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Use of nanofluids in energy applications

Rosa Mondragon Cazorla' and Leonor Hernandez Lopez*!

'Department of Mechanical Engineering and Construction, University Jaume I, SPAIN

Since 1990s, nanofluids (mixtures of liquids and solid nanoparticles with at least one
dimension below 100 nm) have received growing attention due to their enhanced thermal
and optical properties. In this abstract we briefly discuss some of studies we have developed
in the field of nanofluids applied to different energy systems.

INTRODUCTION

The need for energy and more efficient energy
systems has grown with the increasing global
population and with modern society.

One possible way to improve the performance
of energy systems is to harness the enhanced
thermal and optical properties of nanofluids.
These nanofluids are normal working fluids
including small (<100 nm) solid particles. Initially
nanofluids were investigated for their potential
to improve thermal conductivity. After that,
nanofluids were also investigated for their
potential to boost other thermal properties such
as sensible (specific heat capacity) and latent
thermal energy storage or convective heat
transfer. The optical properties of base fluids
were also found to enhance due to the addition
of small quantities of nanoparticles.

The Multiphase Fluids Group (MFG) in Jaume I
University have been working since 2009 in the
synthesis, characterization and evaluation of the
nanofluids performances within different energy
applications. Some of the most relevant results
are presented hereafter.

THERMAL NANOFLUIDS: HEAT TRANSFER

Improving the thermal properties of the heat
transfer fluids (HTF) is a key issue for many
applications based in heat transfer. Several
nanofluids have been synthesised (via the two-
step method) or readjusted from commercially
available nanofluids, covering different base
fluids (water or thermal oils as Therminol 66,
VP1) and nanoparticles (SiO,, AlLO,;, CNT,
halloysite, Sn). Important variables such as
nanoparticle size or concentrations were varied
and different relevant properties were evaluated:
stability, thermal conductivity, specific heat,
viscosity, etc.) [1-6]. Heat transfer coefficients
were calculated from the measured experimental
values and/or also directly measured in
experimental thermal hydraulic loops [2,5-6]. As
an example, enhancements up to 20 % in thermal
conductivity were measured for an alumina
nanofluid (5 v.% concentration) with respect to
water [1]. Also, the experimental heat transfer
coefficient increased with respect to that of the
base fluid (water) on a constant Reynolds number
basis, being the enhancements up to 84 % for SiO,
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nanoparticles (5 v.%) at Re =30000 [2]. For higher
temperatures, enhancements up to 9 % at 140 ‘C
in the convective heat transfer coefficient was
achieved using a Sn nanofluid (1 wt.%) versus the
performance of the pure base fluid (Therminol
66) [6]. These increases can play an important
role to improve efficiencies and to cut the costs
of many industrial applications that involve heat
transfer. However, the increase in viscosity due
to the addition of solid nanoparticles was found
to play an important role as it significantly
increases the pressure drop. Additionally, the
colloidal stability of the nanofluids (with time,
for high temperatures, for thermal cycling, etc.)
is a key issue, so that the nanofluid maintains its
properties during its life cycle. In this regard,
usually surfactants are required to ensure the
good stability of the nanofluids.

THERMAL NANOFLUIDS: THERMAL ENERGY
STORAGE (TES)

Molten salts are used in CSP plants as a TES
material because of their high operational
temperature and stability of up to 500 °C.
However, they present relative poor thermal
properties and energy storage densities, which
can be improved doping the molten salts with
nanoparticles (nanosalts). Different nanosalts
have been tested varying the base salt (solar salt,
Hitec, binay carbonate) and nanoparticles (mainly
SiO, and Al,QO;) trying to maximise the sensible
heat [7,8]. Increasements in specific heat of 25 %
was measured for solar salt with SiO, (1 wt.%) [7].
Also the influence of the synthesis method has
been analysed [8], suggesting that the method
has a great influence to find a good commitment
between viscosity and stability.

In order to increase the total thermal storage
energy density of molten salts, nanoencapsulated
phase change particles (nanoPCM with a core-
shell structure) with a latent heat contribution of
the nanoparticle core, has also been tested. Self-
encapsulated nanoPCM (Sn@SnO,, Al-Cu@Al,Os)
or with coatings generated by Atomic Layer
Deposition (Sn@AlL,O;, Sn@SiO.) have been
evaluated [9-12]. Enhancements up to 18% in the
total thermal energy storage (sensible + latent)
for solar salt with AI-Cu@AlO; (10 wt.%) [11] were
achieved.

The colloidal stability of nanosalts is also a
key issue. To be able to evaluate it, a new
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experimental set-up to measure the particle size
distribution of molten salt-based nanofluids at
high temperatures by means of Dynamic Light
Scattering was developed [9].

SOLAR NANOFLUIDS: DIRECT ABSOPTION SOLAR
COLLECTORS (DASC)

In conventional solar collectors, the
absorption material is a dark surface that heats
up and transfers heat to the HTF. In 1970 the idea
of directly exposing the HTF to incident radiation
was proposed as an alternative to avoid the
thermal losses in conventional collectors. This
concept, in which heat is absorbed volumetrically
by the working fluid instead of the surface, is
known as direct absorption solar collectors
(DASC). As commonly used HTFs (water, oils,
molten salts, etc.) are transparent in most of the
solar spectrum and possess low solar radiation
absorption capacity, the use of solar nanofluids
(with enhanced optical properties) offers high
solar-to-thermal conversion efficiencies.
Different solar nanofluids have been evaluated in
our labs, using water as base fluid and different
nanoparticles (gold and carbon black) in very low
concentrations [13-14]. Increments up to 200 % in
photothermal efficiencies have been obtained for
a water-based carbon nanofluid (33 mg/1) [13].

The combination of nanoparticles that absorb
solar radiation and PCM materials that can store
energy due to the latent heat, result in materials
with a triple function in DASC systems: solar
absorption material, HTF and TES. In this regard,
hybrid carbon-paraffin/water nanoemulsions
have been synthesized to evaluate the
enhancement in thermal energy storage density
and optical properties with good results [15].

CONCLUSIONS

Different results from nanofluids used as
materials for energy systems have been
presented, including heat transfer, thermal
energy storage and solar energy harvesting.
Although promising results have been obtained,
several barriers to scale-up remain: stability,
pumping power, cost, environmental issues, etc.
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