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The concept behind this article is an extensive analysis of the most recent findings about
free convection thermal flow in an enclosure or cavity, as well as the methods employed
to enhance heat transfer (HT). There are different heat transfer enhancers such as (a)
nanofluids, (b) porous media, (c) large particle suspensions, (d) phase-change devices, (¢)
flexible seals, (g) fins and microfins, and (h) ultra high thermal conductivity composite
materials. The majority of heat transfer enhancement techniques that use porous media,
fins, and nanofluids are reviewed in the literature. In this review, both experiments and
theoretical studies on different cavities are highlighted through investigating the
subsequent parameters: impacts of the configuration of the cavities, effect of the type of
nanoparticles, significance of cavities in nanofluids, effects of the cavities' tilt angle, wave
amplitude, the magnetic field's (MF) influence in cavities, and cooler and heater impacts.
Through a review of the literature, it was found that the use of nanofluid in all forms of
cavities increases its thermal performance. The most used cavity is square, which has many
applications. The results obtained from previous studies can be used to improve the design
and heat refinement of the geometry applied in diverse energy systems. Additionally, as
the Hartmann number rises, there is a rising tendency observed in the average Nusselt
number. Furthermore, as the concentration of nanofluid particles and Rayleigh numbers
rise, so does the rate of heat transfer. The heat transfer within the cavity is improved by the
hybrid nanoparticles. The amount of the augmentation would, however, decrease as the
concentration of nanoparticles increased. The lowest volume fraction of nanoparticles, @ =
0.2 vol.%, showed the greatest increase. Also, the inner wave affects the flow pattern when
the wave amplitude rises but the flow strength stays constant. The most important findings
showed that the heterogeneous porous medium transfers heat more effectively than the
homogeneous porous medium in different enclosures.

1. INTRODUCTION

requirements. The most important of these problems are the
size of the microparticles, which is considered relatively large,

For decades, the topic of improving the heat transfer
properties of the liquids has been an important matter for
researchers to enhance the quality of thermal transfer in
diverse system types. A different technique has been used by
researchers to achieve this aim. Generally, heat transfer
techniques play an effective role in reducing thermal
resistance by creating turbulence as means of force convection
or by rising the effect of HT area. These techniques need to
increase the pumping power required when implemented in
systems, and this leads to higher systems costs. Because of this
circumstance, researchers are searching for other methods that
are more affordable and feasible. one of the techniques to
refine thermal transfer is to change the thermal properties of
the base fluids. Through previous studies, microparticles were
used to obtain an improvement in the properties of the based
fluids in terms of thermal transfer improvement. While it has
achieved some successes, there are problems with the system
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and this in turn causes blockage during operations. The ability
of a microparticle to improve heat transfer requires more work
due to a drop in fluid pressure [1]. New techniques emerged
that are more advanced in material technology and are
characterized by their small size compared to microparticles,
and researchers have begun to be able to employ them in
processes, and they are known as nanoparticles.

The past few years, Authors have concentrated on
improving heat transfer in industrial applications. The
majority of the applications use pure fluid, like Oil, EG, and
water as liquid cooling, which does not have a high heat
conductivity, which restricts the improvement in the rate of
thermal transfer [2]. Using novel fluids, like nano-fluids,
improves thermal efficiency. Nano-fluid defined as mixture of
based fluid and dispersed nanometer size, which is presented
for first time by Choi and Eastman [3] the purpose of this
mixing to develop thermal Transport fluids with significant
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conductivities. The heat conductivities of the conventional
foundation fluid can be essentially improved through
incorporating metallic nanoparticles to the foundation fluid
and enhancing the HT of these fluids. Nanofluids are widely
used because of substantial amount of engineering uses and
Industrial implementations such as Air conditioning,
refrigeration, processor of mobile computers, etc.

Heating or cooling obtained from convective HT is
considered among the finest desirable HT methods in heat
engineering processes because of the advantages it possesses
in terms of economy and simplicity. There are numerous uses
for natural convection in numerous technological domains
when it takes on different geometric configurations, such as
heat storage systems, aerospace engineering, the automotive
industry, microelectronic device design, textile engineering
etc. However, scientists are continuously searching for ways
to modify the system's or the working fluid's geometry in order
to accomplish more effective thermal transfer modes [4-6].
The study of free convection HT in a cavity/ enclosure
saturated with nanofluids and porous media has acquired
significant interest, such as the storing grains of food under
fumigation, Thermal control of electronic devices, the cooling
of aluminum billets, solar collector, etc. The fluid motion and
convection HT within the enclosure filled with porous media
and nanofluid has been widely examined for various
conditions and scenarios across numerous fields work [7].
Azzouz and Hamida [8] studied a numerical study in 2D to
determine the extent to which HT is impacted by four heating
cylinders in a circular shell under a MF. Using Fine element
approach to solve the mathematical model. The FEM basis
COMSOL Multiphysics has been utilised to solve the
mathematical model equations. It was discovered that the
small value of Rayleigh number in the present of the Hartmann
number has no impact on the Nusselt number. Meanwhile, a
high value of the Rayleigh number changes the heat transfer
from conduction to convection because the buoyancy force
increases. It was also observed that the Nusselt number
decreases in in present of Ha number at high Rayleigh number.
Pal et al. [9] performed how HT is influenced with two
cylinders heater inside a cavity and applied magnetic field.
The fluid assumed Newtonian and incompressible. The key
equations are solved applying FEM numerical solver. At lower
value Ra, the outcome revealed that the thermal transfer did
not affect by imposed to MF, while for high Ra, there was a
complex interaction between thermophysical properties and
magnetic field to determine the HT rate. With rise the
dimensionless spacing between the cylinders (S) from 0.1-0.2
the Nu decrease initially at higher Ra, then slightly increase
with Yuan et al. [10] investigated the effect of the Ha, Ra,
magnetic field tilt on the entropy generation and average
Nusselt number of semicircular cavities saturated with CuO-
H>O nanofluid and placed the thermal sources in the core of
the enclosure. The results showed that when Ra was increased,
there was a noticeable improvement in the entropy generation
and thermal transfer performance. The total generation of
entropy reduced with increased in Hartmann number. The MF
inclination has a greater impact as the Hartmann number rises.
On the whole, the thermal transfer of nano-fluid was
negatively affected when an external MF was applied. A
change in the angle of the MF is crucial in regulating the heat
transfer productivity of nanofluid to a certain extent, the

average Nusselt number reaches a greater value at angle of =30.

Numerical simulation of free thermal flow in rectangular
enclosure have been carried out by Begum et al. [11] to look
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into how unstable free convection flow is affected by
volumetric generation and viscous dissipation. Assumed to be
Newtonian fluid and incompressible. The left wall was cooled,
and the right wall was hot, Whereas the other walls were
adiabatic. A numerical method based on iterative successive
over relaxation together with Finite different scheme
technique and implicit finite different technique, have been
employed to solve the key equations numerically. It has
obviously been observed that there is a decrease in local and
average Nu with rise Eckert number. As aspect ratio elevates
the thermal transfer of average and local Nu decrease along
with heated vertical wall. As rises the Pr from 0.7 to 15 the
Average and local Nu elevate, also the Nu increase
significantly with rises Ra, whereas Nu reduces with increase
the viscous energy loss and heat generation within the systems.
Berrahi et al. [12] used free convection in a laterally enclosure
filled with an electroconductive fluid in the present of a
thermal source and an external magnetic field. The SIMPLER
algorithm with FVM was employed to solve the model of
governing equations MHD flow. A magnetic field was used in
two directions to obtain the best control of the flow. When the
MF was horizontally applied, the strongest stability of the flow
is obtained with internal thermal generation. It was observed
that the Nu increase with increasing Pr with the presence of a
thermal source and the influence of the MF on the Nusselt
number is decreased at cold side and increased at hot wall and
this is because of the presence of internal heating (Sq.). The
average Nu increases with the elevate in Gr and A with a
presence of high value of internal heat source.

