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Abstract

Engineering and industrial applications are constantly on the lookout for new methods
to dissipate heat from heated surfaces. It is critical in the construction of solar arrays,
the cooling of electronic components and electrical transformers, and the thermal
exchange process between hot and liquid surfaces. Theoretical analysis of convective
heat transmission in a square cavity with internal heat sources is presented in this
article. Engineers are especially interested in this subject because it calls for the
development of heat exchangers and systems for naturally convective cooling or
heating of objects. Free or natural convection occurs when buoyant forces caused by
density changes, which are caused by temperature changes in a fluid, create fluid flow
motions. (involving currents and paths). Many engineering systems, such as open
cavity solar heat receivers, flat panel solar collectors with stacks of vertical strips,
electronic cooling devices, buildings, and so on, have partly open cavities. Natural
convection that occurs in a closed cavity is used in many fields, including thermal
power, petrochemical, aerospace, and construction. Many studies have been
conducted in order to better comprehend this occurrence. Furthermore, previous study
has revealed that many powerful secondary cycles form in fluids with small rays but
not in fluids with higher rays. In order to complete this comprehensive research,
orifice temperatures and horizontal air velocities were examined.

Keywords: Heat Transfer, Natural Convection, Square Cavity, Finite Element
Method, Internal Heat Source.
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1. Introduction

Many studies on the topic of cavities have recently been conducted.
Natural convection in open cavities and slots is used in a wide range of
technical applications, such as solar thermal receivers, heat transfer
convection from extended surfaces, and insulated ribbon solar collectors.
Many electrical devices have side-slit cavities and an internal heat source
because the slots allow for improved internal component cooling. This
case's investigation is also pertinent to a variety of other applications,
such as nuclear reactor design and operation, grain storage, solar
collectors, energy storage systems, and indoor environment design and
building (Supraja & Raju, 2021).

Several studies assessing the behavior of fluids within cavities have been
documented in the literature, and we discuss a few of them below. The
distinction between a vertical and a horizontal case is that a vertical case
produces a horizontal case (Mezrhab, 2006). In those studies, the authors
evaluated the effect of a thermal gradient (Kaluri, 2009), partial opening,
and elimination of the thermal properties of the cavity (Mezrhab, 2006).

Kaluri et al. (2009), they considered three distinct cases in their numerical
study on heat distribution and thermal mixing during static natural
laminar heat flow within a liquid-saturated porous square cavity: a
uniformly heated bottom wall, separate heat sources on the walls, and a
uniformly heated left and bottom wall. Deng and Chang (2008)
numerically investigate stratified and constant two-dimensional natural

convection in an air-filled rectangle with thermally insulated horizontal
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walls and sinusoidal temperature distributions that varied both spatially

and in terms of amplitude and phase.

Michalek (2005) measured the water movement inside a cubic chamber
with isothermal vertical walls and adiabatic horizontal walls for Ra values
greater than 109. During the transition from constant to non-constant
flow, the critical Rayleigh number was less than the theoretical value
(Michalek, 2005).

Bilgen and Oztop performed a numerical study of natural convective heat
transmission in a two-dimensional inclined, partly open cavity. A
parametric study by the same authors showed that, for Ra values between
103 and 106, the Nusselt number was at its highest for angles of 30-60 for
low values of Ra, and angles of 60-90 for high Ra values (Bilgen &
Oztop, 2005). Kuznik et al. used the Lattice-Boltzmann method with an
irregular grid to simulate natural convection in a square cavity. (Kuznik,
2007). As a consequence, this paper investigates natural convection in a

partially open square cavity with an internal heat source.

2. Heat transfer in partially open cavities

2.1 Natural convection
Convection is the transfer of heat from one place to another. (also known
as convective heat transmission). Despite being frequently cited as a
distinct method of heat transfer, convection heat transfer includes the

processes of co-conduction (heat diffusion) and delay. (heat transfer by
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bulk fluid flow). Convection is the most common way of heat

transmission in liquids and gases (Supraja & Raju, 2021).

Convective heat transfer happens when an object is immersed in a fluid
that is either hotter or colder than the object. (Kaluri, 2009). Heat will
flow between the fluid and the body as a consequence of the temperature
difference, causing a change in the density of the fluid near the surface.

(Grosan & Ingham, 2009). Figure 1 shows an example;

Figure (1): Example of Convective heat transfer

Convectional heat transfer, which mainly mimics heat transfer via mass
transfer, is the movement of heat from one location to another via the
flow of fluids. Fluid flow improves heat transfer in many physical
situations, such as between a solid surface and a fluid. Convection is the
most common form of heat transmission in liquids and gases (Taylor,
2012). Despite being discussed as a third form of heat transfer,
convection is commonly used to refer to the combined impact of heat
conduction within the fluid (diffusion) and heat transfer by the flow paths
of the fluid's flow. The term transport is used to characterize the process
of translational movement through fluid currents, but net transport is

more commonly used to describe the transfer of mass only in fluids, such
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as gravel movement in a river. In the context of heat transfer in fluids,
convection is known to be the sum of heat transfer by transfer plus
diffusion or conduction, where transfer in a fluid is always joined by

thermal diffusion (also known as thermal conduction) (Engel, 2003).

Heat is transmitted through convection along with the movement of the
fluid's constituent parts when a stream of fluid (liquid or gas) flows.
Outside forces may affect fluid flow, or in some cases (in gravitational
fields), buoyant pressures caused by the fluid's thermal energy expanding
(as in smoke plumes) may also affect flow, which has an effect on the
fluid's own thermal energy transmission. The final process is known as
"natural convection" Conduction (diffusion) is used to move heat in all
convective processes. Another form of convection is forced convection.
A pump, fan, or other mechanical device is used in this case to force the
fluid to move (Lienhard, 2019).

When buoyant forces caused by density changes caused by fluid
temperature changes initiate fluid flow motions, this is referred to as free
or natural convection. (paths and currents) (Faghri, 2010). External
media, such as fans, stirrers, and pumps, generate paths and currents in
the fluid, resulting in an intentionally caused load current (Supraja &
Raju, 2021).

