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Abstract: Overheating and excessive increase in the temperature of the compressors body causes thermal loading on the
compressors surfaces. The life of the compressor mainly depends upon the abrupt change in the thermal stresses and the
pressure stress induced in the body. The life of the compressor can be successfully improved and optimized by working on the
compressor body. Specifically speaking the compressors fin areas is the heat affected area. Change in small cross section area
can significantly change the convective heat transfer. This project report focuses on providing economical methods which are
optimized and also easily implementable solutions in the existing manufacturing setup. The above techniques are implemented
on compressor head body. All possible attempts are made to change the cross section and the shape of the heat transfer areas so
that maximized heat transfer reached in the operating process. The implementation of the optimize techniques is carried out by
analyzing different cross sections such as straight, trapezoidal and parabolic.

The scope of revising the strategies ultimately helps to increase productivity, efficiency, pointing to increase the profit. The only
aim to propose the solution is to optimize the heat transfer rate by the change in the design.

I INTRODUCTION

A. Compressor- Heat Transfer Medium

Compressor becomes almost an integral part of the mechanical industry and many other commercial applications. The compressed
air is used in many other applications such as the Mechatronics system where high amount of high pressurized air is required. The
electrical energy is not only used for increasing the pressure of the fluid or the gas, but there is simultaneous increase of the
temperature of the fluid as well. In most case the heat is removed by some passive means since the temperature is not high as the IC
engines. Still the increase of the temperature is quite enough for creating the temperature patterns which increases the thermal
loading and the thermal stresses. This generated temperature stresses as well as the flow induced stresses are quite enough for the
defining the overall effective operating life of the compressor.

This removal of the heat transfer becomes an essential issue while designing the compressor body. The distribution of the heat is
totally taken care by the fin design that is present on the outer surface of the compressor body. The only aim that is related while
designing is to increase the maximum surface area so that the heat is dissipated through the fins. The convective heat transfer is
enhanced by addition of the fins. Similarly if the change in the flow from laminar to turbulent is focused in that scenario there is
effective mixing of the hot and cold air removes heat quickly. [1]

Figure 1.1: Aluminium die casted Automobile component having fins.

The CFD approach has almost replaced the experimental technique method which saves the time and the cost involved. Figure 1.1
shows the fin design of an automobile component.
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B.  Aluminium Material

Selecting Aluminium material is the best option due to it physical characteristics. Aluminium alloys that are use for die casting
process have a specific gravity of approximately 2.7 g/cc, placing them among the lightweight structural metals. Six major elements
constitute the die cast aluminium alloy system: silicon, copper, magnesium, iron, manganese, and zinc. Each element affects the
alloy both independently and interactively. Different types of material that are generally used for die casting process are presented in
Appendix A. [2-7]

P
'y = |

Figure 1.2: Aluminium material for die casting. [8]

C. Statement of the Problem

The designs of the fins that are present of the any mechanical component for the purpose of the heat dissipation are very important
as far as the life of the fin body is concerned. The components where the fins are used are not subjected electrical energy that
increase the pressure but also increase the temperature of the respective body. This inculcation of the heat as well as the temperature
is responsible for creating different types of thermal loading which is responsible for defining the life span of the fin body.

The problem identified for dissertation work is to concentre on the designing and manufacturing of the compressor head having fins.
Optimizing of different design parameters is proposed to increase the life of the compressor head body. Parameters such as the
thickness of the fin, length, cross section of the fin, the pitch between adjacent fins are some parameter which is closely assessed for
increasing span by improving the thermal conditions of the physical component.

D. Objective of the Study

Following objectives are coin for the die casting of automobile components viz:

1) Increasing the life span of the compressor body.

2) Increase the heat transfer rate through the body.

Finding the various heat transfer rate distribution for the same body by changing the cross section such as rectangle, trapezoidal and
parabolic

E.  Limitations of the Study

The analysis is done on the compress body having the fixed bore diameter. The diameter can’t be altered since it’s a constraint of
the physical assembly. The heat transfer can be enhanced by increasing the diameter of the bore i.e. increasing the physical heat
transfer area.