Numerical simulation of MHD free convection was carried
out by Saha et al. [13], to examine the heat flux inside
rectangular cavity is saturated with tri-hybrid nanofluid
(Graphene, carbon Nanotube, Al,Os;, and water). It was
imposed to a uniform internal generation within the system
and magnetic field. The research also has investigated the
influence of MF direction and strength on the free convection
flow. The key equations were solved by the applying of the
FEM. The outcome showed that rising the volume fraction of
nanoparticles led to an increase in the average Nu. It was
noticed that the Nu decreased with an increase in Ha and this
impact became more noticeable at greater numbers of Ra. A
two-dimensional numerical investigation of natural
convection was conducted by Bilal et al. [14] to investigate the
natural convection flow of an MWCNT-water in a star shaped
enclosure and containing a hot rectangular baffle. Along the x
direction a regular MF is employed to exhibitor convective
flow created by differences in density. The finite element
approach base software COMSOL-muti-physics was
employed to solve the dimensionless mathematical
formulations numerically. Laminar, Incompressible, and
steady were considered and assumed no-slip at all the
boundaries. Increasing the spatial density ratio of the
MWCNT-water increased the local Nu. The thermal flow rate
decreases with a rise the magnitude of magnetic field.

Khelifa et al. [15] numerically modelled the three-
dimensional flow and HT convection of a solar energy
utilizing (AL,Os-water nanofluid and Air). Figure 1 shows a bi-
hybrid fluid PVT module. Figure 2 depicted the absorber
panel's placement, the tubes, and the shape of the solar panel.
The employ different concentration of Al,Os-nanofluids PVT
systems could be significantly enhanced their performance. It
was found that in comparison to a traditional PV system, the
use of a 1% condensation of (Al,Os;—water) nanofluid
increases the heating effectiveness of air by 4.92% and water



by 41.19% respectively. This results in a total enhance in heat
efficiency (blending air and water) of 35.72%. In the present
work, a comprehensive review is conducted on the
simultaneous application of nanofluids and porous media for
heat transfer enhancement purposes in thermal systems with
different geometries, cavity tilt angles, type of nanoparticles,
and magnetic fields.

Heal exchanger

PVT bi fluid

«_§
I A

Figure 1. View of a bi-hybrid fluid PVT module [15]

Figure 2. Image of the tubes that are beneath the absorber
and solar panel [15]

2. THE EFFECT OF THE CAVITY GEOMETRY ON
THE HT PERFORMANCE

The different geometries of enclosures have numerous
advantages in several applications, e.g., open enclosures such
as hexagonal, triangular, trapezoidal, and ellipsoidal were used
in building cooling and heating, the cooling of the electronic
equipment, and automotive applications. L-shaped cavities
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have been utilized in cooling processes of chemical reactors,
nuclear and electronic elements [16].

The natural convection inside square cavities have attracted
a lot of interest because of the numerous of uses and the
significance of these enclosure. technology and Science have
formed  continuous  entitlement and  considerable
developments in each portion of human activity such as
pharmaceutical  industries, manufacturing industries,
biomedical applications, and cooling and heating electronics
[17, 18]. computational simulation of free convection inside a
square cavity consisting of eight types of nanofluids were
examined to carry out the impact of various parameters (tilt
angle, volume fraction of nanoparticles, Ha, and Ra by Nurul
Huda et al. [19]. The results noted that the best nanofluid is
cobalt kerosene, which has the extreme thermal flow rate
compared with to seven other kinds of nanofluids. The result
either indicated that when the magnetic field inclination is 90
and period number = 1, optimal thermal performance is
achieved. computational analysis of natural convection of
Titanium Oxide-water nanofluid within square enclosure was
studied by Khan et al. [20]. The FM approach was applied to
solve key equations numerically. This study has observed that
the high value of Ra led to enhance the HT and improved the
local Nu, simultaneously it revealed that the heat flow raised
with increased the spatial density ratio of nanoparticles. Faraz
et al. [21] numerically implemented a of free convection of
Cu-water in hexagonal with fitted square enclosure was
examined to investigate the fluid flow and HT. COMSOL
direct solver and Newton method have been employed to solve
discrete nonlinear processes. they were observed that the
thermal flow elevated with raised the value of volume fraction
of nanoparticles. It was either found that the Nu increased with
increasing volume fraction and Ra. Rashid et al. [22] discussed
the free convection inside square enclosure with fixed a
circular barricade at the core and carry out the influence the
nanoparticles shapes on the flow of nanofluids. Three types of
nanoparticles (column, sphere, and lamina) were used to
explain the enhancement of HT. They were found that the
higher performance of nanoparticles in lamina shape in terms
of heat transfer and temperature distribution. Saha et al. [23]
examined two-dimensional numerical simulations of
Magnetohydrodynamic free convection inside square wavy
cavity saturated with AlO3-H;O nanofluid and A single
heated fin was attached bottom vertically in the middle of the
cavity. FE approach have implemented to solve the
mathematical model. It was discovered that heat transfer
increases by up to 3% when adding nanoparticle (Al,O3) to
pure water. It was also found that the shape of the
nanoparticles has significant impact on the heat transfer. The
blade-shape of nanoparticles reaches up to 7.65%
enhancement, while spherical shape nanoparticles reaches up
to 2.86%.

2D numerical investigate of free convection flow inside a
square enclosure saturated with Al,O3-Cu hybrid nanofluids
and heated by two sources to generate thermal from the inside
has been implemented by Hiki et al. [24]. The FV technique
was manipulated to solve the key equations and thus executed
in a computational code in the Fortan language base on
SIMPLER algorithm. The temperature reduces by up to 18%
when adding nanoparticles (Al,O3-Cu) to pure water. It was
also found the temperature reduces further by up to 12% at
Rayleigh number (Ra< 10%)when installing fins on the blocks
surfaces. Sreedevi and Reddy [25] implemented finite
difference technique to study effect heat radiation and MF on



free convection within a square enclosure saturated with TiO,
as nanoparticles and (EG) as base fluid employing the Tiwari-
Das nanofluid model. They were found that the high value of
MF raised the temperature of EG-TiO; inside the cavity. A
higher value of Ra can be resulted higher value of Nu [26-28].
Two-phase free convection within square enclosure saturated
with Cu-water is carried out by applying method of Lattice
Boltzmann to solve the key equations. Eqgs. (1) and (2) can be
applied to examine the heat conductivity and effective
viscosity of the nanofluid after adding nanoparticles. It was
observed that increasing the values of nanoparticles and
Rayleigh number leads to a rise in the local Nusselt number
along the cooler wall.

__
Hny = (1— )25 (1)
Koy ey + 2k + 20(k; = ky) o

ki kp+ 2ks — @(ky — k)

where, f is the base fluid and the subscripts ny, ¢, s denotes the
nanofluid, nanoparticles volume fraction, and solid phase
respectively. The heat expansion, heat capacity, and the
density of the nanofluid were achieved by applying the volume
average technique.