Convection can be "forced” by moving a stream with forces other than
buoyant forces. (for example, a water pump in a car engine). Thermal
expansion of a substance can also cause convection. When a fluid is
heated, natural buoyant forces—also known as "natural convection"—
may be entirely accountable for the fluid's movement. When different
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densities of fluids are influenced by gravity, an increase in temperature
causes a drop in density, which leads to fluid movement due to stresses
and forces (or any force g). When water is heated on a burner, hot water
rises from the bottom of the pan, replacing the cooler liquid that lowers.
At the end of heating, mixing, and conduction caused by natural
convection, the result is a nearly homogeneous density and consistent
temperature. Natural convection does not occur in the absence of gravity
(or any other circumstance that results in any kind of acceleration force),
force; only forced convection patterns can exist in such circumstances
(Deng & Chang, 2008).

Convectional heat transfer is a heat transfer mechanism that happens as a
result of fluid mass movement. (observed movement). Heat is being
investigated as it is transmitted (carried) and diffused. (distributed). Heat
transfer by conduction is the transfer of energy via molecular motions
through a solid or fluid, whereas heat transfer by radiation is the transfer
of energy via electromagnetic waves (Lienhard, 2019). Convective heat
transmission occurs as a result of the movement of a fluid, which can be a
gas or a liquid. The masses of the warmer portions increase while the
masses of the cooler parts decrease as the density of the liquid decreases
with increasing temperature. Heat is transferred from one side to the other
as a consequence of the mass movement of fluids. Convection is
distinguished from conduction and radiation by the fact that there is
always a net movement of masses in convection. Radiation, on the other

hand, does not need a physical medium to propagate, and conduction
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transport is created by successive collisions between atoms and

molecules, with no total movement of matter (Cengel, 2003).

Convection transfers heat in natural fluid flows such as winds, ocean
currents, and motions within the Earth's mantle. The load is also used in
home engineering, industrial operations, the cooling of machinery, and so
on. The use of a heat sink, often in conjunction with the use of a fan, can
increase the rate of convective heat transfer. A traditional CPU, for
example, has a dedicated fan to keep the temperature within acceptable

limits while operating (Taylor, 2012).

Convective heat transfer involves only one mechanism. In addition to the
transfer of energy caused by molecular motion, energy is transferred by
mass, or the macroscopic motion of a fluid. (diffusion). This motion is
related to the fact that many molecules are moving collectively or in
groups at any given moment. When there is a temperature gradient, this
movement helps with heat transfer. Because the aggregated molecules
retain their random motion, total heat transfer is caused by the
superposition of energy transfer by random motion of the molecules and
overall motion of the fluid. This accumulated transport is commonly
referred to as convection, while transport induced by the movement of

bulk fluids is referred to as advection (Hinojosa, 2012).

Convection currents involve the simultaneous transfer of heat and mass in
fluids (liquids and gases); a well-known example of convection currents
occurs when water is heated in a container over a bummer the cooler,
denser molecules fall to the bottom of the container, where they will be

subsequently heated, whilst warmer ones rise the process continues in this
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way until all of the water is heated. Natural convective heat transfer is a
type of convection that occurs due to the buoyant force of fluids as a
result of temperature and density differences without the intervention of

external forces (Massinissa, 2017).

Natural or unrestricted convection happens when fluids move due to
buoyant forces caused by changes in density induced by changes in the
thermal temperature of the fluid. When a liquid comes into contact with a
hot surface, its molecules split and disperse, resulting in a less dense
liquid. Because there is no internal heat source, the warmer fluid shifts,
while the cooler fluid becomes denser and sinks. As a consequence, heat
moves from the hotter to the cooler part of the fluid. The circulation of
water in a vessel heated from below and the upward flow of air produced
by a fire or a hot object are both examples, and both take place without
human involvement. Hot gases, for example, rise to the top of the
atmosphere due to density differences and are replaced by cold gases as

hot air moves from a hot to a frigid climate (Hinojosa, 2012).

Natural convection is a very important topic "because of its occurrence
applications in various areas of nature. A although there is no forced
velocity to generate this type of convection, natural convection currents
are generated within fluids that urge them to flow as a result of the effects
of the buoyancy force or so-called power of flotation." Natural load plays
an important role in the design or performance of many devices that
include multiple methods of heat transfer through which the rates of heat
transfer or operating cost are affected, as seen in many devices that

include multiple methods of heat transfer through which the rates of heat
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transfer or operating cost are affected, which is much favored over forced
load. In addition, natural convection can happen in partially open square
cavities, and the treatment of heat transfer and fluid flow within such
cavities, that have internal heat sources has been studied both practically
and theoretically. As a result, heat transfer by natural convection will be
investigated in this article in a partially open square cavity with an

internal heat source (lbrahim, 2011).

Many engineering and industrial applications are designed to dispersel
heat from heated surfaces. They are used to cool electronic components
and electrical transformers, as well as to produce solar complexes and to
Improve the thermal exchange process between hot and liquid surfaces. A
wide variety of electronic components are cooled by using air as heat
carrier, and natural convection to remove heat that is produced internally.
Heat transmission by natural convection occurs in many areas, as

evidenced by numerous studies (Ibrahim, 2011).

Natural convection is produced by the buoyant force caused by the
density difference between the fluid and the heated surface caused by the
temperature difference between the fluid and the surface. Numerous
experimental studies of heat transfer by natural convection from surfaces
with horizontal and vertical surfaces [7, inclined, 6] have all been used to
analyze stratigraphic flow along surfaces in the horizontal, inclined, and
vertical cases [Phase 2, 3, Analytical]. Some experimental investigations
on heat transmission by natural convection from heated surfaces in the
shape of rings revealed a mathematical relationship between the averages

of multiples and the averages of multiples. (rings). NU = C (RA): nis one
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of the best formulas for heat transfer in free natural systems of different
shapes and rallies. None of these studies looked at the effect of cavity rate
on heat transmission on square-shaped surfaces, which are more

frequently found in electronic devices (Supraja & Raju, 2021).

