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Abstract— For an effective engine cooling system it is
necessary to have good radiator functioning. In order to
improve effectiveness of car radiator, application of nano
fluids as coolant is contemplated in this research. The CAD
model of car radiator is developed using Creo 2.0 software
and CFD (Computational Fluid Dynamics) analysis is
conducted using ANSYS CFX software. The nano fluids used
for analysis are Al,Os/water and CuO/water. The results
obtained are compared with water by determining rate of heat
transfer obtained for different fluids using temperature
difference values from CFD results.
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I. INTRODUCTION

Radiators are heat exchangers used for cooling internal
combustion engines, mainly in automobiles but also in piston-
engine aircraft, railway locomotives, motorcycles, stationary
generating plant or any similar use of such an engine. Cooling
of internal combustion engines are attained using coolant
liquid which is circulated through engine block. The heated
coolant releases heat while passing through radiator through
forced convection mechanism. The cooled liquid is
recirculated to engine block. The composition of engine
coolant is mostly water and some oil. The circulation of
coolant is achieved using pump and heat dissipation is done
with the help of axial fan mounted on back of radiator. In
liquid cooled IC engines, the radiator is connected to engine
channels and pumping of liquid is done through these
channels. This liquid may be water (in climates where water
is unlikely to freeze), but is more commonly a mixture of
water and antifreeze in proportions appropriate to the climate.

The cooling system is provided in the IC engine for the

following reasons:

— The temperature of the burning gases in the engine
cylinder reaches up to 1500 to 2000°C, which is above
the melting point of the material of the cylinder body and
head of the engine. (Platinum, a metal which has one of
the highest melting points, melts at 1750 °C, iron at
1530°C and aluminium at 657°C.) Therefore, if the heat
is not dissipated, it would result in the failure of the
cylinder material.

—  Due to very high temperatures, the film of the lubricating
oil will get oxidized, thus producing carbon deposits on
the surface. This will result in piston seizure.

— +<Due to overheating, large temperature differences
may lead to a distortion of the engine components due
to the thermal stresses set up. This makes it necessary
for, the temperature variation to be kept to a minimum.

— Higher temperatures also lower the volumetric efficiency
of the engine.

Il. LITERATURE REVIEW

Leong et al. [1] attempted to investigate the heat transfer
characteristics of an automotive car radiator using ethylene
glycol based copper nanofluid numerically. Thermal
performance of an automotive car radiator operated with
nanofluid has been compared with a radiator using
conventional coolants.

Vajjha et al. [2] have been numerically studied a
three-dimensional laminar flow and heat transfer with two
different nanofluid, AI203 and CuO, in the ethylene
glycol/water mixture circulating through the flat tubes of an
automobile radiator to evaluate their superiority over the base
fluid. Convective heat transfer coefficient along the flat tubes
with the nanofluid flow showed considerable improvement
over the base fluid.

Peyghambarzadeh et al. [3] have recently
investigated the application of Al203/water nanofluids in the
car radiator by calculating the tube side heat transfer
coefficient. They have recorded the interesting enhancement
of 45% comparing with the pure water application under
highly turbulent flow condition.

Peyghambarzadeh et al. [4] have used different base
fluids including pure water, pure ethylene glycol, and their
binary mixtures with Al203 nanoparticles and once again it
was proved that nanofluids improves the cooling performance
of the car radiator extensively.

Eastman et al. [S] found that a “nanofluid”
consisting of copper nanometer-sized particles dispersed in
ethylene glycol has a much higher effective thermal
conductivity than either pure ethylene glycol or ethylene
glycol containing the same volume fraction of dispersed
oxide nanoparticles. Thermal conductivity of ethylene glycol
can be increased by 40 % for a nanofluid consisting of
ethylene glycol containing approximately 0.3 vol. % Cu
nanoparticles of mean diameter <10 nm.

I1l. OBJECTIVE

Our objective of current research is to analyze an
effectiveness of car radiator using different type of nano
fluids. The base fluid used in car radiator is to be replaced
with CuO/water and Al,Os/water nano fluid. The
comparative analysis is done using ANSYS CFX software.

IV. METHODOLOGY

The CAD model is developed using Creo software which is
sketch based, feature based, parametric 3d modelling
software developed by PTC. The CAD model is developed
using extrude, sweep and pattern tool.

Number of tubes 29
Helical type tube mean diameter 30mm
Pitch 15mm & 20mm
Inner diameter of tube 2mm
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| Outer diameter of tube | 4mm |
Table 1: Dimensions of Car Radiator[6]
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Fig. 2: CAD model of car radiator
The CAD model developed is imported in ANSYS
and checked for geometric errors which include hard edges,
tolerances etc. The CAD model is meshed in ANSYS mesher
using tetrahedral elements. The meshing size taken is fine
size with relevance 80. Size function is set to adaptive,
transition slow.
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Fig. 3: Meshed CAD model in ANSYS

The number of elements generated is 8253539 and
number. The domains are defined as fluid domain and fluid
are set to water or Al,Os/water nano fluid as required to
analyse different cases. Reference pressure is set to 1 atm and
turbulence model set to k-epsilon. The energy equation is set
to thermal energy. After defining domain and assigning fluid
properties in material definition, inlet and outlet boundary
conditions are defined for fluid. The inlet condition is defined
at different mass flow rates and temperature at inlet is 85°C
outlet boundary condition is defined at O relative pressure.