1L LITERATURE REVIEW
A. Introduction
There has been a lot of research done by various people on the design of the fin body which will enhance the heat transfer rate. The
various methods which are implemented by designer may be in terms of thickness of the fin, or the profiles cross section of the fin
area, creation of special cuts which will increase the area of heat transfer. The Literature reviews presented in this chapter discuss
the different and innovative methods of manufacturing of the fin body.
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B.  Physically Tested fin Model and Design

Towards setting up an ideal design, Shivdas Kharche et al. [1] has reported the possible attempts can be made in cross section areas
of the fin. The authors have much more focus on the analysis of the rectangular fin. As per author experimental analysis and the
theoretical testing of the rectangular fin is made. There are two case analyzed for plotting the optimized heat transfer in case of fins.
In case I normal testing is done on a rectangular cross section which is also called as the single flow chimney pattern figure 2.1
shows the details for the same, similarly in case II a notch is made in a rectangular section. The rectangular notch is present at the
centre of one of the edges, which will in turn create a “c” section for the analysis figure 2.2 shows the notched fin.

The author reveal about the material saying that a lot of work is carried on aluminium material. Hence the above test is carried on
copper material which can be used as one of the alternative material for aluminium.

[ |
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cay
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Figure 2.1: Un-notched Fin [1] Figure 2.2: Notched Fin [1]

As per the author the best material for fin design is the aluminium and copper. Conclusion can be laid by considering the parameters
such as fin spacing, fin height, fin length and the fin temperature difference. The experimental setup is shown in figure 2.3.

Thermocouple
Base Plate Attachment

Thermocouple
Wires

a

. Insulating Box |

Figure 2.3: Experimental setup for notched Fin [1]

The author finally reveals about the results about the test carried for the above design parameters which are as follows, the heat
transfer is increased by increasing the height(H) of the fin and decreasing the length(L) of the fin. H/L ratio is responsible for the
increasing the heat transfer rate. Figure 2.4 shows the comparative results for heat transfer coefficients for both processes.
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Figure 2.4: Comparison of heat transfer coefficients for without notch and notch fin [1]

Further P. Raghupati and Dr. Sivakumar [2] explains about thickness to length ratio to be taken for an ideal design for optimization
of the heat transfer rate through the compressor body. In the test carried by the author the number of fins in the test are taken are
constant. These are 10 in numbers. The alteration for maximum heat transfer is obtained by the change in the thickness to length
ratio. Depending on the economical aspect of the material thickness lies between 2-3 mm. Necessary length for maximum heat
transfer is found out by physical testing for different lengths.

The author carried out 2 tests for 3mm thickness keeping the length of the fins as 45mm and 49 mm respectively. Another test of
3.5mm thickness was carried out on 47mm length. The results shows that temperature difference obtained for 3 mm thickness is
345K and 343K for 45 and 49mm respectively, similarly 345K is obtained for 3.5mm thickness. The results are tabulated in table no
1 [2]. Refer figure 2.5-2.7

Table 1: Comparison of maximum heat transfer for different thickness [2]

: No. of | Thickness of Lengj[h Max.

Trial . _ .| of fins | temperature
fins fins (T, : . .

No. N) mm) (L, 1in | obtained (in

min) K)

Existt ) 3 45 345

ng

1 10 3.5 47 345

2 10 3 49 343

3 10 2.5 51 342
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Figure 2.5: Trail no 1 [2] Figure 2.6: Trail no 2 [2]
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Figure 2.7: Trail no 3[2]

Mohammad Mashud et al. [3] have discussed much more on the keeping cylindrical fin as the base fin. Some minor changes are
brought in act on the cylindrical profile which will be responsible increase in the heat transfer through the compressor body. The
analysis for heat transfer is carried out on a plain cylindrical fin, circular cylindrical fin and threaded cylindrical fin. The diameter of
the cylindrical fin is 20mm with a length of 150mm. Convective heat loss reduces sharply as pressure is decreased. It is because as
the pressure inside the pressure reduction chamber is reduced, a low-density situation arises. In low-density circumstances the mean
free path of the gas molecules is large enough, and as density reduces this distance increases. The larger this distance becomes, the
greater the distance required to communicate the temperature of a hot surface to a as in contact with it. This means, it cannot be
assumed that the layer or air in the immediate neighbourhood of the surface of the fin will not have the same temperature as the
heated surface. This causes a considerable reduction in convective heat transfer coefficient, h [3]. Refer figure 2.8

Camnvective Hest Loss WS P

25 y r =

2o i i i e
§ 15 i 1 | i b | = = |
£ 10 ! ! ! =

s Bt

o I i E 1 i i I 1 i E I I

e} 200 400 &S00 s00
3

Figure 2.8: Ettects ot reduction in pressure on convective heat loss by solid cylindrical fin [3]
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Figure 2.9: Effects of reduction in pressure on convective heat loss by grooved cylindrical fin [3]