2.2 Partially open cavities

Open cavity solar thermal receivers, flat-panel solar collectors with
vertical strip rows, electrical chips, space heating, and other applications
use partially open cavities. As a result, experts in cavity heating have
become interested in studying fluid flow and heat transfer in these
circumstances. Numerous studies have been conducted in the literature on
natural convection in rectangular and square cavities that are open to heat
flow and temperature. Costa (2002) investigated natural convection in
rectangular differentially heated containers with diffused vertical sides.
The suggested method's efficacy was assessed by comparing the results to
those of a complete 2D numerical simulation of the conjugate heat
transfer problem that happens in an entire enclosure with diffuse walls
(Dogan, 2009).

Aydn et al. (1999) investigated natural convection in rectangular
receptacles heated on one side and cooled from above using numerical
analysis. They investigated the steady natural convection of air in a two-
dimensional container using a vortex-functional stream model. Salat et
al.,, (2004) studied natural turbulent convection by conducting
experiments and numerical modeling adiabatic conditions, as well as
measuring temperature on horizontal walls in a large air-filled cavity. Di

Piazza and Ciofalo (2000) performed separate studies in which they

10
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numerically simulated the free heat flow in two dimensions for a thin
cavity with AR =4 and a low Prandtl number (0.0321).

Arcidiacono et al., (2001) examined a square cavity with adiabatic upper
and lower walls and isothermal side walls. Chang and Tsay (2001) looked
at normal convection in a container with a hot backward step. The
impacts of Rayleigh number, Prandtl number, and shell geometry on flow
structure and heat transmission properties have been thoroughly

investigated.

The freezing of an n-paraffin solution in a rectangular container with a
vertical sidewall and other isothermal sides was investigated empirically
by Leong and Tan (2001). The impact of aspect ratio on the natural
convection of a fluid inside a rectangular cavity with partially thermally
active sides was studied by Nithyadevi et al., (2007). The active area of
the left lateral wall was warmer than the active region of the right lateral
wall. Thermal insulation was found in the top and bottom parts of the

cavity, as well as the inactive regions of the side walls.

Poujol (2000) did additional experimental and numerical research on
transient natural convection in a square cavity heated by time-dependent
convection over one vertical wall and cooled by keeping the opposite
wall temperature constant. Basak et al. (2006) studied the effect of
thermal boundary conditions on spontaneous convective flows inside a
square cavity. They looked at normal, static laminar heat flow in a square
cavity with a heated lower wall that could be heated evenly or unevenly
and an adiabatic upper wall that maintained the cold vertical wall at a

constant temperature. The numerical method used in this research was

11
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applied to a wide range of parameters for the continuous and
discontinuous Drechlet boundary conditions. (Rayleigh Ra number, 103
Ral05; Prandtl Pr number, 0.7 Pr10). Mr. Elsayed and Chakroun (1999)
examined how orifice geometry affects heat transmission in partially
open and oblique cavities. They conducted experiments to determine how
the geometry of the orifice impacted heat transmission between the cavity
and the surrounding air. They played around with different geometric

arrangements, aperture ratios, and tilt angles.

Polat and Bilgen (2002) investigated natural laminar convection in
shallow and open inclined cavities numerically for Rayleigh numbers
ranging from 103 to 107 and cavity aspect ratios varying from 1 to 0.125.
Bilgen and Oztop (2005) investigated the heat transfer induced by natural
convection in partly open inclined square cavities using numerical
analysis. They used natural laminar convection to study steady-state
thermal transfer in a partially open, two-dimensional cavity. Kasayapan
(2007) studied the effect of an electric field on natural convection in
partially open square cavities using a computational fluid dynamics
method (Dogan, 2009).

2.3 Heat transfer in open cavities

Many thermal engineering applications, such as electronic equipment
cooling and solar condenser receiver development, are inextricably
connected to heat transfer in open cavities. The solar concentrator in a
parabolic dish solar thermal system that uses a Stirling heat engine

contains a tracking system to maintain its optical axis pointed straight

12
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toward the sun. The receiver (open bore), which is situated at the
capacitor's focal point and is used for tracking, can work at various angles
of inclination. The circulation changes the heat loss in the open chamber,
as well as the heat field and air movement structure. Improved thermal
design and thermal performance of the solar thermal system will result
from a greater understanding of how heat is transferred from the receiver
(Hinojosa, 2012).

There are numerous numerical studies in the literature that explain heat
transmission in open cavities. Some studies on natural convection heat
transfer have considered the impacts of the Rayleigh number, aspect ratio,
and cavity inclination angle on flow patterns, temperature ranges, and
heat transfer behavior within the open cavity (Polat & Belgen, 2002;
Bilgen & Oztop, 2005).

Other authors have focused on the analysis of flow instability (Hinojosa
et al., 2005), and the definition of approximate orifice-plane boundary
conditions (Khanafer & Vafai, 2000, Khanafer & Vafai , 2002), mixed
convection (Khanver et al., 2002), the presence of conjugated heat
transfer (Polat & Bilgen, 2003; Koca, 2008), three-dimensional flow
systems (Hinojosa et al., 2006; Hinojosa and Cervantes , 2010) and
combined natural convection and radiative heat transfer in the cavity
(Singh & Venkateshan, 2004; Hinojosa et al. 2005; Nouaneguea et al.,
2008).

Bilgen and Oztop (2005) investigated inclined and partly open square
cavities with adiabatic and partially open walls numerically. Numerous

13



Multi-Knowledge Electronic Comprehensive Journal For
Education And Science Publications ( MECS] )

Issues (55) 2022
ISSN: 2616-9185

www.mecsj.com

Investigations on convective heat transmission in partially open cavities
have been conducted. In this parametric study, Rayleigh numbers 103 to
106, dimensionless aperture sizes 0.25 to 0.75, aperture positions of high,
medium, and low, and aperture inclinations ranging from 0° (facing up)
to 120° (facing 30° down) were used as factors. The Rayleigh number,
aperture size, and overall aperture location were found to be increasing
functions of the Nusselt number. Koka (2008) studied natural convection
and conduction in a partially open square cavity containing a vertical heat
source. At the top of the bore, there were three distinct positions and
several various sizes of holes. The heat source was situated at the cavity's
bottom. The Rayleigh number, among other governing variables, was
studied, and it was discovered that the ventilation position has a

significant effect on heat transfer.

