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Abstract : In this paper experimental investigation performed on automobile radiator using
water and water based Nanofluids (Al,Os/CuO). Two Nanofluids of concentrations0.5 & 1%
by volume were taken to conduct experiments. The sizes of the Nano particles used in this
present work approximately 50-100nm. Fluid inlet temperature and velocities were varied to
study the Heat Transfer Rate using water and water based Nano fluids. From the results it is
clear that Nanofluids enhances the heat transfer rate compared to pure water. By varying the
fluid temperature and velocities enhancement in heat transfer rate observed both in pure
water and Nanofluids. Comparision also done between two Nanofluids Al,03;&CuO. CuO
shows slight increase in heat transfer rate compared to Al,O3,
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Introduction:

A Nano fluid is a fluid containing Nanometer-sized particles, called Nanoparticles. These fluids are
engineered colloidal suspensions of Nanoparticles in a base fluid. The Nanoparticles used in Nanofluids are
typically made of metals, oxides, carbides, or carbon Nanotubes. Common base fluids include water, ethylene
glycol and oil.Nanofluids have novel properties that make them potentially useful in many applications in heat
transfer, including microelectronics, fuel cells, pharmaceutical processes, and hybrid-powered engines, engine
cooling/vehicle thermal management, domestic refrigerator, chiller, heat exchanger, in grinding, machining and
in boiler flue gas temperature reduction.Knowledge of the rheological behavior of Nanofluids is found to be
very critical in deciding their suitability for convective heat transfer applications. However, almost all of new
academic papers, use two-phase assumption.

In car radiator Al,OsNanoparticles dispersed into water to find the thermal conductivity, viscosity,
density, and specific heat. With increase of volume concentrations thermal conductivity, viscosity, and density
of the Nanofluid increases but specific heat decreases. Optimum temperature was found to be 10-50°C. 8.3 %
highest thermal conductivity at 1% vol. of Al,O;-RC Nanofluid®. In a shell and tube heat exchanger Y-
Al,Oz/water and TiO,/water Nanofluids heat transfer behavior was investigated experimentally. From the
experimental results heat transfer characteristics of both Nanofluids improve with Peclet number. Different
optimum volume concentration for both Nanofluids in which maximum enhancement in heat transfer
characteristics®.CuO/water Nanofluid pressure drop and convective heat transfer performance investigated
experimentally while flowing through a circular tube. A 25 % increase in heat transfer coefficient observed
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compared to pure water. For 0.03% volume concentration 20% maximum increase in pressure drop®. The effect
of Nano fluid and tube geometry on heat transfer is reviewed. Higher heat transfer performance attained with
flat tubes. But lower pressure drop and wall shear showed by circular tube’. Recently for many researchers
enhancement of heat transfer using Nanofluids becomes the center of interest. Studies performed in
conventional numerical methods as well as the new Lattice Boltzmann Method (LBM) areas reviewed and
summarized. Increase in heat transfer taken place by thermophoresis or Dufour effect slip mechanisms. The
effect of Brownian motion is to be investigated more on the thermal behavior of Nanofluids. The flow of
Nanofluid in different geometries, the modeling can be done by Lattice Boltzmann Method (LBM)®.
Performance and function of Plate Heat Exchangers using Nanofluids are reviewed. The main abstains of the
wider use of Nanoparticles are greater pumping power and the high cost of Nanofluids.For application in
different types of heat exchangers the scientific community agreed that Nanofluids have great potential for heat
transfer enhancement. Better alternative to conventional coolants are Nanofluids®. In geometry, boundary
conditions, and types of fluids, the effects of several parameters were extensively introduced and investigated. It
is found that in future space limitation, many technological problems by other ordinary coolants are going to be
solved by using Nanofluids’. Theperformance of an air-cooled radiator heat dissipation enhanced by adopting an
alumina (Al,O3) and titania (TiO,) Nano-coolant (NC). The relationship between pumping power by using the
efficiency factor and heat dissipation capacity evaluated. Efficiency factor and heat dissipation capacity of NC
higher than EG/W and TiO, NC is higher than the Al,O; NC. The maximum enhanced heat dissipation capacity
is 25.6%°. The effect of internal aluminum fins on the heat transfer enhancement in a counter flow heat
exchange inestigated.12-51% increase in heat transfer observed compared to plain tube®. Impact of interfacial
Nanolayer on Nanofluid thermal conductivity was investigated and effects of thermal conductivity ratio,
Nanoparticle size, Nanolayer thickness and volume fraction have been discussed. Increases in effective thermal
conductivity with an increase in Nanolayer thickness and decrease of particle size'®. Improvement in viscosity
of base fluid and thermal conductivity could be with the suspension of solid Nanoparticles. Nanofluids
thermal conductivity enhancement with temperature investigated experimentally. Over a temperature range of
21°C to 51°C increase in thermal conductivity enhancement of Nanofluids 2 to 4 fold. This finding makes
attractive for Nanofluids used in cooling application’’. Radiator of the vehicle filled with different
concentrations of Al,O3; water Nanofluid and experimental investigation done on forced convection heat
transfer.Experiments have been performed in three cases, coolant flow rate, air flow rate and different heat load
in order to simulate the engine cooling system. From the results Heat transfer is gradually increased with the
concentration and the optimum is 1% by volume and maximum percentage is 14.79%". Under laminar flow
regime experiments were conducted in a car radiator using CuO/water Nanofluids. From 0.15-0.4 % vol.
concentration of Nanofluid heat transfer enhanced and increasing the inlet temperature of Nanofluid from 50-
80° C heat transfer decreases™®.Multiwalled carbon Nanotubes (MWCNTSs) Nano-coolant (NC)filled in the
radiator and the maximum enhanced heat exchange ratio was found to be 12.8%"".

