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ABSTRACT

Thermal performances of two same oscillating heat pipes (OHPs) charged with SiO»/water and Al;03/
water nanofluids, respectively, were investigated experimentally. Both the average evaporator wall
temperature and the overall thermal resistance of the OHPs at different nanoparticle mass concentra-
tions (0—0.6 wt¥% for silica nanofluids and 0—1.2 wt% for alumina nanofluids) and at the volume filling
ratio of 50% were tested and compared. Experimental results showed that different nanofluids caused
different thermal performances of OHPs. Within the experimental range, using the alumina nanofluid
instead of pure water enhanced the heat transfer of the OHP (reductions in the evaporator wall
temperature and thermal resistance of the OHP of about 5.6 °C (or 8.7%) and 0.057 °C/W (or 25.7%),
respectively, were obtained), while using the silica nanofluid instead of pure water deteriorated the
thermal performance of the OHPs (with the evaporator wall temperature and the thermal resistance of
the OHP being increased by 3.5 °C (or 5.5%) and 0.075 °C/W (or 23.7%), respectively). A preliminary
analysis was conducted for the different effects induced by the addition of different nanoparticles to pure
water, and it was found that the change of surface condition at the evaporator and condenser due to
different nanoparticle deposition behaviors was the main reason for the thermal performance

improvement or deterioration of the OHPs charged with different nanofluids.

© 2011 Elsevier Masson SAS. All rights reserved.

1. Introduction

With the great demand for dissipating increasingly higher heat
fluxes from devices including, but not limited to, electronics,
computer and laser, many efforts have been devoted to develop heat
transfer enhancement technologies. Among them, nanofluids, engi-
neered by dispersing metallic/nonmetallic nanometer-sized particles
in conventional fluids such as water, have attracted much attention
for the past decade due to their excellent thermal properties [1,2].
Experimental investigations on the convective heat transfer [3,4] and
pool boiling [5] of nanofluids have demonstrated their great heat
transport capability in the open thermal systems. Inspired by this,
some studies on the use of nanofluids in the closed thermal systems
such as heat pipes have also been performed recently [6—14].

In 2004, Tsai et al. [6] introduced water-based gold particle
nanofluids into a circular meshed heat pipe. They examined the
effect of structural characteristics of nanoparticles on heat pipe
thermal performance and found that the thermal resistance of the
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heat pipe with nanofluids was lower than that with distilled water.
Subsequently, Ma et al. [7,8] conducted an experimental investiga-
tion to study the nanofluid effect on the heat transport capability in
an oscillating heat pipe. Their results demonstrated that the thermal
performance of the OHP was significantly improved when charged
with water-based diamond nanofluid, with the thermal resistance
decreased to 0.03 °C/W at a power input of 336 W. A similar
experiment was performed by Lin et al. [9] in an OHP charged with
aqueous silver nanofluid. It was found that the average temperature
difference between the evaporator and condenser, and the thermal
resistance of the OHP charged with nanofluids could be decreased
by 7.79 °C and 0.092 °C/W, respectively. Kang et al. [ 10] investigated
the thermal performance of a micro-grooved circular heat pipe
charged with the silver nanofluid, and significant reductions in the
thermal resistance and the evaporator temperature of the heat pipe
were detected when using the silver nanofluid instead of distilled
water. In addition, the thermal efficiency of a heat pipe could also be
improved after using nanofluids. Naphon et al. [11] used TiO,/R11 as
working fluid in a copper tube heat pipe. They found that the heat
pipe charged with the TiO,/R11 nanofluid of 0.1% nanoparticle
concentration operated with the efficiency 1.4 times higher than the
heat pipe charged with pure refrigerant (R11). Noie et al. [12] also
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