The cavities studied by Bilgen and Oztop (2005) are smaller in size than
those typically used as receptors in Stirling dish thermal devices.
Furthermore, the angles of inclination considered did not account for the

thermal receiver's full rotation during operation (Hinojosa, 2012).

The second and most important step is to solve the governing equations
so that the various parameters of interest in the porous medium can be
forecasted. The finite differences method, finite volume method, and
finite element method are the most frequently used numerical techniques
for solving these problems. The selection of these numerical methods is
important because it is influenced by a number of factors, one of which is
field geometry. Other factors to consider include the ease with which

these PDEs (Partial Differential Equation) can be reduced, the time
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required for calculation, and the adaptability of computer of writing
computer code to solve these equations. In this study, the finite element
method (FEM) was mainly used (Supraja & Raju, 2021).

The finite element technique is a well-known scientific approach. This
technique was created to investigate mechanical stresses in complicated
airframe structures, and Zienkiewicz and Cheung promoted it by
employing continuum mechanics. Since then, the finite element technique
has been used to solve numerous problems in a variety of engineering
fields. A notable advantage of the finite element method's outstanding
feature is its ease of generalization to a broad range of engineering
problems involving various materials. The finite element method (FEM)
has the notable advantage of being able to be applied to a wide range of
geometric shapes with irregular boundaries, which is difficult to achieve

with other contemporary methods (Supraja & Raju, 2021).

3. Numerical modeling of convective heat transfer
Because of the numerous engineering applications, numerical modeling
of convective heat transfer has lately received a lot of attention. In
contrast to experimental analysis, numerical analysis provides a more
direct method of increasing/decreasing heat transfer in order to improve
the performance or structure of a thermal device. Natural convection in
enclosures has been studied experimentally and numerically due to the
widespread interest in its many engineering applications, including
building insulation, solar energy harvesting, cooling of heat-generating

components in the electrical and nuclear industries, and flows in rooms
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caused by thermal energy sources (Mariani, 2007). Corcione's (2003) and
Ben-Nakhi and Chamkha's (2006) work, as well as numerical analyses for
natural convection heat transmission and flux in closed packages without

a local heat source, have all been published.

Natural convection has been researched by other writers. Studies on
natural convection in partly open packages that are only caused by
external heating have been done by Chan and Tien, 1985; Polat &
Belgen, 2002; Bilgen & Oztop, 2005; and Lauriat and Desrayaud, 2006.
Despite the fact that these issues are frequently significant and their study
Is required to comprehend the functioning of complex natural convective
flow and heat transfer, only a small number of simultaneous results of
natural convection from external heatings in partially open enclosures and

internal local heat sources have been reported.

In a roundabout manner, Xia and Zhou (1992) studied a square, partially
open container with an internal heat source, which is linked to the current
study. Only three R ratios were moved by these writers, and they did so
on the left vertical wall or lower wall. They discovered that the hole
enabled heat to enter the cavity and flow. The location of the heat source,
the outer and inner Rayleigh numbers, and the size of the opening all
have an effect on the flow and heat transfer in this situation. Reinehr et
al., (2002) studied natural convection using an internal heat source whose
location only changes on the lower wall and an aspect ratio of H/W = 2.
No heat transfer results were recorded in this study, and only a few Rae

and R ratios were examined (Mariani, 2007).
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4. Natural convection heat transfers in partially open

square cavities
Many engineering systems, such as open-cavity solar thermal receivers,
flat-panel solar collectors with vertical strip stacks, electronic cooling
systems, structures, and so on, have partially open cavities. The majority
of these studies, with the exception of a few Rayleigh experiments, used
fully open horizontal cavities with all three isothermal walls or the wall
facing the isothermal opening with two other isothermals. Because
completely open cavities are a subset of the more general case examined
in this research, we provide a brief overview of them here. Several writers

conducted experiments on open cavities (Kaluri, 2009).

The first two sections had a horizontal bore that was completely exposed.
The last three openings were both full and partial. In the center of a
square bore was a dimensionless aperture with a size of 0.5. They
investigated flow characteristics and found the local Nusselt number at
various scales, spanning Rayleigh numbers from 107 to 1011 in laminar
and turbulent systems, using laser Doppler velocity and flow visualization
methods.(Bilgen & Oztop, 2005 ).

Chakroun et al., (1997) used aperture sizes varying from 0.25 to 1 to
investigate fully and partially open oblique cavities. The aperture was
located in the middle. Grashof's number had a fixed value of 5.5 * 108.
They then used the same experimental apparatus to examine the effect of
size in an inclined square cavity with an isothermally heated wall and the

same Grashof number. Others theoretically investigated heat transmission
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via naturally occurring stratified convection in fully open cavities.
(Elsayed & Chakroun, 1999).

Le Quere et al. studied thermally driven natural stratified convection in
vessels with three isothermal sides, one of which was opposite the hatch.

It was somewhere between 104 and 107 Grashof.

Pinot looked at related problem using the flow function, which is part of
the vortex formula. His Grashof range was 103 to 105. Chan and Ten
numerically investigated a fully open square cavity with two horizontally
connected thermocouples and a heated vertical side facing the hole. An
extended field was used to make the calculation in these trials. Despite
the challenges posed by unknown boundary conditions at the opening
level, the other studies mentioned above were carried out using a

computational field limited to the cavity (Bilgen & Oztop, 2005 ).

In an extended arithmetic area, Chan and Ten performed a numerical
analysis of shallow fully open cavities as well as a comparison with
square cavities. They found that an open square cavity with two adjacent
horizontal sides and an isothermal vertical side facing the hole can
achieve satisfactory heat transfer results, especially for high Rayleigh

numbers.

Similarly, Muhammad used a constrained arithmetic field to investigate
fully inclined open square cavities. In contrast to Chan and Ten, the
slopes for both velocity components were zero at the start. The flow was
found to be unstable at large Rayleigh numbers and small tilt angles, and

heat transfer was found to be insensitive to tilt angle.
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At constant temperature and pressure, Polat and Bilgen (2002) examined
shallow, numerically inclined, fully open cavities with a hole in contact
with a tank. Two adjacent walls were insulated, and the hole was heated

using a steady heat flow. The only arithmetic region was the cavity.

