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ABSTRACT

Natural convection is simulated in a truncated cone
filled with nanofluid. Inclined and top walls have constant
temperature where the heat source is located on the bottom
wall of the conical container which is thermally insulated.
A finite volume approach is used to solve the governing
equations using the SIMPLER algorithm for different
parameters such as Rayleigh number, inclination angle of
inclined walls of the enclosure and heat source length. The
results showed an enhancement in cooling system by using
a nanofluid, when conduction regime is assisted. The
inclination angle of inclined sidewall and heat source length
affect the heat transfer rate and the maximum temperature.
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1 INTRODUCTION

The numerical study reported here concerned the flows
produced in truncated conical containers filled with a
water-based nanofluid containing Copper (Cu). In the
present work we examine the effect of some parameters
such as Rayleigh number, inclination angle of inclined
walls of the enclosure and the heat source length on the
natural convection inside conical container filled with
water-Copper nanofluid.

2 DEFINITION OF CONSIDERED
MODEL

The The geometry of the two-dimensional conical
container considered in this study is shown in Fig. 1. A heat
source with b length is located on the bottom wall of the
enclosure which is thermally insulated. The Inclined and
the top walls of the enclosure are maintained at a low
temperature (Tc). The nanofluid used is assumed to be
Newtonian, incompressible and laminar. The base fluid
(water) and the solid spherical nanoparticle (Cu) are in
thermal equilibrium. The thermo-physical properties of the
nanofluid are assumed constant except for the density
variation, which is determined based on the Boussinesq
approximation (Table.1).

Figure 1: Flow geometry.

3 GOVERNING EQUATIONS

The continuity, momentum and energy equations for the
laminar and steady state natural convection in the two-
dimensional enclosure can be written in non-dimensional
form :
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The boundary conditions, used to solve the equations
(1)–(4) are as follows:
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ρ(kgm-3) Cp(Jkg-1k-1) K(Wm-1k-1) β(k-1)

Pure
water

997.1 4179 0.613 20.10-5

Copper
(cu)

8933 385 401 1.67

Table 1: Thermo-Physical Properties of Water and
Nanoparticle (cu) [3]

4 NUMERICAL METHOD

The governing equations (1)-(4), with the associated
boundary conditions, are solved using the finite-volume
method. The components of the velocity (U and V ) are
stored at the staggered locations and the scalar quantities (P
and Θ) are stored in the centre of these volumes. The
numerical procedure, called SIMPLER [1], is used to
handle the pressure-velocity coupling.

5 RESULTS AND DISCUSSION

5.1 Validation

The present numerical result was tested successfully in
comparison with the natural convection studies in enclosures
developed by Aminossadati and Ghasem [2] for natural
convection cooling of a localised heat source at the bottom
enclosure filled with Cu–water nanofluid at different Rayleigh
numbers (Table. 2). For all simulations, pure water is
considered as the base fluid with Pr=6.2 and (Cu) is the
nanoparticle. The solid volume fractions is taken (Φ=0.1).

Table 2: Validation of The Present Results with
Aminossadati and Ghasem [2].

5.2 The cooling performance of the nanofluid

We consider in this part, an enclosure filled with Cu–
water nanofluid with a heat source located in the middle of
the bottom wall (b=0.4L) and the top of wall length, a=L/3.
Fig. 2 illustrates the profile of local temperature and

Nusselt number along the heat source for various Rayleigh
numbers. In this figure, the heat source is located in the
middle of the bottom wall (b=0.4L), symmetrical flow and
temperature patterns are observed in the enclosure. The
surface temperature of heated surfaces with fixed heat flux
is not uniform and has a maximum value where the
temperature difference with the adjacent flow is minimal
(Fig. 2a). At this point, for all Rayleigh numbers, the
corresponding Nusselt number is minimum (Fig.2b). It
shows that the maximum surface temperature of the heat
source is reduced by increasing the Rayleigh numbers. This
reduction is less evident as the heat transfer mechanism
within the enclosure shifts from conduction (low Rayleigh).

Figure 2: Case of b=0.4L and a=L/3: a) Profile of local
temperature along the heat source for various Rayleigh

numbers. (b) Profile of local Nusselt number along the heat
source for various for various Rayleigh numbers.

5.3 The effects of heat source length

In this case of the study, the effect of heat source length
located in the bottom wall of the conical container is
considered. Fig. 3 shows the effects of heat source lengths
(b=0.3L, b=0.7L and b=L), on the isotherms at Ra =103;
104, 105 and 106. The figures show that as the heat source
length increases, the higher temperature patterns are
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observed. This can be explained by higher heat generation
rates as the heat source length increases.

Figure 3: isotherms at different heat source length,
b=0.3L(left), b=0.7L(middle) and b=L (right) for the

nanofluid (Cu–water).

5.4 The effects of sidewall inclination

In this part of the study; the effect of sidewall
inclination in flow structure and the isotherms for various
inclination angle of inclined walls of the enclosure are
determined. The main parameter varied in the calculations
was the cone angle α. Calculations were carried out for tg
α=2 , tg α=3, tg α=4 and α=90° and the limiting case of
b=0.4L, when the heat source is located in middle bottom
wall. For the majority of calculations the Rayleigh number
chosen was 104 and 105. The lower Rayleigh number
corresponds to a conduction and convective heat transfer
dominates the temperature distribution for the case of Ra
=105 . As can be seen in Fig. 4, the maximum temperature
increases with increasing values of α in case of Ra=104,
but it is clear if the Rayleigh number increases until
Ra=105, the maximum temperature decreases.

Fig. 5 shows the profile of temperature and local
Nusselt number along the heat source for different
inclination angle of inclined wall of the enclosure.
Symmetrical profiles are obtained for Rayleigh number
(Ra=104 and 105) for the middle of the heat source
(b=0.4L). Fig. 5 shows that the maximum surface
temperature of the heat source is reduced by decreasing the
angle of inclined wall, at low Rayleigh numbers. When the
heat transfer mechanism convection (high Rayleigh
numbers) dominated flow, the maximum surface
temperature is increased by decreasing the angle of inclined
wall.

6 CONCLUSION

The results of numerical simulation have been presented
for the flow generated in a truncated cone filled with
nanofluid (water-Cu). The effects of Rayleigh number, heat
source length and inclination angle are studied. The finite
volume method has been used to numerically solve the
transport equations. Our numerical simulations have been
presented for various values of the Rayleigh number
Ra=103, 104, 105, and 106, and various values of the heat
source length (0.3L, 0.7L and L), for various inclination
angle (tg α=2, tgα=3, tgα=4 and α=90°). The main results
obtained in this study are as follows.
 The computer code developed in this study was

validated with the results found in the literature, and
good agreement has been obtained.

 When the nanoparticles are added, the maximum
temperature is reduced which shows the perfection of
cooling performance.

 The maximum surface temperature of the heat source is
reduced by increasing the Rayleigh numbers.

 The maximum temperature increases with increasing the
heat source length.

 A decreasing angle of inclined wall led to the decreasing
the maximum temperature, when the heat transfer
mechanism conduction dominated flow. The effects
were also reversed if the convection dominates the flow
regime.
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Figure 4: Isotherms for geometry with, (a) tgα=2 (b) tgα=3 (c) tgα=4 , (d) α=90°.

Figure 5: Profile of temperature (left) and local Nusselt number (right) along the heat source for various inclination angle α at
Ra=104(top) and Ra=105(bottom).
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