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TiOs-water nanofluid within a tilted triangular enclosure
including a square heater: optimum heat transfer
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Abstract — Into this paper, natural convection of TiOz-water nanofluid is numerically investigated around
a square isothermal heater, found into a two-dimensional cold enclosure of an isosceles triangle form. To
do so, a computer code based on the finite volume method and the velocity-pressure correction approach,
namely SIMPLER, is used. This code has been validated for cases of a base fluid and a Nanofluid, after
comparison between the obtained results and the numerical (or experimental) ones already available in the
literature. To make clear the effect of main parameters such the Rayleigh number, the solid volume fraction
as well as the cavity’ inclination angle, the convection phenomenon is reported by means of Streamlines and
isotherm plots; with a special attention to the Nusselt number evolution. The results show that the mean
Nusselt number is an increasing function of the Rayleigh number and the solid volume fraction, whereas
the inclination angle of the cavity has no significant effect on heat transfer. Then, useful correlations which
predicting the latter as a function of the solid volume fraction for various Rayleigh values are proposed,
which predicts within +0.4% the numerical results.

Key words: Natural convection / isosceles triangular enclosure / TiOz-water nanofluid / square heat
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1 Introduction

Heat convection of nano fluids, which are a mixture
of nanoparticles in a base fluid such water and oil, has
been recently an active field of research since they are
used to improve heat transfer. Compared to other tech-
niques for enhancing heat transfer in practical applica-
tions, nanofluids have the advantage of behaving like pure
fluids because of the nanometric size of introduced solid
particles. Thus, it can be used as heat transfer fluids for
various applications, such in advanced nuclear systems or
micro/mini channel heat sinks, electronic equipment as
power transistors, printed wiring boards and chip pack-
ages mounted on computer mother boards.

To reveal the effects of such added nanoparticles on
the heat transfer, some papers dealing with natural con-
vection of nanofluids into differentially heated enclosures
were very helpful [1-4]. A review of the literature indicates
that most researches [5-8] were achieved using a square
configuration whilst a little attention has been devoted
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to the convection phenomenon within complex configura-
tions such triangular ones [9-11].

Elif [12] investigated natural convection heat transfer
of water-based nanofluids within an inclined square en-
closure having a left heat source, with a constant heat
flux mounted at its center, and a right cold wall, the
remaining walls were maintained adiabatic. The predic-
tions were performed using the polynomial differential
quadrature method by taking into account the variation
of the inclination angle (from 0° to 90°), the solid vol-
ume fractions (from 0% to 20%), the heater’ source length
(0.25,0.50 and 1.0) and the Rayleigh number (from 10* to
10%) as well. By investigating five types of nanoparticles,
Elif found that heat transfer rate is always an increasing
function of both the nanoparticles volume fraction and
the Rayleigh number. Additionally, he pointed that the
nanoparticles type, the heat source length as well as the
cavity inclination angle are important factors affecting the
flow and temperature fields.

Oztop et al. [13] studied the effects of non-isothermal
boundary conditions on natural convection in enclosures
filled with (TiO2 or AlyOgs)-water nanofluid. The right
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Nomenclature

Cp Specific heat at constant pressure (J.kg '.K™')
g  Gravitational acceleration (m.s™2)

h  Heater’ distance from the bottom wall (m)
H  Cavity height (m)

ks Fluid thermal conductivity (W.m™*K™1)
Nusselt number

Pressure (Pa)

Dimensionless pressure

Prandtl number = Cppue/ ke

Rayleigh number = gBpf ATH3C,, / ek
Dimensional temperature (K)

=2
8

Dimensional velocity component in z direction (m.s™ ')
Horizontal dimensionless velocity component
Dimensional velocity component in y direction (m.s™!)
Vertical dimensionless velocity component

Heater’ width (m)

Horizontal coordinate (m)

Dimensionless horizontal coordinate

Vertical coordinate (m)

SRR EEEEFERE

Dimensionless vertical coordinate

Greek letters

«  Inclination angle of the cavity

a; Fluid thermal diffusivity (m?.s™")

B Thermal expansion coefficient (K1)
[% Dimensionless temperature

pe  Fluid viscosity (kgm™'.s™!)

pt  Fluid density (kg.m™3)

¢  Nanoparticles volume fraction

¥ Stream function

Subscript
avg Average
c Cold
h  Hot

nf Nanofluid
S Solid particles

wall was maintained at a uniform temperature lower than
the left one, which is characterized by a sinusoidal distri-
bution. The results presented as streamlines, isotherms
and Nusselt numbers for various values of Rayleigh num-
ber (10% to 10°), nanoparticles volume fraction (0% to
10%), and inclination angle (0° to 90°) confirmed that un-
der sinusoidal boundary conditions, the added nanoparti-
cles change completely the fluid flow and the temperature
distribution.

