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ABSTRACT
Nanofluid is a fluid containing nanometer-sized particles, named as  nanoparticles  (1 – 100 nm in size). These fluids are
engineered colloidal suspensions of nanoparticles in a base fluid. The nanoparticles used in nanofluids are typically
made of metals, oxides, carbides etc. Nanofluidswhich  are potential heat transfer fluids with enhanced thermophysical
properties and heat transfer performance can be applied in many devices for better performances (i.e. regarding energy,
heat transfer and other performances). Nanofluids have a much higher and strongly temperature-dependent thermal
conductivity at very low particle concentrations than conventional fluids. This can be considered as one of the key
parameters for enhanced performances for many of the applications of nanofluids.This paper is an eye opener to the
various applications of  nanofluids  in industries and medicine instead of ordinary coolants.

KEY WORDS Nanofluids, Solar energy, Heat transfer

INTRODUCTION
Ultrahigh-performance cooling is one of the most vital needs of many industrial technologies.

However, inherently low thermal conductivity is a primary limitation in developing energy-efficient heat
transfer fluids that are required for ultrahigh-performance cooling.  Modern nanotechnology can produce
metallic or nonmetallic particles of nanometer dimensions. Nanomaterials have unique mechanical, optical,
electrical, magnetic and thermal properties. Nanofluids are engineered by suspending nanoparticles with
average sizes below 100mn in traditional heat transfer fluids such as water, oil, and ethylene glycol. A very
small amount of guest nanoparticles, when dispersed uniformly and suspended stably in host fluids, can
provide dramatic improvements in the thermal properties of host fluids. Nanofluids (nano particle fluid
suspensions) is the term coined by Choi (1995) to describe this new class of nanotechnology-based heat
transfer fluids that exhibit thermal properties superior to those of their host fluid or conventional particle fluid
suspensions. Nanofluid technology, a new interdisciplinary field of great importance where nanoscience,
nanotechnology, and thermal engineering meet, has developed largely over the past decade. The goal of
nanofluidis to achieve the highest possible thermal properties at the smallest possible concentrations
(preferably < 1% by volume) by uniform dispersion and stable suspension of nanoparticles (preferably <
10nm) in host fluids. To achieve this goal it is vital to understand how nanoparticles enhance energy transport
in liquids.

In the development of energy-efficient heat transfer fluids, the thermal conductivity of the heat
transfer fluids plays a vital role. Despite considerable previous research and development efforts on heat
transfer enhancement , major improvements in cooling capabilities have been constrained because traditional
heat transfer fluids used in today’s thermal management system, such as water, oils and ethylene glycol, have
inherently poor thermal conductivities, orders-of-magnitude smaller than those of most solids. Due to
increasing global competition, a number of industries have a strong need to develop advanced heat transfer
fluids with significantly higher thermal conductivities than are presently available.

Different types of nanofulids could be produced. The host liquids are water, oil, ethylene glycol, etc. Different
types of nanoparticles like oxide nanoparticles and metallic nanoparticles etc. could be made in the
laboratory.Nanofluids having properly dispersed nanoparticles possess the following advantages: high specific
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surface area and therefore more heat transfer surface between particles and fluids, reduced pumping power as
compared to pure liquid to achieve equivalent heat transfer intensification, reduced particle clogging as
compared to conventional slurries, thus promoting system miniaturization. High performance cooling is one of
the most vital needs of many industrial technologies to date, from micro/nanoelectronic mechanical systems
(MEMS/NEMS) to nuclear reactors. Material science and technology has reached its limits regarding the
increase of the solid-fluid interface area. In addition, downsizing appears to be the current trend. As a result,
high heat fluxes have to be accommodated to ensure a safe, efficient and long-lasting operation of the heat
exchangers and subsequently of the systems involved. As a consequence, there are  avariety of engineering
applications that demand the development of new coolants with superior thermophysical characteristics.

