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ABSTRACT

A part of heat evolved during combustion within the combustion chamber of an internal combustion engine
is transferred to atmosphere through engine cooling system. Without an effective cooling system catastrophic
piston seizure may take place because of temperature build up within the combustion chamber. An optimized
cooling system improves the engine performance and reduces engine out exhaust emissions. In this study an
attempt has been made to review the studies carried out in the engine cooling system to identify and understand the
cooling system influencing parameters and current trends. Finally an experimental study was carried out using
copper nano particle of size 57nm mixed coolant, coolant, and water in a simulated experimental setup. The results
obtained with copper based nano coolant are compared with that of coolant and water for benchmarking. The
results show that copper nano particle when mixed with conventional coolant, specific heat capacity and viscosity
increases. Because of the change in the physical properties of the coolant convective heat transfer coefficient
reduces and pressure drop increases. Overall the effectiveness of the radiator is improved by around 14 % with
0.01% volume fraction copper nano particle based coolant.
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INTRODUCTION

In automobile, fuel and air are used to produce power within the engine by combustion phenomenon. Only
some portion of power is used by the vehicle, rest is wasted in form of exhaust gas and heat. If the excess heat is
not removed, it causes wear & metal weakening of components due to high thermal stress developed. So, the
engine cooling system plays a vital role in the engine research and developments. The structure of the cooling
system depends on the engine size and design, car features, passenger comfort (HVAC), pressure drop in engine
and many other applications under specified condition. The overview of the known components deduces the new
goals to fulfill the requirements of the future optimized system and should give the weak points of the present
system. Radiator assembly consists of three main parts core, inlet tank and outlet tank. Core has two sets of
passage, a set of tubes and a set of fins. Coolant flows through tubes and air flows between fins. The extended
surfaces (fins) are used to increase the surface area of the convection site. At high altitude, air density becomes low
and hence affects air mass flow rate. During summer surrounding air is hot i.e. inlet air temperature is more. When
vehicle is climbing uphill, maximum heat rejection is required. To compensate all these factors required radiator
core size may be large and numbers of tubes have to be increased, but which causes large space for housing
requirement and high cost. Performance of radiator cooling system is influenced by factors like air flow rate,
coolant mass flow rate, air inlet temperature, coolant fluid, fin type, fin pitch, tube and fin material, tube type and
tube pitch. It is difficult to make ambient air properties as favorable one and also there is a limit for air flow rate
which mainly depends on vehicle speed. The turbulence creating concepts like dimples & vortex generators are
enhances the heat transfer of the system, so these concepts may be used in the development of new cooling system.
On other hand, the extended surfaces are the unique one in heat transfer area because which provide high surface to
volume ratio. Fin geometry design gives more value to the cooling system but complex geometries increases
difficulty numbers in manufacturing area.

In general, the conventional water pump which is coupled with crankshaft is used for the forced circulation
of coolant into the system. But this conventional method takes high time for initial warm up (under cold phase) due
to this, incomplete burning of the fuel will occur that causes increased pollutant emission & after the engine turned
off, the cooling of the system doesn’t takes place which may leads to the after boil condition. In winter season
cooling of the system is achieved by natural convection, less pumping effort is enough for this condition but in
conventional type the pump depends on shaft rotation. Using the electric water pump, the circulation of coolant
will be possible under above situations in controlled manner which enhance the behavior of the whole system. If
the pumping action is controlled, the huge amount of energy is reserved & may use it for vehicle transmission
which also leads mileage and power improvement. The hydraulic efficiency of the pump is limited about 45% and
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also durability of the centrifugal pump mainly depends on the shaft seal. To overcome those problems the major
factors like cavitation, frictional loss and seal strength are considered for the analysis and new type of polymer
composite based systems were developed. The thermostat is mounted on the engine either at the coolant inlet or at
the coolant outlet. Currently, the flat seat valve loaded with wax system is used as thermostat to regulate the flow
of coolant. But this system is not a position free one and also as low frequency of response. So, there is need of
alternate for this type of control system. The electronically controllable valve shows quick response and also these
components are position free, might operate at any position at any condition.