As well, the convection problem inside nanofluid filled
cavities of both side walls with non-uniform heating was
inspected by Arani et al. [14]. Effects of an increase in
shear force when the buoyancy force is kept constant,
and effects of an increase in buoyancy force for a con-
stant shear force on the heat transfer characteristics were
mainly investigated.

Regarding the effect of Brownian motion, Ghasemi
and Aminossadati [15] studied the laminar steady-state
natural convection into a partially heated right-angle
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triangular cavity filled by a CuO-water nanofluid. The
CuO nanoparticles were assumed to be spherical with a
radius of 10 nm. Under this condition, they proved that
the Brownian motion plays a crucial role in modifying the
thermal conductivity and viscosity of the nanofluid. This
study and many others [16-18] validate that this effect
must be only taken into account when the nanoparticles
size is below 40 nm. Above this size, it can be neglected.

A few years later, the effect of magnetic field on the
heat transfer through a nanofluid filled enclosure was
taken into consideration, as illustrated in the paper of
Aminossadati [19]. The convection phenomenon into a
right-triangular cavity filled with a CuO-water nanofluid
was concerned for different positions of two heat sources
(which located at the bottom wall), the solid volume frac-
tion, as well for a wide range of the Rayleigh and Hart-
mann numbers. The author proved that the magnetic field
and the addition of nanoparticles may play an opposing
role on the main heat transfer rate.

Even though there have been such studies conducted
on natural convection in nanofluid filled enclosures under
many configurations and boundary conditions, relatively
few studies were documented in the case of cavities con-
taining blocs [20,21]. As such, the present paper concerns
the examination of laminar steady-state natural convec-
tion within a cold isosceles triangular enclosure filled with
a TiOs-water nanofluid, including a square heater at a
distance h = 0.25H from it base.

The main purpose of this investigation is to reveal
the effect of a set of parameters such the Rayleigh num-
ber, the solid volume fraction and the inclination angle
of the triangular enclosure on the heat transfer rate; to
come up with general correlations which may predict the
mean heat transfer into such configurations. Noted that
the Brownian motion is not taken into consideration in
our study since the TiO5 nanoparticles size is assumed to
be greater than 45 nm.

2 Problem’s statement and mathematical
formulation

The problem under investigation consists of a lam-
inar, two dimensional natural heat transfer convection
into a cold tilted isosceles triangular enclosure; having
a square heater which located at a fixed distance from
it bottom wall (noted as h). The physical problem as
well as its boundary conditions is shown in Figure 1.
The cavity area is filled with a TiOs-water nanofluid,
such as the water and TiO2 nanoparticles are in ther-
mal equilibrium. The computational results are obtained
for a wide range of Rayleigh number (10* < Ra < 10°)
and nanoparticles volume fraction (0% < ¢ < 10%),
when the enclosure inclination angle is taken between
0° and 180°. The thermo-physical properties of the base
fluid and the spherical TiOy nanoparticles are given in
Table 1. Constant thermo-physical properties are con-
sidered for the nanofluid whilst the density variation in
the buoyancy forces is determined using the Boussinesq
approximation [22].
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Fig. 1. Schematic of the physical problem with its boundary conditions (a) and grid arrangement (b).

Table 1. Thermo-physical properties of the base fluid and
Tio2 nanoparticles, 7' = 25 °C [27].