Thermo physical properties of nanofluids

Thermo physical properties of the nanofluids are quite essential to predict their heat transfer behavior. It is
extremely important in the control for the industrial and energy saving perspectives. There is great industrial
interest in nanofluids. Nanoparticles have great potential to improve the thermal transport properties compared
to conventional particles fluids suspension, millimeter and micrometer sized particles. In the last decade,
nanofluids have gained significant attention due to its enhanced thermal properties.Experimental studies show
that thermal conductivity of nanofluids depends on many factors such as particle volume fraction, particle
material, particle size, particle shape, base fluid material, and temperature[1].he transport properties of
nanofluid: dynamic thermal conductivity and viscosity are not only dependent on volume fraction of
nanoparticle, also highly dependent on other parameters such as particle shape, size, mixture combinations
and slip mechanisms, surfactant, etc. Many properties density, viscosity, thermal conductivity, etc have been
studied for different types of nanofluids.

APPLICTIONS
Recent researchers have indicated that substitution of conventional coolants by nanofluids appears

promising. Specific application of nanofluids in engine cooling, solar water heating, cooling of electronics,
cooling of transformer oil, improving diesel generator efficiency, cooling of heat exchanging devices,
improving heat transfer efficiency of chillers, domestic refrigerator-freezers, cooling in machining, in nuclear
reactor and defense and space have been reviewed and presented.

APPLICATION OF NANOFLUIDS IN HEAT TRANSFER
A wide variety of industrial processes involve the transfer of heat energy. Throughout any industrial

facility, heat must be added, removed, or moved from one process stream to another and it has become a
major task for industrial necessity. These processes provide a source for energy recovery and process fluid
heating/cooling. The enhancement of heating or cooling in an industrial process may create a saving in
energy, reduce process time, raise thermal rating and lengthen the working life of equipment. Some processes
are even affected qualitatively by the action of enhanced heat transfer. There are several methods to improve
the heat transfer efficiency[2]. Some methods are utilization of extended surfaces, application of vibration to
the heat transfer surfaces, and usage of micro channels. Heat transfer efficiency can also be improved by
increasing the thermal conductivity of the working fluid. Commonly used heat transfer fluids such as water,
ethylene glycol, and engine oil have relatively low thermal conductivities, when compared to the thermal
conductivity of solids. High thermal conductivity of solids can be used to increase the thermal conductivity of
a fluid by adding small solid particles to that fluid[3].

MECHANICAL APPLICATIONS
Nanoparticles in nanofluids form a protective film with low hardness and elastic modulus on the

worn surface can be considered as the main reason that some nanofluids exhibit excellent lubricating
properties. Magnetic fluids are kinds of special nanofluids. Magnetic liquid rotary seals operate with no
maintenance and extremely low leakage in a very wide range of applications, and is utilizing the  magnetic
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properties of the magnetic nanoparticles in liquid.Advanced lubricants can improve productivity through
energy saving and reliability of engineered systems. Tribological research heavily emphasizes reducing
friction and wear. Nanoparticles have attracted much interest in recent years due to their excellent load-
carrying capacity, good extreme pressure and friction reducing properties. Zhou et al. evaluated the
tribologicalbehavior of Cu nanoparticles in oil on a four-ball machine. The results showed that Cu
nanoparticles as an oil additive had better friction-reduction and antiwear properties than zinc
dithiophosphate, especially at high applied load. Meanwhile, the nanoparticles could also strikingly improve
the load-carrying capacity of the base oil. Dispersion of solid particles was found to play an important role,
especially when a slurry layer was formed. Water-based Al2O3 and diamond nanofluids were applied in the
minimum quantity lubrication (MQL) grinding process of cast iron. During the nanofluid MQL grinding, a
dense and hard slurry layer was formed on the wheel surface and could benefit the grinding performance.
Nanofluids showed the benefits of reducing grinding forces, improving surface roughness, and preventing
work piece burning. Compared to dry grinding, MQL grinding could significantly reduce the grinding
temperature.

