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Abstract: This paper gives a detailed literature study and scrutiny into the results of the research and development,
applications of nanofluids in heat transfer. Nanofluid is a comparatively new technology, the studies on nanofluid are not
longer. Experimental data were reviewed in this study related to the enhancement of the thermal conductivity and convective
heat transfer of nanofluids relative to conventional heat transfer fluids, and assessments were made as parameters of volume
concentration, material, particle size, , base fluid material, temperature, particle shape, additive, and pH were taken into
account, experimental results from so many researcher were used together when assessing data. The current state of
knowledge is presented as well as areas where the data are presently inconclusive or conflicting. Heat transfer enhancement
can be achieved using nanofluids is to be in the 15–40% range, with a few situations resulting in orders of magnitude
enhancement
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I.

INTRODUCTION

The Conventional fluids, such as water, engine oil, and ethylene glycol are normally used as heat transfer fluids. Although
various techniques are applied to enhance the heat transfer, the low heat transfer performance of these conventional fluids
obstructs the performance enhancement and the compactness of heat exchangers. The use of solid particles as an additive
suspended into the base fluid is technique for the heat transfer enhancement. Improving the thermal conductivity is the key idea
to improve the heat transfer characteristics of conventional fluids. Since a solid metal has a larger thermal conductivity than a
base fluid, suspending metallic solid fine particles into the base fluid is expected to improve the thermal conductivity of that
fluid. The enhancement of thermal conductivity of conventional fluids by the suspension of solid particles, such as millimeteror micrometer- sized particles, has been well-known for many years [1]. However, they have not been of interest for practical
applications due to problems such as sedimentation leading to increased pressure drop in the flow channel. The recent advance
in material technology has made it possible to produce innovative heat transfer fluids by suspending nanometer-sized particles
in base fluids which can change the transport and thermal properties of the base fluid. Nanofluids are solid-liquid composite
materials consisting of solid nanoparticles or nano fibers with sizes typically of 1 to 100 nm suspended in liquid. The nanofluid
is not a simple liquid-solid mixture; the most important criterion of nanofluid is agglomerate-free stable suspension for long
durations without causing any chemical changes in the base fluid. This can be achieved by minimizing the density between
solids and liquids or by increasing the viscosity of the liquid; by using nanometer- sized particles and by preventing particles
from agglomeration, the settling of particles can be avoided. Nanofluids have attracted great interest recently because of reports
of enhanced thermal properties [2-6].
II.
PROPERTIES OF NANOFLUID
The flow properties of the base liquid (water) are well known and it is necessary to know the flow properties of nanofluid at
different concentrations for theoretical analysis. Flow characters like density, specific heat, kinematic viscosity and pH value are
estimated experimentally and theoretically. Temperature based flow properties are also estimated. All the flow characters are
studied up to 0.8% volume fraction. The experimentally measured flow characters are good agreement with the available
literature. Concentration based and temperature based regression equations are developed.
The maximum deviation of 6.44 % for density, 1.53 % of specific heat and 1.77 % of kinematic viscosity is obtained from the
results of investigated and Pak and Cho at 0.8 % volume fraction. This deviation is acceptable range up to certain limit. If the
percentage of the volume fraction increases the deviation is also increases [7].
The density of Al2O3/water nanofluid can be calculated using mass balance as [8] nf  (1)bf   p where ρp and ρbf are
the densities of the nanoparticles and base fluid, respectively, and φ is volume concentration of
nanoparticles. According to the concept of solid-liquid mixture, the specific heat of nanofluids is given by following [9]:
(1   )  b f C p b f    p C p p ,
C pnf 
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where cpp and cpbf, are the heat specifics of the nanoparticles and base fluid, respectively. The viscosity of nanofluid can be
calculated from the
following equation[10]:

nf  bf (1 a)
where a is the slope of the relative viscosity to the particle volume fraction. Value of a is a constant and calculated from the
experimental results of Chun et al. [10]. In this work, it is equal to 15.4150. One well-known formula for computing the thermal
conductivity of nanofluid is the Kang model which is expressed in the following form [11]:
K nf  K bf 

III.