Thermo-physical properties Base fluid (water)  TiO2
Cp (Jkg ' K™h 4179 686.2
p (kgm™?) 997.1 4250
k (Wm LK™ 0.613 8.9538
B (K) 107° 21 0.9

The density, pnf, the heat capacity, (p Cp)nt, the ther-
mal expansion coefficient, (p3)ns, and the thermal diffu-

sivity of the nanofluid, ay¢, are defined, respectively, as
follows [23]:

put = (1 — )pt + s (1)

(PCp)nf =(1- ‘P)(pc’p)f + ‘P(pc’p)s (2)

(PB)nt = (1 — ) (pB)e + p(pB)s (3)
_ knf

o G o

The effective viscosity, png, and the thermal conductiv-
ity, kut, of the nanofluid are obtained from the following
respective relations proposed by He et al. [24] based on
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their experimental results:

fint = pi¢ (199.219% 4 4.62¢ + 1.0) (5)
knt = ke (125.62¢% + 4.82¢ + 1.0) (6)

In a steady state, the dimensionless continuity, momen-
tum (in both the horizontal and vertical directions) and
the energy equations can be written as follows:

U AV
U AU AP e {aw 92U

Uox VVavy = ox * e aX2+aY2]+Sm(O‘)
(8)

ov. . OV OP oy [0V OV

Uox "Vavy = " av T puan [axz * ay2}
(pﬁ)nfRaPrﬂ—kcos( ) (9)
Pnf Pt

00 90 awr [0%0 | 0%

Uax "Vay ~ 4, [—a)@ aT] (10)

The following dimensionless variables were introduced as:

H H H?

X — EY £7U:u_7V:U_,P:p—2,
H’ H of g Puf OF
T-T

0= < 11
Th_TC ( )

The Nusselt number based on the height (or the width)
of the heater (w) is evaluated from the following relation:

hnfw
ke

Nu = (12)
The heat transfer coefficient for the nanofluid h,s is ob-
tained from the expression:

q

g =
T

(13)

The heat flux on the sides of the heater per unit area ¢
can be written as:

(Th — T) %

¢ = ~hnt w on

(14)

heater surface

Substituting Equations (13) and (14) into Equation (12)
yields to the following relation for the Nusselt number:

k 00
Nu— — [ of) Y
k‘f 8n

where n is the normal coordinate to the heater surface.
It is to note that the average Nusselt number of
the heater (Nuavg) is calculated by integrating the local

Nusselt number over all four surfaces of the heater and
then, divided by the perimeter of the later (4w).

(15)

heater surface
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Fig. 2. Domain and boundary conditions for the buoyancy-
driven heat transfer in a square cavity with a partially-heated
wall filled with Cu-water nanofluid [26].

3 Numerical procedure and validation

The governing equations are discretized in space using
the finite volume method. The resulting algebraic equa-
tions with its associated boundary conditions are solved
using the line by line method. As the momentum equa-
tion is formulated in terms of the primitive variables (U,
V and P), the iterative procedure includes a pressure cor-
rection calculation algorithm, namely SIMPLER [25], to
solve the pressure-velocity coupling. Compared to other
velocity-pressure coupling approaches, such SIMPLE and
SIMPLEC, the SIMPLER approach is proved to be faster
(about 30 to 50% fewer iterations).

The convergence criterion for the temperature, the
pressure, and the velocity as well is given as:

M=

3

j=11

|¢fj1 ‘Pﬁj |

<107

(16)

el

= 1
§|+|

where m and n are the numbers of grid points in X- and
Y -directions, respectively, ¢ is any of the computed field
variables and k is the iteration number.

The performance of the using code via the natural
convection of nanofluids into a confined space is accom-
plished by comparing predictions with other numerical
results and experimental data, and by verifying the grid
independence of the present results.

First, the present results are consistent with previous
computations, namely those of Oztop and Abu-Nada [26],
which deals with natural convection of Cu-water
nanofluid into a partially heated square enclosure (see
for instance Fig. 2). By taking into account the same
hypotheses, Table 2 demonstrates a comparison of the
mean Nusselt number computed with various values of
the Rayleigh number (Ra) and the nanoparticles’ volume
fraction (¢cu), respectively. As we can see, the present
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Table 2. Average Nusselt number of the heat source, compar-
ison with Oztop and Abu-Nada [26] for the partially heated
square cavity filled with Cu-water nanofluid.