an =1- (p)B(bf) + (PB(Sp) 3)
(pcp)(nf) = (1 - (P) * (pcp)(bf) + (p(pcp)(sp) (4)
PBnr = (1= 0) * (PP ory + P(PB) (sp) %)

where, f,ris the heat expansion of nanofluid, pc, is the heat
capacity of nanofluid, ¢ is the volumetric concentration of
nanoparticles, p is the fluid density of nanofluid. The property
of systems velocity is defined as.
uc-VgB(T — T)Lx (6)
where, f is the heat expansion, g is the gravitational
acceleration, (Tn - Tc) are hot temperatures and cold
temperatures respectively, Lx is cavity length [25].
Pr=cp «{. Ra=p?fg(Ty — T)Lx * 5 (7)
Dey and Dash [29] experimentally studied free convection
within square cavity to study the influence of the rotational MF
on the process of HT. Two nanoparticles were used and found
the optimal thermal transfer at volume concentration = 0.1%
for both nanofluid. Bouamoud and Houa [30] conducted a 2D
free convection inside square enclosure saturated with water-
alumina nanofluid employing double population approach and
the heat LBM. The results showed that the maximum value of
the average Nusselt number is reached at Ra=10° and a
volume fraction of nanoparticles ¢ = 0.08. Rahmati and
Tahery [31] implemented the LB approach for studying the
free convection on Water-TiO; nanofluid. The Nu,y on the
cold walls was raised by fix Ra and increasing the volume
fraction. The obstacles position has positively affected on
Nusselt number when they are fixed in the half of cavity.
Tasnim et al. [32] conjugated natural HT flow of nanofluid
(TiO,-water) inside a square enclosure having generating
elements and two thermal-conducting has been studied
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computationally. A laminar flow is roughly considered. 2D,
steady state, energy and Finite element techniques have been
applied to solve the Navier-Stokes equations. Impacts of the
title angle of the cavity, Hartmann number, placements of the
solid heat-generating components, nanoparticle volume
fraction, and Joule heating have been observed. TPC, higher
entropy, and lower Nu were obtained at a constant Ha with
higher Joule heating parameters. The mathematical model of
the current issue consists of Momentum, energy and mass
continuity equations as follows [32-34]:

du v _
242 @®)
ou u.,  ap %u | 9%u
p(ua-i- 175)—'5"'/«‘111‘ (m"'ﬁ)"’(pﬁ)nfg(’rnf 9)
-T¢ ) sind
v v, op o%v |, 9%v
(ua + U@ )= 3y + Unys (ﬁ + ﬁ) +(PB)nt g(Tn - (10)
T.) cond - 0B?v,
O TN T T s
(pep)(ug. + v )= k(57 +52) + 0BV an
For solid domain:
K. 92T  9%T + =0 12
S(axz -/—ayz) {gen= ( )

where, the temperature and pressure are represented by T and
P, the acceleration due to gravity is represented by g, and the
velocity components are v and u. i, [p, p, B, k, and o stand for
the dynamic viscosity, particular thermal under continuous
pressure, density, expansion of volumetric heat, thermal
conductivity, and electrical conductivity [33, 34].

Natural convection of Fe3O4 nanofluid within square
enclosure was carried out by Hasan et al. [35] to investigate
fluid movement and thermal transmission in the presence of
exothermic chemical reaction and hydromagnetic field
governed by Arrhenius kinetics. The FEM is used to solve the
mathematical model. It was revealed that the velocity rises
with an elevate in the Ra, and this indicates that the fluid
motion rise because of the high in the buoyant force. At Ra =
10, the Nu increased by 75.92% comparing with Ra = 10,
Hinojosa et al. [36] numerically performed of 3D free
convection in open tilted cubic enclosure. The mathematical
formulations were solved by applying FEM and SIMPLEC
algorithm. It was observed that the heat transfer of the
enclosure rises within the inclination angle range from 0 to 90,
while the heat transfer of the enclosure reduces within
inclination angle range from 120 to 180. Esfe et al. [37]
implemented numerical simulations to study 3D free
convection flow inside cubical cavity saturated with Cuo-
water nanofluid and equipped with porous fin. The results
showed that increasing Rayleigh number from
(Ra=103 to 10°) changes the HT from conduction mode to
convection due to rise in the buoyancy force against viscous.
Meanwhile, the Nusselt number rises by adding nanoparticles
to based fluid.

Most investigations that have been published have focused
on free convective HT inside square or rectangular cavities.
Free convection in a enclosure with differential heating is
actually a prototype for many industrial uses. Because
trapezoidal enclosures can be used in many different
industries, they have drawn a lot of attention. The solar energy



collector with modest concentration is a significant illustration
of a trapezoidal shape. Because of the sloping walls,
investigating free convective HT in a trapezoidal configuration
is more challenging than in rectangular or square cavities.
Generally speaking, the mesh nodes are not located along the
tilt walls; as a result, the simulating and computing work
needed to create the flow characteristic increases dramatically.
Alsabery et al. [38] numerically carried out the free convection
within trapezoidal enclosure filled with water-based nanofluid
having Cu or TiO; or Ag or AlOs nanoparticles. It was
observed that by addition phase deviation the rate of thermal
transfer increased significantly. It was also found that the heat
transfer is strongly impacted by a lower power law index,
which leads to a rise in the local Nusselt number. Qi et al. [39]
investigated the natural convection of Cu-water nanofluid in
solar collector. It was found that the entropy generation and
Nusselt number enhanced by 90.0% with aspect ratio A=2:1,
while the total entropy generation and Nusselt number of
Nanofluid in the solar enhanced by 86.2% with aspect ratio
A=1:1. With same cross-sectional area, the parallelogram and
trapezoid cavities have poorer heat transfer capacities than the
rectangular. The Nusselt number of the fluids in the trapezoid
is less than that in the parallelogram cavity by 14.4%. At
aspect ratio A=2, the Nusselt number is enhanced by 93% in
the rectangular cavity compared to aspect ratio A=1.

Guedri et al. [40] studied the natural convection within
Trapezoid filled with nanofluid. It was found that at high value
of Rayleigh number, increasing porosity of porous medium,
Darcy number and solid volume fraction of nanoparticles lead
to an enhancement in the Nusselt number by 17%, 26%, and
23.5% respectively, while increasing the undulation N and
Hartmann number reduces the Nusselt number by 13%.
Venkatadri et al. [41] provided a depth-examination of natural
convection of nanofluid flow inside trapezoidal enclosure that
is filled with a porous. To simulate the flow the Tiwari and
Das nanofluid technique was used. The FDM was employed
to conduct this analysis. They were observed that the average
Nusselt number rises with increasing Rayleigh number, and
the temperature distribution within the enclosure reduces as
the Darcy declines. Sompong and Witayangkurn [42] provided
the natural convection within trapezoidal cavity with top wavy
wall and saturated with seawater. The FEM was applied to
carry out the key equations numerically. The flow pattern is
impacted by the inner wave when the wave amplitude
increases from 0.9 to 1.1, but the flow strength remains
unchanged. It was also found that there is less temperature
distribution at Da=10"° and Ra=10° due to the weak flow
intensity, while there is greater temperature distribution and
excellent circulation at Da=10"3. Malkeson et al. [43]
numerically implemented natural HT in trapezoidal cavity
with power-law fluids. The governing equation is solved by
applying the finite volume approach. It was shown that the
amount of Nu increase with decreasing of Power law n (up
4.1% and 193% increase for Ra=10° and Ra=10° respectively,
between n=0.6 and n=1.8). Job and Gunakala [44] considered
natural convection and Joule dissipation effects in Al,O3-water
nanofluid and SWCNT-water nanofluid inside a wavy
trapezoidal cavity presence of MHD. It was found that as the
wave amplitude bottom wall increases the HT rate rises. As
the Ha rises in both nanofluids, the flow velocity decreases. In
addition, compared to the alumina-water nanofluid, the
SWCNT-water nanofluid exhibits superior heat transfer
efficiency. 2D natural HT flow in a trapezoidal cavity was
numerically analyzed to study the HT rate and fluid motion
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patterns by Venkatadr et al. [45]. The FDM was utilized to
solve the dimensionless mathematical formulations. The Nuaye
rises significantly with rising Ra, regardless of Prandtl
number. For low values of Pr, the local Nu shows non-linear
improvement regardless of the Rayleigh number. Aghaei et al.
[46] provided the impact of MF on the HT, turbulent fluid
flow, and entropy creation of oil (Cuo-MWCNT)-hybrid
nanofluid in trapezoidal cavity. The SIMPLER algorithm and
finite volume technique were utilized to solve the key
equations. It was observed that decreasing the average Nu will
be more noticeable when the Ha is raised for smaller Ra
values. As the volume concentration of nanoparticles rises, the
total generated entropy increases for all examined Ra and Ha.
Rahman et al. [47] considered the Darcy-Galerkin weighted
formulation to examine the free convection inside trapezoidal
enclosure. The FEM by using software COMSOL-
Multiphysics utilized to solve the governing non-dimensional
equations. Table 1 depicts the thermos-physics characteristics
of for porous matrix and fluid. It turned out that the thermal
transfer rate diminished with porosity, thermal stratification,
and aspect ratio of cavity, while increasing with Rayleigh
number.