Miyamoto et al. numerically investigated a square cavity that had three
isothermal walls, and was partially and completely open. The
dimensionless measurement for a partially open bore was 0.5, and it was
located in the center. The Rayleigh number varied from 0.7 to 7 * 105 for
straight bores and from 7 * 103 to 7 * 104 for inclined bores. They used a
broad range of arithmetic. A review of the literature shows that in
experimental studies with partially open cavities, the Rayleigh number
either remained constant or was exceptionally high. The three sides of the
same numerical analysis were heated (Miyamoto, 1989). Following the
applications found in thermal systems, the wall opposite the opening is
isothermal and in touch with the air of the open case. Insulation is
installed on the final sides. Natural convection dissipates heat from the
heated wall through the opening, enabling room-temperature air to flow
through it (Bilgen & Oztop, 2005 ).

Natural convection in a closed cavity is used in many fields, including
thermal power, petrochemicals, aerospace, and construction. Many
studies have been performed in order to better understand this
phenomenon. Natural stratified convection in a rectangular and square

cavity was computed by De Vahl Davies (Massinissa, 2017).

Bejan and Gorgadis (1992) conducted extensive research on the

sensitivity of fluid properties, particularly the effect of the Brantel
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number on normal pressure. Yoo (1999) investigated the transfer of free
convective flux in a horizontal ring with a wide gap. They find that the
Prandtl number depends on the bifurcation points. Poujol, Rojas, and
Ramos (2000) investigated spontaneous convection for a Prandtl spike in
a square cavity. Natural convection is known to be affected by the set of
boundary conditions applied to the walls, as well as the cavity's position
in relation to the center of gravity (Cianfrini et al., 2005; Huelez, &
Rechtman 2013).

Because of the buoyancy forces inherent in temperature gradients, which
tend to increase heat transfer, normal convection becomes more common
as the temperature gradient increases. (Mahmoudi, 2011). Al- Sadaoui et
al. (2015) conducted numerical research on natural convection in square
cavities with a thin plate exposed to high temperature inside the
enclosure. They investigated how the plate impacted flow and heat
transmission. The plate's geometry and location have the greatest
influence on heat transmission. As the Rayleigh number increases, heat

transmission becomes more visible.

Natural stratified convection was investigated by Aminossadati et al.
(2014) in a thin-finned square cavity with a uniform magnetic field. At
higher Rayleigh numbers, the magnetic field has an impact on the

temperature, rate of heat transfer, and flux fields of the cavity.

Oztop et al. (2011) investigated the fluid flow and heat transmission
caused by buoyant forces in a tube inserted into a square cavity filled

with fluid. The results show that changes in Rayleigh number influence
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the flow field and heat transfer, and that this is dependent on where the

tube is inserted.

Regarding the numerical studies that support the experimental studies, the
heat transfer by natural convection and thermal radiation on a cubic-type
solar receiver, studied by Montiel et al. (2015), demonstrates that using a
model with variable thermophysical properties over the Boussinesq
approximation improves the comparison of experimental and theoretical
results. Nardini and Paroncini, (2012) examine the impact of various heat
source sizes and locations on convective heat transfer. For Rayleigh
numbers between 104 and 105, there is a high degree of agreement

between empirical and numerical evidence.

As Rayleigh numbers increase, convective heat evolution accelerates, and
the magnitude and location of heat sources affect the velocity range.
Algebraic geometry is another field of study. In a numerical analysis of
natural convection in an inclined triangle cavity under various thermal
boundary conditions, Al-Mahmoudi et al. (2013) found that the angle of
inclination has a significant effect on heat transmission. Koca et al.
(2007) investigated natural convection in triangle bundles numerically.
The flow field and temperature were affected by changes in the Rayleigh
(2012) number, Prandtl number, heater position, length, and temperature.
For the cylindrical bore, Chandra and Chhabra investigated natural
convection heat transmission from a heated horizontal semicircular
cylinder. They developed predictive relationships to calculate the value of
the Nusselt number based on Prandtl and Grashof numbers in a novel

application.
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Pesso and Piva (2009) examined a cavity heated through its side walls
numerically and theoretically at low Prandtl numbers with large density
variations. Heat transfer becomes worse as the Prandtl number increases,
especially for very large Rayleigh numbers, according to the research.
Hinojosa and Cervantes-de Gortari (2010) provided a numerical study of
natural convection in an isothermal open cavity in three dimensions. Each
of these pieces depicts a distinct physical phenomenon associated with

natural convection in cavities (Massinissa, 2017).

The Rayleigh numbers discovered by the authors for the transition region
between 103 and 109 are in excellent agreement with those reported in
the literature. Using the same approach, Mezrhab et al., (2006)
investigated the effect of the cavity's slope and the presence of an internal
spacer. Rayleigh numbers between 6103 and 2104 showed the greatest

decrease in heat transfer.

Some investigations combine the impacts of radiation and natural
convection in cavities that are heated differentially (Bahlaoui, 2007).
When there is an internal heat source in the cavity, the interior flow
properties change significantly. Natural convection in cavities with an
inner heat source or internal barriers is investigated by Kuznetsov et al.
(2006). The cavity frequently functions as a partial opening, allowing
mass movement and, as a result, cooling. Mariani and Silva investigated
the thermal behavior and fluid dynamics of air in partly open 2D
containers using a numerical analysis based on two sides of the radius,
H/W = 1 and 2 (Mariani & Silva, 2007). The container had a small heat

source on the lower or left side and an opening on the right wall, and
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could be used in three ways. Ra was the subject of numerical calculations
between 103 and 106, and it was discovered that variations in this
parameter significantly affect the average local Nusselt numbers (Nu) for

the containers (Supraja & Raju, 2021).

Mariani and Coelho conducted a second study to examine static heat
transfer and flow phenomena in enclosures with three aspect ratios (H/W
=1, 2, and 4) and a heat source positioned on the bottom wall in three
distinct modes. (Mariani, 2007). Kandaswamy et al. investigated the
Impact of heat source location and size in a similar study. This research
focused on Grashof codes 103 through 105 (Kandaswamy, 2007).