The effect of pressure reduction on the heat transfer through the cylindrical fin with circular grooves is shown figure 2.9. It is
observed that, with the increase of vacuum pressure there is a considerable reduction in heat transfer rate. At atmospheric pressure
heat loss is about 42 W. For a pressure of 490mm Hg heat loss is about 12.4, which is 29.52% of the total heat loss corresponding to
the atmospheric pressure. From Figure 2.8 it is observed that heat loss due to convection reduces more rapidly with pressure for
circular grooved cylindrical fin. The curve obtained from above figure 2.8 has much higher slope than the curve obtained from
figure 2.9 for solid cylindrical fin. This indicates higher performance of grooved cylindrical fin than solid cylindrical fin. [3]
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Fig 2.10: Effects of reduction in Pr. on convective heat loss by threaded cylindrical fin [3]

The curves obtained for threaded fin are discussed in figure 2.10 shows the effect of variation of absolute pressure on total heat loss
by a threaded cylindrical fin, which includes the effect of convective as well as radiative heat losses. It is observed that, with the
increase of vacuum pressure there is a considerable reduction in total heat transfer rate. At atmospheric pressure heat loss is about
33.9 W. For a pressure of 490mm Hg heat loss is about 10, which is 29.49% of the total heat loss corresponding to the atmospheric
pressure.

From this experimental study it has been found that the grooved radiating fin loses approximately 1.23 times greater heat per unit
area, compared to the threaded pin fin, and 2.17 times greater heat per unit area, compared solid to the solid pin fin at a pressure
lower than atmospheric pressure. As pressure decreases heat loss reduces and contribution of radiation heat transfer on total heat
loss increases. [3]
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Fengming Wang, Jingzhou Zhang et al. [4] made an experiment setup for acquiring the maximum heat transfer characteristics in a
rectangular fin. The test was carried on family of similar cross section such as a circular fin, elliptical fin and dropped shape fin. The
diameter of the circular fin is 6mm, the major and minor axis of the ellipse are 4.24mm and 2.12mm respectively. Lastly the
dropped fin has 4.6, 4.2 and 3.8 as the minor axis; similarly is having 8.5, 9.2 and 10.1 as the major diameter. The results which
were obtained on actual testing were as follows:

1) Flow characteristics

2) Heat transfer characteristics.

The graph shown in figure 2.11 and 2.12 shows the local vorticity for different cross sections. The detailed local vorticity
distributions on the mid-height plane of the flow channel for different pins. Two vortical structures dominated the vorticity
distribution: horseshoe and wake vortices. The occurrence of these vortical structures depends on the interaction of the primary flow
and pin fins. Horse- shoes are formed in the flow around a blunt body and roll up at the pin rim. Wakes are induced by flow
separation when the windward flow is exposed to a blunt body and manifests near the trailing edge of a pin. The horseshoe is a
considerably smaller structure with a negligible effect on the aerodynamic penalty compared to wake vortices.

Further figure shows the local Nusselt (Nu) number distribution for different pins. Circular pins seemed to have the strongest
convective heat transfer intensity among the five cases in the current study. In addition, the windward blockage by a circular pin fin
array was maximal for all cases; the flow was forced to follow a more twisted path around the pins, which decreased the pressure
drop. Final conclusion can be made as follows, the more streamlined drop-shaped pin fins are better at delaying or suppressing
separation when a flow passes through them, which reduces the aerodynamic penalty compared to circular pin fins. Similarly heat
transfer characteristics shows that heat transfer enhancement of drop-shaped pin fins is weaker than that of circular pin fins. The
reduction in average Nusselt number between the drop-shaped and circular pins was about 24% for drop-A, 26% for drop-B, and
27% for drop-C.

BEAA5LBRIERRAS
L TERT T R

Figure 2.12: Local Nu number
distributions (from computation).
Drop Shaped Pin [4] ga) Circular pin ﬁr}s, (b) Drop-A pin

ins, (¢) Drop-B pin fins and (d)
Drop-C pin fins. [4]

Figure 2.11: Local vorticity for different
pins: a) Circular Pin b) Elliptical Pin c)
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Mehendi Ehteshum et al. [5] has explained the effects of per formation on the rectangular fin body. The aim in making per
formation is to increase the area, so that maximum heat transfer can be possible. Table no 2 explains about the detail and different
possible construction features made on a rectangular fin.

Figure 2.13: Rectangular fin array (a) Solid fin, (b) Fin with one perforation of 2mm, (c) Fin with two perforations of 2mm, (d) Fin
with one perforation of 3mm, (e) Fin with two perforations of 3mm.

e)

Table 2: Fin array data [5]

NO.' No of Dia. of Width,  Height, Channel Fin F”l ‘To!al Base )

- of o o Length, . : height, surface area, Mass
T'ype - perforations, perforation, w he width, width,

fins, (mm) 1(mm) (mm) (mm) We (Mm)  t(mm) b, area, A, Av (gm)

n 4 o (mm) (mm?) (mm?)

