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1. Introduction 

 
The general strategy for improving the safety of 

nuclear power plant and its economics is to accomplish 
power uprates while securing sufficient thermal-
hydraulic margin. In order to succeed this strategy, 
there have been a lot of efforts in increasing the margin 
through the enhancement of heat transfer capability in 
coolants. However, despite their efforts, only about 10 
~ 15 % increase of the thermal margin is possible by 
using the best art known well up to now with 
installation of mechanical engineering devices such as 
mixing vane or button to generating the swirl flow and 
turbulent mixing. 

The limit of the capability of the best technique has 
made a lot of engineers to be frustrated to do the power 
uprates. Nevertheless, fortunately a new innovative idea 
is being proposed in heat transfer community as an 
engineering colloidal fluid to basically change the 
original properties of the coolant. The fluid began to be 
called by Choi[1] as a nanofluid which is a mixture of 
solid nanoparticles and liquid. 

So many researchers expressed a lot of interests in its 
capability. Their focuses are limited in investigations of 
thermal conductivity enhancement. All thermal 
engineers usually have learned the importance of 
natural convection with the convective motion driven 
by buoyancy in a thermal system design. Its 
understanding is central to investigate on flowing 
characteristics of the nanofluids. In particular, natural 
convection in enclosure has considerable interest of 
many engineers due to the characteristics of the motion 
derived by the interaction of a difference in density 
driven by thermal gradient with a gravitational field. 
And also, the natural convection is significantly 
important in an accident of loss of pumping capability 
in nuclear power plant and a safety analysis. Therefore, 
the purpose of this paper is to investigate the basic 
natural convection characteristics of nanofluids for 
which yet a lot of understanding is necessary. For this, a 
commercial CFD code, Fluent is used. 

 
2. Natural convection (Benard Cells) and heat 

transfer Characteristics of nanofluid 
 

In enclosures heated from below, the imposed 
temperature difference must exceed a finite critical 
value before starting fluid motion and convective heat 
transfer occurs. As the temperature gradient exceed a 
critical value, the condition for the onset of convection 
is expressed  by the critical Rayleigh number [2] 

Ra ≥ 1708  (1) 
Where 
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Immediately above Ra =1708, the flow consists of 
counterrotating two-dimensional rolls like Fig. 1. The 
flow pattern is commonly called as Benard cells or 
Benard convection. The heat transfer effect of the 
cellular flow is to augment the net heat transfer rate [2]. 
Generally, the correlations of heat transfer for natural 
circulation have a type of Nu=ARaB.  
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Fig. 1. Horizontal fluid layer heated from below [2,3] 
 

2.1 Cellular flow pattern in Water 
 
We simulated the Benard cells by using Fluent code. 

The fig. 2 shows the results displaying the buoyancy-
driven motion by density differences caused by 
temperature gradient. The enclosure has a size of 160 x 
8 x 165 (xyz direction) mm3 and a heater of 4x100 mm2 
in bottom. 50 kW/m2 heat flux is assumed. 
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 (b) Temperature 
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 (c) Density 
Fig. 2. Field contours in Water 

 
2.2 Cellular flow pattern in Nanofluid 
 
The simulation for alumina (Al2O3) nanofluid by 
assuming that alumina nanoparticles are well dispersed 
in water as a base fluid was also performed as shown in 
Fig. 3. The particle concentration can be considered 
uniform throughout the enclosure and the effective 
properties of the nanofluid as a mixture can be 
evaluated using following classical formula [5]. 

The density expression for a solution of liquid-solid 
is like  

(1 )f v p vρ ρ φ ρ φ= − + .  (1) 

This equation can easily derive the next relation for 
heat capacity [6]. 

(1 )p f pf v p pp vc c cρ ρ φ ρ φ= − +  (2) 

The thermal conductivity of the solution can be 
easily calculated through a simplified Hamilton and 
Crosser model without considering the temperature 
effect as the following equation. 

/ 1f vk k nφ≈ +  (3) 

. The following equation may be applied in the 
prediction of viscosity of nano-fluids [4]. 

(1 2.5 )f vµ µ φ= +  (4) 

 The change of the surface tension of water could be 
negligible.  
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Fig. 3. Field Contours in 0.5 vol. % Al2O3 nanofluid 
 

 
2.3 Heat transfer enhancement of nanofluid 

 
From the simulation results, nanofluid could enhance 
the heat transfer from the heater to the liquid. This is 
corresponding to the general relationship[3] like 

nf nf
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.  (5) 
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Fig. 3. Comparison of heat transfer coefficient and 
heater surface temperature between nanofluid & water 
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