The  cooling applications of nanofluids include  Crystal Silicon Mirror Cooling, Electronics cooling, Vehicle
cooling, Transformer cooling, Space and Nuclear systems cooling, Defense applications and  so on. Nano
electronics refer to the use of nano technology on electronic components, especially transistors. Although the
term nano technology is generally defined as utilizing technology less than 100nm in size, nano electronics
often refer to transistor devices that are so small that inter atomic interactions and quantum mechanical
properties need to be studied extensively. The aim of nanoelectronics is to process, transmit and store
information by taking advantage of properties of matter that are distinctly different from macroscopic
properties. The last few decades has seen an exponential growth in micro chip capabilities due to primarily a
decrease in the minimum feature sizes. Nano Electronics thus needs to be understood as a general field of
research aimed at developing an understanding of the phenomenal characteristics of nanometer sized objects
with the aim of exploiting them for information processing purposes.

BIOMEDICAL APPLICATIONS
Some special kinds of nanoparticles have antibacterial activities or drug delivery properties, so the nanofluids
containing these nanoparticles will exhibit some relevant properties. Nanoparticles of iron oxide find wide use
in biomedical applications. They can be used as contrast agents in magnetic resonance imaging, in labeling of
cancerous tissues, magnetically controlled transport of pharmaceuticals, localized thermotherapy (where the
tissue is labeled by iron oxide nanoparticles, then heated by application of AC field to particles), and
preparation of ferrofluids.Over the last few decades, colloidal drug delivery systems have been developed in
order to improve the efficiency and the specificity of drug action . The small size, customized surface,
improved solubility, and multi-functionality of nanoparticles open many doors and create new biomedical
applications. The novel properties of nanoparticles offer the ability to interact with complex cellular functions
in new ways . Gold nanoparticles provide non-toxic carriers for drug and gene delivery applications.

There is a new initiative which takes advantage of several properties of certain nanofluids to use in cancer
imaging and drug delivery. This initiative involves the use of iron-based nanoparticles as delivery vehicles for
drugs or radiation in cancer patients. Magnetic nanofluids are to be used to guide the particles up the
bloodstream to a tumor with magnets. It will allow doctors to deliver high local doses of drugs or radiation
without damaging nearby healthy tissue, which is a significant side effect of traditional cancer treatment
methods. In addition, magnetic nanoparticles are more adhesive to tumor cells than non-malignant cells and
they absorb much more power than microparticles in alternating current magnetic fields tolerable in humans;
they make excellent candidates for cancer therapy.

APPLICATIONS OF MAGNETIC NANOPARTICLES IN BIOMEDICINE
Magnetic separation has been successfully applied to many aspects of biomedical and biological

research. It has proven to be a highly sensitive technique for the selection of rare tumour cells from blood, and
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is especially well suited to the separation of low numbers of target cells [10]. This has, for example, led to the
enhanced detection of malarial parasites in blood samples either by utilizing the magnetic properties of the
parasite [11] or through labelling the red blood cells with an immunospecific magnetic fluid [12]. It has been
used as a pre-processing technology for polymerase chain reactions, through which the DNA of a sample is
amplified and identified [13]. Cell counting techniques have also been developed. One method estimates the
location and number of cells tagged by measuring the magnetic moment of the microsphere tags [22], while
another uses a giant magnetoresistive sensor to measure the location of microspheres attached to a surface
layered with a bound analyte [23]. In another application, magnetic separation has been used in combination
with optical sensing to perform ‘magnetic enzyme linked immunosorbent assays’ [24, 25]. These assays use
fluorescent enzymes to optically determine the number of cells labelled by the assay enzymes. Typically the
target material must first be bound to a solid matrix. In a modification of this procedure the magnetic
microspheres act as the surface for initial immobilization of the target material and magnetic separation is
used to increase the concentration of the material. The mobility of the magnetic nanoparticles allows a shorter
reaction time and a greater volume of reagent to be used than in standard immunoassays where the antibody is
bound to a plate. In a variation of this procedure, magnetic separation has been used to localize labelled cells
at known locations for cell detection and counting via optical scanning [26]. The cells are labelled both
magnetically and fluorescently and move through a magnetic field gradient towards a plate on which lines of
ferromagnetic material have been lithographically etched. The cells align along these lines and the fluorescent
tag is used for optical detection of the cells.

