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a b s t r a c t

Simulation is conducted to investigate the forced convection flow of Al2O3/water nanofluid in a radial
flow cooling system using a single phase approach. Computations are validated with experimental data
available in the literature. Results show the same trend as revealed in some of the published works that
the Nusselt number increases with the increase of Reynolds number and nanoparticle volume fraction,
though the increase in pressure drop is more significant with the increase of particle concentration.
Temperature-dependent thermophysical properties of nanofluids are found to have a marked bearing on
the simulation. Under a fixed pumping power the nanofluid shows no higher heat transfer rate than
water at heat flux q00 � 3900 W/m2, while as the heat flux increases the enhancement using a nanofluid
becomes more remarkable. Considerable improvements in the average Nusselt number and significant
reductions in the thermal resistance under a given pumping power are revealed compared to that of pure
water at some supplied heat fluxes. For 4% Al2O3/water mixture at PPrel ¼ 0:5, the average Nusselt
number increases by about 4% and 10% respectively as the heat flux q00 ¼ 16;000 W/m2 and
q00 ¼ 34;000 W/m2 is applied, while the thermal resistance can be reduced by 2.3% and 7%.

� 2010 Elsevier Masson SAS. All rights reserved.

1. Introduction

Nanotechnology is considered by many researchers to be one of
the significant forces that drive the next major industrial revolution
of this century. A significant research effort has been committed to
exploring the thermal transport properties of colloidal suspensions
of nanosized solid particles (nanofluids). The presence of the
nanoparticles in the fluids increased appreciably the effective
thermal conductivity of the fluid and consequently enhanced the
heat transfer characteristics. Nanofluids have a distinctive charac-
teristic which is quite different from those of traditional solid-liquid
mixtures in which milli-meter or micro-meter sized particles are
involved. Thus, nanofluids are best for applications in which fluid
flows through small passages because nanoparticles are small
enough to behave similar to liquid molecules.

Experimental works [1,2] reported that with low nanoparticles
concentrations (1e5 vol%), the effective thermal conductivity of the
suspensions can increase by more than 20% for various mixtures.
Xuan and Li [3] studied turbulent flow in a straight tube using
a Cu/water nanofluid and revealed a 40% heat transfer enhancement.
The forced convection flows of CNT (carbon nanotube) nanofluids

through a horizontal tube were investigated by Ding et al. [4]. The
results showed remarkable enhancement of the convective heat
transfer and the enhancement depends on the flow conditions
(Reynolds number), CNT concentration and the pH value, with the
smallest effect of pH. Furthermore, for nanofluids containing0.5 wt. %
CNTs, the maximum enhancement was found to reach over 350% at
Re¼ 800, which could not be attributed purely to the enhanced
thermal conduction. Turbulent flow and heat transfer of three
different nanofluids (CuO, Al2O3 and SiO2) in an ethylene glycol and
water mixture flowing through a circular tube under constant heat
flux condition were numerically analyzed [5]. It was noted that at
a constant Reynolds number, Nusselt number increases by 35% for 6%
CuO nanofluids over the base fluid. The application of 6 nm copper-
in-water and 2 nm diamond-in-water nanofluids in the micro-
channel heat sinks was numerically discussed [6], and the Brownian
motionwas accounted in the mathematical model. Chakraborty and
Roy [7] theoretically analyzed the influence of nanofluids on ther-
mally developing and hydrodynamically developed electroosmotic
transport in parallel plate microchannels. It was revealed that the
influences of the nanofluids are much more conspicuous in the
thermal entrance region, as compared to the thermally fully devel-
oped region. Moreover, appreciable effects of nanofluids are only
observed for higher values of Peclet numbers, whereas their influ-
ences are virtually imperceptible for a lower Peclet number. Ho et al.
[8] conducted experiments to investigate the cooling performance of
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