Improvement in automotive cooling system is achieved by different researchers through different
modifications. A group of researchers worked to improve the heat transfer on air side by increasing the air side
convective heat transfer coefficient using vortex generators and electrostatic principle. Johannturnow et.al.,
investigated about the vortex structures and heat transfer enhancement of turbulent flow over a staggered array of
dimples in a narrow channel and concluded that the flow pattern of dimples had more concentric values in
turbulence creation. For particular Reynolds number it was found that the dimple package with an h/D ratio =0.26
provided maximum thermo-hydraulic performance and heat transfer rate enhanced up to 201% of the plain tube.
Yong-gang lei et al., describes the behavior of vortex generators on heat transfer enhancement of a novel exchanger
using computational fluid dynamics methods. Delta winglet type vortex generator having the attack angle from 10°
to 50" and the aspect from 1 to 4 are used to accelerate the flow. It was found that the vortex generator with the
attack angle of 20° and the aspect ratio of 2 provides the best integrated performance over the range of Reynolds
number. C.B.Allisonet al experimentally investigated the effects of delta winglet vortex generators on the
performance of a fin and tube radiator. Due to the vortex generator, the flow is guided onto the tube surface which
increases the local velocity gradients and the nusselt number in that region which raises the heat transfer rate about
87% as compared to louvre fin surface. Yu rao et al., conducted an experimental investigation on the effects of
dimple depth on pressure loss and heat transfer characteristics in a pin fin dimpled channel and concluded that,
compared to the base pin fin channel, pin fin dimple channel have further improved convective heat transfer
performance up to 19%, but deeper dimples shows higher nusselt number with greater pressure loss. X.B.Zhao et
al., numerically investigated the heat transfer and erosion characteristics of H-type finned oval tube with
longitudinal vortex generator (LVVG) and dimples. Due to the presence of vortex generator the wear characteristics
of the tube is considerably eliminated by making swirl effects which prevents the direct impact of flow on the tube
face. The result shows that the LVG-dimple pattern achieved highest overall heat transfer performance and efficient
antiwear performance.

There were also attempts by researchers to improve the thermal conductivity of the radiator material. Yu-
Mao Chen, Jyh-Ming Ting were fabricated and analyzed Epoxy composites based on vapor grown carbon fiber
(VGCF) for room temperature. The high thermal conductivity of 695 W/ m K for polymer matrix composites was
obtained from that analysis. The high value of coefficient of thermal expansion (CTE) of the polymer material was
reduced by the incorporation of VGCF. The densities of all the composites are less than 1.5 g /cc. C.T’Joen et al.,
review the material properties of polymers, as well as the current state of the art of polymer matrix composites. It is
shown that these materials do hold good characteristic behaviors in the construction of heat exchangers in
HVAC&R applications, but there is a need of a considerable amount of research is still required into material
properties and life-time behavior. Due to the lack of thermal conductivity, polymers are not commonly considered
to construct heat exchangers, but the polymer has high corrosive resistance capacity and durability compared to the
conventional copper and aluminum.