In light of this, this research looks at natural convection in a partially
open square cavity with three distinct openings in the right wall, H/4,
H/2, and 3H/4, where H is the cavity's height. The cavity had an internal
heat conduction source and was exposed to temperature differences
between the left and right vertical sides. The impact of an internal heat
source at R = 400, 1000, and 2000 intensities on the thermodynamics,
fluid dynamics, and mass flow rate of the air inside the cavity was

investigated.

The nonlinear coupled partial differential equations of the flow field and
temperature were transformed using the finite element technique into a
matrix form of equations that could be solved iteratively with the aid of
computer code. The precursor to the finite element method, the Galerkin
Finite Element method, divides the material sphere into smaller pieces by

using three overlapping trigonometric elements.
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Numerical results are presented in terms of current functions, isotherms,
temperature profiles, and Nusselt numbers. This study looks at natural
convection in a partially open square cavity with openings on the right
side that are H/4, H/2, and 3H/4 in size, where H is the cavity's height.
The cavity was subjected to temperature differences between the left and
right vertical sides and had an internal heat conduction source.
Investigations were carried out to determine how an internal heat source
with R = 400, 1000, and 2000 impacted the thermodynamics, fluid

dynamics, and mass flow rate of the cavity's air (Supraja & Raju, 2021).

5. Conclusion
Thermal power, petrochemical, aerospace, and construction are just a few
of the many sectors that use natural convection that happens in a closed
cavity. Many studies have been conducted to better understand this
occurrence. Previous research results have explained a variety of physical
phenomena observed during natural convection in cavities. When
different densities of fluids are influenced by gravity, an increase in
temperature causes a drop in density, causing fluids to move as a result of

stresses and forces.

This research looked at the rheology and isometrics of a square cavity
that was partially open and contained a heat source. Previous study
discovered that the presence of a heat source, the size of the opening, and
the temperature difference between the vertical walls all have a
significant influence on the fluid's thermodynamics and fluid dynamics.

Large secondary cycles occur inside the cavity when the flow is mainly
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controlled by the heat source, and the isotherms behave similarly (high R
and low Rae values). As a result, the local Nusselt number numbers rise.
(in modulus). When convection is controlled by the temperature
difference between the walls, the volume of the secondary circulation is
negligible in comparison to the primary circulation and consists primarily
of horizontal isotherms (low values of R and high values of Rae). Except
for the smaller size H/4, the contribution of convection to the local
Nusselt number increases in the lower region near the hot wall and in the
upper region near the cold wall as the air temperature rises in the higher
region of the cavity near the hot wall for larger Rayleigh numbers and R
values. Lower local Nusselt numbers appear only if the R values are
lower as a result of the simultaneous drop in air temperature in the lower

region to the right of the cavity near the cold wall.

25



Multi-Knowledge Electronic Comprehensive Journal For
Education And Science Publications ( MECS] )

Issues (55) 2022
ISSN: 2616-9185

www.mecsj.com

References

Aminossadati, S.M.; Ghasemi, B.; Kargar, A. (2014): Computational
analysis of magnetohydrodynamic natural convection in a square cavity
with a thin fin. European Journal of Mechanics B/Fluids, vol. 46, pp.154—
163.

Arcidiacono S., Di Piazza 1., Ciofalo M., (2001). Low-Prandtl number
natural convection in volumetrically heated rectangular enclosures II.
Square cavity, AR=1, Int. J. Heat Mass Transfer 44, 537-550.

Aydm O., Unal A., Ayhan T., (1999). Natural convection in rectangular
enclosures heated from one side and cooled from the ceiling, Int. J. Heat
Mass Transfer 42, 2345- 2355.

Bahlaoui, A., Raji, A., El Ayachi, R., Hasnhaoui, M., Lamsaadi, M., &
Naimi, M. (2007). Coupled natural convection and radiation in a
horizontal rectangular enclosure discretely heated from below. Numerical
Heat Transfer, Part A: Applications, 52(11), 1027-1042.

Basak T., Roy S., Balakrishnan A.R., (2006). Effects of thermal
boundary conditions on natural convection flows within a square cavity,
Int. J. Heat Mass Transfer 49, 4525-4535,.

Bazylak, A., Djilali, N., & Sinton, D. (2006). Natural convection in an

enclosure with distributed heat sources. Numerical Heat Transfer, Part A:

Appli

26



Multi-Knowledge Electronic Comprehensive Journal For
Education And Science Publications ( MECS] )

Issues (55) 2022
ISSN: 2616-9185

www.mecsj.com

Bejan, A.; Georgiadis, J. G. (1992): The Prandtl number effect near the
onset of Bénard convection in a porous medium. International Journal of
Heat and Fluid Flow, vol. 13, No. 4

Ben-Nakhi, A., & Chamkha, A. J. (2006). Effect of length and inclination
of a thin fin on natural convection in a square enclosure. Numerical Heat
Transfer, 50(4), 381-399.

Bilgen E., Oztop H., (2005). Natural convection heat transfer in partially
open inclined squire cavities, Int. J. Heat Mass Transfer 48, 1470-1479,.

Cengel, Y., & Heat, T. M. (2003). A practical approach. Heat and Mass

Transfer.

Chakroun, W., Elsayed, M. M., & Al-Fahed, S. F. (1997). Experimental
measurements of heat transfer coefficient in a partially/fully opened tilted

cavity.

Chan, Y. L., & Tien, C. L. (1985). A numerical study of two-dimensional
laminar natural convection in shallow open -cavities. International
Journal of Heat and Mass Transfer, 28(3), 603-612.

Chandra, A., & Chhabra, R. P. (2012). Effect of Prandtl number on
natural convection heat transfer from a heated semi-circular
cylinder. International  Journal of Chemical and Biological
Engineering, 6, 69-75.

Cianfrini, C., Corcione, M., & Dell'Omo, P. P. (2005). Natural
convection in tilted square cavities with differentially heated opposite

walls. International journal of thermal sciences, 44(5), 441-451.

