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Abstract

Engine life and performance can be
improved with effective cooling. The cooling
mechanism of the air cooled engine is mostly
dependent on the fin design of the cylinder
head and block. The heat is conducted
through the engine parts and convected to
air through the surfaces of the fins.
Insufficient removal of heat from engine will
lead to high thermal stresses, more wear &
tear of engine components and lower engine
efficiency and more exhaust emissions. As
the air-cooled engine builds heat, the cooling
fins allow the air to move the heat away from
the engine. In the present work, numerical
optimization of the fins array is carried out
by using commercially available CFD tool
Ansys — Fluent 15.0. The performance is
analyzed by considering and varying the
following parameters: 1. Fins geometry
profile 2. Pitch of the fins 3. Wind speed. The
results obtained from the numerical analysis
are compared with the wind tunnel based
experimental results.

Keywords- triangular fin array, Heat
transfer, CFD analysis, Wind tunnel
experiment.

I INTRODUCTION
Most internal combustion engines [1] are fluid
cooled using either air or a liquid coolant run
through a heat exchanger (radiator) cooled by
air. In air cooling system, heat is carried away

by the air flowing over and around the cylinder.
Here fins are cast on the cylinder head and
cylinder barrel which provide additional
conductive and convective surface. We know
that in case of Internal Combustion engines,
combustion of air and fuel takes place inside the
engine cylinder and hot gases are generated.
The temperature of gases will be around 2300-
2500°C. This is a very high temperature and
may result into burning of oil film between the
moving parts and may result into seizing or
welding of the same. So, this temperature must
be reduced to about 150-200°C at which the
engine will work most efficiently. Too much
cooling is also not desirable since it reduces the
thermal efficiency. So, the object of cooling
system is to keep the engine running at its most
operating temperature. It is to be noted that the
engine is quite inefficient when it is cold and
hence the cooling system is designed in such a
way that it prevents cooling when the engine is
warming up and till it attains to maximum
efficient operating temperature, then it starts
cooling.

Extended surfaces or fins [2] are widely used in
many engineering applications which include,
but are not limited to, air conditioning,
refrigeration,  automobile and  chemical
processing equipment. The primary objective of
using fins is to enhance the heat transfer
between the base surface and its convective
environment.
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As per the literature survey [3], it is established
that Effectiveness of the circumferential fin
with material aluminum alloy 6061 is better
than the fin with material aluminum alloy
A204,which is used as fin material for I.C.
Engines.

Hence, circumferential fin of rectangular
and triangular profiles with material aluminum
alloy 6061 is used in the henceforth work.

1. ENGINE SPECIFICATION
Table 1: Engine Specification

No of cylinders 1

bore 57.3mm
stroke 57.8mm
Piston displacement | 149.2 cm®
Compression ratio 9.1:1
Fuel used petrol
Engine position vertical

1. EXPERIMENTAL APPARATUS
AND METHODS

Fig 1: cating of exprimental cylinder [10]

Figl shows the casting of experimental
cylinder, which can be tightly fitted
(interference fit) with circumferential fins of

rectangular or triangular profile. )
_ 3 L o

Fig2: wind tunnel test rig at MJCET
Fig2 shows the subsonic low speed wind tunnel
test rig, experimentation is carried out in the test
section of this wind tunnel

Fig3: experimental setup
Figure 3 shows the experimental setup consists
of the following components
1. Wind tunnel test rig

2. Casted experimental with
circumferential fins
SAEA4O0 lubricating oil
500 watts electric heater
Ammeter
Voltmeter
Dimmer stat
Temperature indicator
. K type thermo couples

10. Anemometer

11. Wooden cap
In the present experiment, temperature
distribution and rate of heat transfer of
experimental cylinder is evaluated at various
fins pitch and wind speeds. The experimental
cylinder is tightly fitted with the replaceable
fins of rectangular and triangular profile. The
pitch of the fins is adjustable. The cylinder is
subjected to various wind speeds, in the range
of 8-22 m/s at the test section of the wind
tunnel. Initially the experimental cylinder is
filled with oil SAE40 and tightly fitted with fins
of rectangular profile is placed inside the test
section of the wind tunnel. A 500 watt electric
heater is immersed in the oil which is controlled
by dimmer stat. After heating the oil, once the
steady state is reached the cylinder is subjected
to wind flow of 8m/s and temperature is
measured.
To measure the temperature at various locations
on experimental cylinder, K type thermo
couples connected to temperature indicator is
used. To measure the rate of heat transfer,
ammeter and voltmeter is used. The wind
speeds are measured using anemometer.
Experiment is continued at various fins pitch
and flow speeds. The above said experiment is
also carried out with the experimental cylinder
fitted with the fins of triangular profile. Results
are tabulated and compared.

cylinder
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V. CFD ANALYSIS IN ANSYS
In the present work solid model of engine
cylinder with circumferential fins array of
different fin geometries like rectangular and
triangular are prepared by using Solid Works.
After modeling it has been imported in a
Ansys work bench with suitable extension for
assigning boundary conditions. Below figure
shows the geometry model of engine cylinder.

