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Abstract—Motorcycle engine releases heat to the
atmosphere through the mode of forced convection heat
transfer. To solve this, fins are provided on the outer part of
the cylinder. The heat transfer rate is defined depending on
the velocity of vehicle, fin geometry and the ambient
temperature. Increasing the temperature difference between
the object and the environment, increasing the convection
heat transfer coefficient, or increasing the surface area of the
object increases the heat transfer. Many experimental
methods are available in literature to analyze the effect of
these factors on the heat transfer rate. However, CFD
analysis will be used to simulate the heat transfer of the
engine block. ANSYS software is selected to run the
simulation.

. INTRODUCTION

As the fossil fuel reserves are depleting day by day,
increasing of fuel price raising the technology towards new
inventions and research, which provides engines which are
highly efficient _and. produces. high specific power. Air
cooled engines are phased out and are replaced by water
cooled engines which are more efficient, but almost all two
wheelers uses Air cooled engines, because Air-cooled
engines are only option due to some advantages like lighter
weight and lesser space requirement. The heat generated
during combustion in IC engine should be maintained at
higher level to increase thermal efficiency, but to prevent
the thermal damage some heat should remove from the
engine.

Many studies, experiments are carried out on an IC
Engine cylinder with fins using wind tunnel setup. The IC
Engine is initially heated to 150°c and cooing rate of
cylinder and fin is analyzed by varying the air velocity from
0 to 20 km/h using wind tunnel. This study is numerically
extended for analysis of fin parameters using commercially
available CFD code ANSYS Fluent. The numerically
predicted results are validated with the experiments carried
out in the laboratory. Hence the numerical study can also be
extended to study the effect of fin pitch, fin thickness,
normal and tapered fins, effect of holes and slits in fins etc.

Il. MATERIAL AND METHOD

In the present studies, comparison is carried out on an IC
engine cylinder including straight fins with cylinder
including wavy fins. The IC engine is constantly heated to
400°c and cooing rate of cylinder and fin is analyzed by
varying the air velocity from 20 to 60 km/hr. numerically for
analysis of fin parameters using commercially available
CFD code ANSYS. Hence the numerical study can also be
extended to study the effect of fin pitch, fin thickness,
normal and tapered fins, effect of holes and slits in fins.
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Fig. 1: .Four stroke Sl engine cylinder with straight fins

Fig. 2: .Four stroke Sl engine cylinder with curve fins

A. Computational Modeling

Figure 1 and 2 shows the modeled cylinder with straight and
curve fins which was used for CFD analysis. The
dimensions of cylinder and fins are taken with the help of
reverse engineering. A standard four stroke Sl engine
cylinder is measured with precise instruments. The bore
diameter of the cylinder is @55mm. The cylinder with wavy
fins is assumed with the help of standard engine
dimensions.3-D Models are created in Pro-E wildfire 4.0.
The output assembly design is created in parasolid format
file for grid generation in ANSYS-ICEM CFD meshing tool.

Fig. 3: Mesh of the Engine cylinder with straight fins
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Fig. 4: Mesh of the Engine cylinder with curve fins

B. Grid Generation

The 3-D model is then discretized in ICEMCFD meshing
tool. In order to capture both the thermal and velocity
boundary layers the entire model is discretized using
tetrahedral mesh elements which are accurate and involve
less computation effort. Fine control on the tetrahedral mesh
near the wall surface allows capturing the boundary layer
gradient accurately. The entire geometry is divided into two
domains AIR as. FLUID DOMAIN and ALLUMINIUM
CYLINDER as SOLID DOMAIN. Once the meshes are
checked for free of errors and minimum required quality. It
is exported to ANSYS CFX pre-processor. Figure 3 and 4
shows the mesh of Engine cylinder. Figure 5 shows the Air
domain.

Fig.. 5: Air domain around the Engine cylinder
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Fig. 6: .Boundary conditions to be taken on cylinder

C. Boundary Condition Setup

Air is assumed to be incompressible fluid. Ambient
temperature and pressure are assumed as 298 K and 1.01325
Pa respectively. The value of the boundary conditions like
operating temperature is 400 °C and Air velocity is taken 20
to 60 km/hr. Other boundary conditions like density,
specific heat, thermal conductivity and other material

properties are considered as constants throughout the
analysis. The mesh is imported to ANSYS CFX and then the
domains are initialized. The boundary conditions and the
interface cylinder and air are set in the solver. Figure 6
shows the boundary conditions. The top and bottom of the
cylinder surface are assumed to be adiabatic as it is insulated
as per the experiment. Air domain is initialized at a
temperature of 298 K as the initial temperature of the
domain as per the experiment. The heat transfer takes place
due to natural convection and conduction up to 298 K. The
heat release from Cylinder with straight and wavy fins is
calculated.

I1l. RESULTS AND DISCUSSIONS
The experimental results show that the value of heat release
through cylinder, with straight and curve fins. at air velocity
of 20 km/hr is 186.22K and 221.583K. and at air velocity of
40 km/hr is226.893K and 269.372K. At air velocity of 60
km/hr is 261.097K and 295.952K the heat release from the
cylinder was obtained by multiplying the heat capacity of
the heat storage liquid by the difference between 298°K and
the temperature at outlet.
Heat release: Q = mcpAT
Where, m = mass of the heat storage liquid, in Kg,
Cp = specific heat capacity of Air, in J/kg K,

Fig. 7: Temperature contour of Engine cylinder straight fins
at air velocity of 20 km/hr

Fig‘.‘é: Temperaﬁjré"cohfc'm—r of Engine cylinder curve fins at
~air velocity of 20 km/hr

Fig. 9: Temperature contour of Engine cylinder straight fins
at air velocity of 60 km/hr
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Fig. 10: Temperévtl"j}e' contour of Engine cylinder curve fins

at air velocity of 60 km/hr
It is seen that by changing cross-section and

geometry of fin there is an increase in heat release. The
temperature distribution profile of whole assembly in front
view is shown in figure 7 to 10. The temperature of air,
cylinder and fins which are at ambient temperature is also
increased which conforms the heat transfer physics. Figure
11 shows the hear release from both the cylinder models at
various air velocities. Up to Air velocity of 60 km/hr Heat
release rate increases but after that it decreases because of
higher velocity. The time of contact between the air and fins
becomes less at higher velocities which leads to lower

dissipation
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Fig. 11: Heat Release at Different Velocities for both the
Models

IV. CONCLUSION

The summary of the present experimental work is as
follows.

The fin geometry and cross sectional area affects the
heat transfer co efficient. In High speed vehicles curve
fins provide better efficiency. Curve passage between
the fins resulted in swirls being created which helped in
increasing the heat transfer. Large number of fins with
less thickness can be preferred in high speed vehicles
than thick fins with less numbers as it helps inducing
greater turbulence and hence higher heat transfer.

Heat transfer coefficient can be increased by increasing
the surrounding fluid velocity by forced convection.
Heat transfer dependence on different stream velocities.
But higher velocities also lead to lower heat transfer. So
it is necessary to maintain fluid velocities around the
fins.
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