APPLICATION OF NANOFLUIDS IN SOLAR ENERGY
Due to the shortage of fossil fuels and environmental considerations the researchers are forced to find

alternate energy sources, like solar energy.  So, it is necessary to enrich the efficiency and performance of the
solar thermal systems. Solar energy system has the ability to convert solar energy directly into heat and
electricity without any negative environmental impact such as greenhouse gas emissions.Utilizing nanofluid
as a potential heat transfer fluid with superior thermophysical properties is an effective method to enhance the
thermal performance of solar energy systems. Nanofluidscan be used in different solar thermal systems such
as photovoltaic/thermal systems, solar ponds, solar thermoelectric cells, and so on[18]. Due to the incredibly
small size of the particles they are essentially fluidized. Allowing them to pass through pumps, micro-
channels and piping without any adverse effects. Nanoparticles acts as the absorption medium allowing the
Nanofluid to directly absorb solar energy. Optically selective, allowing for high absorption in the solar range
while obtaining low emitance in the infrared. Allowing for a volumetric receiver instead of a selective surface
system, which is favorable as selective surfaces have a poorer temperature profile resulting in higher emissive
losses. Enhancement of efficiency and uniformity of receiver temperature is possible by tuning nanoparticle
size and concentration.  Enhanced heat transfer may result in improved receiver performance.[19]

Collectors and solar water heaters: The application of nanofluids in collectors and water heaters are
investigated from the efficiency, economic, environmental aspects. The parameters  thermal conductivity and
optical properties can determine the capability of nanofluids to enhance the performance of solar systems.
Solar collectors are particular kind of heat exchangers that transform solar radiation energy into internal
energy of the transport medium. These devices absorb the incoming solar radiation, convert it into heat, and
transfer the heat to a fluid (usually air, water, or oil) flowing through the collector. The energy collected is
carried from the working fluid, either directly to the hot water or space conditioning equipment or to a thermal
energy storage tank, from which it can be drawn for use at night or on cloudy days [21]. Solar water heaters
are the most popular devices in the field of solar energy.The nanofluidbased solar collectors are investigated
in two aspects. In the first, these devices are studied from the efficiency viewpoint, and in the second, from
economic and environmental viewpoints [14].

(a) Efficiency of nanofluid-based solar collectors :Tyagi et al. [15] investigated theoretically the effects of
different parameters on the efficiency of a low-temperature nanofluid-based direct absorption solar collector
(DAC) where the working fluid is a mixture of water and aluminum nanoparticles. Otanicar et al. [16]
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investigated both experimentally and numerically the effects of different nanofluids (carbon nanotubes,
graphite, and silver) on the performance of a micro scale direct absorption solar collector (DASC) [14].
(b) Economic and environment considerations An accepted way to determine the economic and
environmental impacts of a product is life cycle assessment. Otanicar and Golden [17] compared the
environmental and economic aspects of using a conventional solar collector against a nanofluid based
collector located in Phoenix, Arizona. The economic analysis shows that the capital cost and maintenance
costs of the nanofluid-based solar collector compared to the conventional one are $120 and $20 higher,
respectively (see Table 2). However, because of the higher efficiency and annual solar fraction of the
nanofluid-based solar collector, the fuel cost savings per year, for both electricity and natural gas, is greater
than that of the conventional solar collector. Moreover, due to the high cost of nanofluids compared the
conventional collector, the payback period for a nanofluid-based collector is longer, but at the end of its useful
life, it has the same life cycle savings as a conventional collector [14].

CONCLUSION
Nanofluids are advanced fluids containing nano-sized particles that have emerged during the last two decades.
Nanofluids are used to improve system performance in many thermal engineering systems. This paper
presented a review of the applications of nanofluids in solar thermal engineering, Biomedicine and in
mechanical field.
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