ISSN 1392-1207. MECHANIKA. Vol. 30, No. 1, 2024: 29-35

Unsteady Numerical Investigation Strategy of Natural Convection in an
Isosceles Superimposed Triangular Enclosure

Elhadj BENACHOUR*, Khadidja ASNOUNE**, Mohamed HASNAT***,

Belkacem DRAQUI|****

*ENERGARID Laboratory, Faculty of Science and Technology University of TAHRI MOHAMED, Bechar, Algeria,

E-mail: benachour.elhadj@univ-bechar.dz

**Tahri Mohamed University of Bechar, Smart Grids Laboratory, B.P 417, 08000, Bechar, Algeria,

E-mail: kh_asnoune@yahoo.fr

***ENERGARID Laboratory, Faculty of Science and Technology University of TAHRI MOHAMED, Bechar, Algeria,

E-mail: hasnat.mohamed@univ-bechar.dz

****ENERGARID Laboratory, Faculty of Science and Technology University of TAHRI MOHAMED, Bechar, Algeria,

E-mail: draoui.belkacem@univ-bechar.dz
https://doi.org/10.5755/j02.mech.34030

1. Introduction

In modern fluid mechanics engineering and re-
search fields like temperature and stress [1], heat transfer
[2], mass transfer [3], and practical approach [4], humeri-
cal flow simulation is an essential component. This is ac-
complished by using a variety of software with varying
degrees of efficiency for edge computing and cloud manu-
facturing applications for technological process monitoring
based on digital twins [5]. Accordingly, it was possible to
simulate a flexible structure dynamically using MATLAB
[6] and other software like COMSOL [7, 8], ANSYS [9,
10] and Fluent [11]. Obtaining high heat transfer rates
through various enhancement techniques can lead to sub-
stantial energy savings. Turbulence promoters in heat ex-
changers primarily enhance heat transfer operations by
offering optimal flow conditions with varying geometrical
characteristics and diverse directions.

The process of heat transfer is strongly related to
the performance of the sizes and directions effects of the
geometries. Analysing how heat moves through packets
because of its various uses in the field of applied engineer-
ing, natural convection has garnered the attention of scien-
tists [12]. The design for high-performance density elec-
tronics using effective cooling techniques is necessary for
dependable operation. There are numerous ways for elec-
tronic devices to fail.

Thermal effects are strongly related to processes
such as void formation, metal migration, and intermetallic
growth [13]. Despite the diversity of uses and their com-
plexity, because a conducting fluid is used in the process of
creating materials for industrial problems and microelec-
tronic heat transfer devices that is occasionally subjected to
the convection mode of heat transfer, natural convection
flows have received a lot of attention. In this instance, a
Lorentz force that impacts the rate of heat transfer causes
the fluid to have decreased flow velocities [14]. There is a
wealth of literature on the heating and cooling of different
geometrical enclosure shapes, including squares, rectan-
gles, trapezoids, quadrants, etc., from the enclosure walls
[15-21]. The solution of natural convection equations has
been extensively examined in right-angle triangular enclo-
sures and extensively examined in past research [22-27].
Nevertheless, natural convection in isosceles triangle en-
closures hasn't been studied much. Many residential and

commercial applications heavily rely on energy transfer
analysis in triangle-shaped enclosure heated from the side
or below [28-33], like heat transfer through the roof Build-
ings, swimming pools, dough mixer and ice cream and
juice cooler. Additional flow-related phenomena have been
discussed in [34-36] among other places. In this study, a
triangle's inherent convection combined with momentary
convection in an isosceles-superimposed triangular enclo-
sure is suggested as a solution for natural convection heat
transfer difficulties in a steady state, such as free convec-
tion in an equilateral triangle cavity. Where the small tri-
angle contains water and the big triangle contains air. It is
a technique of cooling or heating water by air, that can be
found in the automobile industry generally or the genera-
tors. This study describes the impact of baffle length, as-
pect ratio, and Rayleigh number on flow field and heat
transfer. The length of the baffle or interrupter is proven to
have a significant impact on heat transfer. Temperature
contours and stream functions are used to display the re-
sults.

The Nusselt number is used to represent the heat
transfer. The constant flow behavior that results from heat-
ing an isothermal, quiescent Newtonian fluid of air by the
water is examined in a two-dimensional triangular enclo-
sure of height H=10.86, L=3f, f=2g, g=0.1, a=5¢q,
d = a, h = 5¢, and horizontal length equal to L+2f. The top
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tip of the container has a flow interrupter fastened to it. As
illustrated in Fig. 1, the bottom base is heated, the left and
right sloped surfaces are cooled, and all other walls are
adiabatic.
The objectives of this study are:
study of heat transfer by convection in an isos-
celes superimposed triangular enclosure;
control the heat exchange between two differ-
ent liquids;
study the heating of the air by the water.

