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Abstract:

Natural convection is numerically studied in a triangular cavity whose
inclined walls that is isothermal at temperature T, while its base is
thermally insulated. The cavity contains a hot isothermal cylindrical heat
source Ty of diameter D. In this study, we used the nanofluid (water + TiO3).
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The nanoparticle volume fraction is varied within the range 0.01 < ¢ < 0.05,
and the Rayleigh number is set between 10° and 10°. The main objective of

this study is to explore the impact of nanoparticle concentration, Rayleigh
number (Ra), and heat source position (h) on the enhancement of
convective thermal transfer. The simulation results show that thermal
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exchange improves with increasing Ra, heat source diameter, and

nanoparticle volume fraction (¢).
1. INTRODUCTION

The enhancement of thermal exchange has been
the focus of numerous research studies. Various
authors have conducted theoretical, numerical, and
experimental investigations to describe convection
phenomena. These studies are particularly relevant
due to their applications in diverse industries, such
as cooling electronic equipment, thermal devices,
nuclear power plants, and solar collectors. Some
researchers have shown particular interest in
enhancing thermal exchange using nanofluids [1-3];
studying nanofluids in various objects, such as a
cylinder or a circular tube, leads to improved heat
transfer by increasing the particle size
concentration [4-5]. Some researchers also used
nanofluids in square [6], rectangular [7] and L -
shaped triangular cavities [8] in order to improve
thermal performance, which produced remarkable
results compared to using regular fluids. In this
context, researchers carefully analyzed
nanoparticles in order to measure thermal
conductivity, and they found that using this type in

studies gives better conductivity than ordinary
liquids [9-11]. Their findings demonstrated the
efficiency of nanofluids compared to base fluids
(water) in terms of thermal exchange. Ouyahia et al.
[12] investigated numerically the thermo-hydraulic
characteristics of water-TiO, nanofluid in an
isosceles-triangular cavity. They presented flow and
thermal field mappings, along with the average
Nusselt number inside the cavity. Their findings
showed an intensification of thermal and flow fields
with the rise of Rayleigh number. Natural
convection heat transfer of a hybrid nanofluid in a
permeable quadrantal enclosure with heat
generation was presented by Khan et al [13]. Their
findings revealed. Their than the average Nusselt
number depends on ¢, exhibiting an increase with
rising ¢. Ghasemi and Aminossadati [14] studied
the nanoparticles' Brownian motion inside a
triangular-shaped enclosure. For all considered
volume fractions, they found an increase in the
thermal exchange rate vs. Rayleigh number. Also,
the heat source location has a considerable
influence on the thermal exchange rate.
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A computational study of convection in a
rectangular cavity was presented by Boudjeniba et
al. [15], The results obtained show that the fluid
flow starts as stationary, transitions through
periodic flow after a supercritical Hopf bifurcation,
and then becomes quasi-periodic at two different
frequencies, ultimately leading to chaotic
convection in both pure fluid and nanofluid. Oztop
and Abu-Nada [16] examined convection in partially
heated cavities, highlighting the effects of Ra,
heating element length and location, aspect ratio,
and fluid concentration on hydrothermal
characteristics. Vedavathi et al. [17] investigated
natural convection flow in semi-trapezoidal porous
enclosure filled with alumina-water nanofluid using
Tiwari and Das’ nanofluid model. Their results
indicated that an increase in the Rayleigh number
leads to an increase in heat transfer, where one can
find a reduction of convective heat transfer with ¢.
Many researchers have studied the effect of many
parameters such as Ra number, the volume fraction
of nanofluid, and Ri number in their research. From
their results, it was discovered that the Ra number
and Ri number have significant values in the Nu
number [18-22]. Furthermore, magnetohydrodyna-
mic (MHD) analyzes of convection by nanofluids in
complex geometries have been the subject of
several researchers [23-25]. The results indicate
that corrugated geometry and magnetic fields play
a crucial role in controlling heat transfer rates,
entropy generation and flow behaviour.

This work aims to evaluate the influence of
physical factors (Rayleigh number and nanoparticle
concentration) and geometric parameters, such as
the size and location of the thermal source, on the
dynamic and thermal characteristics of a nanofluid
(water-TiO,) confined within a triangular cavity.

2. MATHEMATICAL FORMULATION

The problem considered in a triangular cavity is
presented in Fig. 1. The dimensions of the cavity are
its length, L, and its height H, such that L=H. The
inclined walls of the cavity are cold isothermal TC,
while its base is thermally insulated. On the other
hand, the cavity is provided with a hot isothermal
cylindrical heat source TH of diameter D. The latter
is moved vertically by the height h. In this research
the nanofluid water + TiO, and the volume fraction

of the nanoparticles is taken in the range 0< ¢ <0.05.

The Rayleigh number between 10% and 106,

Fig. 1. Dimensions of the cavity

The physico-thermal characteristics of the
working fluids are given by the correlations of
Khanafer et al. [26], as summarized in Table 1.