S. D. Oduron investigated the effect of clay and silt soil blocking the heat transfer area of the radiator and
its effect on the engine coolant through experiments and a mathematical model. The results dictated that the area
covered is in a proportional relation with the inlet and outlet temperatures of the coolant in the radiator. In both
account, at 80% coverage of the heat transfer area of the radiator the engine vibrated excessively. It concluded that
dirt on the surface of a radiator decreased the performance of the radiator. It is recommended that, future studies
should consider the surface roughness and adhesiveness as impacting factors. Eduardo et al., investigated the use of
electric water pump for engine cooling system instead of conventional mechanical pump. Investigation show an
improvement in the emission parameter of 30% Co, 8% HC and 5%NOX, due to the reduction of engine cold phase
by performing perfectly based on the requirement. The electric water pump obtains an easy quick engine heating at
the cold phase and also give proper respond to the after boil condition. The durability and assembling site are the
advantages in using the electric pumps. G.M.Rocklage et al., deduced the alternative components which are
required to enhance the thermal cooling management systems. Their work deals with the use of electric water pump
and electrically controllable proportional valve instead of mechanical pump and thermostat. Those components
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have high response and also position free. This alternative system gives better fuel economy, less emission &
frequent cooling. Joao Meira et al implement a new concept of water pump where its structural element (housing),
were produced with a thermoplastic material, replacing the traditional aluminum. By using the tools indicated on
this paper, it is possible make a design of product according your application on cooling systems of passenger cars.
It creates the condition to produce a water pump with less industrial costs by reducing number of operations and
with less failure modes. Pump costs were reduced by 33% due to material change and other expected results shown
are: 500% increase on housing tooling life, 30% increase on bearing life, 37% reduction on area for assembly line&
30% reduction on tooling costs. The conventional coolants may be replaced with the emerging Nano fluid
technology based on the requirements which shows an enormous effect on convective heat transfer. Nano fluids are
solid — liquid phase composite materials which are engineered by the suspension of nano particles (whose average
size is approximately 100nm) in the conventional fluids like water, oil and ethylene glycol. A little bit of nano
particles, when dispersed uniformly and suspended stably in base fluids can improve the heat transfer and
properties of the fluids. Nano fluids is the term proposed by choito describe the new way of nano technology based
heat transfer fluids that can provide thermal properties superior to their base fluids. Due to the heat transfer
enhancement characteristics, there are numerous researches on nano fluid in recent years.

Xiang — gi wang and arun. S. Mujimdar (2006) was experimentally investigating the thermal behaviors of
Al,Oznano fluid and its heat enhancing characteristics and they provide the difficulties in the field of development
of nanofluids. Pak and Cho (1998) experimentally investigated the convective heat transfer in the turbulent flow
regime using Al,Os/water and TiOz/water nano fluids in water flowing in a horizontal circular tube, Alumina
(Al;0O3) and Titanium (TiO,) nano particles with diameters of 13nm*27nm respectively were used in the study.
They reported increase in the convective heat transfer co-efficient with particle volume concentration and reynold’s
number. Putra et al (2003) have reported suppression of natural convection heat transfer by nano fluid of
Al,Oz/water and CuO/water and concluded that this could be due to several factors such as nano particles settling
and velocity difference betweennano particles and main fluid. Lieke Wang and Bengt Sunder (2002) investigated
the heat transfer characteristics of the shell and tube exchanger by using the wire coil insert and twisted tape insert
and finally concluded that wire coil insert leads to high convective heat transfer. M. R. Salimpour (2008)
investigated the performance study of the shell and coiled tube exchanger by using engine oil and found that the
coil insert resulted in convective heat enhancement. Gabriela Huminic and Angel Huminic (2011) investigated the
heat transfer characteristics of CuO and TiOnanofluids by using helical double coiled shell and tube exchanger
under laminar conditions. They concluded that increase in the concentration of nanoparticle raise the convective
heat transfer coefficients. This can be validated by comparison of simulated data.M. Chandrasekar et al (2010)
experimentally studies the heat transfer characteristics of Al.Os/ water nanofluid in a wire coil insert tube under
laminar flow region and finally concluded that Nusselt number and convective heat transfer coefficient were
increased compared to these of distilled water.

Vetsislav ZIMPAROV and plamen PENCHEN were evaluate the performance of some tube inserts and
conclude that tube inserts increase the heat transfer rate.P. C. Mukesh Kumar et al (2012) experimentally studies
the counter flow and flow parallel flow configurations of a shell and coiled tube exchanger using Al,Os/ water
nanofluid and concluded that counter flow configuration leads high heat enhancement and nanofluid causes major
effects on heat enhancement compared with conventional fluids like water, ethylene glycol etc. S. Rainieri et al
experimentally studied the force convective heat transfer in smooth and helical coil tubes, concluded that the
helical coil insert corrugated tube was better than smooth tubes. From the literature reviews, it is clear that the
current cooling system has to be modified to achieve effective cooling systems based on the emerging technologies.
The geometrical addition needs a numerical study due to the manufacturing economy and improvements in material
properties of the structural elements will take effective time periods. So, in cooling system improvement process,
first step is to be the investigation of current automobile cooling system using Nano fluids.