[ )
2. Mathematical model

The Boussinesq approximation is followed and
the fluid is considered to be incompressible, where g is the
gravity and the system's coefficient of thermal expansion is
p. In these situations, the equations controlling the flow
and energy as well as continuity in two dimensions are
provided respectively by the equation of Continuity, X-
momentum, Y-momentum and Energy using physical pa-
rameters (u, v, P and T):
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Here: p, v, Cp and K respectively represent the
density, kinematic viscosity, specific heat and thermal
conductivity of the thermal physical properties of fluid.

The dimensionless variables in the equations that
are utilized to formulate the stream function and write
Helmotz in terms of vorticity (v, ") are as follows:
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where: Ra and Pr are respectively the dimensionless flow
numbers Rayleigh and Prandtl
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Here, dimensionless variables in the equations
above are defined by:
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3. Procedure of simulation

First, the CFD Software is used to perform the
numerical calculation. The finite volume numerical meth-
od was applied in this paper. The related algebraic equa-
tions entail the functions discretized using the finite differ-
ence method and integrated using the finite volume ap-
proach utilized in the CFD code were compared in this
context and the SIMPLE algorithm [34] was selected.

The schema Quick is used to evaluate the convec-
tive terms in each equation. The time term is discretized
using an entirely implicit technique. When the highest rela-

tive change of all variables (v, " andT ) between two

successive times is not less than 1.e4, the solution is said to
have obtained convergence. To effectively monitor any
changes in the thermal and hydrodynamic fields, we em-
ployed a non-stationary grid consisting of 3837 nodes and
7672 elements. Table 1 provides the thermophysical prop-
erties of basic fluids.

Table 1
Base fluids Thermo physical properties
Physical properties Air Water Liquid
Density, kg/m? 1.220 998.2
Cp, Jkg-K 1006.430 4182.0
A, W/m-K 0.02420 0.6
Viscosity, kg/m-s 1.78940e-05 0.001003

The pressure produced by air movement can be
exploited to measure the conditions of the air and water.
For its part, the air's density depends on the temperature
and local atmospheric pressure, which are respectively
provided as T = 20°C and Pam = 101.3250 Pa, under nor-
mal atmospheric pressure

4. Result and discussion

The boundary constraints have been set up to
model a geometric arrangement commonly employed in
two-dimensional approximation.

This section covers the flow structure, tempera-
ture field, and heat transmission via the hot wall.

The primary objective of this study is to examine
and analyze the fluid's thermal and dynamic behavior in-
side the triangular hollow

4.1. Isotherms

Fig. 2 shows the dimensionless temperature pro-
files at y = 0.21; we note that the maximum temperature is
at the level of the water fluid for different Rayleigh num-
ber Ra = 10% Ra = 10%, Ra = 10°%, Ra = 107 and Ra = 108.

Fig. 3 shows the isotherms. The triangular cavity's
heat distribution is consistent with the fluid movement
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Fig. 2 Dimensionless temperature profiles along the hori-
zontal distance at y = 0.21 and for different Rayleigh
number Ra = 103, Ra = 104 Ra =105 Ra =107 and
Ra =108

exhibited by the iso-currents. In fact, for varying numbers
of Rayleigh from Ra=10° to Ra=108, if the heat distribution
in the first triangular cavity shifts, we identify a heating
fluid from the interface (see figure), and then in the second
triangular cavity. When the Pr number is fixed at 0.71 for
air-fluid and 7.07 for water-fluid, natural convection ex-
pands and becomes more prevalent in the first triangular
cavity and the second triangular enclosure as a result of the
gradual increase in the Rayleigh number, which also caus-
es the isotherms to become more wavy and the heat trans-
fer to increase.

4.2. Streamlines

This section clarifies the streamlines for the trian-
gular cavity for various Rayleigh numbers as displayed in
Fig. 4. It is well known that as the Rayleigh number in-
creases, so does the fluid's temperature gradient. As the
temperature gradient increases, a large buoyancy force
builds up inside the cavity, dramatically altering the fluid's
flow pattern. It is noted from streamlines that the two vor-
texes at Ra = 10% in Two identical whirlpools are present
inside the huge triangle at Ra = (10* — 108). The phenome-
non of energy transfer is reproduced for a larger Riley
number, but the sizes and speeds are different.

4.3. Local and Average Nusselt numbers

Fig. 5 shows the local Nusselt number profiles,
for Ra = 10° — 10%. The diagram indicates that convective
heating starts on the left side and then significantly de-
creases in the center. The average variation of the Nusselt
number as a function of the Rayleigh number is shown in
Fig. 6, which shows that convection is the main mode of
heat transport, which rises with increasing Rayleigh num-
bers, and that energy transfer increases as the Rayleigh
number increases. Additionally, at low Rayleigh numbers
(Ra = 10%), the average Nusselt number is minimal. This is
because convection behavior is substantially intensified
when the Rayleigh number grows.
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Fig. 3 Isotherms for various Rayleigh number: a-Ra =
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5. Comparative study on the influence of geometric
shape on flow

The main difference in fluid flow in square shape,
round, and triangular cavities are the presence of corners.