Table 1. Physico-thermal characteristics of the working
fluids at the temperature T = 25°C

Cp p K B(1/ K)x107°
(I/kgK) | (kg/m?) | (W/mK)
Water 4179 997.1 0.613 21
TiO2 686.2 4250 8.9538 0.9

The nanofluid density is given by the following
expression:

Pnr = 1- ¢)pf + ¢pnp (1)
The specific heat of nanofluid is given by:

c _ (1-9)(p-CP) f+P(p-CP)np
Pnf (1=$)p s+ Prp

(2)
as well as by the following relation:

Cong = (1 — d)Cps + ¢Cppy (3)

The viscosity model used is based on volume
concentration where the viscosity of nanofluids for
spherical solid particles less than 1% by volume is
determined by the following equation:

tnr = pr(1+2.5¢) (4)

or through the relationship that includes the
following concentrated comments:

—_ M
Mnf - (1_¢)2_5 (5)

Thermal conductivity can be calculated with the

following relationship:
m _ Knp+2Kf+2¢(Knp_Kf)

Kf  Knp+2Kf+¢(Knp—Kjf) (6)
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Equations (1), (3), and (6) determine the
nanofluid properties for the purposes of this
research.

2.1 Figure Style and Format

The laminar and two-dimensional flow of the
nanofluid were considered. The fluid was assumed
to be incompressible and following the Boussinesq
approximation. The fluid details were determined
at an average temperature. The main equations
following these assumptions are expressed as:

u v
Ty = 0 (7)
o o, (0w, o
Pnf (ua + 175) T oax T Uy [axz + ayz] (8)

ov av) _0p N 0%v N 0%v
~ Tox " H (a2 dy?
+png-Br-g(T —=Tp)  (9)

In the same way, as for the momentum balance,

we will introduce the energy conservation equation:

_|_

9%T = 9°T
Etany o

aT aT
ua + va = Qpf [
The Nusselt number based on the diameter D is
given by the relationship:
Ny =2 (11)
Ky
where are:
u, v - components of velocity, (m/s);
X, y - cartesian coordinates, (m);
P - pressure, (N/m?);
p - density, (kg /m3);
U - dynamic viscosity, (kg/ms?);
N, - Nusselt number;
8 - thermal expansion coefficient, (1/K);
T - temperature, (K);
a - thermal diffusivity, (m?/s).
k -thermal conductivity, (W/m K);
g - gravitational acceleration, (m/s?);
D - diametre of source;
H - hot;
C - cold;
av - average.

3. COMPUTATIONAL PROCEDURE AND CHECKING

A finite difference approach was used to solve
the main equations, which were discretized over a
control volume. The SIMPLE algorithm was
employed for pressure-velocity coupling. A detailed

description of this technique is available in research
[27]. The convergence criterion is set as:

[Vn=Yn-1l < 10—5 (12)
[vnl

The numerical simulation was carried out with
the ANSYS Fluent commercial code. For the
numerical validation of the computer code, we
compare the numerical results of this study with
those obtained by Arefmanesh et al. [28]. The
changes in the average amounts of Nusselt number
obtained at the level of the hot wall for the TiO,—
water and for the nanoparticle concentration
¢=0.02, Rayleigh number Ra=10° and the ratio
AR=0.5is practically identical to that of [28]. Namely,
this study shows 13.0221, while Arefmanesh et al.
[28] achieved 13.0431.

3.1 Domain Mesh

The key findings are highlighted in terms of
thermal and flow fields, and the change in the hot-
wall Nusselt number. The mesh is unstructured
(121X121), it gives more accurate values in
comparison with other mesh sizes. The results
obtained for water - TiO, nanofluid, Ra=108, ¢p=0.01
and B=0.5H, with this mesh (121X121), are
comparable to those obtained for the mesh of
(61X61), (81X81) and (101X101). The fineness of the
mesh (61x61) generates maximum variations lower
than 0.65% in terms of Nu,, (Table 2). As clearly
observed, there is a small difference between the
results of the four meshes. This fineness is used for
all subsequent calculations.

Table 2. Mesh effect on the results obtained for water -
TiO2 nanofluid, Ra=10°%, ¢=0.01, B=0.5H and for source
diameter D=0.1L

Mesh 61X61 |81X81 |101X101
Nugy 2.614 | 2.605 2.600
Error (%) 0.650 |0.310 0.100

4, RESULTS AND DISCUSSION
The physical parameters involved in the

considered case are the Rayleigh number (Ra), the
particle concentration, the geometric conditions
and the heat source location. The following section
examines the effects of Ra and volume
concentration ¢ on the fluid flow and thermal
exchange behaviour. Numerical simulations were
conducted for a laminar regime using water-TiO,
nanofluid.
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4.1 Stream Lines and Isothermal Lines

The flow and thermal lines for the pure water
(solid line) and the pure water - TiO, nanofluid
(broken line), for a Rayleigh number Ra=10°, the
source position at the height B=0.25H and a particle
concentration ¢=0.05 is plotted in Fig. 2. The results
demonstrate that the impact of the injected
nanoparticles in the pure fluid is evident. The
isothermal lines of water-TiO, overlap with those of
the pure fluid at the level of the thermal source.

