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A fin is a surface that extends from an object to increase the rate of heat transfer to
or from the environment for enhancing convection. The heat transfer performance
of the engine cylinder fin is investigated in this study using fin geometries with var-
ious extensions, including rectangular, trapezium, and triangular segmental exten-
sions. These are compared to fins without extension and showed a 5-13% increase
in heat transfer rate. The primary idea behind adding extensions to finned surfaces
is to increase the surface area of the fin in contact with the fluid/coolant flowing
around it, resulting in a faster heat transfer rate.
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Introduction

Extensions on engine finned surfaces are used to increase the surface area of the fin
in contact with the fluid-flowing around it, resulting in a higher rate of heat transfer from the
base surface with a fin than a fin without extensions. Surfaces that protrude from a base are
called fins, and they improve convection speed up the rate at which heat transfer to or from the
environment. Rectangular extensions, trapezium extensions, and triangular extensions are ex-
amples of fin extensions. A number of experiments were carried out to determine the impact of
the pin-fin tube’s structural parameters on heat transfer and resistance characteristics and found
that the heat transfer and resistance performance of pin-fin tubes were greatly influenced by
the longitudinal pitch and transverse fin spacing [1]. Free convection around a single vertically
oriented square fin on a horizontal plate was numerically investigated, and it was predicted that
heat flux at the fin base decreases almost linearly with increasing fin width [2].

A steady-state thermal analysis was used to observe the temperature distribution and
heat dissipation along the fin surface of two shapes, and a better shape of the fin, as well as a
suitable material, was selected based on the FEM results and a comparison the existing shape
and material of the fin [3]. The influence of circular, pin, and rectangular fins on the efficiency
of the Stirling engine was investigated, resulting in an increase in the heat transfer rate, effi-
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ciency, and power output of the engine, with rectangular fins achieving the highest efficiency
of 19.03% [4]. In the light of flow morphologies around micro pin-fins of various forms, a
performance evaluation research is conducted using 3-D numerical models and found that the
rectangular-shaped micro pin-fin design has the maximum Nusselt number and friction factor
over the whole Reynolds number range [5]. Reported that the heat transfer from a cylinder with
eccentric fins is slightly lower than that from a cylinder with concentric fins and the temperature
plume and flow field over a horizontal cylinder with fins of different eccentricity [6].

The use of three slides with impinging flow results in an adequate reduction in ther-
mal resistance while requiring little additional pumping power. When using parallel flow, the
change in heat sink performance that occurs as the number of slides increases is not propor-
tional to the substantial rise in pumping power [7]. When compared to the aluminum test piece,
the paint coated copper test piece produces a 20.62% higher heat transfer and the convective
heat transfer rate increased by 49% when comparing the aluminum with the aluminum paint
coated test piece [8]. The heat transfer coefficients of different cross-sections were investigated
using an experimental investigation with a helical coil heat exchanger and the combination of
Ethylene glycol and water improves heat transfer efficiency by 10% to 15% and lowers heat
loss from the pipe [9].

The amount of heat transferred by an object is determined by its conduction, convec-
tion, or radiation. Heat transfer rates can be enhanced by increasing the temperature gradient
between the object and the environment, the object’s surface area and the object’s convection
coefficient. The object’s surface area is the most feasible and cost-effective technique to in-
crease the heat transfer rate.

Mathematical modelling of fins
Laws of heat transfer

Heat transfer through fins with or without extensions in an engine cylinder is governed
by the following laws: the Fourier Law of Heat Conduction and Newton’s Law of cooling.
Fourier Law:
dr
K M
where Q [W] is the heat transfer, K [Wm™'K™'] — the thermal conductivity of material, ¢ [Wm™]
— the heat flux, and 4 [m?] — the area.
Newton’s Law:

0=hA(T,~T,) &)
where 4 [m?] is the area exposed to heat transfer, # [Wm™2K"'] — the heat transfer co-efficient,
T, [K] — the temperature of the fin surface, and 7., [K] — the temperature of the fluid.