(a) 4 0 0 34 32 15 3 5.75 9 4742.0 1088 36.6

(b) 4 1 2 34 32 15 3 5.75 9 55714 1088 355

(c) 4 2 2 34 32 15 3 5.75 9 6400.8 1088 343

(d) 4 1 3 34 32 15 3 5.75 9 5967.2 1088 34.0

(e) 4 2 3 34 32 15 3 5.75 9 7192.4 1088 314

Different combinations are made in rectangular fins so that maximum heat transfer is obtained. This is done by designing cross
section as shown in figure 2.13. Figure 2.13a shows the initial basic design of rectangular fin, figure 2.13b shows the hole of
diameter 2 made at the centre of the fin, figure 2.13c shows the hole of diameter 2 made at the centre of the fin but there are two
rows instead of one. Similarly figure 2.13d and 2.13e are similar to 2.13b and 2.13c¢ having the change in the diameter from 2 mm to
3mm respectively. Table 2 shows the actual parameters of the fin design that are exactly available on the fin area.

The setup is placed in a wooden box as figure 2.14 and 2.15. The fins are heated by electrical heater insulated by 1.6mm glass-fiber
tape with a thermal conductivity of 0.04W/m-K. Further the heater is insulated by glass-wool having a thermal conductivity of
0.04W/m-K. The fins are manufactured from aluminium (Al) block having 23704W/m-K as its thermal conductivity. The bottom
surfaces of the heater coil are provided so that the fins can be placed. The whole setup is placed on a plastic tube which stands inside
a wind tunnel.

@ —®

= F ) — /;;

(c) :::f /f ;,18'75' / / = @
7 4 3 p —
= L L L L [

(e) o e e e et

Figure: 2.14 Cross sectional view of het sink assembly, (a) fin (b) heater base insulated with glass fiber tape (c) heater coil (d) glass
wool insulation (e) wooden box. [5]

— | — D

Figure 2.15: Front view of the setup (a) fin (b) heater box (c) plastic tube (d) wind tunnel
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The result that are obtained from the above setup gives relationship between the heat transfer coefficient and the Nusselt number for
different fins corresponding to different Reynolds number(Re) shown in figure 2.16 and 2.17 respectively. The results shown
perforated fins have high and effective heat transfer rate as compared to the solid fin, both the efficiency and effectiveness is
decreased with increase in air velocity (Re).

210 +
2190 A
%k
I
-
B, 170 g Solid fin
- el Fin (1 perforation; 2 mm)
150 = Fin (1 perforation; 3 mm)
el Fin (2 perforations; 2 mm)
el Fin (2 perforations; 3 mm)
130 T T .
0 10 20 30

Re x 104

Figure 2.16: Effects of convective heat transfer on Reynolds number (Re) [5]

290 1
270 o
250 1
Z 230 ¢
b= Solid fin
210 1 e Ei (1 perforation; 2 nm)
Fin (1 perforation; 3 nm)
190 1 ===®==Fin (2 perforations; 2 mm)
=¥ Fin (2 perforations; 3 mm)
170 T T T T 3
5 10 15 20 25 30
Re x 104

Figure 2.17: Effects of Nusselt Number on Reynolds number (Re) [5]

Further the results show that heat transfer coefficient rate is significantly increased with fin having higher diameter over fin having
smaller diameter i.e. fin having diameter 3mm has higher heat transfer coefficient than fin having 2mm diameter. Nusselt number
which is a dimension less number also shows results on the similar basis as that of the heat transfer coefficient. Figure 2.17 shows
the graph of effects of Nusselt number on Reynolds number. Finally to conclude increase in Reynolds number increases both the
heat transfer coefficient and Nusselt number as well decreases the thermal resistance. Solid fin has maximum thermal resistance
than perforated fin. The value of the thermal resistance decrease as the diameter of the perforation goes on increasing.

S M Wange et al. [6] has again focused on the notch creation which makes an attempt to increase heat transfer, same as explained
by Shivdas Kharche et al. [1]

Power supply

4——Wooden Box

Figure 2.18: Schematic Representation of Experimental Setup [6]
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The experimental setup is shown in figure 2.18. The fin array consists of number of fins fixed to the base plate by using aluminum
welding operation. Heating coil placed in the base portion of the fin array. The heating coil is fixed in an insulating box. An
assembled array is placed in insulating box to base portion to minimize heat loss by conduction through base and sides of the fin
array. Calibrated thermocouples (k-Type) with temperature indicator are used to measure temperatures at various locations of fin
array. A calibrated wattmeter is connected to measure heater input. Experiments are performed and steady state observations are
recorded.