Experimental Set Up:

The schematic of the experimental system used in this research is shown in Figure 1. It includes a
reservoir tank, a feed pump, an electrical heater, a flow meter, a forced draft fan, a temperature controller, two
thermocouples and an automobile radiator. The test section of the radiator was placed in front of the forced draft
fan and its configuration is the flat fin-and-tube type. Nanofluid was allowed to pass through the 40 vertical
tubes. The fins and the tubes are made with aluminum.
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Figure 1. 2D Diagram of experimental setup

For cooling the liquid, a forced draft fan (Almonard 1440 rpm) which is capable of producing air
delivery of 270 m*hr was installed facing the radiator core. The inlet air temperature was about 33°C in the
whole experiments. The pump was driven at constant speed to deliver a constant flow rate of 0.24 m%h, and the
flow rate for the test section was being regulated by using an appropriate flow meter.The reservoir tank is
having the storage capacity of approximately 15L in which, the working fluid, always fills 62.5% of storage
capacity. The connecting lines were covered with insulating materials to reduce heat loss to the surroundings.A
flow meter (RMS Controls India) was used to control and manipulate the liquid flow rate with high precision.
For heating the working fluid, an electrical heater (3000 W) and a temperature controller were used to vary the
temperature between 35 and 59°C. Two K type thermocouples were implemented on the flow line to record the
radiator fluid inlet and outlet temperatures. The temperatures from the thermocouples were measured by using a
digital multimeter (RMS Controls India) with an accuracy of 0.1°C.

Working Principle:

The radiator fin fan cooling system consists of the control unit, battery, micro controller, flow meter,
frame stand, cooling fan and the water storage tank. The Nano fluids are mixed with the normal cooling system
and then it is used as the coolant in this system.Single Pump Single Loop (SPSL) systems are common in
smaller to mid-size generator applications. Operation of this system as follows:

e  Engine starts, direct drive pump is driven and fan clutch is rotating.
e  The engine reaches operating temperature, coolant thermostat opens and fan clutch engages.

e Coolant is supplied to the engine block and cylinder head internal components, such as oil cooler and
intercooler.

e Airis pulled through the radiator.
e  Return coolant flow is directed to the radiator.
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Figure 2.Experimental set up

Calculation of Heat Transfer Coefficient:

For heat transfer coefficient and corresponding Nusselt number, the following procedure has been
performed. According to Newton’s cooling law:

Q=hAAT=RA(THTw) eeeie e e Q)
Heat transfer rate can be calculated as follows:

Q= meAszCp(Tm_Tout) .................................................... (2)

Results and Discussion:

In order to check the accuracy and reliability of the experimental set up, some experiments were
conducted with pure water as coolant prior to the usage of Nanofluids in the radiator. These experiments were
conducted at a constant flow rate and varying inlet temperature of the water.The results were shown in the
Figures 3 to 7. The experimental runs were extended to the usage of Nanofluids in the radiator, but with
different concentrations of Nanofluids.The concentration of Nanofluids used in these experiments was 0.5 %
and 1 % Al,Oz; and CuO in Water (Vol %). While the flow rate was maintained 0.03 kg/s the inlet temperature
was varied from 35°C to 56°C in these runs.
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Figure 3: Pure Water: Inlet temperaturevs Total heat transfer
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Figure 4: Water+Al,Oz;Nano fluid (0.5% Vol.): Inlet temperature vs Total heat transfer
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Figure 5:Water+Al,O;Nano fluid (1% Vol.): Inlet temperature vs Total heat transfer
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Figure6:Water+CuONano fluid (0.5% Vol.): Inlet temperature vs Total heat transfer
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Figure 7: Water+CuONano fluid (1% Vol.): Inlet temperature vs Total heat transfer
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Figure 8:Comparison in total heat transfer(Q) between pure Water,Al,O; and CuO

Here experiments were done to increase the heat transfer rate in automotive flat fin radiator by using
Nanofluids and also we compare the heat transfer rate between Al,O3; and CuO to achieve better results.From
the above graphs we observed that the heat transfer rate is increased by using Nano fluids instead of pure water
.The experiment was done at a constant flow rate of 0.03kg/sec and varying Nano fluid concentration(%vol.)
respectively 0.5% and 1%. The results are positively obtained and the comparison between Al,Oz and CuO ,we
got slight increase of heat transfer rate with CuO .

Conclusion:

In this experiment, heat transfer coefficients in the automobile radiator have been measured with two
distinct working liquids: pure water and water based Nanofluids (small amount of Al,Os/CuONanoparticles in
water) at different concentrations and temperatures and the following conclusions were made.

1. The presence of Al,Os/CuONanoparticles in water can enhance the heat transfer rate of the automobile
radiator. The degree of the heat transfer enhancement depends on the amount of Nanoparticle added to
pure water. Ultimately, at the concentration of 1 vol.%, the heat transfer enhancement of 45% compared to
pure water was recorded. Similar results obtained in [14].

2. Increasing the flow rate of the working fluid (or equally Re) enhances the heat transfer coefficient for both
pure water and Nanofluid considerably while the variation of fluid inlet temperature of the radiator (in the
range tested) has slightly changes the heat transfer performance. Similar trend followed in [15].

3. Comparison between Al,O; and CuO has been done,we observed that CuONano particles gave slightly
higher heat transfer rate than Al,Oz.Similar results observed in [18].
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