The literature review clearly gives a picture that the present automotive cooling system has potential for
improvement. Electric coolant pump technology, higher thermal conductivity epoxy based radiator core, polymer
coolant pump vanes, split cooling system and nano based coolants the recent trends in modern automotive cooling
system. In this work it is decided to go with copper based nano coolant for heat transfer augmentation as it requires
less or no modification in the existing cooling system. More from literature it is found that copper nano particles
dispersed in coolant has better scope.

Nano fluid preparation and calculation of its properties: As copper has high thermal conductivity,heat transfer
enhancement using copper base nano fluidis carried out in this study. The experimental work also includes the
preparation of copper basednanofluid. Experiments werecarried out using water and EG mixture, water, and copper
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based nanofluids having copper nanoparticle of size 57nm with 0.01% volume fraction. Commercially available
nano copper particle is used in this study. The capacity of the designed cooling system is 12.5 lit. The quantity of
Copper nanoparticles required for 0.01% vol. fraction in 5000ml coolant is calculated to be 3.99g using equation (i).
The properties of the nano based coolant is obtained through experiments and correlations.

Volume fraction can be calculated by using
- Y WoiL Whbf -
Volume fraction = {M—:j,f{m—u +ar) (i)

A solution of 20ml of ethylene glycol (EG) and 3.9mg of Cu nanoparticles were mixed with the help of
ultra-sonicatorbath as shown in Fig 2.1 for 5 hours. After 5 hours, 30mL of water was added to the mixture and
again the mixture is ultra-sonicated for 3 more hours. Similarly nano coolant is prepared in batches and mixed
together to obtain copper nano based coolant. A probe type sonicator is used to keep the nano particles in
suspension till it is used in the heat exchanger for conducting experiments. During the entire study double distilled
DI water was used to prepare the coolants. Differential scanning calorimetry (DSC) was used to find out the heat
capacity of coolant (water+EG mixture) and nano particle dispersed coolant (Cu+Water+EG mixture). Using a
digital viscometer viscosity was found. Using the correlation (eq. no. ii) given by Chandrasekar thermal
conductivity was found and all the properties are tabulated in Table 2.1. Properties of water are taken from heat
transfer data book.

Using the following theoretical correlation thermal conductivity was calculated.

knf = kf (1+Ck ¢) ---- (ii)
Table.2. Thermo-physical properties of different fluids:

Properties Density p Cp Prandtl Thermal Dynamic viscosity
(kg/m3) (kJ/kg.K) | Number conductivity wkg/m.s )
(Pr) k (W/m.K)
Water 1000 4.186 7.020 0.5978 1.006E-4
Water-EG mixture 1030.1 3.799 5.19 0.449 6.139E-4
Cu Nano-Water-EG mixture 1108.8 4.75 5.94 0.475 6.62E-4

Figure.2.Image of ultrasonication of Nano coolant mixture

Experimental setup: The experimental set up consist of w hoses, an overhead reservoir tank, a 3000 watts closed
electric heater, a centrifugal pump, a 150 Ipm digital water flow meter, a 40 watt DC variable speed forced draft fan
used in automobiles, temperature controller for precise temperature adjustment inside the closed water heater, six
thermocouples for temperature measurement across coolant flow in heat exchanger, closed electric heater and air
temperature. These thermocouples were then connected to an Agilant data logger for automatic continuous
temperature data acquisition. The test section is a cross flow heat exchanger (automobile radiator) consisting of
finned-tube exchanger. Water flows downwards through the 54 vertical non circular tubes. The fins and the tubes
are made with copper. The pump valve is adjusted to give a constant flow rate of 97 Ipm. Air flow rate was
adjusted by varying the fan speed using an electronic speed regulator. In all the cased water flow rate and air flow
rate is kept constant. Water inside the closed electric heater is heated to 80° C. The flow lines are insulated to avoid
heat loss. Air flow across the radiator is measured using an anemometer. The setup was thoroughly checked to
avoid leakages and was calibrated for predicting the error in the measurement system. All the measurements were
made after reaching steady state conditions. The inlet and outlet temperatures and the flow rates for air and water
were acquired for calculations. Figure 3.1 shows the schematic of the experimental setup used in this study. Before
conducting experiments with nano coolant and coolant (water + EG mixture) experiments were conducted using
de-ionized water as the working fluid and the obtained experimental data are used for benchmarking.
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Figure.3.Schematic of the experimental set up
RESULTS AND DISCUSSION