L:
000 0.150 0.300(m) ;
— o

oors 0125

Figure 2.19: Geometry Created in ANSYS Fluent [6]

v -

0.500 0.20 0.400 {m)
]

Figure 2.20: Mesh Generation in ANSYS Fluent [6]

ANSYS Fluent 12 software is used for Computational fluid dynamic analysis. The fin surfaces, with base are assumed as a source,
held at uniform temperature. Laminar natural convection is the mechanism for heat transfer from the fin array. Radiation heat loss is
not considered. The Boussinesq approximation is employed. ANSYS-workbench is used to create geometry of model. Geometry
and meshing capabilities within ANSYS Workbench is done. The 3D geometric model of inverted notch fin array is created. Figure
2.19 shows the 3D geometry model which is created in ANSYS fluent consisting the fin array assembly and enclosure for natural
convection condition. After creating the geometry, the next step is to prepare the mesh, accuracy of the CFD analysis depends on the
quality of mesh. Mesh generation involves the application of elements and nodes on existing geometry. The unstructured mesh is
used to mesh the solid model. The tetrahedral element is used for meshing the model. Figure no 2.20 shows the meshed model in
ANSYS Fluent software.
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Figure 2.21: Heat Transfer Coefficient for Fin Arrays [6]

Figure 2.21 shows that effect of heat input on heat transfer coefficient for inverted notch fin array and normal fin array. The value of
Lc for without notch fins is 0.0585 m and for notch fins the value of Lc 0.03234 m. The heat transfer coefficient is value of h is
depends upon the ratio Nu/Lc. The heat transfer coefficient is directly proportional to Nusselt number. The value of Nu is affected
as Lc is increase or decrease. In notch fins the value of Lc is less than without notch fins. Hence the value of h is more in notch fins
than without notch fins. It is observed that more temperature difference in notch fins hence ultimately increase the value of heat
transfer coefficient. The temperature distribution over the entire body is calculated by the CFD analysis. The contour of static
temperature distribution is shown in figure 2.22.

3290402 AN“ S
. 3 2Tee02
3 260402
3240402
3 23e+02
3210402
3200402
3 1Ba+02
3170402
3.180+02
- 3 140402
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30%+02
3070402
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3040402
3030402
3018402 4
3. 00e+02 ¢
2980402

Conlours of Slalic Temperature (k) Feb 23 20132
ANSYS FLUENT 12.0 (3d, pbns. lam)

Figure 2.22: Contour of Static Temperature Distribution [6]
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He Faliang et al. [7] has explained about the physical setup and analysis done on the on various fin structures. The author and the
team have performed the complete analysis on design of experiments (DOE). Figure 2.23 explains model for which the design of
experiments are performed. He has done 13 parameters with 2 layers. Table 3 show the same.

ol

S

&

(b) Layout

(a) Structure

Figure 2.23: Structure and layout of Fined Tube [7]

Table 3: Structure Parameters of Spiral Finned Tube [7]

s [ wm [ ww [ [ R | Lene
No. - Pitch Thk. Height . -
d({mm) t(mm) & (mm) h(mm) Pitch Pitch
Si(mm) Sa2(mm)

1 32 7 1.5 13 80 80
2 32 10 1.5 13 80 80
3 32 13 1.5 13 80 80
4 32 16 1.5 13 80 80
5 32 13 1.5 7 80 20
6 32 13 1.5 10 80 20
7 32 13 1.5 16 80 20
8 32 13 1.5 10 64 20
9 32 13 1.5 10 92 20
10 32 13 1.5 10 106 20
11 32 13 1.5 13 80 64
12 32 13 1.5 13 80 92
13 32 13 1.5 13 80 106

Experimental analysis shows the relationship between the Nusselt Number (Nu) and flowing resistance (Eu) with the Reynolds
Number (Re). Figure 2.24 the graphical representation of Nusselt number (Nu) with the Reynolds number (Re), Similarly figure
2.25 shows the representation of Eu with the Reynolds number (Re).