Table 1. The thermos-physics properties of for porous matrix

and fluid
: . p C, k
Thermos-Physics / kgm‘3 /] kg‘l k-1 /wm—l k-1

Glass ball 2500 840 1.05
Kerosene 810 2090 0.145

Sandstone 920 2650 1.7
Engine oil 848 2160 0.137
Water 997.1 4179 0.613

Aluminum foam

AF 2700 897 205

Alomari et al. [48] implemented computational simulation
MHD of hybrid nanofluid (Mgo-Ag/water) inside trapezoidal
enclosure. The authors studied the influences of applying the
span of Ra (10° to 10°), volumetric concentration of
nanoparticles (0 to 0.02), and Hartmann number (0 to 60). It
was found that the Nupoca and Nua, are rise as the solid
volume fraction of nanoparticles and Rayleigh number
increase, but they are decrease as the Hartman number
increases. It was also found that in increasing Ha increases the
isotherms strength and decreases the circulation of the flow.
Mustaf and Ghani [49] numerically investigated thermal
transfer free convection in trapezoidal cavity. The outcome
showed that when the source length rises, the average Nu does
as well. Khan et al. [50] investigated computational techniques
to study the effects of adiabatic undulating walls and variable
permeability on free convection flow in a trapezoidal cavity.
The finite element technique was utilized to solve the
mathematical modeled numerically by using software
COMSOL. Working flowchart of FEM shown in Figure 3. He
was revealed that the Nu and kinetic energy increase by 3.49%
and 69.13%, respectively, as the cylinder diameter changes
from 0.1 to 0.2.

Due to its numerous engineering uses, like building
insulation, electronic instrument cooling processes, nuclear
reactor design, solar energy collectors etc., free convection HT
in rectangular cavities is a well-researched topic. Many
geometries of the cavities with divers boundary conditions and
initial, radiative characteristics of medium and walls and heat
source locations have been considered under the influences of



various variables including the cavity inclination, Ra, thermal
properties, surface emissivity, and Prandtl numbers. Figure 4
shows rectangular enclosure and measuring equipment. Over
the past 50 years, numerous researchers have examined the
thermal and mass transfer mechanism in the regime under
investigation  using  analytical, computational, and

experimental methods [51, 52].

Physical Problem

Mathematical Model

Finite Element Method

Equation Discretization
eak Formulation;

Domain Discrefization

Mesh Generation

l
K C Accuracy and Convergence )

Figure 3. Working flowchart of FEM [50]

Spatial

J

Semiconductor  Theny
Cooler (blue) =

cold plate

BHO1
‘ero [ncubator

Figure 4. View of the rectangular enclosure and measuring
equipment [52]

Abderrahmane et al. [53] carried out 3D free convection of
Darcy porous rectangular wavy enclosure encompassing
Fe;04-water nanofluid in the presence of MF. The non-linear
partial differential equation was solved by employed FE
techniques of COMSOL Multiphysics numerically. The
outcomes revealed that utilizing a MF to the cavity reduces the
Nusselt number. Hartmann numbers have a negative impact on
the rate of thermal transfer around 15%. It has also been
observed that rising the Da and Ra leads to an elevate in the
Nu.

The governing equations as following [54-57]:

Continuity:

au v aW
XXy ¥ 0
5t (13)

Momentum-X:
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Bilal and Kaddiri [58] examined the double diffusive free
convection thermal transfer within rectangular enclosure
saturated with nanofluid (water-Al,O3). The outcome showed
that Ra has a considerable effect on heat and mass transfers,
particularly for horizontal enclosures. The governing equation
was solved employing the finite difference technique.
Thirumalaisamy et al. [59] analyzed fluid movement and
thermal transfer of nanofluid inside an inclination rectangular
enclosure presence of magnetic field. The MAC technique was
utilized to solve mathematical formulations. To investigate the
properties of ternary nanofluids, the Tiwari-Das model is taken
into consideration. It was found that the HT properties of the
base fluids are significantly enhanced by a suitable
combination of nanoparticles. It was also noticed that adding
nanoparticles of MWCNT(45%)+Fe304(10%)+Cu(45%) to
H,O improved heat transfer by up to 8.95%, and it has better
heat transfer than MWCNT(45%)+Fe304(45%)+Cu(10%) to
H,0. Vinodhini and Prasad [60] numerically studied
convection heat transfer within rectangular cavity under
incline magnetic field and with heat generation. FEM Harlow-
Welch MAC method was used to solve the dimensionless non-
linear formulations, Figure 5 depicted the flowchart of MAC
method. It was observed that The Nu rises when there is a
thermal sink (absorption), but it is suppressed when there is
thermal generation.

Muhammad and Naveed [61] provied analytical study
magnetohydrodynamic flow of the ethylene glycol based
ALO3 nanofluid in rectangular enclosure with expanding
porous walls. Semi-analytical approach familiar as the
technique of Moments was employed to solve nonlinear ODE
governing the flow. It was noticed that the aggregation of
AlO; nanoparticles impacts and sometimes inhibits the
fluctuations brought on by other variables. Rehman et al. [62]



investigated the impact of MF on free convection flow in
partially heated rectangular enclosure filled with nanofluid.
FEM was utilized to solve the mathematical model.
Corrugated hot bars are fixed on both the cavity's upper and
bottom sides. The Nu at the top heated sinusoidal bar was
found to exhibit a greater magnitude for increasing Hartmann
numbers as compared to a lower heated corrugated rod. Li et
al. [63] applied the open FOAM approach to investigate
natural HT convection flow in rectangular cavity heated
partially containing ferro-nanofluid presence of MF. It was
discovered that the average Nusselt number reduces from
3.789 to 2.866 as Hartmann number rises from Ha=0 to Ha=10,
while the Nusselt number rises from 0.888 to 3.319 as
Rayleigh number rises from 103 t010°. Peiravi et al. [64]
carried out 3D numerical simulations of thermal transfer inside
rectangular saturated with multi-phase nanofluid. It was found
that the height and arrangement of the baffles play a significant
role in distributing the nanoparticles cross the entire
compartment of the cavity under greater heat transfer
situations.
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Figure 5. Flow chart of MAC model [60]

Several studies investigated how flow geometry affected
natural convection. A variety of cavity shapes were examined,
including prismatic [65], octagonal [66], rectangular [67],
triangular [68], trapezoidal [69], sinusoidal [70], and annulus
area [71]. The convective heat transfer inside the enclosure
was subject to various boundary criteria, such as continuous
thermal flux and constant wall temperature. There have been
several investigations on the current thermal flow inside
cavities filled with different types of nanofluids. Al-Zamily
and Amin [72] numerically investigated entropy creation and
HT in free convection flow in a Nanofluid-filled semicircular
cavity. It was demonstrated that heat transfer is positively
affected by increasing the Rayleigh number and the solid
volume fraction of the nanoparticles. Alam et al. [73]
enhanced free convection HT flow in nanofluid-saturated
quarter-circular enclosure in existence of period MF. It is

discovered that Co-Kerosene has a noticeably greater rate of
thermal transfer than the other eight types of base fluid. it was
also revealed that Cu-Eo has less heat transfer rate than Cu-
kerosene. Jino et al. [74] numerically investigated HT
convection in an annulus circular enclosure saturated with Cu-
water nanofluid. GFEM method was utilized to solve non-
linear differential formulations computationally. They were
shown that the fluid flow pattern is significantly impacted by
the MF. It was also found that with the decreasing Richardson
number the average Nusselt increase. Bourantas et al. [75]
performed thermal transfer flow in circular cavity. The
problem was solved by using FEM and Arbitrary Lagrangian
Eulerian (ALE). They found that Nusselt number reduces by
8.5% for angle of 90 compared to an angle of 30. It was also
observed that average Nusselt number for location of thermal
source and sink = -60 is up to 124.5% higher compared to
location of thermal source and sink = 60. Aly [76] simulated
free convection within circular enclosure filled with nanofluid
porous media. It was demonstrated that the fluid flow and
temperature distribution within the porous layer decrease with
a lower value of Darcy number. It was also demonstrated that
the velocity field and fluid penetration decrease with a rise in
the porous layer radius.