27



Multi-Knowledge Electronic Comprehensive Journal For
Education And Science Publications ( MECS] )

Issues (55) 2022
ISSN: 2616-9185

www.mecsj.com

Corcione, M. (2003). Effects of the thermal boundary conditions at the
sidewalls upon natural convection in rectangular enclosures heated from
below and cooled from above. International Journal of Thermal
Sciences, 42(2), 199-208.

Costa V. A. F., (2002). Laminar natural convection in differentially
heated rectangular enclosures with vertical diffusive walls, Int. J. Heat
Mass Transfer 45, 4217- 4225,.

Deng, Q., & Chang, .. J. (2008). Natural convection in a rectangular
enclosure with sinusoidal temperature distributions on both side walls,
Numer. Heat Transfer A Appl. 54, 507-524.

Dogan, A., Baysal, S., & Baskaya, S. (2009). Numerical analysis of
natural convection heat transfer from partially open cavities heated at one
wall. J Therm Sci Technol, 29, 79-90.

Elsayed M., Chakroun M. W., (1999). Effect of aperture geometry on
heat transfer in tilted partially open cavities, Journal Heat Transfer 121,
819-827.

Grosan, T., Revnic, C., Pop, I., & Ingham, D. B. (2009). Magnetic field
and internal heat generation effects on the free convection in a
rectangular cavity filled with a porous medium. International Journal of
Heat and Mass Transfer, 52(5-6), 1525-1533.

Oztop, H. F., & Abu-Nada, E. (2008). Numerical study of natural

convection in partially heated rectangular enclosures filled with

28



Multi-Knowledge Electronic Comprehensive Journal For
Education And Science Publications ( MECS] )

Issues (55) 2022
ISSN: 2616-9185

www.mecsj.com

nanofluids. International journal of heat and fluid flow, 29(5), 1326-
1336.

Hinojosa, J. (2012). Numerical study of the natural convection in a two-
dimensional partially open tilted cavity. Latin American Applied
Research. 42. 267-274. .

Hinojosa, J. F.; Cervantes-de Gortari, J. (2010): Numerical simulation of
steady- state and transient natural convection in an isothermal open cubic

cavity. Heat and Mass Transfer, vol. 46, pp. 595-606.

Hinojosa, J.F. and J. Cervantes, (2010). "Numerical simulation of steady-
state and transient natural convection in an isothermal open cubic
cavity," Heat and Mass Transfer, 46, 595-606.

Hinojosa, J.F., G. Alvarez and C.A. Estrada, (2006)."Three-dimensional
numerical simulation of the natural convection in an open tilted cubic

cavity," Revista Mexicana de Fisica, 52, 111-119.

Hinojosa, J.F., R.E. Cabanillas, G. Alvarez and C.A. Estrada,
(2005)."Numerical study of transient and steady-state natural convection
and surface thermal radiation in a horizontal square open
cavity," Numerical Heat Transfer, Part A, 48: 179-196

Huelez, G.; Rechtman, R. (2013): Heat transfer due to natural convection
in an inclined cavity using the Lattice Boltzman equation method.

International Journal of Thermal Sciences, vol. 65, pp. 111-119.

29



Multi-Knowledge Electronic Comprehensive Journal For
Education And Science Publications ( MECS] )

Issues (55) 2022
ISSN: 2616-9185

www.mecsj.com

Alkandari, E. E. A., & Trainer, S. A Theoretical Study of Natural
Convection Heat Transfer in A Partially Opened Square Cavity with an

Internal Heat Source.

Kaluri, R. B. (2009). Bejan’s heatlines and numerical visualization of
heat flow and thermal mixing in various differentially heated porous

square cavities, Numer. Heat Transfer A Appl. 55, 487-516.

Kandaswamy, P., Lee, J., & Hakeem, A. A. (2007). Natural convection in
a square cavity in the presence of heated plate. Nonlinear Analysis:
Modelling and Control, 12(2), 203-212.

Kasayapanand, N. (2007). Numerical modeling of natural convection in
partially open square cavities under electric field. International

communications in heat and mass transfer, 34(5), 630-643.

Khanafer, K. and K. Vafai, (2000)."Bouyancy-driven flow and heat
transfer in open ended enclosures: elimination of extended
boundaries,” International Journal of Heat and Mass Transfer, 43, 4087-
4100

Khanafer, K., K. Vafai and M. Lighstone, (2002). "Mixed convection
heat transfer in two-dimensional open ended enclosures," International
Journal of Heat and Mass Transfer, 45, 5171-5190

Koca, A. (2008). Numerical analysis of conjugate heat transfer in a
partially open square cavity with a vertical heat source. International
Communications in Heat and Mass Transfer, 35(10), 1385-1395.

30



Multi-Knowledge Electronic Comprehensive Journal For
Education And Science Publications ( MECS] )

Issues (55) 2022
ISSN: 2616-9185

www.mecsj.com

Koca, A.; Oztop, H, F.; Varol, Y. (2007): The effects of Prandtl number
on natural convection in triangular enclosures with localized heating from
below. International Communications in Heat and Mass Transfer, vol. 34,
pp. 511-519.

Kuznik, F. V. (2007 ). double-population lattice Boltzmann method with
non-uniform mesh for the simulation of natural convection in a square
cavity, Int. J. Heat Fluid Flow 28 862-870.

Lauriat, G. and Desrayaud, G., (2006). Effect of surface radiation on
conjugate natural convection in partially open enclosures, International
Journal of Thermal Sciences, Vol. 45, No. 4, pp. 335-346

Leong K. C., Tan F. L., (1997). Experimental study of freezing in a
rectangular enclosure, Journal of Materials Processing Technology 70,
129-136.

JH 1V, L. (2019). V, JH Lienhard, A Heat Transfer Textbook. Dover
Publications, Mineola, NY, (0.5), 1.

Mahmoudi, A., Mejri, I., Abbassi, M. A., & Omri, A. (2013). Numerical
study of natural convection in an inclined triangular cavity for different
thermal boundary conditions: application of the lattice Boltzmann
method. Fluid Dyn. Mater. Process, 9(4), 353-388.

