have been examined by Khan et
al. [14]. Effects of the concentration of carbon nan-
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otubes, Rayleigh and Hartmann numbers on stream-
lines, isotherms, and other parameters were examined
numerically in this study, it was noted that the inten-
sity of streamlines declines by growing values of the
carbon nanotubes concentration and Hartmann num-
ber. Hamid et al. [15] investigated impact of molybde-
num disulfide nanoparticle shapes on the rotating flow
of nanofluid along an elastic stretched sheet which is
subject to magnetic field, thermal radiation and ther-
mal conductivity which is not constant. Three shapes
of nanoparticles were used. The results show that the
intensification in thermal radiation and in the Prandtl
number, gives a decrease in the local Nusselt number
and reverse phenomenon is observed when the vari-
able thermal conductivity increases. Heat transmission
transfer is significant when the platelet form of the
material considered is introduced.

A modeling of free convection under the action of a
magnetic field inside a permeable medium subjected to
two temperature models in the presence of radiation
was carried out by Nguyen-Thoi et al. [16]. The impact
of Hartmann, interface heat transfer, radiation, buoy-
ancy and nanoparticles’ shape on nanomaterial behav-
ior is analyzed. These authors concluded that when the
heat transfer parameter at the solid nanofluid interface
rises, the conduction becomes significant and the Nus-
selt number declines.

The studies carried out in this field of research,
show that the cavities filled with nanofluids have a
great importance, especially in cooling of electronic
accessories. Most of these studies focus on simple
shaped cavities (square or rectangular) but in real-
ity, we find complex geometries and the study of con-
vection in these geometries presents as a subject that
attracts researchers. Following the investigations pre-
sented above, the motivation of this study is due to the
fact that study of free convection of the nanofluid in a
cavity of particular shape having different form factor
has not been treated before and this study can inter-
vene in certain energy systems.

In this investigation, we have developed a study
which gives more details on flow behavior and heat
exchange in a cavity slightly different from shaped H
by looking the effect of Rayleigh number, form factor
of the cavity which is a significant geometric parameter
and concentration of the nanofluid Al2O3–water.

2 Physical model

In this investigation, flow due to free laminar convection
of the Al2O3/water nanofluid inside the cavity shown
below is analyzed using the single-phase model. Chosen
nanoparticles volume fraction is 1%, 2%, 3% and 4%,
respectively. Studied geometry as well as the imposed
boundary condition are shown in Fig. 1. This is a spe-
cially shaped enclosure with walls maintained at con-
stant temperatures. The horizontal ones located at the
top of this geometry are assumed to be adiabatic. This
cavity is considered saturated with Al2O3 nanofluid.

Fig. 1 Geometry studied and boundary conditions

Fig. 2 Temperature profile for the three types of mesh

For all the walls of this cavity, the non-slip condition
is imposed. This type of enclosure may be of particular
interest in the design of different thermal systems. In
this study, we consider that the Rayleigh number takes
the values 105; 2.3·105 and 3.07 · 105, respectively.

The study of the flow considered is described by the
equations of mass conservation, momentum and energy
with different assumptions given below which simplify
the considered problem. The physical parameters of the
nanofluid are assumed independent of temperature with
exception for the density which is variable and which is
introduced into the buoyancy force using Boussinesq’s
approximation. The nanofluid used in this study is sup-
posed to be incompressible and Newtonian fluid, natu-
ral convection is assumed to be laminar and stationary
and the effect of thermal radiation is considered negli-
gible.

Continuity equation:

∂u

∂x
+

∂v

∂y
= 0 (1)
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Ra (A) (B)

105
max = 0.0038 m2/s max = 0.0048 m2/s

2,30 105
max = 0.0055 m2/s max = 0.0065 m2/s

3,072 105
max = 0.006 m2/s max = 0.0075 m2/s

Fig. 3 Streamlines for the aspect ratio 0.2 and for different values of the Rayleigh number. A ϕ = 0% and B ϕ = 4%

Momentum equation:

u
∂u

∂x
+ v

∂u

∂y
= − 1

ρnf

∂P

∂x
+ νnf

(
∂2u

∂x2
+

∂2u

∂y2

)
, (2)

u
∂v

∂x
+ v

∂v

∂y
= − 1

ρnf

∂p

∂y
+ νnf

(
∂2v

∂x2

+
∂2v

∂y2

)
+ (ρβ)nf g (T − T0) . (3)

Energy equation:

u
∂T

∂x
+ v

∂T

∂y
= αnf

(
∂2T

∂x2
+

∂2T

∂y2

)
. (4)

For the flow of the nanofluid in this enclosure, we
assume that the nanoparticles are in thermal equilib-
rium with the base fluid. Under Boussinesq’s approxi-
mation, the variation in density as a function of tem-
perature is written:

ρ = ρ0 [1 − β (T − T0)] . (5)
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Ra (A) (B)

105

2,30 105

3,072 105

Fig. 4 Isotherms for the aspect ratio 0.2 for different values of the Rayleigh number. A ϕ = 0% and B ϕ =4%

where ρ0 is the reference density at temperature T0 and
β is the coefficient of thermal expansion at constant
pressure.