Heat transfer and temperature
distribution in fins

Conduction and heat loss through con-
vection cause the temperature to drop down the
fin. Along the length of the fin, the conduction is
considered to be 1-D. Figure 1 depicts the tem-
Figure 1. Heat flow and temperature perature distribution and heat transfer through a
distribution through a fin fin as an axial and lateral, 2-D.
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Fin heat equation

Considering a small element dx, per conservation of energy:

Qx = Qx+dx + Qconv (3)
where
dr
=—kA—
0, o
is the heat conducted at x,
dr d’T

is the heat conducted at x + dx, and
Qconv = h(de)(Ts _TOO)

is the heat convected through the length dx, where P [m] is the perimeter, Pdx [m?] — the area
for convection, and 4 [m?] — the cross-sectional area of the fin.
Thus the energy balance gives:

2
kij—f—hP(Ts—Tw)zo (4)
2
ix—f—mz (1,-T,)=0 (5)

where m? = hP/KA.
If, 6 = (T, - T,), the previous equation takes the form:

d’e
o
This is the wave equation describing the temperature as function of x and m. It is a
second order, linear ordinary differential equation with the general solution:

m*0 =0

0=Ce ™ +Ce™ (6)

The temperature change along the fin is determine using eq. (6). Two boundary con-
ditions are required to solve for the unknown C; and C,. The first is that the temperature at the
end of the fin that connects to the wall is the same as the temperature of the wall. The second
boundary condition can be found at the other end of the fin and assume that the heat exchange
from the end is moderate. Considering the three cases such as long fins, insulated end fins, and
convection at the end fins, each yielding a set of two boundary conditions, the solution can be
used to determine the temperature distribution and heat transfer as formulated.

Long fins
Boundary conditions
2
%—nﬂa:o in x>0
dx (7)

0=T,-T, at x=0 and 8 >0 as x > ©
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Temperature distribution

T, -T, © —m

= ®
Heat transfer

O =~ hPkAG, 9)

Fins with insulated end
Boundary conditions

2
jx—f'—mzezo in 0<x<L

40 (10)
0=T,-T, at x=0 and —=0 at x=L
dx
Temperature distribution
_ cosh|m(L—x
,-T, coshmL
Heat transfer
0 =\ hPkAG, tanh(mL) (12)
Fins with convection at the end
Boundary conditions
2
jx—f—mzez 0in 0<x<L
0=T,-T,=6, at x=0 (13)
k%+h¢9=0 at x=1L
dx
Temperature distribution
coshm(L—x)+(hk)sinhm(L—x)
0=0, i (14)
cosh(mL) + (j sinh(mL)
m
Heat transfer
tanh(mL) + EhLJ
0 =/h PkA6, ~ (15)

1+(thtanh(mL)

m
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Fin efficiency, n,

The efficiency of fin is defined as the ratio of actual heat transferred by fin to the
maximum heat transferred by fin. The maximum heat transfer would occur if the temperature

of extended surface was equal to the base temperature at all points:

Mfin =

Fin effectiveness, E

The ratio of the heat transfer rate from a surface with fin to heat transfer rate from
without fin. The effectiveness of fins must be greater than unity to justify their addition surface

dissipating heat to surroundings:
E= Qwith fin

Qwithout fin

Overall surface efficiency

It is the ratio of total heat transfer from the finned surface to the heat transfer from the

same surface if there were no fin:

77 fin overall

Qtotal nofin

Measurements

The motorbike TVS 50 engine cylinder block
was chosen in order to determine the temperature dis-
tribution and the heat flux under various extension
geometry. Over 44 million consumers have chosen
a TVS product over the years. The TVS two-wheel-
ers are affordable, and convenient to use. The engine
block is made of aluminum alloy 6061. Table 1 lists
the engine specifications with aluminum alloy 6061
material properties were used in this study.

During the analysis, the same material proper-
ties of aluminum alloy 6061 were employed for all of
the different extensions of engine cylinder. A vernier
calliper was used to measure the engine block and fin
dimensions. For further CAD modelling, the dimen-
sions of an existing disassembled TVS engine block
with a standard fin were measured. The measured di-

mension errors are insignificant, indicating that they have no impact on the outputs of the anal-
ysis. The dimensions of the results are examined in sections Fin domensions and Dimension of

Extensions.