The majority of the literature that is currently accessible
states that dispersing nanoparticles effectively increases the
augmentation of the HT rate. Thermally enhanced liquids can
be created by mixing several kinds of nanoparticles with basic
fluids. Bilal et al. [77] enhanced natural convection of 2D
enclosure filled with MWCNT-water nanofluid. FEM base
software COMSOL was employed to solve the numerical
simulations. The results showed that Lorentz force is
generated with a high magnitude of magnetic field, which
leads to a reduction in the velocity field of the fluid. On the
other hand, adding (MWCNT) nanoparticle to pure water
improves the thermophysical properties, which leads to
enhanced heat transfer and increase in the average Nusselt
number at ¢ = 0.05. Ali et al. [78] implemented the influence
of thermophoresis, solar radiation, buoyancy pressure and
Brownian motion on turbulent nanoparticles with the Darcy-
Forchheimer relation. Sketched in Figure 6 radiation flow on
all the vertical porous rod. It was observed that the importance
of temperature alteration rises as thermophoresis, Brownian
movement, and solar radiation increase. It was also observed
that mass and thermal transfer improve as Modified buoyant
force and Darcy Forchheimer increase.
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Jahan et al. [79] simulated HT free convection in inverted
T-shape enclosure saturated with hybrid-nanofluid with
localized heater. It was found that increasing the heater length
from € = 1/5 to € = 4/5, Ra = 105, Bn = 1, and, ¢ = 0.02, the
average Nusselt number rises by 170.25% and speed up the
velocity. However, increasing Bingham number reduces the
average Nusselt number and the velocity. Zehba et al. [80]
analyzed HT free convection in V-shape saturated with porous
and nanofluid wusing incompressible smoothed particle
hydrodynamic ISPH. The main results observed that the
heterogeneous porous medium has higher heat transfer than
the homogeneous porous medium for V-shaped cavity. Al-
Amir et al. [81] studied natural HT and entropy generation in
corrugated Z-shape enclosure saturated with TiO,-water
nanofluid and porous medium. The results showed that
average Nusselt number rises by 80% with increasing
Rayleigh number from (Ra=10% to Ra=10°), while it reduces
by 30% with a rise in the heat generation fromA = 0to 1 = 5.
Islam et al. [82], numerically investigated natural convection
of MHD using TiO,-Cu water hybrid-nanofluid in a 2D non-
uniform close enclosure. It was shown that HT and velocity
distribution are negatively influenced by the presence MF to
the enclosure. Reddy et al. [83] examined MHD convection
HT in a tilt annulus saturated with hybrid nonliquid and porous
medium. It has been observed that rising the Da drives to an
improvement in the average Nusselt number. Asha and Molla
[84] carried out computation simulation free convection of
MHD in C-shape enclosure saturated with nanofluid. The
outcome revealed that while Bn and Ha increase, the average
Nusselt number reduce. Muhammad et al. [85] observed that
increasing values of Prandtl number (Pr) reduces the
temperature and velocity. It was also noticed that hybrid-
nanofluid has less thermal conductivity than tri-hybrid
nanofluid. Adnan et al. [86] numerically analyzed free
convection of (Cu-Cuo-Al,Os3) ternary nanomaterial in annular
fin under magnetic field with heat source. It was observed that
internal heating source (Q=0.2, 0.6, 0.8) support thermal
improvement and keep fin efficiency. Siddique et al. [87] has
examined HT flow in channel saturated with nanofluid and
heated by heat source. It was found that the temperature is
raised by the Al,O3; nanoparticles significantly more than by
the TiO, nanoparticles. Kalidoss et al. [88] experimentally
studied the heat conductivity of 55-TiO; nanofluids for intake
of photovoltaic. They were discovered that the heat
conductivity changes by the addition of nanoparticles; an
improvement of 1.57 % is observed at 250 ppm relative to base

fluid.

Alhashash.[89] numerically examined the thermal transfer
in composite cavity. It was found that for whole Da range, the
average Nu drops as thickness of porous medium rises.
However, a high thermal conductivity ratio in the cavity
results in a more noticeable improvement of heat transfer.
Memon et al. [90] conducted on hybrid nanofluid in 2D cavity
channel for photovoltaic thermal to investigate the electrical
performance. This investigate aimed at examined a solar
energy by passing of hybrid nanofluid. Simulation and
Modeling were carried out by utilizing COMSOL. FEM
utilized to solve the key equations. It was shown that the
efficiency of the cell rises by 0.3% when the volumetric
concentration of Cu is raised from the less to the large at Re =
1000. schematic.8 illustrated of the solar cell flow channel, Cu
as an absorber, and silicon cell. Figure 7 illustrated of the solar
cell flow channel, copper as an absorber, and silicon cell [90].

Sun irradiation

Silicon cell
1 Copper as absorber
e

u,=f(Re) ——,

T =5C-45C —

[

Cu~ALO, - water
Figure 7. The photovoltaic cell flow channel [90]

Raza et al. [91] considered hybrid nanofluid (Kerosene and
water base fluid with Cu and ALOs nanoparticle) flow in
through a channel. It was observed that MoS2 nanoparticles
have less influence in nanofluids compared to GO-based
suspension. Parvin et al. [92] examined the impact of pertinent
parameters, including heat transfer, non-Newtonian nanofluid
on fluid motion, and inclined magnetic field. Results showed
that the average Nu greater amount occur when inclination
angle y=90. Nayak et al. [93] conducted computation
simulations to evaluate free convection flow inside hexagonal
cavity filled with Al,Os-water at different locations subject to
cold diamond obstacle. In this investigation, the Nusselt
number enhanced by 76.16% when Rayleigh number was
increased from (Ra=10°t010°).Table 2 shows cavities in
different shapes and their case.

Table 2. Cavities in different shapes

Ref. Cavity Geometry The study Cavities Shapes Types of Base Flulds and Results
Shapes Parameters Nanoparticles
$F o The best heat transfer achieved
10 < Ha < Nlans ’ in this lftudy wa; \;llth Co-
[19] square 100,10% < Ra < 3 CU, Zn, ALOs, The na:é;);flri:at tr'ansfer
q 106,01 <1<1, g | : Co/H20 and kerosene . . i X
b 5 increases with an increasing (9)
0<0<0.05 - . . .
g and reduces with an increasing
5 (Ha)
They were found that the higher
100< Re < 150, performance of nanoparticles in
[22] square 0.0I<Ri < Diamond/water lamina shape in terms of heat

0.1,001<¢ <0.1

transfer and temperature
distribution
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(23]

[25]

[26]

[94]

[95]

[97]
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sq square

square

square

square
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Cubical

Cubical

0 < Ha <50,10*
<Ra<10%50<¢
<01

1.0 M <
3.0,100 < Ra <
1000,0.1 < Re <

0.552<Pr<72,

0.01<¢<0.09

0.01<0<
0.05,103 <Ra <
106

0 <@ <0.0810*
< Ra < 10°

0<0<0.060<
Ha <20,10% <

Ra < 108,tilt angle
of cavity 0° to45°

10°< Ra < 10°

0<¢p<01
0<Ha<50
10* < Ra < 107,

107> < Da <1071,

Q = 0t020

103 < Ra < 10°
0<9<02
0.15< Pr < 6.2

103 < Ra <10°
0<9<03
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Case Tl

The natural heat transfer is
enhanced by 7.65% for

A1203,Cu,Co,TiO2,Ag,CuO  nanoparticles of blade-shaped,

/H20

TiO2/EG

Cu/H20

Al203/H20

TiO2/H20

TiO2, Cu, Ag, A2O2/H20

TiO2/H20

Cu, Al203, TiO2/H20

Cu -water

while it is enhanced by 2.86%
for nanoparticles of spherical-
shaped

The high value of the magnetic
field increases the temperature
inside the enclosure. The greater
average Nusselt number occurs
at a high value of Ra

