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h i g h l i g h t s

� This work reports experimental results for flat panel solar thermal collectors using nanofluids as heat transfer fluids.
� Nanofluids with Al2O3, ZnO and Fe2O3, with different shapes and concentrations have been tested.
� Thermal conductivity enhancement and convective heat transfer coefficient of the nanofluids have been measured.
� A new design for flat panel solar thermal collectors using nanofluids has been made.
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a b s t r a c t

The present paper reports the experimental results and the potential performance of the investigation on
flat solar thermal collectors using nanofluids as innovative heat transfer fluids for solar energy applica-
tions. The straight use of heat-transfer nanofluids in traditional solar flat panel revealed some technical
issues, due to the nanoparticles sedimentation. Therefore, sedimentation has been investigated both in
standard solar flat panels and modified ones made from transparent tubes. The results of the first tests
showed that the main sedimentation parameter is the flow velocity and to better control it a standard
flat panel was modified changing the cross-section of the lower and top header of the panel, that have
been tapered to keep constant the fluid axial velocity. The modification of the panel shape (patent pend-
ing) enabled a negligible particles deposit.

After different nanofluids were tested on the panel prototype, water–Al2O3 was chosen as heat transfer
fluid. All tested nanofluids were prepared in batch and their thermal conductivity and convective heat
transfer coefficient were measured prior of their use as heat transfer fluid in the solar panel. A thermal
conductivity enhancement up to 6.7% at a concentration of 3 vol% was observed, while the convective
heat transfer coefficient increased up to 25%.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Nanofluids are innovative heat transfer fluids that can be used in
energy systems because of their superior thermophysical properties
with respect to conventional heat transfer fluids [1]. Nanofluids can
be applied in energy storage systems [2].

Nanofluids are biphasic suspensions of nanoparticles in conven-
tional base fluids (<100 nm) of metal or metal oxide, which im-
prove the thermal conductivity, k (W/m K) and the convective
heat transfer coefficient, h (W/m2 K). Nanoparticles are more stable
in liquid media compared with larger particles, which give severe
problems of abrasion, sedimentation and clogging, as early studies
have shown [3,4]. However, nanoparticles produce an increase in
the suspensions viscosity if compared to the base fluids and a
composition with a non-Newtonian behavior [5]. Viscosity is also

influenced by the dispersant used to reduce the sedimentation of
the solid phase [6].

Nanofluids thermophysical properties were investigated by sev-
eral studies on thermal conductivity and convective heat transfer
coefficient for different materials and particle size. Minsta et al.
[7] measured the thermal conductivity of water-based nanofluids
using CuO nanoparticles with an average diameter of 29 nm, and
Al2O3 nanoparticles with average diameters of 47 and 37 nm
respectively. They observed an enhancement between 2% and
24% at room temperature, for a volume fraction between 1% and
14% of CuO; an increase of the thermal conductivity up to 30% with
Al2O3, in a range of volume fractions from 1% to 18%, but no clear
differences of results for the particle sizes. Lastly, they noted a tem-
perature dependence of the thermal conductivity. Kim et al. [8] ob-
tained a thermal conductivity enhancement of 8.0% and 11.0% with
the dispersion of 3.0 vol% of Al2O3 nanoparticles, with an average
diameter of 38 nm in water and ethylene glycol, respectively. Sim-
ilar results were obtained using ZnO and TiO2 nanoparticles, with
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average sizes of 60 nm and 34 nm, while better enhancements
were measured with a particle size of 10 nm. Hwang et al. [9] eval-

uated the thermal conductivity of oil-Multi-Walled-Carbon-Nano-
tube (MWCNT) and they obtained an enhancement up to 8.7%,

Fig. 1. Delta backscattering measurements of water based nanofluids at 1 vol%.

Fig. 2. Delta backscattering measurements of water based nanofluids at 2 vol%.
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