=3
o
ta
T

o
B
T

a

Steem l;Jnn:flon for R 3
-

o
]
T

Streem function for Ra=5
14

Fig. 4 Differentials of the streamlines for gradually higher
Rayleigh numbers successively: a-Ra= 103
b - Ra=10% ¢ - Ra=10°% d - Ra = 106 successively

100

20

T T T T T T

sl aas
03

PP PR
0z 025

Fig. 5 Profiles of local Nusselt number, Ra = 10° — 108

Square and triangular cavities have sharp corners,
while round cavities have no corners. This difference in
geometry leads to different flow patterns and velocity dis-
tributions. Vortices in the corners of a square cavity indi-
cate the existence of fluid flow. The boundary layer split-
ting at the acute corners creates these vortices. The vortices
recirculate the fluid within the cavity, which reduces the
overall flow velocity. In a round cavity, the fluid flow is
more uniform and there are no vortices. This is because the
round cavity does not have any sharp corners. The fluid
flows smoothly around the curved walls of the cavity, re-
sulting in a higher overall flow velocity. In a triangular
cavity, the fluid flow is more complex than in a square or
round cavity. This is because the triangular cavity has both
sharp and curved corners. The sharp corners lead to the
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formation of vortices, while the curved corners allow the
fluid to flow more smoothly. The complex flow pattern in
a triangular cavity can result in both high and low velocity
regions. The following Table 2 summarizes the key differ-
ences in fluid flow in round, square, and triangular cavi-
ties.
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Fig. 6 Average Nusselt number profiles, Ra = 10% - 108

Table 2
Comparison of flow rates of triangular enclosures
of different shapes

. Velocity dis-
Cavity shape |Corner geometry | Flow pattern tribution
Triangular  |Sharp and curved| Complex flow Both high ‘?nd
low velocity
corners pattern ;
regions
Round No angles Uniform flow High ov_erall
velocity
Vortices in |Reduced over-
Square Sharp corners .
corners all velocity

6. Conclusions

Using ANSYS Fluent for various Rayleigh num-
bers, the two-dimensional natural convection heat transfer
for unstable state conditions in a triangle enclosed and
filled with air and another equilateral triangle filled with
water as a working fluid has been statistically explored.
The results of the study were based on analyzing the effect
of many exciting factors, such as the Rayleigh number,
where one of the goals was to heat the air with water, that
is, to heat a compressible fluid with an incompressible flu-
id. These provide a significant addition to the analysis the
spontaneous convective heat transfer that occurs between
two distinct liquids in properties where the following
points can be summed up from the current study.

Lower Rayleigh numbers allow for constant com-
pensation of the increased heat transfer rate by lowering
the inclination angle below 45°. As the Rayleigh number
increases, the flow lines become deformed.

Enclosure in the equilateral triangle shape is cru-
cial for achieving a homogeneous concentration and full-
bodied flow.

The slanted angle has a noticeable effect on the
flow intensity.



The fluid heats up quickly and significantly faster
as the angle of inclination is increased. The fluid of the
water core is where convection begins, as experimental
study has already shown.

The isosceles triangle enclosure with a reasonably
long heat source at the center of the bottom wall exhibits
symmetrical flow and temperature fields.

The temperature gradient is a significant factor in
this case from a qualitative standpoint. Two integers are
multiplied to obtain the Rayleigh number, which quantifies
the heat transfer by movement of matter; the higher it is,
the more "efficient” the convection. Other dimensionless
numbers, such as the Grashof number and the number of
Prandtl, are also used to characterize the relative "ease" /
"efficiency" of convection and conduction as a mode of
heat transfer. The Prandtl number quantifies the relative
speed of a medium in transferring energy by movement of
matter (convection) or by heat transfer from one step to
another (conduction); the higher it is, the more the move-
ments of matter (convection) explain the temperature pro-
files of the environment. It follows for Ra that the higher it
is, the more convection is favoured. In addition, the study
showed that variations in temperature and speed particular-
ly depend on the geometry of the enclosure which becomes
increasingly narrow as we move upwards.
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Summary

In power applications, convection plays a domi-
nant position in the transport of strength for the proper
design to attain higher warmth transfer quotes. Where in
the fluid movement is genuinely induced via density gradi-
ents. This has a look at what is involved with transient
convection in an isosceles-superimposed triangular enclo-



sure. The walls were angled at & = 45°. Critical Rayleigh
numbers have been obtained: Ra = 109, especially for the
fluid crushed between the two triangles where we can vis-
ualize the critical convection transaction between the air
and water. The consequences in the quantitative dimension
of average Nusselt quantity change and qualitative visuali-
zation of streamline and isotherms are examined. The air
and water streamlines and the temperature fields had been
obtained for the Rayleigh numbers 10° < Ra < 108, Fur-
thermore, the water fluid's natural convection case has the
best heat transfer performance at the water fluid, whereas
the dilatant fluid exhibits the lowest heat transfer perfor-
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mance. Heat transfer from the bottom to the top can be
significantly improved by the triangle shape at first in a
smooth and harmonious manner, and then it turns into a
more complex and disorderly shape when the water reach-
es high temperatures.

Keywords: energy transfer, triangular enclosure, natural
convection, heat transfer, triangular cavity.
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