It was observed that increasing
the values of nanoparticles and
Rayleigh number leads to a rise
in the local Nusselt number
along the cooler wall

The heat transfer is significantly
enhanced with a Al2O3
nanoparticle and Rayleigh
number

A lower value of the average
Nusselt number is obtained
when the magnetic field is

applied. At constant Ha, higher
Joule heating parameters
produce a reduced Nu and
increased entropy. A higher tilt
angle of the cavity reduces
natural convective
Cu, Ag, Al202 have higher HT

Compared to TiO2 because of
the heat conductivity. The

natural heat transfer enhances

when nanoparticles added to
pure water for all values of
Rayleigh number

Increasing the porous layer
thickness leads to a reduction in
Average Nusselt number due to

the reduction in the fluid
penetration

The natural heat transfer
improves by adding
nanoparticles to pure water, and
average Nusselt number rises
with all values of nanoparticles

The buoyancy force become
large when the Ra increase
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(98]

[99]

[100]

[101]

[102]

[62]

[74]

Cubical

Cubical

Cubical

cubical

Cubical

rectangular

rectangular

Semi Circular

Quadratic

10* <R <108
0<0<0.03

0 < Ha <£100,10°3
<Ra<10%50<0
< 4.5%,V

— shape 0 to80°

103 < Ra <107,0
<Ha<2000<0
< 0.05

103 < Ra < 10%,0
<¢p<01

0<p<0.1
10% < Ra < 10°
0<y<90
0<R;<05

0 < Ha <100
10% < Ra < 10°
0<¢p<01
0<y<3n/4

45 <y <90
Ha=0to 10
Ra=103to 10°
0<¢<0.05

—45 <y <45
0<¢<0.15
10* <R <107

Pr=62
0<¢<=<0.02
0<Ha<50
1073 < Da
<1071,103 < Ra
< 10°

=]
=
Hot Wall

¥
'
1
1l
1l
il
1l
'
'

Cold Wall
¢

Cuo,
Al203/H20
CNT/H20
i
l
‘E' CU/H20
X

Al2O3, Cu, TiOs/
H20

Cu, TiO2, Ag,Al203/H20

CuO/H20

o

a6/0r =0

Cold wall Ferro-nanofluid

Cu/H20

Cu/H20

By using nanofluid, we can earn
26% increasing in thermal
transfer rate

By increasing the nanoparticles
of CNT and opening angle of
the obstacle, the natural
HT is improved. Increasing Ha
from (0 to 100) reduces the Nu,
while entropy generation
increases by30%

At high values of magnetic field
at Ra=105, heat transfer
completely changes from
convection to conduction, and
the effect of Cu nanoparticles on
enhancing average the Nusselt
number is negligible

At low Ra values, the impact of
nanoparticles is bigger, so 6%
rise in volume fraction for
length heat source of 0.5 results
in relative rise in the Nusselt
number of roughly 9% for
Ra=10%and 26% for Ra=103.
TiO; and Al20Os have less heat
transfer than Cu

Heat transfer is enhanced by
14% when adding Cu
nanoparticles at Rayleigh
number (Ra=10°), while heat
transfer improves by 34% in the
present of thermal radiation

It is discovered that the Nusselt
number at the top of heated
wavy rod rises as the angle of
inclination rises under the effect
of an external magnetic field

It was discovered that the
average Nusselt number reduces
from 3.789 to 2.866 as
Hartmann number rises from
Ha=0 to Ha=10, while the
Nusselt number rises from 0.888
to 3.319 as Rayleigh number
rises from 103 to10°

The average Nusselt number
rises with increasing Cu
concentration and Rayleigh
number

It was found that increasing the
Darcy number and Rayleigh
number lead to enhances natural
heat transfer
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[37]

[64]

[103]

[104]

[105]

[106]

cubical

rectangular

square

circular

cubical

Semi Circular

Cubical

Cubical

0<08<3%
103 <R <10°

103 < Ra < 108

10° < Ra
<107,107% < Da
<1073,0<0
<0.02

1075 < Da <1072
01<L;<04
0.1 < Rpor <04
0<¢<0.05
Ra=10*
e=0.6

103 < Ra < 10°
Pr=0.7
0<0<0.06,
0 < Ha < 60,
10<d <130

105 < Da <1071

01<e<09,
10* < Ra
< 2%10°,
10 < Ha < 300,
0 < Mn <2000

10% < Ra < 10°
107* < Da <1072
0.01 <0 <0.03

10% < Ra < 10°
0<9<0.05

Nanofluid

Porous medium

(a)

Ad
labatic surface oos{mﬂ Blane

CuO/H20

CuO/H20

Cu, AL203, Tios, Ag/H20

Cuw/H20

Cuw/H20

Cu/H20

AlLO3/H20

Al203, Cuo, TiO2
nanoparticles

EG-PG-Water-base fluids

The average Nusselt Number
and heat transfer are improved
by increasing CuO nanoparticles
and Rayleigh number.
Additionally, it was noted that
when nanofluids move through
the porous fins, their velocity
reduces

The study of the lowest and
highest Nusselt numbers
indicated that, under identical
circumstances changing the
baffle configuration raises the
Nusselt number by more than
57%

When a porous medium is
present and the Ra number
varies, the average Nu rises in
proportion to solid volume
fraction

As the porous layer radius,
inner square length,
and volume concentration
rise, the Nu reduce. The velocity
fields and fluid penetrations in
the porous layer are decreased
when the radius of the porous
layer is increased
The average Nusselt number
decrease as Hartmann number
increases. Meanwhile, the
average Nusselt number
decreases with increasing the
nanoparticles size. The natural
heat transfer is enhanced with
increasing Cu nanoparticles
concentration and Ra
the convection impacts become
impaired and flow intensity is
significantly reduced when
Hartmann number is increased
from 10 to 300. A reduce in €
from0.9 to 0.1 results in rise in
the average Nusselt number
around 60%.and decrease total
heat (Q) around 15%

The main results observed that
the heterogeneous porous
medium has higher heat transfer
than the homogeneous porous
medium in all direction. The
heat transfer is improved in all
porous scenario by an
increasing Rayleigh number and
Darcy number

At Ra=10%, A,03-EG eahnces
the heat transfer by 13%
compared to pure EG.
Propylene glycol-water-Al203
demonstrates lower heat transfer
than EG-water -Al2O3
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[77]

[107]

[108]

[36]

[109]

[110]

[79]

star

square

cubical

inclined
porous annulus

open tilted cubic

square

parallelogrammical

T-shaped

20 < Ha < 80
10* < Ra < 10°
0<¢<0.05
Pr=6.2

0<¢<0.08,
103 < Ra < 107

10* <R < 10°
0 < Ha < 100,
0<y <90,
0<9¢<0.05

0<Ha<50
1075 << 1071
—-6<y <60
0<0Q<20
05<Ar<?

10* <R <107
0<y<180

0<Rk<10
0<9<0.05
107> < Da
<1072 Ra = 10°
0<s<1

103 <R < 10°
0<9<0.05
5<5y<75

0<Bn<1
10* < R < 10°
0<0<0.04

MWCNT/H20

Cu-Al203/H20

CNT, CuO/H20

Ag-TiO2 /H20

Air

AlO3/H20

AlO3/H20

AlL0O3-Ag/H2O

The results showed that Lorentz
force is generated with a high
magnitude of magnetic field,

which leads to a reduction in the
velocity field of the fluid. On

the other hand, adding

(MWCNT) nanoparticle to pure

water improves the
thermophysical properties,
which leads to enhanced heat
transfer and increase in the
average Nusselt number at ¢p =
0.05
The heat exchanger in the
enclosure is improved by
increasing the Ra number,
which leads to a reduction in the
maximum temperature. The
temperature of the enclosure
reduces by up 12% when fins
are installed on the surfaces of
the enclosure

The average Nusselt number of
CuO nanoparticles is 40% less
than of CNT nanoparticles at
a =09 ¢ = 0.05, for all values
of Hartmann number. Heat
transfers enhanced by increasing
Ra and concentration of CNT.