Modelling and meshing
Design of fin using solid works

The cylinder block and the fins along with the various extensions are designed using sol-
id works. Solid works is a dassault systemes software programme for solid modelling in comput-

— Qtota] fin

(16)

(17)

(18)
Table 1. Engine specifications
Description Specification
No of cylinder 1
Bore 40 mm
Stroke 80 mm
Piston displacement 50 cc
Engine position Horizontal
Young’s modulus 69 GPa
Density 2700 kg/m?
Ultimate strength 310 MPa
Specific heat 0.896 KJ/kg°C
Thermal conductivity 167 W/mK
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er-aided design (CAD). It provides 3-D CAD software that enables designers to produce genuine
design understandings. Figures 2(a)-2(c) represents the fins with various extensions of rectangu-
lar, triangular, and trapezium, respectively. The number of extensions used on the main fin is 10.

Base surface
A

I
Fin with trapezoidal
extension /

@ ’ ) ©

Figure 2. Fin with different extensions; (a) rectangular extension, (b) triangular extension,
and (c) trapezoidal extension

Fin dimensions

The size of the rectangular fin was determined by measuring the current TVS engine
fin physically. Other extensions dimensions were selected after comparison with earlier studies
[3]. The fin dimensions are chosen to be: length, / = 0.034 m, width, b = 0.06 m, and thickness,
y=0.015m

Dimension of extensions

The extensions such rectangular, triangular, and trapezium are drawn to the dimen-
sions as shown in the figs. 3(a)-3(c).

Figure 3. Dimension of
extensions; (a) rectangular
extension, (b) triangular
extension, and

(¢) trapezoidal extension

—_ 60 -—

Solid model of various extensions

Using the dimensions of the fins and the extensions as stated in the aforementioned
sections, the solid models of the cylinder block with fins, with or without extensions are de-
signed as represented in the fig. 4.
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Figure 4. The 3-D CAD model of (a) ordinary fin without extension, (b) fin with rectangular
extension, (¢) fin with triangular extension, and (d) fin with trapezoidal extension

Meshing of solid model

Once the models are designed, they are imported into the
ANSYS software to continue with meshing and analysis. For
better analysis results, mesh the model with elements ~2mm
in size. Tetrahedral meshing was preferred for mesh input in
the solver and CFD was preferred in the physics. The average
orthogonal quality attained after mesh generation was 76-81%,
representing a very good mesh. A meshed model for ordinary
fin is shown in the fig. 5.

Table 2. Meshing details of fins

Fin extension | Nodes Elements | Average orthogonal quality
Ordinary 88440 46928 0.76 p 0.080(m)
Rectangular 172551 95990 0.79 0840
Triangular 175090 97818 0.78 Figure 5. Meshing of ordinary
Trapezium 178667 100852 0.81 fin solid model

Table 2 represents the resulted in meshing details of number of nodes, number of ele-
ments and average orthogonal quality for all the fin extensions.
Results and discussions
Geometric properties for various fins

The geometric properties of the various fins is given in the tab. 3. The mass of the fins
is increased by a maximum of 15% in the rectangular extension compared to the fins without
extension. The surface area also increased by a maximum of 10.2% with rectangular extension
compared to the fins without extension.

Table 3. Geometric properties of fins

Fin extension Area [m?] Mass [kg]
Ordinary 0.157 2.53
Rectangular 0.173 2.92
Triangular 0.160 2.75
Trapezium 0.166 2.89
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Fin analysis

Analysis was carried out by using of ANSYS WORKBENCH 12 and the temperature
distribution and heat flux is being determined for the fins with and without extensions. The
typical properties of an aluminum alloy 6061 were input into ANSYS engineering data and
incorporated therein for further thermal analysis. Utilized steady-state thermal analysis to deter-
mine the temperature distribution and heat flux of the different engine block extensions. Figures
6(a)-6(d) represents the temperature distribution for the fin without extension (ordinary), fin
with extensions — rectangular, triangular, and trapezium, respectively. Figures 7(a)-7(d) rep-
resents the heat flux for the fin without extension (ordinary), fin with extensions — rectangular,
triangular, and trapezium, respectively.

Temperature distribution

For all extension simulations, the inside cylinder surface’s inlet boundary conditions
are given a constant temperature of 200 °C. The minimum temperature distribution obtained
for fin without extension (ordinary), rectangular extension, triangular extension, and trapezium
extension were 185 °C, 106 °C, 155 °C, and 120 °C, respectively is shown in fig. 8.