K p   n  1  K bf    n  1   K bf  K p 
K p   n  1 K b f    K b f  K p 

EXPERIMENTAL INVESTIGATIONS

Khairul has done analysis of a helical coil heat exchanger using three different types of nanofluids (e.g. CuO/water,
Al2O3/water and ZnO/water). Heat transfer coefficient and entropy generation rate of helical coil heat exchanger were
analytically investigated considering the nanofluid volume fractions and volume flow rates in the range of 1–4% and 3–6 L/min,
respectively. During the analyses, the entropy generation rate was expressed in terms of four parameters: particle volume
concentration, heat exchanger duty parameter, coil to tube diameter ratio and Dean number. Amongst the three nanofluids,
CuO/water nanofluid, the heat transfer enhancement and reduction of entropy generation rate were obtained about 7.14% and
6.14% respectively.[12]
Arunkumar investigated performance of the plate heat exchanger using different nanofluids (CeO2, Al2O3, TiO2 and SiO2) for
various volume flow rates and wide range of concentrations. Optimum concentrations for different nanofluids have been
determined as well and his Study showed that CeO2/water yields best performance (maximum performance index enhancement
of 16%) with comparatively lower optimum concentration (0.75 vol.%) within studied nanofluids.[13]
Peyghambarzadeh investigated performance of radiator using Al2O3 nanofluid different concentrations of nanofluids in the
range of 0.1e1 vol.% have been prepared by the addition of Al2O3 nanoparticles into the water. The test liquid flows through
the radiator consisted of 34 vertical tubes with elliptical cross section and air makes a cross flow inside the tube bank with
constant speed. Liquid flow rate has been changed in the range of 2e5 l/min to have the fully turbulent regime (9 _ 103< Re<
2.3_ 104). Additionally, the effect of fluid inlet temperature to the radiator on heat transfer coefficient has also been analyzed by
varying the temperature in the range of 37e49 _C. Results demonstrate that increasing the fluid circulating rate can improve the
heat transfer performance while the fluid inlet temperature to the radiator has trivial effects. Meanwhile, application of
nanofluid with low concentrations can enhance heat transfer efficiency up to 45% in comparison with pure water.[14]
Adnan m hussain investigated SiO2 nanofluid in car radiator for Four different concentrations of nanofluids in the range of 1–
2.5 vol%. The flow rate changed in the range of 2–8 LPM to have Reynolds number with the range 500–1750. The results
showed that the friction factor decreases with an increase in flow rate and increase with increasing in volume concentration.
Further more, the inlet temperature to the radiator has insignificantly affected to the friction factor. On the other side, Nusselt
number increases with increasing in flow rate, nanofluid volume concentration and inlet temperature.[15]
Jaafar Albadr experimentally studied on the forced convective heat transfer and flow characteristics of a nanofluid consisting of
water and different volume concentrations of Al2O3 nanofluid (0.3–2)% flowing in a horizontal shell and tube heat exchanger
counter flow under turbulent flow conditions are investigated The Al2O3 nanoparticles of about 30 nm diameter are used. The
results show that the convective heat transfer coefficient of nanofluid is slightly higher than that of the base liquid at same mass
flow rate and at same inlet temperature. The heat transfer coefficient of the nanofluid increases with an increase in the mass
flow rate, also the heat transfer coefficient increases with the increase of the volume concentration of the Al2O3 increasing the
volume concentration cause increase in the viscosity of the nanofluid leading to increase in friction factor[16]
Rahul bhogare carried out experiment with Al2O3 nanofluid and its effects on the heat transfer performance of the Automobile
radiator have been determined experimentally. Air Reynolds number has been changed in the range of 84391-91290 and the
fluid inlet temperature has been constant for all the experiments and mass flow rate of the coolant flowing through the radiator.
The results demonstrate that nanofluids clearly enhance heat transfer compared to their own base fluid. In the best conditions,
the heat transfer enhancement of about 70% compared to the base fluids has been recorded.[17]
M.ali has done Experimental investigation on forced convection heat transfer is applied to vehicles’s radiator filled with AL2O3
water nanofluid with different concentrations: 0.1%, 0.5%, 1%, 1.5%, and 2% by volume. The experiments has been done for
three cases, each case corresponds to different heat load, coolant flow rate, and air flow rate to simulate the vehicle engine
cooling system at various loads relevant to the cooling system of Toyota Yaris 2007. The coolant and air heat transfer
coefficients, Nusselt numbers, heat rate lost by the coolant and absorbed by the air, heat exchanger effectiveness, overall heat
transfer coefficients, Reynolds number, and the pumping power are calculated. Log mean temperature difference (LMTD) and
effectiveness-number of transfer units ( -NTU) has been used to determine the outside air heat transfer coefficient. Results
show gradual enhancement in the heat transfer with concentrations 0.1%, 0.5%, and 1% by volume (optimum at 1%); however
deterioration occurs at concentrations 1.5% and 2%. The maximum percentage increase of the coolant heat transfer rate, coolant
heat transfer coefficient, and coolant Nusselt number is 14.79, 14.72, and 9.51, respectively, which occurs at maximum load 1
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and at

= 0.01[18]
IV.

CONCLUSION

This paper presents an overview of the recent developments in the study of heat transfer using nanofluids. Many important,
complex and interesting phenomena involving nanofluids have been reported in the literature. Researchers have given much
more attention to the thermal conductivity rather than the heat transfer characteristics. The use of nanofluids in a wide range of
applications appears promising, but the development of the field faces several challenges: (i) the lack of agreement between
experimental results from different groups; (ii) the often poor performance of suspensions; and lack of theoretical understanding
of the mechanisms.
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