Nu

220

®t=Tom(t/d=0. 22)

120 W t=10mn(t/d=0. 31)

A t=13mm (t/d=0. 41)

70 ® t=16mm{t/d=0, 5)

2{:' 1 1 1 1 1
3000 15000 25000 35000 45000 55000Ke

Figure 2.24: Nu number relations with Re and fin pitch ¢ [7]
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Figure 2.25: Eu number relations with Re and fin pitch ¢ [7]

Following are the parameters that are used for performing Heat transfer Nu number and flowing resistance Eu number relations with
Re number (Re=5x10°~5.5x10%) and fin pitch ¢ under constant tube diameter (d=32mm), fin thickness (§=1.5mm), fin height
(h=13mm), transverse tube pitch S1=80mm(S:1/d=2.5), longitudinal tube pitch S>=80mm(S,/d=2.5)

Further the author still to find the relationship of heat transfer and the flowing resistance with the fin height. The parameters that are
use are as follows Heat transfer Nu number and flowing resistance Eu number relations with Re number (Re=5x103~5.5%104) and
fin pitch ¢ under constant tube diameter (d=32mm), fin thickness (6 =1.5mm),fin height (#=13mm), transverse tube pitch
S1=80mm(S1/d=2.5), longitudinal tube pitch $>=80mm(S,/d=2.5). Figure 2.26 shows the Nu number relations with Re and fin height
h

.\'ui
220
170 F
& h=Tmm (h/d=0. 22)
120 r | |
B h=10mm (h/d=0. 31)
. Ah=13mm(h/d=0. 41)
0T ® h=16mm (h/d=0. 5)
90 L L L L I

2000 15000 25000 35000 15000 55000 Re

Figure 2.26: Nu number relations with Re and fin height / [7]
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Figure 2.27: Relationship between Eu number relations with Re and fin height /4 [7]

Further the author speaks about the effect of transfer pitch on the heat transfer and the flowing resistance. The parameter which were
used were as follows

Heat transfer Nu number and flowing resistance Eu number relations withRe number (Re=5%103~5.5%104) and transverse tube pitch
S1 under constant tube diameter (d=32mm), fin thickness (8 =1.5mm), fin pitch (=13mm), pitch height (A=10mm), longitudinal
tube pitch $>=80mm (S2/d=2.5)

Kz
Z20
Ta
#sl=Edmn izl d=2
2 W -i=G0mnisl/d=2. 3
A s1=92mn{=1,/d=2. BTS
Ta ®=-1=10Emnisl,/d=5. 31235
20
5000 15000 25000 35000 45000 szoop Fe

Figure 2.28: Nu number relations with Re and transverse tube pitch S;

Figure 2.28 shows the graphical plot for the Nu number relations with Re and transverse tube pitch Sy, similarly figure 2.29 shows
the plot Eu number relations with Re and transverse tube pitch S;.
Ea
0.4
®:s1=642=(s51/d=2)

o

M:-1=80==(z1/d=2.
.3 T Az1=92zm(=1/d=2. 875)

®:1=106==(=s1/d=3. 3125)

0 1 1 1 1 ]

S000 25000 35000 45000 55000 Re

Figure 2.29: Eu number relations with Re and transverse tube pitch S
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Esmail M.A. Mokheimer [8] has investigated the performance of annular fins of different profiles which are subjected to locally
variable heat transfer coefficients. The working performance is measured in terms of the efficiency of the fin, which is further a
function of the ambient temperature and the geometry of the fin. The overall performance is obtained is measured from the curves
which are plotted called as the “fin efficiency curves” the author further reveals about the calculations and the performance is based
upon the constant heat transfer coefficient. If the natural heat transfer coefficients dominates the constant heat transfer coefficient at
that times local heat transfer coefficient are been used for such cases. The aim in using the local heat transfer coefficient is that it is
the function of the local temperature. The results that have obtained are for various annular profiles having cross section such as
rectangular, triangular, concave parabolic and convex parabolic

Following are some of the assumptions made while the author is carrying the study:
1) Steady heat flow.
2) The fin material is homogeneous and isotropic.
3) There are no heat sources in the fin itself.
4) The heat flow to or from the fin surface at any point is directly proportional to the temperature difference between the surface at
that point and the surrounding fluid.
5) The thermal conductivity of the fin is constant.
6) The heat transfer coefficient is the same over the entire fin surface.
7)  The temperature of the surrounding fluid is constant.
8) The temperature of the base of the fin is uniform.
9) The fin thickness is so small compared to its length and width that temperature gradient normal to the surface may be neglected.
10) The heat transferred through the outermost edge of the fin is negligible compared to that passing through the sides.
The author has done study on the local heat transfer coefficient along the upper and the lower surface of the fin. The fin
performance is represented by the fin efficiency. Figure 2.30 depicts the annular fin profile and shows the important main geometric
profile parameters. The fin profiles are defined by the change in the thickness of the fin along the length of the fin. The general
equation is given by:
Yr=¥p(Ro— R)"