For the monophasic model, the thermophysical param-
eters of the Al2O3/water nanofluid are determined
using the conventional expressions used for solid–liquid
mixtures. These expressions are introduced in the dif-
ferent simulations.

Different models have been developed to determine
the effective thermal conductivity of the nanofluid
(Knf), among these models, we find that of Maxwell
[17]:

Knf =
[
Ks + 2Kf − 2ϕ (Kf − Ks)
Ks + 2Kf + ϕ (Kf − Ks)

]
Kf , (6)

where Knf , Kf and Ks are thermal conductivities (W/m
K) of nanofluid, the base fluid and the nanoparticles,
respectively. ϕ is the volume fraction of these nanopar-
ticles. For the dynamic viscosity, we use the Brinkman
model [18]. μnf = μf (1 − ϕ)−2.5, this relation is appli-
cable for a volume fraction less than or equal 4 %.

The density of a nanofluid, which is considered to be
a homogeneous fluid, is expressed by the relation [19]

ρnf = (1 − ϕ) ρf + ϕρs. (7)
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Ra (A) (B)

105
max = 0.003 m2/s max = 0.0038 m2/s

2,30 105
max = 0.0044 m2/s max = 0.0055 m2/s

3,072. 105
max = 0.0045 m2/s max = 0.006 m2/s

Fig. 5 Streamlines for the aspect ratio 0.3 for different values of the Rayleigh number. A ϕ =0% and B ϕ =4%

For the specific heat of nanofluid, we chose the model
of Xuan et Roetzel [20].

(ρcp)nf = (1 − ϕ) (ρcp)f + ϕ (ρcp)s . (8)

The thermal expansion coefficient of the nanofluid is
described by formula [19]

(ρβ)nf = (1 − ϕ) (ρβ)f + ϕ (ρβ)s . (9)

The average Nusselt number is determined from the
expression

Nunf = hnfH/Kf , (10)

where hnf is the convective exchange coefficient and H
is the side of the enclosure.

Rayleigh number is expressed by

Ra = gβnf (Th − Tc) H3/νnfαnf . (11)

The present study has been validated by the results of
Keramat et al. [21] for the study of natural convection
of the Al2O3–water nanofluid for the chosen values of
the volume fraction (0%–2%) in a H-shaped cavity. The
isotherms and the streamlines have the same structure
with different values compared to our results. This is
due to the fact that we do not have the same geometry
and the same data.
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Ra (A) (B)
105

2,30 105

3,072. 105

Fig. 6 Isotherms for the aspect ratio 0.3 for different values of the Rayleigh number. A ϕ =0% and B ϕ =4%

3 Numerical model

The physical phenomenon considered in this study is
governed by the transport equations which are cou-
pled nonlinear partial differential equations. Fluent-
CFD software was used to solve these equations which
are discretized by means of finite-volume method. Cou-
pling of pressure and velocity is insured using Semi-
Implicit Method for Pressure-Linked Equations (SIM-
PLE) in single phase. For convective and diffusive
terms, a second-order upwind model is applied.

As the different equations which govern this flow
are coupled and nonlinear, the stability of the itera-
tive procedure is verified by help of the coefficients of
under relaxation and the convergence is verified by the
residuals as well as their variation. Convergence crite-
rion used for the residuals in the numerical solution
of the continuity, momentum, and energy equations is

fixed to 10−4, 10−4, and 10−6. The choice of the mesh
plays an important role in convergence and stability of
the numerical method used. The mesh created is non-
uniform, it is tight close to the walls and wide towards
the center of the cavity. This choice of mesh makes it
possible to capture variation of the various parameters
of the flow which will take place near the walls (bound-
ary layer) and to limit time which allows resolution of
different equations.

3.1 Mesh independence test

Before any interpretation of the results, it is necessary
to test the independence of the results obtained from
the chosen mesh, this makes it possible to obtain reli-
able results and to limit the calculation time. This pro-
cedure was carried out for all the configurations studied.
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Ra (A) (B)
105

max = 0.0021 m2/s max = 0.0026 m2/s

2,30 105
max = 0.0034 m2/s max = 0.0042 m2/s

3,072. 105
max = 0.004 m2/s max = 0.005 m2/s

Fig. 7 Streamlines for the aspect ratio 0.4 for different values of the Rayleigh number. A ϕ =0% and B ϕ =4%

For example, for the studied geometry having a form
factor 0.2 and for Ra = 105, three types of mesh
were tested (22,565), (36,577) and (81,937). For these
meshes, the temperature variation at halfway up the
cavity is given in Fig. 2. We note that for the last two
meshes, the temperature profiles are the same and the
error is very low, so to limit the calculation time, we
have chosen the second mesh (36,577).