The dispersion of the nanoparticles plays an important role in the stability of nano fluids. It is a known fact
that the surfactants used in many studies keeps the nano particles in suspension for longer duration. The
ultrasonication process was preferred in this study because it provides overall stability without jeopardizing the
thermal properties of the coolant. The inlet velocity of air was measured with the help of an anemometer and was
fixed to be constant at 10 m / s throughout the experiment. The results obtained with coolant flowing at a steady
flow rate of 97 Ipm and coolant temperature maintained at 80°C is presented in this study. Addition of
nanoparticles to ethylene glycol and water mixture results in decrease in thermal conductivity (k) by around 20 %
when compared to base water thermal conductivity. Similarly addition of ethylene glycol to water also showed
reduction in thermal conductivity by around 24%. Addition of ethylene glycol to water is limited to 40 (% by
volume). The addition of Cu nanoparticles increases the specific heat capacity of the mixture by 13 % compared to
water while addition of ethylene glycol water reduces the heat capacity of water by around 9 %. According to first
law of thermodynamics (conservation of energy) the heat lost by the working fluid in the radiator must be equal to
heat gained by air that is flowing across the radiator. A good experimental setup without much heat loss (flow lines
and closed electric water heater) will have these values closely matching. In this experimental work a marginal
deviation of around 5% to 7% was observed respectively. The reason for the marginal difference could be related to
the change in the ambient conditions and heat conduction in the joints and fixtures.

Figure.4.shows the variation of convective heat transfer coefficient on water side with respect to change in
temperature (AT). Addition of nanoparticles to ethylene glycol and water mixture showed decrease in convective
heat transfer coefficient (h) by around of 9 % compared to that of water alone. Ethylene glycol and water mixture
registered a decrease in heat transfer coefficient by around 10.34% than water.
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Figure.4.Convective heat transfer coefficient vs Figure.5.Variation of pressure drop in the tube
Temperature change for different coolants (water side) for different coolants
Figure 4.2 shows the variation of pressure drop with respect to dynamic viscosity. The high viscosity of nano fluid
gives an adverse effect on pressure drop in the cooling liquid by around 40 %. This shows that more pumping
power may be required to pump the nano fluid as compared to that of coolant and water.
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Figure.6.Effectiveness vs Number of transfer units for different coolants
The figure.6.gives a detailed note on effectiveness of the system with respect to number of transfer units.
The effectiveness of the radiator increases by around 35 % when compared to results obtained with water.
Generally heat lost by the coolant in the radiator depends on the thermo-physical properties (h, k, Cp&p) of the
fluids involved. The heat lost by the nano fluid in the radiator showed around 31.19% increase compared to that of
heat lost by water as a coolant.

CONCLUSION

In this paper, efforts are made to understand the basic approach for heat transfer enhancement in
automobile radiators through literature review. Finally an attempt has been made to enhance the heat transfer by
using nano fluid. Weconclude that for better result, the selection of nanoparticles according to its thermal
conductivity, synthesis method, volume fraction of suspension, particle size plays a significant role to enhance its
properties. Only one volume fraction (0.01% Vol. fraction) results were presented in this study at fixed coolant
flow rate, coolant temperature and air flow rate. The trials related to particle suspension for longer duration has not
been carried out. The cooling system improvement has number of dependent factors, in that coolant modification
concept was carried out in the present work and found that the nano based coolant increases the effectiveness of the
radiator by around 35 %. Specific heat capacity of the nano coolant increased on the other hand thermal
conductivity decreased. It is also found that addition of the nanoparticles increases the viscosity.
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