Compared to ordinary without extension fin, the minimum temperature difference
occurred as 79 °C, 30 °C, and 65 °C of rectangular extension, triangular extension, and trape-
zium extension, respectively. The rate of temperature distribution obtained in the rectangular

B: Steady-State Thermal (ANSYS) A: Steady-State Thermal (ANSYS)
Temperature Tempearature
Type: Temperatura Type: Temperature
Unit. *C Unit *C
Time: 1 Tire: 1
200 Max 200 Max
18835 18964
1967 179.27
185.05 16881
193.41 158.55
191.76 148.19
180.11 137.82
188.46 127.46
186.81 174
185.16 Min 106.74 Min
0.000 0030 (m) 0080 {m)
[ E—
(@) 0.045 (b)
A: Steaty-State Thermal (ANSYS) A: Steady-State Thermal (ANSYS)
Temperature Temperature
Type: Temperature Type: Temperature
Unit *C Unit: *C
Time: 1 Time: 1

0.000 0.090 (m) 0.000 0.100 (m)
(c) 0,025 (d) 0.050
Figure 6. Temperature distribution of (a) ordinary fin without extension,
(b) fin with rectangular extension, (c¢) fin with triangular extension, and
(d) fin with trapezoidal extension
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B: Steady.State Thermal (ANSYS) A: Steady.State Thermal (ANSYS)
Total Heat Flux Total Heat Flux
Type: Total Heat Flux Type: Total Heat Flux
Unit: Wim® nit. VWim*
Time: 1 Time: 1
82642 Max 7.2277e5 Max
73460 6.4246e5
64278 5.6216e5
55096 4818585
45914 4.0154e5
38732 3.2123e5
27550 2.4092e5
18368 1.6062e5
9186.4 80309
4.4846 Min 1.2677 Min
0.000 0.080 {m) 0.080 (m)
(@) 0040 (b)
A: Steady-State Thermal {(ANSYS)
Total Heat Flux
Type: Total Heat Flux
Unit: Yfm®
Time: 1
4.1143e5 Max n 6.4428e5 Max
36572e5 5_.723585
3.2e5 5.0144e5
2.7429e5 4.3003e5
2.2857e5 3.586185
1.8286e5 2.8719e5
1.3714e5 2.1577e5
91429 1.443585
45714 72934
0 Min 1515.7 Min
0.000 0.090 (m) 0.000 0.100 (m)
(c) 0.045 (d) 0.050
Figure 7. Heat flux of (a) ordinary fin without extension, (b) fin with
rectangular extension, (c) fin with triangular extension, and (d) fin with
trapezoidal extension
extension was higher and 5.2 times higher than
the ordinary fin without extension. Previous re- Maxi
200 aximum temperature
search has also shown that rectangular fins per-
form more effectively in terms of temperature o
distribution than wavy and circular fins [10]. @ 170
=]
©
[
Heat flux g 140
U
The amount of heat energy that a surface ©
dissipates is heat flux. The numerical result of 110
obtained heat flux for fin without extension Minimum temperature
(ordinary), rectangular extension, triangu- 80
lar extension, and trapezium extension were
82642 W/m?, 722770 W/m?, 411430 W/m?, and 5
644280 W/mz’ is shown in ﬁg 9. The maxi- Ordinary Rectangular Triangular Trapezium
heat f btained i h 1 (without
mum heat transfer obtained in the rectangular extension)

extension (722770 W/m?), which is 8.74 times
higher than the ordinary fin without extension.
Additionally, earlier research shows that com-

Figure 8. Temperature distribution of
various extensions
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. 800000 pared to wavy and circular fins, rectangular fin

§ 700000 give better heat flux [10].

< 600000

:—E 500000 Conclusion

T 400000 From the results it is very clear that the
300000 use of fin with extensions, provides both effec-
200000 tive and efficient heat transfer. The lowest tem-
100000 perature differences for rectangle extension,

triangular extension, and trapezium extension,
respectively, were 79 °C, 30 °C, and 65 °C

0
Ordinary Rectangular Triangular Trapezium

(without
extension) when compared to ordinary without exten-
Figure 9. Heat flux of various extensions sion fin. The obtained maximum heat transfer

(722770 W/m?) in the rectangular extension

was 8.74 times higher than the conventional fin without the extension. Fin with extensions
provide near about 5-13% more in enhancement of heat transfer as compared to fin without
extensions. Heat transfer through fin with rectangular extensions higher than that of fin with
other type of extensions. Temperature at end of fin with rectangular extensions is minimum as
compared to fin with other types of extensions. The effectiveness of fin with rectangular exten-
sions greater than other extensions.
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