4 Results and discussion

In this study, a numerical investigation is carried out
to study the heat exchange by laminar free convection
of nanofluid Al2O3/water in a square enclosure hav-
ing a slightly different from shaped H. The results are

obtained using the monophasic approach. In the anal-
ysis of nanofluid flow and heat exchange in this type of
geometry, the parameters that vary are Rayleigh num-
ber, concentration of the nanofluid and the form factor
of this geometry.

Various volume fractions of nanoparticles (ϕ = 1%,
2%, 3% and 4%) were introduced into the calculations.
Values of the Rayleigh number used are equal to 105,
2.3 ·105 and 3072 ·105, respectively, and the form factor
takes the values 0.2; 0.3 and 0.4.
Form factor is defined as the ratio AR of the (BC+DE)
/AT dimensions presented in Fig. 1. In the first part,
the results are given in form of streamlines, isotherms
for each value of the Rayleigh number and for two values
of nanofluid concentration corresponding to 0% (pure
water) and 4%. These results are shown in Figs. 3, 4,
5, 6, 7 and 8 for different form factor of this geometry.
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Ra (A) (B)
105

2,30.105

3,072. 105

Fig. 8 Isotherms for the aspect ratio 0.4 for different values of the Rayleigh number. A ϕ = 0% and B ϕ =4%

In second part, we represent the impact of the form
factor of the enclosure on streamlines and isotherms for
three Rayleigh numbers and for volume fraction equal
4%. Figure 9 gives this effect for the Rayleigh number
equal to 2.3 · 105 and for ϕ =4%.

For all form factors chosen, Rayleigh numbers and
concentration of nanofluids are parameters which sig-
nificantly influence the structure of nanofluid flow and
rate of heat exchange inside the enclosure. An improve-
ment in heat exchange is noted with increase in the
concentration of the nanofluid, this is the result of rise
in thermal conductivity of the base fluid (water).

Fluid movement is due to difference in densities which
is due to the difference in temperature (Archimedean
force). For streamlines, we can see the formation of
two counter-rotating cells which are symmetrical and
located near the vertical walls of the cavity.

Rise in nanofluid concentration for each fixed value of
Rayleigh number does not influence the flow structure
but it accelerates it inside the cavity. This is confirmed
by the shape and values of streamlines and in particular
their maximum value. This rise in nanofluid concentra-
tion also makes it possible to increase the temperature
compared to that of the base fluid and in particular that
near the hot walls. This increase in temperature takes
place without modifying the shape of the isotherms.

As Rayleigh number grows, the fluid becomes accel-
erated and streamlines occupy more space in the cavity
whatever the values of the volume fractions chosen.

The Rayleigh number significantly influences temper-
ature distribution inside the enclosure. For low values
of Rayleigh numbers, thermal boundary layer thickness
along the side walls is important. If Rayleigh number
increases, thickness of this layer becomes smaller. Along
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AR= 0,2 AR= 0,3 AR= 0,4
max = 0.0065 m2/s max = 0.0055 m2/s max = 0.0042 m2/s

Fig. 9 Streamlines and isotherms for the Rayleigh number 2.3·105 and ϕ =4%

the vertical walls, the isotherms are not parallel and at
the top and bottom of the enclosure, the isotherms fol-
low the shape of the hot part.

In Fig. 9, we can see that the factor form of the
enclosure influences significantly the dynamic and ther-
mal structure of the Al2O3 nanofluid flow inside the
enclosure. If this parameter increases, the mean Nusselt
number decreases. This is confirmed by the work of F.
Keramat et al. [21]. Increasing this parameter improves
heat transfer as the hot areas get closer together, how-
ever it limits the fluid movement inside the enclosure.
In this case, streamlines values decrease, the effect of
the Archimedean force becomes less important (Fig. 9)
and the temperature gradients decrease.

The form factor is a significant parameter which
influences the nanofluid flow. For values of 0.2 and 0.3,
the shape of the circulation cells of the fluid considered
is circular while for the form factor equal to 0.4, the
shape of the circulation cells is elliptical and the move-
ment of the fluid is limited in the central part of the
cavity. Therefore, the installation of electronic compo-
nents (for example) in enclosure space depends on the
hot or cold zones depending on the circulation of the
fluid.

