
 

 

 
Abstract—This paper analyses the heat transfer performance and 

fluid flow using different nanofluids in a square enclosure. The 
energy equation and Navier-Stokes equation are solved numerically 
using finite volume scheme. The effect of volume fraction 
concentration on the enhancement of heat transfer has been studied 
icorporating the Brownian motion; the influence of effective thermal 
conductivity on the enhancement was also investigated for a range of 
volume fraction concentration. The velocity profile for different 
Rayleigh number. Water-Cu, water AL2O3 and water-TiO2 were 
tested. 
 

Keywords—Computational fluid Dynamics, Natural convection, 
Nanofluid and Thermal conductivity. 

I. INTRODUCTION 

HE heat transfer enhancement has been investigated 
intensively within the two–dimensional enclosure for last 

few decades; the natural convection heat transfer arises within 
an enclosure because of the temperature deffirence and 
buoyancy force, one of the limitation of enhancinhg the heat 
transfer of the natural convection is the intrinsicaltly low 
thermal conductivity of the conventional fluids. Enhancing the 
thermal conductivity of fluids attracted the attentions of 
researchers since years, an innovative technique represents in 
dispersing particles with diametrer less than 100x 10-9 m, Due 
to their enhanced thermo physical properties nanofluids are 
potential heat transfer fluids with heat transfer performance, 
this method was first introduced by [1] the nanofluids are now 
promising for their thermophysical properties to enhance the 
heat transfer. The investigation of the enhancement of heat 
transfer due to the use of nanofluids has recently attracted the 
attention of many researchers [2]-[5]. This new innovative 
class of fluids used in cooling containing ultrafine 
nanoparticles (1–100 nm diameter) has shown splendid 
behaviour during tests including increased thermal 
conductivity and augmented heat transfer coefficient 
compared to conventional fluids. Numerous studies have 
shown that nanofluids have superb physical properties [6], 
among of which is thermal conductivity has been studied most 
extensively but remains contentious. As a novel strategy to 
increase heat transfer performance of coolants by the adding 
nanoparticles of diameters less than 100 nm, nanofluids show 
superior heat transfer properties and are being considered as 
promising working fluids to be used for cooling hot systems 
such as solar collectors, electronic cooling systems, heat pipes, 
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and nuclear reactors [7]. Putra et al [8] observed the natural 
convective characteristics of water based Al2O3 nanofluids, 
they reported that adding nanoparticles to base fluid 
systematically worsen the natural convective heat transfer with 
the increase in nanoparticle concentration. However, they did 
not give an acceptable reason for decrease of the natural 
convective heat transfer in a cavity with the increment of the 
volume fraction of nanoparticlesAccording to many literature 
[9]-[17] investigations the thermal conductivity is found to be 
the most affecting key role in the enhancement utilizing 
nanofluids, the effective thermal conductivity was modelled 
using theoretical and experimental models of nanofluids. 
Saleh et al. [18] investigated the natural convection in 
trapezoidal filled with nanofluids. Nasrin et al. [19] 
investigated the heat transfer performance in a vertical closed 
enclosure and it is found that the nanoparticle volume fraction 
play a significant role on the temperature field. Ghasemi and 
Aminossadati [20] carried out a numerical study and 
investigated on natural convection heat transfer in an inclined 
enclosure filled with CuO–water nanofluids. Ho et al. [21] 
investigated experimentallt the natural convection heat 
transfer of Al2O3-water based nanofluid. Ghasemi et al. [22] 
studied the effect of the effect of the Brownian motion in a 
triangular enclosure with natural convection. 

The aim of the present work is to investigate the heat 
transfer enhancement in natural convection using in a square 
enclososture with different nanoparticles types and 
incorporating the Brownian motion using a numerical study . 

II. PROBLEM DESCRIPTION 

A schematic diagram of the physical domain is shown in 
Fig. 1. The model consists of a square enclosure with length 
and hight eual to L. the upper and bottom walls are thermally 
insulated , the left wall is heated at temperature TH and right 
wall is maintained at lower temperature TC. the enclosure is 
filled with water based nanofluid, the nanoparticle 
investigated are: Al2O3, Cu and TiO2 with spherical diameter 
of 25 nm. The water and the nanoparticle are assumed in 
thermal equilibrium, Newtonian and incompressible, the flow 
is laminar, and the thermophysical properties are assumed 
temperature dependent and shown in the following section. 
The thermal properties of Al2O3, Cu and TiO2 particles are 
shown in Table I. 

III. GOVERNING EQUATIONS 

The governing equations are written as; 
Continuity equation 
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Momentum equation 
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Energy equation 
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The thermophysical properties of the nanofluid are 

expressed as 
The nanofluid density 
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The specific heat of the nanofluid 
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The effective thermal conductivity was modelled as 

corcione [23] 
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where 

fk  and 
sk  are the thermal conductivity of base fluid 

and particle respectively 
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bk = 231038066.1  j/k is the Boltzmann’s constant; 
pd  is the 

particle diameter; Pr is the Prandtl number for base fluid and 
expressed as: 
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frT  is the freezing temperature for the base fluid. 