Mahmoodi, M. (2011). Numerical simulation of free convection of
nanofluid in a square cavity with an inside heater. International Journal
of Thermal Sciences, 50(11), 2161-2175.

31



Multi-Knowledge Electronic Comprehensive Journal For
Education And Science Publications ( MECS] )

Issues (55) 2022
ISSN: 2616-9185

www.mecsj.com

Mariani, V. C., & Coelho, L. S. (2007). Natural convection heat transfer
in partially open enclosures containing an internal local heat

source. Brazilian Journal of Chemical Engineering, 24, 375-388.

Mariani, V. C., & Silva, A. D. (2007). Natural convection: analysis of
partially open enclosures with an internal heated source. Numerical Heat
Transfer, Part A: Applications, 52(7), 595-619.

Adnani, M., Meziani, B., Ourrad, O., & Zitoune, M. (2016). Natural
convection in a square cavity: Numerical study for different values of

prandtl number. Fluid Dynamics & Materials Processing, 12(1), 1-14.

Mezrhab, M. J. (2006). Lallemand, Lattice—Boltzmann modelling of
natural convection in an inclined square enclosure with partitions
attached to its cold wall, Int. J. Heat Fluid Flow 27, 456-465.

Mezrhab, A., Jami, M., Abid, C., Bouzidi, M. H., & Lallemand, P.
(2006). Lattice-Boltzmann modelling of natural convection in an inclined
square enclosure with partitions attached to its cold wall. International
journal of heat and fluid flow, 27(3), 456-465.

Michatek, T. (2005). High Rayleigh number natural convection in a cubic
enclosure. EUROTHERM.

Miyamoto, M., Kuehn, T. H., Goldstein, R. J., & Katoh, Y. (1989). Two-
dimensional laminar natural convection heat transfer from a fully or

partially open square cavity. Numerical heat transfer, 15(4), 411-430.

Mohamad, A. A. (1995). Natural convection in open cavities and
slots. Numerical Heat Transfer, Part A: Applications, 27(6), 705-716.

32



Multi-Knowledge Electronic Comprehensive Journal For
Education And Science Publications ( MECS] )

Issues (55) 2022
ISSN: 2616-9185

www.mecsj.com

Montiel, G. M.; Hinojosa, J. F.; Villafan, V. H. |.; Bautista, A. O
Estrada, C. A. (2015): Theoretical and experimental study of natural
convection with surface thermal radiation in a side open cavity. Applied
Thermal Engineering, vol. 75, pp. 1176-1186.

Nardini, G.; Paroncini, M. (2012): Heat transfer experiment on natural
convection in a square cavity with discrete sources. Heat and Mass
Transfer, vol. 48, pp. 1855-1865.

Nithyadevi N., Kandaswamy P., Lee J., (2007). Natural convection in a
rectangular cavity with partially active side walls, Int. J. Heat Mass
Transfer 50, 4688-4697.

Nouaneguea, H., A. Muftuoglua and E. Bilgen, (2008). "Conjugate heat
transfer by natural convection, conduction and radiation in open

cavities," International Journal of Heat and Mass Transfer, 51, 6054-6062

Oztop, H. F., Fu, Z., Yu, B., & Wei, J. (2011). Conjugate natural
convection in air filled tube inserted a square cavity. International
Communications in Heat and Mass Transfer, 38(5), 590-596.

Pesso, T., & Piva, S. (2009). Laminar natural convection in a square
cavity: low Prandtl numbers and large density differences. International
Journal of Heat and Mass Transfer, 52(3-4), 1036-1043.

Polat O., Bilgen E., (2002). Laminar natural convection in inclined open
shallow cavities, Int. J. Therm. Sci. 41, 360-368,.

Poujol F. T., (2000). Natural convection of a high Prandtl number fluid in
a cavity, Int. Comm. Heat Mass Transfer 27, 109-118,.

33



Multi-Knowledge Electronic Comprehensive Journal For
Education And Science Publications ( MECS] )

Issues (55) 2022
ISSN: 2616-9185

www.mecsj.com

Poujol, F. T., Rojas, J., & Ramos, E. (2000). Natural convection of a high
Prandtl number fluid in a cavity. International Communications in Heat
and Mass Transfer, 27(1), 109-118.

Reinehr, E. L., Souza, A. A. U., & Souza, S. M. A. (2002). Fluid dynamic
behavior of air with natural convection and heat generation source in
confined environment. In Proceedings of XIV Brazilian Congress of

Chemical Engineering, Natal, Rio Grande do Norte, Brazil (pp. 1-8).

Sadaoui, D., Sahi, A., Nadjib, H., Meziani, B., & Amoura, T. (2015).
Free convection in a square enclosure with a finned plate. Mechanics &
Industry, 16(3), 310.

Salat J., Xin S., Joubert P., Sergent A., Penot F., Le Quere P., (2004).
Experimental and numerical investigation of turbulent natural convection
in a large air-filled cavity, Int. J. Heat Fluid Flow 25, 824-832,.

Singh, S. N., & Venkateshan, S. P. (2004). Numerical study of natural
convection  with  surface radiation in  side-vented  open

cavities. International Journal of Thermal Sciences, 43(9), 865-876.

Supraja, J. (2021). The numerical study of natural convection heat
transfer in a partially opened square cavity with internal heat
source. Turkish Journal of Computer and Mathematics Education
(TURCOMAT), 12(10), 31-52.

Taylor, R. A., Phelan, P. E., Otanicar, T., Prasher, R. S., & Phelan, B. E.
(2012). Socioeconomic impacts of heat transfer research. International
Communications in Heat and Mass Transfer, 39(10), 1467-1473.

34



Multi-Knowledge Electronic Comprehensive Journal For
Education And Science Publications ( MECS] )

Issues (55) 2022
ISSN: 2616-9185

www.mecsj.com

Xia, J. L., & Zhou, Z. W. (1993). Natural Convection in an Externally-
Heated Partially-Open Cavity with a Heated Protrusion. ASME-
PUBLICATIONS-HTD, 232, 201-201.

Y00, J. S. (1999). Prandtl number effect on transition of free-convective
flows in a wide-gap horizontal annulus. International communications in
heat and mass transfer, 26(6), 811-817.

35