Ra ® Oztop and Abu-nada [26] Present Work
0.00 1.004 1.005
0.05 1.122 1.128
10°  0.10 1.251 1.248
0.15 1.423 1.419
0.20 1.627 1.621
0.00 2.010 2.032
0.05 2.122 2.105
10*  0.10 2.203 2.199
0.15 2.283 2.291
0.20 2.363 2.382
0.00 3.983 3.992
0.05 4.271 4.256
10°  0.10 4.440 4.389
0.15 4.662 4.680
0.20 4.875 4.861
5.0 L L
Arefmanesh et al. [27]
454 o @=0.00 Usv=0,0%0 e o
o = 0.03
404 -—o---9=005 0=1 5 -

3.54
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Z
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15-
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a

Fig. 3. Average Nusselt number evolution with Ra and ¢,
comparison with Arefmanesh et al. [27].

results and those of Oztop and Abu-Nada are in excellent
agreement with a maximum discrepancy of about 1.8%.

To check the numerical code validity with a parti-
tioned case, those obtained by Arefmanesh et al. [27] for
a cold enclosure with a centred heater have been selected.
Figure 3 illustrates the mean Nusselt number evolution
with both Ra and ¢pri02. Once again, the numerical pre-
dictions, obtained with a regular mesh grid of 1002, show
a great agreement with those of Arefmanesh et al.

Via the experimental data, the code boundary condi-
tions have been adapted to those of Krane and Jessee [28]
which deals with natural convection of Air into a square
enclosure. Figure 4 displays the non-dimensional tempera-
ture profile at the vertical mid-plane of the enclosure and
that, for a Rayleigh number equals 10°. Regarding the
latter, the numerical results exhibit a great quantitative
concordance with the experimental ones, what support
the use of our code via the convection phenomenon.

To ascertain the numerical code validity with trian-
gular structures, those obtained by Varol et al. [29] have

1.0 1 1 1 1
Present predictions
o Krane and Jesse,[28] . “Experimental”
el o Khanafer et al.[23], “Numerical” -
0.6
(==

0.4
02 4
00 . . . y . y . . .

0.0 02 0.4 0.6 0.8 1.0

X

Fig. 4. Temperature distribution at the vertical mid-section
of the enclosure. (Ra = 10°, Pr = 0.7).

been taken into consideration. As reported in papers of
Asan and Namli [30] and Lei et al. [31], the corner point
velocity values were updated as the mean of two adja-
cent wall node velocity values. These boundary conditions
were used to update related values on all boundaries of
the triangle as the steady-state solutions were numerically
approached. The discontinuity in temperature at the in-
tersection of the inclined and base walls was handled by
assuming the average temperature of the two walls at the
corner and keeping the adjacent nodes at the respective
wall temperatures. The inclined boundary was approxi-
mated staircase-like zigzag lines. Although the solution
was computed on the approximated geometry, the result-
ing error in the solution for moderately fine grid is usu-
ally small [30-33]. Figure 5 displays the computed mean
Nusselt number for various Rayleigh values, when a heat
source is located in the middle of the vertical wall of the
enclosure. As we can see, the present results and those
of Varol et al. are fully identical with a maximum dis-
crepancy of about 0.6%. In the light of these validations,
the present numerical scheme may yield a very accurate
velocity, temperature and Nusselt predictions for the con-
sidered problem.

In order to determine the prefect mesh for our pre-
dictions, a grid independence investigation is conducted
for the convection phenomenon of TiOs-water nanofluid
into our configuration (already shown in Fig. 1a). Several
mesh distributions ranging from 602 to 1402 are tested,
the mean Nusselt number of the above uniform grids is
presented in Figure 6. It is observed that a 90? uniform
grid is adequate for a grid independent solution. However,
a fine structured mesh of 1002 is used to avoid round-off
error for all other calculations in this research.

4 Results and discussion

The results are generated for different perti-
nent dimensionless groups such the Rayleigh number
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Fig. 6. Average Nusselt number for different uniform grids,
@Tio2 = 0.04.

(10* < Ra < 10), the TiO5 volume fraction (0.0 < ¢ <
0.10) and the cavity inclination angle (0° < o < 180°).
The width of the square heater as well the Prandtl num-
ber are taken equal to 0.10H and 6.2 respectively. The
predicted (hydrodynamic and thermal) field variables are
presented in terms of streamlines; isotherm plots, vertical
velocity profiles and average Nusselt number.