The thermal conductivity with Brownian motion was 
modelled as proposed by [12] 
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K is the Boltzmann constatnt= 1.3807x10-23 
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The viscosity was modelled by [24] as: 
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where ds is the nanoparticle diameter, df is the equivalent 
diameter of the base fluid and given by: 
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where M is the molecular mass weight of the base fluid, N is 

the Avogadro number, 0f  is the mass density of the base 

fluid calculated at T=293 K  
The Brownian viscosity was modelled as [25] 
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Q is the heat flux,h s the heat transfer coefficient  
 

k

Lh
Nu

.


            (18) 

 
 


 CH TTLg
Ra




3           (19) 

 
TABLE I 

NANOPARTICLE THERMAL PROPERTIES 

Nanoparticle 
Density 
Kg/m3 

Thermal conductivity 
w.m-1.k-1 

Specific heat 
J.kg-1.k-1 

Al2O3 3950 35 765 

Cu 8933 400 385 

TiO2 4250 8.93 686.2 

IV. NUMERICAL SIMULATION 

In the present work the energy and momentum equations 
are solved numerically using finite volume scheme, the Ansys 
work bench 14.5 package was sued, a source code written in C 
language was developed to introduce the thermophysical 
properties of the nanofluids as a user defined function. The 
geometry created using ANSYS WORKBENCH design 
modeler,the mesh created using ANSYS Mesh, a laminar 
model was used in the natural convection simulation using the 
for pressure velocity coupling, Courant number=200, under 
relaxation factor was chosen 1 fo density, body force and 
energy. Explicit relaxation factor 0.75 for momentum and 
pressure, body force weighted for pressure spatial 
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discretization, the time step=0.021 s, number of time 
steps=17000, the transient formulation is first order 
implicit,the hot and cold temperature for boundary conditons 
are 274 k and 273 k respectively, a grid independence test was 
carried out and found that grid 300X300 and grid 350x350 
have average Nu 4.89, so grid 300X300 was chosen,the results 
are shown in Table II. 
 

 

Fig. 1 Schematic diagram of the physical model 
 

TABLE II 
GRID INDEPENDENCE TEST 

Grid 192X192 250X250 300X300 350X350 

Nu avg 4.6533 4.7152 4.8193 4.1897 

V. RESULTS AND DISCUSSION 

The simulation of the average Nu for different Ran umber 
are shown in Fig. 1 it shows that the heat transfer rate 
increases with the increase of Ra which is in agreement with 
the literature. 
 

 

Fig. 2 Variation of Nu against Ra 
 

The simulation also investigated the effect of the volume 
fraction on the heat transfer rate, as shown in Fig. 3 that the 
heat transfer ate deteriorated with the increase of the volume 
fraction which in agreement with the literature that the natural 

convection is weakened with the increase of the volume 
fraction, Figs. 4 (a), (b) show the effect of the heat transfer 
rate on volume fraction with Brownian motion effect for Cu-
waer nanofluid and TiO2-water nanofluid, it clearly seen that 
the incorporating he Brownian motion enhance heat transfer 
rate for the three different nanoparticles.  

 

 

Fig. 3 Variation of Nu with volume fraction 
 

 

Fig. 4 (a) Cu-water effect of Nu against volume fraction 
 

 

Fig. 4 (b) TiO2-water effect of Nu against volume fraction 
 

The effect of the enhancing of the heat transfer rate with 
Brownian motion for Al2O3-water nanofluid, Cu-water 
nanofluid and TiO2-water nanofluid with increasing the Ra 
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number is also shown in Fig. 5 it is also concluded that taking 
the Brownian motion will increase N with the increase of Ra. 
 

 

Fig. 5 Effect of Ra number on Nu number for various nanofluids 
 

The simulations also showed the comparison between the 
effect of Ra on Nu with and without the Brownian motion as 
illustrated in Figs. 6 (a)-(c) for three different nanofluids, it is 
shown that the effect of Ra on Nu with and with Brownian 
motion have similar trends for low Ra and for Ra greater than 
105 the effect with Brownian motion becomes greater, and this 
is due to the increase of the buoyant force and Corcione model 
failed to predict the heat transfer rate in that region. 

 

 

Fig. 6 (a) Effect of Ra against Nu for Cu-water with and without 
Brownian motion 

 

 

Fig. 6 (b) Effect of Ra against Nu for TiO2-water with and without 
Brownian motion 

 

Fig. 6 (c) Effect of Ra against Nu for Al2O3-water with and without 
Brownian motion 

 
The volume fraction effect on the velocity was also 

investigated as shown in Fig. 7 it can be read that increasing 
the volume fraction will decrease the maximum velocity. 
 

 

     Fig. 7 Effect of the volume fraction on the velocity 
 
The stream contour or various volume fractions are shown 

in Figs. 8 (a)-(d). 

 

Fig. 8 (a) Temperature contour for 2% volume fraction 
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Fig. 8 (b) Temperature contour for 3% volume fraction 
 

 

Fig. 8 (c) Temperature contour for 4% volume fraction 
 

 

Fig. 8 (d) Temperature contour for 6% volume fraction 

VI. CONCLUSION 

Numerical simulation of 2D square enclosure was 
employed to investigate the heat transfer enhancement in 
natural convection incorporating the effect of the Brownian 
motion for various nanofluids,the effect of increase of 
Rayleigh number was found to increase the heat transfer 
enhancement, while the increase of the volume fraction 
deteriorated the heat transfer rate, incorporating the Brownian 
motion was found to have a negligible effect in the low Ra 
numbers and in Ra>105 the Nu was found greater than that 

without Brownian motion which could be due to the limited 
applicability of Corcione model. 
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