%

LA 2274

" S S NS - SRS B e S Sy W e
o

T

Figure 2.30: General annular fin profile. [8]
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Where n is the profile index;

n = 0 represents the constant thickness fin which has a rectangular profile.

n = 1/2 corresponds to the convex parabolic fin profile

n =1 describes the triangular fin profile with straight surfaces and

n = 2 gives the concave parabolic profile.
All the profiles have the base thickness as Y. Triangular, concave parabolic and concave parabolic profiles have a tip at their end
such as y=0, y= ro and for rectangular fin have a constant thickness Y. Annular fin having a constant area for the heat flow have
hyperbolic profile, for such profiles the thickness the fin varies with the radius at y.r = constant and the profile can be expressed as :

yr =y (2)
The hyperbolic fin has a sharp edge at infinity but in actual practice it is not possible. It is cut off at a length ro from the axis of
symmetry. The general governing equation is given by:
dir(ksArZ_:)dr_As(hu*‘hl)r(T_Too)zo

Where,

ks is the fin material thermal conductivity,

A; = 2nry; is the cross-sectional area perpendicular to the heat flow,
And A is the local surface area at that section, As = 27rds for annular fins.

The dimension less form of the governing equation can be written as for variable profile can be written as:
d’e n \do m?
+(3- )og— ()0 =0
dR? \R (R,_R)/dR (Ry_R)™
Whereas for constant area profile it can be given as

d?0 [, R,\d0 [ m?
e+ (i) T~ ()0 =0
dr? " \k RZ/dR ™ \R,/R

In all of the above equations there are 2 dimensionless controlling parameters in addition to the index n. The 2 parameters are
namely the dimensionless variable m and the fin radius ratio.

The results that were obtained for annular fin subjected to variable heat transfer coefficient are shown in figure 2.31-2.35 for
rectangular, constant flow area, triangular, concave and convex profile respectively. Figures 2.31 and 2.32 shows the available
analytical solution plotted by dotted lines which is the actual deviation between the constant heat transfer coefficient and the
variable heat transfer coefficient.

- 1 2 3 4 5

Figure 2.31: Fin efficiency with dimensionless parameter m for annular fin with rectangular profile with variable heat transfer
coefficient,- - - - - - analytical solution for ratio=1, constant heat transfer coefficient. [§]
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Figure 2.32: Fin efficiency with dimensionless parameter m for annular fin with triangular profile with variable heat transfer
cocefficient. [8]
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Figure 2.33: Fin efficiency with dimensionless parameter m for annular fin with triangular profile with variable heat transfer
cocefficient. [8]
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Figure 2.34: Fin efficiency with dimensionless parameter m for annular fin with concave parabolic profile with variable heat transfer
cocefficient. [8]
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Figure 2.35: Fin efficiency with dimensionless parameter m for annular fin with convex profile with variable heat transfer
cocfficient. [8]
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Finally to conclude the author says the deviation between the fin efficiency calculated based on constant heat transfer coefficient
and that calculated based on variable heat transfer coefficient increases with both the dimensionless parameter m and the radius ratio
of the fin. The use of the present results obtained for heat transfer equipment that involve annular fins subject to natural convection
heat transfer mode would result in a considerable reduction in the extended surface area and hence a significant reduction in the
weight and size of the heat transfer equipment.

S. H. Barhatte, M. R. Chopade [9] has experimentally proved that increasing the area of heat transfer will definitely help in increase
the heat transfer rate. The author reveal about the ideal of developing a triangular not at the base of the fin base. The idea behind
doing is to increase the overall heat dissipating area. The notch shown in figure 2.36 is been made on the solid model and tested in
ANSYS for the heat transfer analysis. Now further the author says about the shape of the triangle that has to be constructed is also
important. The ratio of height of the triangle to the base of the triangle called as the aspect ratio is also of importance.

.01
. A dee-0)
1. 28e=021
1.3Zw=02
1,702

1, 18s+02
1.1Te=03
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ERETELE
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1.0e403
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3. EGe=07
15307
1.024=02
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2.38e02
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Figure 2.36: Plot of the static temperature (aspect ratio 1.2667)

Further the he has performed some test by changing the aspect ratios. Table 4 gives the details for the same, it also explains about
the value of heat transfer “h” for both the experimental and the computational method. The triangular notch having the aspect ratio
of 1.266 has the maximum value of the heat transfer, for aspect ratio 1.266 the corresponding value of h is 6.545 experimental and
6.423 computationally. These both value of heat transfer is having the maximum value among the group. The same is been showed
in graph shown in figure 2.37.