Our investigation is carried out in two phases: in the
first one, we inspect the effects of Rayleigh number and
TiOg volume fraction on heat transfer performance into
the cavity. For that, the inclination angle is kept equal to
0°. In the second, calculations are performed for a wide
range of the cavity’ inclination angle when the Rayleigh
number and the nanoparticles volume fraction are taken
as 10% and 0.0 (or 0.10), respectively

4.1 Impact of Rayleigh number and solid
volume fraction

In this section, the inclination angle of the partitioned
triangular enclosure is equal to 0°. For each value of
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Fig. 7. Streamlines and isotherm plots for the TiO2-water
nanofluid [- - -] with ¢ = 0.10 and the base fluid [—].

the Rayleigh number (Ra), the predicted streamlines and
isotherm plots for both values of the TiOs volume frac-
tion: ¢ = 0.10 and ¢ = 0.00 (case of a pure water)
are shown in Figure 7 with its related stream-functions
(Wmax)~

For the base-fluid case, the streamlines shows two
symmetrical counter-rotating circulating cells which es-
tablished in the left and the right sides of the heater.
By increasing the Rayleigh number, these latter become
more packed adjacent to the cold isosceles walls what
makes the absolute value of the stream-function more im-
portant. When Ra = 10°, the convection mechanism be-
comes more pronounced and consequently, the eyes of the
counter-rotating eddies move upwards, indicating more
densely packed streamlines at the top portion of the tri-
angular enclosure.
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Fig. 8. Vertical velocity profiles at Y = 0.30 for both TiO»-

water nanofluid and pure water, according to different values

of the Rayleigh number.

In the case of TiOz-water nanofluid, (with ¢ = 0.10),
the circulating cells seem weaker compared to that one
of the base fluid. This phenomenon is related the fluid
viscosity which becomes important with the presence of
the nanoparticles.

According to Figure 7, and for a Rayleigh num-
ber of about 10% the isotherms are uniformly dis-
tributed, demonstrating a dominated-conduction heat
transfer regime. As the Rayleigh number increases the
natural convection effect becomes dominant. Therefore,
thin thermal boundary layers are formed around the
heater surfaces as well as along the isosceles walls in-
dicating then, a large temperature gradient along these
surfaces. It is to note that for ¢ = 0.10 the natural con-
vection becomes weaker due to the TiOs-water viscosity.

The examination of the magnitude of the vertical ve-
locity component, along the horizontal plane at Y =
0.30H, for various values of Rayleigh number confirms
the results previously obtained from analysing the stream-
lines. As displayed in Figure 8, the increase of the vertical
velocity component with the Rayleigh number indicates
stronger buoyant flows within the cavity. Therefore, the
heat transfer mechanism is expected to be due to convec-
tion at high Rayleigh number when the conduction gov-
erns the heat transfer at low Rayleigh number. However,
due to the fluid viscosity enhancement at ¢ = 0.10, the
TiOs-water nanofluid is associated with a lower absolute
magnitude of the velocity compared to that of the pure
water.

Figure 9 illustrates the mean Nusselt number (Nuayg)
calculated along the sides of the heat source, with re-
spect to the volume fraction of the nanoparticles, at var-
ious values of the Rayleigh number. The mean Nusselt
number is found to be an increasing function of the
Rayleigh number as the heat transfer regime becomes con-
vection dominated, and raise with the increase TiOq vol-
ume fraction due to the improvement of the nanofluid’
thermal conductivity. Summarizing the numerical re-
sults, predictive correlations related the mean Nusselt

35 1 L 1 1
e
3.0 1 T -
e -
254 ol +
= ] L L
220 L
e .
L + Ra=10
15 . ; L
. e 4 Ra=10
,,,,,,, e @ s
n Ra=10
1D'b-w""""”-//o’” """ Nu =flo), Eq.(17) |
o Nu“: =1(0), Eq. (18)
""" Nu, =1f(9), Eq.(19)
0.5 T T T —T
0.00 0.02 0.04 0.08 0.08 0.10

Fig. 9. Variation of the mean Nusselt number according to
the nanoparticles volume fraction for various values of the
Rayleigh number.

number to the nanoparticles volume fraction, at a fixed
Rayleigh number, are proposed as follows:

Nugvg Ra=100 = A19° + Ao ¢+ A3 (17)
Nuavg Ra=105 = B1¢? + B2 ¢ + Bs (18)
Ngyg, Ra=106 = C1¢ + Co (19)

where coefficients of each equation are listed in Tables 3a—
3c, respectively, as well as the R? values to indicate the
goodness of the curve-fit shown in Figure 8. These corre-
lations are found to predict our numerical results within
+0.4%.