Fig. 4: Inlet Boundary Condition
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Fig. 5: Outlet Boundary Condition

Aluminum (AL 6063) has selected for the model due
to light in weight and high rate of heat transfer and heat
dissipation in this material. The manufacturing process also
simple in the aluminum and cost wise it is an economic. The
material having thermal conductivity, convection coefficient
of heat transfer for air, temperature of surface and ambient
temperature as:
Density, 2770 Kg/m®
Thermal conductivity, k = 216 W/m °C
Specific Heat, 875 J/kg °C
Convection coefficient of heat transfer, h =
Watt/mm?
Heat flow through wall surface at which fin attached = 50
Watt
Ambient temperature, t, = 24 °C

0.00897

V. RESULTS AND DISCUSSION

CFD analysis is conducted using Al,Os/water nanofluid at
different particle concentration of Al,O; Nano particles and
also using CuO/water. The concentration of particles ranges
from 2% and 3% and water as base fluid. The analysis is
conducted under free convection condition i.e. radiator fan
not running and vehicle is in still condition and not moving.

Fig. 6: Velocity plot using water
The plot above shows maximum velocity near inlet
with magnitude of 1.42m/s and velocity reduce on moving
towards outlet. The outlet velocity is .71m/sec. The helical
tubes reduce velocity of fluid flowing to considerable extent.
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Fig. 7: Temperature plot using water
The temperature plot shown above shows higher
temperature near inlet as shown by red contour and
temperature reduces on moving towards outlet. The tube
temperature towards outlet is near 356K.

temperature reduces on moving towards outlet. The tube
temperature towards outlet is near 355K.

Coolant in Coolant out Temperature
temp(k) temp(k) difference(k)
358.15 355.61 2.54

Coolant in Coolant out Temperature
temp(K) temp(K) difference(k)
358.15 356.34 1.81

Table 1: Inlet and Outlet Temperature using water
CFD analysis is conducted using Al,Oz water 2%
nanofluid by method described in previous chapter. The
contour plots of temperature and velocity are plotted below.

Fig. 8: Velocity plot using Al,O3 water 2%

The velocity plot obtained using Al,O3 water 2%
nanofluid is shown in figure 5.3 above shows maximum
velocity near inlet section and velocity reduces on moving
towards outlet. The inlet velocity is 1.375m/s and as it exits
from coil the velocity reduces to .34 m/s.

Fig. 9: Temperature plot using Al,O3; water 2%
The temperature plot shown above shows higher
temperature near inlet as shown by red contour and

Table 2: Inlet and Outlet Temperature using Al.Os; water 2%
CFD analysis is conducted using Al,O3 water 3%

nanofluid by method described in previous chapter. The

contour plots of temperature and velocity are plotted below.

Fig. 10: Velocity plot using Al,O3; water 3%

The velocity plot obtained using AlOz water 3%
nanofluid is shown in figure 5.3 above shows maximum
velocity near inlet section and velocity reduces on moving
towards outlet. The inlet velocity is .68m/s and as it exits from
coil the velocity reduces to .34 m/s.

Fig. 11: Temperature plot using Al,Os water 3%

The temperature plot shown above shows higher
temperature near inlet as shown by red contour and
temperature reduces on moving towards outlet. The tube
temperature towards outlet is near 354K.

Coolant in Coolant out Temperature
temp(K) temp(K) difference(K)
358.15 355.94 2.21

Table 3: Inlet and Outlet Temperature using Al,O3 water 3%

CFD analysis is conducted using Cu/water 2%
nanofluid by method described in previous chapter. The
contour plots of temperature and velocity are plotted below.
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Fig. 12: Velocity plot using Cu/water 2%

The velocity plot obtained using Cu/water 2%
nanofluid is shown in figure 12 above shows maximum
velocity near inlet section and velocity reduces on moving
towards outlet. The inlet velocity is 1.54m/s and as it exits
from coil the velocity reduces to .38 m/s.

Fig. 13: Temperature plot using Cu/water 2%

The temperature plot shown above shows higher
temperature near inlet as shown by red contour and
temperature reduces on moving towards outlet. The tube
temperature towards outlet is near 356K. Table 4 below gives
inlet and outlet values of coolant.

Table 4: Heat dissipation and temperature difference

. Temperature Re}te -Of Heat
Coolant Used in di dissipation
. ifference _
Radiator AT (K) Q = m CpAT
(Watt)
Water 1.81 5646.38
Al,O3 water nano
fluid 2%: 2.21 6793.30
Al,O3
water nano fluid 2.54 7742.69
3%:
CuO/water 2% 2.33 7148.78
CuO/water 3% 2.85 8663.43
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Fig. 14: Temperature dlfference using different fluids
The temperature plot using different fluids and
varying concentration is shown in figure 14 above. The use
of nano fluids increases temperature difference across
radiator for specific mass flow rate of fluid. The highest
temperature difference is observed in CuO/water nanofluid
3%.
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Fig. 15: Heat d|55|pat|on using different fluids
The temperature plot using different fluids and
varying concentration is shown in figure 15 above. The use
of nano fluids increases temperature difference across
radiator for specific mass flow rate of fluid. The highest
temperature difference is observed in CuO/water nanofluid
3%.
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VI. CONCLUSION

CFD analysis is conducted on helical tube radiator using
ANSYS CFX software. The application of nano fluid as
coolant has proved to be viable option for use in heat
exchangers.

1) Two variable k — epsilon model provided reasonably
good predictions for turbulent flows and complex
geometries.

2) Application of nano fluids (Alumina/water and
CuO/water) has enhanced heat dissipation rate to a
considerable extent as compared to water as coolant.
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3) The increase in nano particle concentration increases
heat transfer rate but may lead to increase in friction.

4) CuO/water nanofluid has better heat dissipation
characteristics as compared to Al,Oz/water nanofluid.

5) The highest heat dissipation rate is found with
CuO/water 3% nanofluid.

6) Al,Os/water with 3% nano particle concentration
provided 37% increase in heat transfer rate.

7) CuO/water 3% nano particle concentration provided
53% increase in heat transfer rate
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