Natural convection decreases by
25.38% when the Hartmann
number rise from 0 to 50.
Increasing Darcy number leads
to enhanced heat transfer. For
convection -dominant scenario,
an rise in heat generation(Q)
from 0 to 20 results in 64.66%
diminution of total heat transfer
rate

It was observed that the heat
transfer of the enclosure rises
within the inclination angle
range from 0 to 90, while the
heat transfer of the enclosure
reduces within inclination angle
range from 120 to 180

The average Nusselt number
reduces for all values of Darcy
number when the porous layer

thickness (&) rises. The heat
transfer rises with a rise in the

Darcy number

In all cases, heat transfer
enhances as the inclination
angle and A2103 nanoparticles
concentration increase

It was found that increasing the
heater length from e =1/5to e =
4/5,Ra=10° Bn=1,and, ¢ =
0.02, the average Nusselt
number rises by 170.25% and
speed up the velocity. However,
increasing Bingham number
reduces the average Nusselt
number and the velocity
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3. THE INFLUENCE OF USING NANOFLUIDS IN
ENHANCING HT

Nanofluid's rheological properties and excellent thermal
conductivity make it a desirable HT fluid for employe in
improved (HT) applications. Nanofluids are used in many
different fields because of their unique properties, which
include increased stability and enhanced heat transfer
performance [111]. A composite liquid comprising of two
distinct phases, namely the liquid and solid phases, is referred
to as a nanofluid. The fluid's purpose is to improve the base
fluid's thermophysical and electrical characteristics [112-114].
The parameters of the base fluid are changed by adding
nanoparticles, which improves performance over conventional
fluids. Numerous nanofluids can be created by combining base
fluids with nanoparticles as shown in Figure 8.

I ah 1 1
Metal NitrideillMetal Carbidef
materials
——

Figure 8. Illustration of various types of nanoparticles and
base fluid [115]

Using a single-phase model for nanofluid makes it easier to
apply computer simulation techniques since it simply requires
sufficient correlation modifications to the article
characteristics in the energy and Navier-Stokes formulations.
The simplicity of single-phase nanofluids has attracted the
attention of numerous authors to study the behavior of
nanofluids in heat transfer [116]. Free convection in a wavy
octagonal cavity saturated with TiO, was performed by Saha
et al. [117] to examine how TH and fluid movement occur
within the enclosure under specific conditions. The outcomes
showed that as the buoyant force increased, heat transfer
increased, while HT reduced with elevating Lorentz force. Hu
et al. [118] studied the effect of Ra, density, and nanoparticles
concentration of Al,O;3 on free HT and flow patterns evolution.
The outcome indicated that increasing the volume fraction of
Al>O3 leads to improved convective thermal transfer. Uddin
and Rasel [119] numerically analyzed natural convection flow
within quadrilateral vessel filled with Cuo-water nanofluid.

1049

GFEM was utilized to solve the key equations using
COMSOL-Multiphysics with MATLAB. It was discovered
that heat transfer greatly rises as nanoparticle size drops and
Ra and nanoparticles concentration rise. The optimal HT

distribution was obtained at higher nanoparticle’s
concentration and Ra.
High-tech  industries  such  as  manufacturing,

nanoelectronics, and vehicles have led to a variety of
technological advances that have profound implications for a
lot of contemporary scientific concerns, such as waste, energy
consuming, and reusability. Nevertheless, several problems
are barring further improvement in these sectors, one of which
is the capacity to quickly cool the goods utilized [120, 121].
The raised thermal loads and thermal fluxes brought on by the
rise in power and fall in characteristic sizes in novel products
over the past ten years have resulted in a substantial increase
in the requirement for a more effective cooling technique.
Consequently, many companies are spending significant sums
in producing improved heat transfer technologies. One such
technology that increases the surface area of thermal transfer
and fluid flow velocity is hybrid nanofluids. Al-Dulaimi et al.
[122] numerically implemented natural HT convection flow in
Ag-MgO-water hybrid nanofluid filled corrugated enclosure.
They found that the study parameters Darcy, Rayleigh, and
volume fraction had a noteworthy impact on the Nu, while the
number of undulations had a smaller effect. Rehena et al. [123]
examined the free convection within the solar collector filled
with Al,Osz-water nanofluid. It was observed that the highest
value of the Prandtl number Pr enhanced the heat transfer.
Meanwhile, it was also found that the nanofluid improves heat
transfer by 26%, while the pure water enhances the heat
transfer by 18%. Rasool et al. [124] investigated the HT of Cu-
Al Os/water hybrid nanofluid flow over dual solution of
unsteady in existence of MF. The results showed that heat
transfer was enhanced with hybrid-nanofluid compared to pure
water. Malik et al. [125] studied the combine effects of
porosity, heat radiation, changing MF, thermophoresis, and
Brownian movement on hybrid (Ag-TiOy/water) nanofluid
flow across a rotating disk. once the ordinary differential
equation was created by converting the partial differential
equation, it was solved by MATLAB using the bvp4c method.
It was found that as the magnetic coefficient input rises, the
velocity gradient of hybrid nanofluid decreases. the outcome
demonstrated that as increases thermophoresis, the
concentration and temperature increase. The amount of
average Nu decreases by 37.73% and 29.43% with magnetic
field 0.8 and 2.2 respectively. Jakeer et al. [126] numerically
computed influence of heated square baffle location on
magneto-hybrid Cu-AlOs/water nanofluid flow in lid-driven
porous enclosure. The outcome indicated that the HT of
nanofluids is less than that of hybrid nanofluids. It was also
found that the velocity and thermal transfer rate rise with rising
Darcy number values. Thermal physical of hybrid nanofluid
[127-129].
Electric conductivity of hybrid nanofluid is expected as:

Uhnf _ [02 + Zabf - 2(2)2(0bf - 02)]
Opr [02 + 20pf + 2®1(0f - 02)]

(18)

where,

Ohbf _ [0y + 207 — 2¢1(0f —a1)]
of [01 + 207 + 2(2)1(0f — 01)]

(19)



The expression for the density of a hybrid nanofluid is:
Prnr = —Pr(@, — 1) (951_1)_(91)@1
nf ! o (20)
+ @,p2

The hybrid nanofluid's thermal conductivity is expressed as
follows:

khnf
o 1)
_ [z + (= Dkyy — (m — 1) (ki — k)]
[kz + (m — Dkyy + 0, (kyr — k)]
where,
ko _ [ka+ Gm — Dk — (m — 1), (ky — ky)] @)
ks [k, + (m — Dks + 0, (ks — ky)]
Viscosity of hybrid nanofluid is expressed as:
- Hr
b = A= 0251 — 6,75 @)
Heat capacity of hybrid nanofluid is expressed as:
Pens = (pep) (1= 0,)((1 = B,) + ((” Cp)1> 0, (24
(PCp)f

3.1 Horizontal magnetic field effects

Previous studies proposed combining nanoparticles into the
base fluid utilized for HT to improve heat characteristics (like
oils, ethylene, water, and glycol). Since then, authors have
been more attracted in investigating the usage of nanofluids,
and several of them continue to have serious concerns about
the fluids' ability to exchange heat. Ferrofluid, or magnetic
nanofluid, is one of the many varieties of nanofluids being
studied for a diverse of uses currently [130]. It is a kind of the
magnetic nanoparticles are suspended in an antiferromagnetic
carrier fluid, forming a heterogeneous mixture. The influences
of an external MF on the properties of magnetic nanofluids
have been the subject of numerous studies [131].