4.2 Impact of the cavity inclination angle

In this section, the Rayleigh number is kept equal to
105 whereas the inclination angle of the cavity ranges
from 0° to 180°. The main circulation cells as well as
the isotherm plots are illustrated in Figure 10 and that,
for two different nanoparticles volume fractions such as
0.00 and 0.10, respectively.

As we can see, the streamlines of a > 0° show two
asymmetrical counter-rotating eddies formed inside the
cavity when it is not the case for a = 180. Additionally,
the stream-function values of the investigated angles, pre-
sented in Table 4, confirm the strong rotation of the left
circulating cell compared to the right one. Noted that the
increase in the inclination angle leads to the increase of
the weakest cell (located at the right side of the heater),
to be identical to the left one what explain the symmet-
rical counter-rotating eddies when is equal to 180°. The
isotherms for each inclination angle are adjusted accord-
ing to the presented streamlines. The clustering of the
isotherms towards the heater reveals a high temperature
gradient and the development of thin boundary layers
near its surfaces. Once again, it can be observed that the
increase of the solid volume fraction decreases the natu-
ral convection phenomenon and that, because of the fluid
viscosity enhancement.
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Table 3. Values of curve-fit constants of (a) Equation (17), (b) Equation (18) and (c) Equation (19).

(@) Ay As As R? for Equation (17)
117.2506  4.3252 0.9336 0.9999
B Bs Bs R? for Equation (18)
142.3657 —1.5739 1.2826 0.9990
(© Cy C> R? for Equation (19)
10.6130 2.3426 0.9950
38
3.6- e L
I ’ =010 . |
=0° 344 -
1 = o ¢=0.08
3.2 -
2 J—
5° 304 s =0.06 L
Z 30 . 0
2.8+ a T e 0=004 L
2.6+ B N L
a=30° =002 [
244 ) B ¢=000 __ |
0O 20 40 60 80 100 120 140 160 180
o
Fig. 11. Variation of the Mean Nusselt number according to
the inclination angle for different values of the solid volume
fraction, Ra = 10°.
0=45°
Table 4. Stream function of Tip2-water nanoparticles at ¢ =
0.00 and ¢ = 0.10 for various values of a.
Wmax Wmin
@ T5=000 £=010 ©=000 ¢=0.10
0° 15.769 8.764 —15.769 —8.764
30° 20.999 16.530 —11.287 -9.569
e 60° 45°  20.238 16.855  -12.640  —11.018
60° 17.833 15.905 -14.975 -12.372
90° 12.711 12.462 -18.136 -12.874
180° 15.101 12.588 -15.101 —12.588
Figure 11 shows the impact of the inclination angle
) on the mean Nusselt number and that, for various values
=90 of the nanoparticles’ volume fraction. Unlike the positive
effect of the volume fraction, the effect of the inclina-
tion angle on the heat transfer enhancement proves to be
insignificant, as the maximum improvement (found with
a = 60°) is quietly over 6% compared to the non-tilted
enclosure.
o= 180°

Streamlines Isotherms

Fig. 10. Streamlines and the isotherms for Tipz2-water
nanofluid [- - -] with ¢ = 0.10 and base fluid [—], at different
inclination angle.
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5 Conclusion

Natural convection heat transfer of TiOs-water
nanofluid within a cold isosceles triangular enclosure, hav-
ing a square heater has been investigated numerically.
The study focuses on optimal conditions leading to bet-
ter heat transfer. Thus, the impacts of the Rayleigh num-
ber, the nanoparticles volume fraction as well the cavity
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inclination angle on the hydrodynamic and thermal char-
acteristics of such fluid were analyzed. The present results
may summarise as follows:

Re
(1]

2]

[4]

[5]

[6]

[7]

8]

[9]

In the case of a = 0°, the heat transfer is an increas-
ing function of both: the Rayleigh number and the
nanoparticles volume fraction.

Useful correlations predicting the heat transfer as a
function of the nanoparticles volume fraction can be
proposed for each value of the Rayleigh number, which
predict the numerical results within £0.4%.

The increase of the inclination angle of the cavity has
no significant effect on heat transfer as the maximum
enhancement is quietly over 6% compared to the case
of a nontilted cavity (o = 0°). Then, the inclination
of the triangular cavity is not desired to improve the
heat transfer.
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