For more details on heat exchange and Al2O3/water
nanofluid flow in the enclosure, velocity, temperature
and Nusselt number profiles are presented in relation
with Rayleigh number variation and nanofluid concen-
trations.

Nusselt number which expresses the efficiency of ther-
mal transfer of the nanofluid in the cavity, is repre-
sented in Fig. 10. It is noted that this dimensionless
number which gives the ratio of convective transfer to

the conductive one rises with the increase of Rayleigh
number and volume fraction of nanoparticles. Addition
of nanoparticles to the conventional fluid allows better
heat exchange.

With observations made before, mean Nusselt num-
ber has significant values for low values of the form
factor (dominant effect of the buoyancy force) and it
decreases by increasing this parameter. For each form
factor of the cavity, a general correlation was proposed:

Nu = A.Ra0.154ϕ0.0509. (12)

The maximum error for all cases by setting Rayleigh
number and varying the volume fraction of Al2O3

nanoparticles does not exceed 2.96%. This is shown in
Table 1.

In Fig. 11, we represent the variation of tempera-
ture profiles at mid-height of the cavity for different
Rayleigh numbers, different form factor and for two val-
ues of the volume fraction (ϕ =0%, ϕ =4%). It can be
noticed that temperature growths with volume fraction
and Rayleigh number. Increase of the form factor influ-
ences Archimedean force (it decreases the effect of this
force) and on the other hand, it allows to keep closer
the hot zones which increases the temperature. Inside
the cavity, temperature variation is noted near to the
side walls because we have a formation of the bound-
ary layer, this variation becomes constant over a cer-
tain distance then it increases when it approaches the
hot zone. This variation in temperature affects the fluid
movement.

Figure 12 gives variation of vertical component of the
calculated speed at mid-height of the cavity. It is noted
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Fig. 10 Profile of the Nusselt number for different values of Rayleigh number, volume fraction and aspect ratio of the
cavity

Table 1 Proposed correlations of the Nusselt number for different aspect ratios AR of the cavity

AR = 0.2
Correlation Nu = 1.4582Ra0.154ϕ0.0509

Rayleigh number 105 2.3·105 3072·105

Maximum error 1% 1% 1.73%
AR = 0.3
Correlation Nu = 1.2921Ra0.154ϕ0.0509

Rayleigh number 105 2.3·105 3.072·105

Maximum error 1.93% 1.2% 2.2%
AR = 0.4
Correlation Nu = 1.1194Ra0.154ϕ0.0509

Rayleigh number 105 2.3·105 3.072·105

Maximum error 2.96% 1.57% 1.78%
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Fig. 11 Temperature profile near the lower hot part of the cavity for different values of Rayleigh number, volume fraction
and aspect ratio
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Fig. 12 Profile of the vertical component of the velocity near the lower hot part of the cavity for different values of
Rayleigh number, volume fraction and aspect ratio
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that this component rises with growth in Rayleigh num-
ber and volume fraction of the nanoparticles. It is
noticed that the increase in speed is not too significant if
the form factor of the cavity rises because the impact of
the buoyancy force becomes negligible. For the impor-
tant aspect ratio which corresponds to the decrease in
the distance between the hot zones, the vertical veloc-
ity component tends to a zero value at the middle of
the cavity (low circulation of the fluid) and it becomes
significant going towards the side walls. In this case,
the corresponding velocity profile is similar to that of a
closed cavity located on either side of the vertical axis
of the cavity.

5 Conclusion

A study of the natural laminar convection in a cavity
having a particular shape and saturated with the Al2O3

nanofluid has been developed. The influence of Rayleigh
number, form factor and volume fraction on flow struc-
ture and heat exchange rate inside the cavity was ana-
lyzed. For a fixed form factor and when Rayleigh num-
ber increases, the fluid becomes accelerated. In this sit-
uation, heat transfer improves and thickness of the ther-
mal boundary layer decreases. This is observed for all
form factors and for all selected volume fractions of the
nanofluid.
The presence of the nanofluid in the cavity increases
temperature and speed of the fluid and the structure of
the flow does not change from that of the base fluid.
The factor form has a significant impact on heat
exchange inside the cavity. If we increase this param-
eter, the hot zones move closer together, so the heat
transfer improves, however the effect of the buoyancy
force becomes negligible, which limits the displacement
of the nanofluid in the central region of the enclosure.
The Nusselt number which characterizes heat exchange
inside the enclosure increases with increasing volume
fraction and Rayleigh number. As the factor form of
the cavity increases, Nusselt number decreases because
the effect of Archimedes’ force becomes insignificant.
To predict heat transfer in the cavity, correlations for
the Nusselt number have been proposed.
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