Fig. 3 illustrates the streamlines and the
isothermal lines for a volume concentration of
nanofluid ¢=0.01 and for a heat source of diameter
D=0.1L positioned at the height of B=0.25H. It has
been observed that increasing the Rayleigh number
Ra leads to increased velocities in the two nanofluid
recirculation cells surrounding the heat source, and
that these two cells move significantly towards the
top of the triangular cavity, this demonstrates that

Stream lines

increasing the number of Rayleigh Ra stimulates the
molecules of fluid (nanofluid) to increase the
circulation velocity in the cavity. For the shape of
the isothermal lines, we note that the distribution
of heat provided by the source is better when the
circulation velocity in the cavity is increased. In
order to improve the heat transfer, the number Ra
must be increased.

The influence of the source position (h) on the
streamlines and thermal fields for Rayleigh number
Ra=10> and ¢=0.05 is illustrated in Fig. 4. The
circulation velocity in the cavity increases with the
augmented distance between the thermal source
and the cold walls. For the shape of the isothermal
lines, we note that the distribution of heat provided
by the source is better with a significant distance
between the cold sides and the heat source. The
source must be moved away from the walls for
further enhancement of the thermal exchange.

Isothermal lines

Fig. 2. Stream lines and isothermal lines for pure water (__), water-TiO2 nanofluid (---)
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Fig. 3. Influence of the Rayleigh number Ra on stream lines and isothermal lines for B=0.25H and ¢=0.01
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B/H Stream lines Isothermal lines
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Fig. 4. Influence of the position of the source h on the stream lines and the isothermal lines for Ra=10°

and ¢=0.05
The influence of the size of the source on the recirculation velocity is higher for the size of the
hydrothermal lines for the volume concentration of cylinder source D=0.05L by a source size ratio of
nanofluid ¢p=0.05 and for a source positioned at the D=0.1L. For the appearance of the isothermal lines,
height of B=0.25H is given in Fig. 5. We note that for the distribution of heat supplied by the source for
Ra=10°, the recirculation velocity for the two sizes the two cases is almost identical.

are identical, on the other hand, for Ra=10° the
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Fig. 5. Influence of source size on stream lines and isothermal lines for ¢p=0.05 and B=0.25H
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4.2 Changes in Nusselt

The aim of this study is to investigate is to
inspect the influence of the volume concentration
of nanofluid ¢, the heat source position B, and Ra
on the improvement of convective thermal
exchange. Fig. 6 represents the impact of the
volumetric concentration of nanofluid on the
average values of Nu and for various amounts of Ra.
The impact of the volume concentration ¢ is
proportional to the average amounts of Nu. In
addition, Nu augments with increased volume
fraction.
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Fig. 6. Effect of nanofluid volume concentration on the
average Nusselt number for B=0.25H and source
diameter D=0.1L

For ¢=0.05, the changes in the average values of
Nu vs. Rayleigh number are presented in Fig. 7. As
plotted, the impact of Ra on the average Nu is
negligible, as long as Ra<10°, assisting in this case
with the thermal exchange in the conduction mode.
For Ra>10°, the thermal exchange in the convection
mode then takes over, leading to a notable increase
in Nu.

g—"

08 T T
10° 10' 10° 10°
Ra
Fig. 7. Variation of the average Nusselt number as a
function of the Rayleigh number Ra for ¢=0.05, B=0.25 H

and source diameter D=0.1 L

Concerning the impact of the source position on
the average amounts of Nusselt numbers is
illustrated in Fig. 8, we can divide into two parts:

e Ifthe Rayleigh number is less than 10°, the closer
the cold-walled source gets the average Nusselt
number increases. This validates that the
thermal exchange is significant for Ra<10° in the
conduction mode.

e If the Rayleigh number is greater than 10°, the
further away from the source with the cold sides,
the average Nusselt number increases. This
validates that, the heat transfer assistant for
Ra>10° in convection mode.
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Fig. 8. Effect of source position on mean Nusselt number
for ¢=0.05 and source diameter D=0.1L

Fig. 9 reveals the effect of the size of the source
positioned at the height of B=0.25H on the average
amounts of Nu and for the nanofluid concentration
¢=0.05. It is noted that is necessary to increase the
source diameter for a significant improvement in
the thermal exchange.
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Fig. 9. Effect of source size on mean Nusselt number
and for ¢=0.05

4. CONCLUSION

This work performed a computational
simulation of convection in a triangular enclosure
subjected to thermal and kinematic boundary
conditions. The study investigated the influence of
the Rayleigh number (Ra), nanofluid concentration
(¢), and heat source position on the flow field and
thermal exchange and explored different values of
these three parameters.

e Thermal exchange increases with higher
Rayleigh number (Ra), source diameter (D), and
nanofluid volume concentration (¢).

e Heat transfer occurs primarily through
conduction for Rayleigh numbers less than 10°
and through convection for Rayleigh numbers
greater than 10°.

e For Ra<10%, heat transfer is more effective when
the heat source is closer to the cold walls.

e For Ra>10°, heat transfer is more effective when
the heat source is farther from the cold walls.
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