Fig:8 heat flux distribution of rectangular
profile fins with 9mm pitch at wall
temperature of T=160°C and speed of 22m/s

Fig4: Geometry model
V. RESULTS AND DISCUSSIONS

Fig:9 Temperature distribution of
rectangular profile fins with 6mm pitch at
wall temperature of T=160°C and speed of 8
m/s

Fig:5 Temperat-ure distribution of
rectangular profile fins with 9mm pitch at
wall temperature of T=160°C and speed of 8
m/s

Fig:10 heat flux distribution of rectangular
profile fins with 6mm pitch at wall
temperature of T=160°C and speed of 8m/s

Fig:6 Heat flux distribution of rectangular
profile fins with 9mm pitch at wall
temperature of T=160°C and speed of 8 m/s

Fig:7 Temperature distribution of Fig:11 Temperature distribution of
rectangular profile fins with 9mm pitch at rectangular profile fins with 6mm pitch at
wall temperature of T=160°C and speed of  wall temperature of T=160°C and speed of
22 mls 22 mls

ISSN (PRINT):2394-6202,(ONLINE):2394-6210,VOLUME-2,1ISSUE-4,2016
43



INTERNATIONAL JOURNAL OF ADVANCES IN PRODUCTION AND MECHANICAL ENGINEERING (IJAPME)

Fig:16 Heat flux distribution of triangular

Fig:12 Heat flux distribution of rectangular profile fins with 9mm pitch at wall
profile fins with 6mm pitch at wall temperature of T=160°C and speed of 22m/s

temperature of T=160°C and speed of 22m/s

Fig:17 Temperature distribution of
triangular profile fins with 6mm pitch at wall

Fig:13 Temperature distribution of temperature of T=160°C and speed of 8m/s

triangular profile fins with 9mm pitch at
wall temperature of T=160°C and speed of
8m/s

Fig:18 heat flux distribution of triangular
profile fins with 6mm pitch at wall
temperature of T=160°C and speed of 8m/s

Fig:14 heat flux distribution of triangular
profile fins with 9mm pitch at wall
temperature of T=160°C and speed of 8 m/s

Fig:19 Temperature distribution of
triangular profile fins with 6mm pitch at wall
temperature of T=160°C and speed of 22m/s

Fig:15 Temperature distribution of
triangular profile fins with 9mm pitch at wall
temperature of T=160°C and speed of 22m/s

Fig:20 heat flux distribution of triangular
profile fins with 6mm pitch at wall
temperature of T=160°C and speed of 22m/s
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Table2:CFD ANALYSIS RESULTS

DESCRIPTION
CFD-ANSYS RESULTS

> ~ P > a > Y S —~

o|Sce | B4 E|E|E &E (E 3%

z ScS | *¥g T |s|l 8ed 827 8| -2

v | 255|298 |g/§ SE 15| 8¢
s |2 FE @ | TS

1 Rectang | 8 9 6 | 160 141 1 | 4561
ular 9
profile

2 Triangu | 8 9 6 | 160 91 6 | 8774
lar 9
profile

3 Rectang | 8 6 8 | 160 141 1 | 4643
ular 9
profile

4 Triangu | 8 6 8 | 160 123 3 | 8574
lar 7
profile

5 Rectang | 22 | 9 6 | 160 94 6 | 8684
ular 6
profile

6 Triangu | 22 | 9 6 | 160 90 7 | 1773
lar 0|0
profile

7 Rectang | 22 | 6 8 | 160 94 6 | 9089
ular 6
profile

8 Triangu | 22 | 6 8 | 160 91 6 | 1421
lar 9 |0
profile

Table 3: Experimental Results

DESCRIPTION EXPERIMENTAL
RESULTS
2 o O Y= o 2 o
== 3 = = 0 4 =5 =5 o
ol E8 | B E|E| 28 855 54 3¢
2| 8¢ ZEl S5 | 28 sE8Y s =&
0 = (=] < oo a d g o=
Pl e =~ 8|l o | g9 god €5 =28
L = = o Z () ﬁ g 55 o I E
s < -« = 3
1 | Rectang | 8 9|6 160 139 21 | 4682
ular
profile
2 | Triangu | 8 9 |6 160 87 73 | 8876
lar
profile
3 | Rectang | 8 6 |8 160 139 21 | 4836
ular
profile
4 | Triangu | 8 6 |8 160 119 41 8754
lar
profile
5 | Rectang | 22 9|6 160 91 69 | 8860
ular
profile
6 | Triangu | 22 9 |6 160 88 72 1792
lar 1
profile
7 | Rectang | 22 6 |8 160 92 68 | 9216
ular
profile
8 | Triangu | 22 6 |8 160 90 70 | 1432
lar 4
profile

AT THE WIND SPEED OF 8 M/S
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Fig: 21 Graph at the wind speed of 8 m/s.

At the wind speed of 22m/s.
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Fig: 22 Graph at the wind speed of 22m/s.

At the wind speed of 8m/s.
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Fig:23 Graph at the wind speed of 8 m/s.
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At the wind speed of 22mi/s
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Fig: 24 Graph at the wind speed of 22m/s.

On comparing rectangular and triangular
profile fins at the same wind speed and pitch,
temperature difference and rate of heat
transfer is higher for triangular array of fins.
Moreover, triangular profile fins array at
same wind speed and different pitch it is
observed that the 9mm pitch is optimum
compared to 6mm pitch. Finally the CFD
analysis  results are compared with
experimental results obtained by testing the
engine cylinder in the test section of the wind
tunnel for a wind speed range of 8-22m/s.
From the CFD analysis, heat flux is found to
be maximum for the triangular profile fins at
the wind speed of 22m/s with pitch of 9mm.

VI. CONCLUSIONS

The following conclusions are made after
comparative study.

1. The temperature difference and rate of
heat transfer is higher for triangular
profile fins array compared to
rectangular fins array.

2. The triangular profile fins array
having pitch of 9mm is found to be
optimum.

3. By using triangular fins array the
weight of the fins body reduces, and
hence the overall load on the engine is
also reduced, which contributes to the
increase in the efficiency of the
system.

4. Hence for the cooling of cylinder
block of 1.C.engine, circumferential
fins array of triangular profile with
pitch of 9mm and material aluminum
alloy 6061is preferred and
recommended based on this research
work.

5. The rate of heat transfer is observed to
be maximum for the triangular profile
fins at the wind speed of 22m/s with
pitch 9mm.
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