Magnetohydrodynamic generalized by the effect of
Newtonian heating, MF, and the Ohmic heating principle with
convective cooling, two parallel horizontal plates have been
studied for the Couette flow of Jeffrey nanofluid by Abeer
[109]. A drop in velocity characteristics of the nanofluid
results from the Lorentz force functioning to impede the
movement of fluid in a fluid with electrical conductivity when
a MF was employed horizontal to the tendency of the fluid
motion. Saleem et al. [132] studied free convection flow
within an L-shape enclosure saturated with Cu-water
nanofluid in existence of MF. It was found that natural
convection improved by adding 20% nanofluid to based fluid,
with the Nusselt number increasing by up to 47% at Ha=0,
while the effect of nanofluid was smaller at Ha=100. Dogonchi
et al. [133] examined magnetic nanofluid thermal transfer flow
in a porous enclosure. the results indicated that the
concentration of the convection flow has a reverse relation
with the inclination angle of MF and Hartmann whereas it has
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a direct relation with Da and Ra. Ahmad et al. [134]
implemented the influence of localized MF on HT in tri-
hybrid-nanofluid. The outcome found that trihybrid nanofluid
has better heat transfer than nanofluid.

4. THE INFLUENCE OF THE CAVITY TILT ANGLE
ON THE THERMAL AND FLUID FIELDS

Free convection flow inside 2D square cavity saturated with
various type of nanofluid have been numerically analyzed with
incline periodic magnetic field [19]. The FEM was utilized to
solve the model equations. It was found that the MF period and
inclination angle both had a substantial effect on the HT
analysis. How the MF affects free convection flow in partially
heated rectangular enclosure saturated with nanofluid have
been examined [62]. The parameters that affect the flow are
the inclination angle, Ha, Ra, and Pr. It can be observed that
the vortices become considerably more perturbed at increasing
slop of the applied magnetic field. Additionally, it was found
that when the applied MF tilt rises, the Nu reduces. Li and Liao
[135] investigated HT of Al,O3 saturated 2-D square enclosure
with applied incline exterior MF. It was found that transfer
patterns and flow structure are significantly impacted by the
magnetic field directions.

5. POROUS MEDIA EFFECTS INSIDE THE CAVITY
TO IMPROVING HEAT TRANSFER

Zhang et al. [136] numerically investigated free convection
flow within 2D porous annulus saturated with nanofluid Cu-
water. The impacts of HT characteristics, Darcy number,
temperature distribution, nanoparticle diameter, porosity,
Nanoparticle’s concentration on the flow pattern were studied
in detail. It can be discovered that for all taken Rayleigh
numbers, there is a constant rise in the total HT rate with an
elevate in porosity; the influence of porosity is especially
noticeable at large value of Ra. It was also observed that as the
Da reduces and the Ra rises, the Brownian motion becomes
more pronounced, and the Nu is large when there is Brownian
motion present than when it is not. Bouafia et al. [137]
investigated the hydrodynamic and thermal free convection
movement within porous partially wavy enclosure filled with
nanofluid (Al>O3). According to the first findings, raising the
modified Rayleigh number guarantees that the porous medium
becomes more permeable, which in turn raises the buoyant
force and average Nusselt number. The second set of data
demonstrated how the corrugated wall's amplitude affects the
rate of thermal transmission within the porous enclosure,
increasing the average Nu in the process. Zhao et al. [138]
were observed that the porous medium with spherical shapes
has less heat transfer than porous medium with square shapes
due to more surfaces and greater flow mixing. Hatami and
Ghasemi [139] investigated the impact of four elements,
Brownian, Drag, thermophoresis, and forces of gravity acting
on the nanoparticles. It was found that the temperature
enhanced by 1.36%when the value of the viscosity parameter
was increased.

6. CONCLUSION

In summary, three methodologies have been explored in this



article, which describes several research options of heat
transfer enhancement technology inside the cavities. New
functional nanofluids, a magnetic field, and porosities of
porous media are to be used. In order to accomplish this,
published research findings from numerous studies were recast
using a standard parameter, making it easier for research
organizations to compare data and to spot patterns in thermal
property and heat transport. Many attempts have been made to
improve its performance. It is discovered that there are still a
lot of disagreements in the published literature on the levels of
thermal transfer enhancement and the associated augmentation
methods when it comes to nanofluids. The causes that go
beyond these disputes are examined. Furthermore, as a well-
modeled passive enhancement technique, flow and HT within
porous media are described in this study. It is discovered that
there aren't many studies that focus on improving heat transfer
through systems that are supported by flexible or flexible-
complex seals. It is hoped that this contribution would
encourage more people to get interested in cavity technology.
Any newbie to this sector of technology should find it useful.
The primary conclusions can be summarized as follows:

l. It was found that the Nusselt number is unaffected by
the small Rayleigh number in the Hartmann number at present.
Furthermore, because of an increase in buoyancy force, a high
Rayleigh number causes the heat transfer to switch from
conduction to convection. Furthermore, it was noted that with
high Rayleigh numbers, the Nusselt number falls in the current
Ha number.

2. The lowest thermal conductivity nanoparticles are
thought to have the lowest rate of heat transfer.

3. When the heat lines on the free convection inside the
solar collector containing the Al;Os-water nanofluid are
visible. The heat transfer was shown to be improved by the
Prandtl number Pr at its maximum value. The nanofluid was
also found to increase heat transmission by 26%, while pure
water improved heat transfer by 18%.

4. The local Nusselt number progressively decreases
from the bottom to the top of the hot wall and abruptly
increases as we approach the top corner of the wall, yet the
heat transfer rate is higher at the top corner of the hot wall.

5. The strength of the flow circulation increases with
increasing wave number values due to the influence of
nonuniform heating; nevertheless, the strength of the flow
circulation diminishes at high wave numbers.

6. At the expense of a greater friction factor or higher
pumping power, the hybrid nanoparticle loading increases the
rate of heat transfer and the thermal efficiency index.

7. When a magnetic field is applied horizontally to the
tendency of the fluid motion, the Lorentz force operates to
impede the flow of an electrically conducting fluid, which
results in a decrease in the velocity characteristics of the
nanofluid.

8. At high value of Rayleigh number, increasing
porosity of porous medium, Darcy number and solid volume
fraction of nanoparticles lead to an enhancement in the Nusselt
number by 17%, 26%, and 23.5% respectively, while
increasing the undulation N and Hartmann number reduces the
Nusselt number by 13%.

9. With the same cross-sectional area, the parallelogram
and trapezoid cavities have poorer heat transfer capacities than
the rectangular. The Nusselt number of the fluids in the
trapezoid is less than that in the parallelogram cavity by 14.4%.
At aspect ratio A=2, the Nusselt number is enhanced by 93%
in the rectangular cavity compared to aspect ratio A=1.
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Finally, Table 2 provides an overview of the different kinds
of geometrical cavities and the approximate maximum heat
transfer enhancement levels attributed to each enhancer that is
covered in this research.

7. RECOMMENDATIONS

The future work of the present problem would be:

. Studying the energy losses (entropy generations) that
provides precision calculations for the industry requirements.

. Research on the energy efficiency of thermal systems
using porous media and nanofluids is required.
According to the literature, researchers have
concentrated on nanoparticles ranging from (10-50nm). This
is due to the size of the nanoparticles plays vital part in
improving heat transfer, with smaller nanoparticles
demonstrating excellent heat transfer. It is recommended for
authors to focus on nanoparticles smaller than this size in solar
collectors using the same design of the enclosure.
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NOMENCLATURE

Ra Rayleigh number

Ha Hartmann number.

Pr Prandtl number

Da Darcy number.

Be Bejan number.

Nu Nusselt number

K thermal conductivity, W.m™'. K-!
T temperature, k

uv,w, the x,y, and z directions component , m/s
Ry thermal conductivity ratio
Subscripts

Nf nanofluid

S solid particles

hnf, hybrid-nanofluid

tri trihybrid nanofluid

Ar aspect ratio

Greek symbols

€ porosity of porous medium
n ke

dynamic viscosity S

(0] solid volume fraction

Y inclination angle

a thermal diffusivity m?/s

0 dimensionless temperature

) porous layer thickness
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