Table 4: Experimental and Computational Values of / [9]

Aspect | Experumental Computational
’ ¥ C T
SET Ratio Value of h alue of h
SETO0 | JHIOT | ¢ 495 5.691
hed
SET 1 0.866 6.505 6.078
SET2 | 1.000 6.517 6.097
SET 3 1.333 6.532 6.152
SET 4 1.266 6.545 6423
SET5 | 1400 6.494 6.137
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Figure 2.37: Average Experimental Value of / versus Aspect Ratio [9]

Sikindar Baba.Md et al. [10] has explained some techniques that help in the increasing the heat transfer rate by increasing the
surface area. The amount of the surface area determines the amount of conduction, convection and radiation that is transmitted
through the body. Increasing the temperature difference the object (fin) and the environment increase the convection heat transfer
coefficient.

The author has performed some test on the finned tube heat exchanger. Inter cooler of two stage reciprocating air compressor is
considered. It has 20 fins on the body. These fins are also called as the annular fins which have rectangular cross section. Figure
2.38 shows the construction features of the same.

T Tiia Tum
'

e

i

Intercooler inlep
] Imtercooler outle:

SCALE 1000

Figure 2.38: Extended surface Heat Exchanger [10]

The Specifications of Finned tube Heat Exchanger (Intercooler) is as follows:
Inner diameter of Bare tube: 34.65 x 10~m

Outer diameter of Bare tube: 41.65 x 10 °m

Tube material: Aluminium

Length of Intercooler: 166.18 x 10 °m

No. of fins: 20

Fin material: Aluminium

Thickness of each fin: 2.73 x 10 m

Type of fins: Circular fins of rectangular cross section

Height of fin: 11.325 x 10°m
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The author has performed some experimental test and found out some results based on test performed. Table 5 explains about the
temperature difference between the base of the fin and the tip of the fin. Further he has computed the temperature which lies
between the outer

—— Inaide S‘u-iun:"l;:mr:m::
Cngside surtace temperature |

)
-]

L Y S B T Y |
- K W@ B oo @ -

Inside Sudsce Temperalure (°C)
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=}

=
=

T T T — T
0 20 40 B B0 10 12 (T

Length Of Intercasker (mm)

Figure 2.39: Inside, Outside Surface Temperature of Intercooler Vs
Length of Intercooler

Table 5: Comparison of Base, Centre line and Tip temperatures of the fins

E Temperature at | Temperature Temperature
o fin base at centre of fin at fin tip

1¥ fin 77.3°%C 76.933°C 76.089 °C
2™ fin 76.0°C 75.6434°C 74.823 °C
3™ fin 76.6°C 76.2387°C 75.408 °C
4% fin 75.1°%C 74.7504 °C 73,046 °C
5% fin 75.6°C 75.2465°C 74.433°C
6% fin 76.6 °C 76.2387°C 75.407 °C
T2 fin 76.7°C 76.3380°C 75.505°C
8™ fin 76.8°C 76.4372°C 75.602 °C
o™ fin 78.2°%C 77.8263°C 76.966 °C
10® fin 77.4°C 77.0325°%C T6.187 °C
11% fin 76.5°C 76.13935°C 75.310°C
12% fin 77.9°%C 77.5286°C 76.674 °C
13" fin 76.9°C 76.5364 °C 75.7°C
14% fin 75.9°%C 75.5442°%C 74.725°C
15® fin 77.7°C 77.3302°C 76.47 °C
16 fin 75.5°%C 75.1472°%C 74.335°C
17 fin 73.2°%C 72.8651°C 72094 °C
18 fin 74.0°C 73.6589°C 72.874°C
19% fin 73.6°C 73.2620°C 72.484 °C
20% fin 70.0°C 69.6000 °C 68.076 °C
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Figure 2.40: Temperature distribution on the Figure 2.41: Temperature distribution on the
intercooler (rectangular profile) intercooler (triangular profile)

Surface and inner surface and which is measured along the length of the inter cooler. The temperature difference between those
two surfaces is very litter since the thickness is 3mm and the thermal conductivity is very high. Figure 2.40 shows the temperature
distribution of the rectangular fin, similarly figure 2.41 shows the temperature distribution for triangular fin. The analysis shows
that in the case of triangular shape fins the heat transfer id more and optimized one since the area of heat transfer is increased and
material cost is also reduced. If actual results are plotted heat transfer rate is increased by 3.39%.

I11. INNOVATIVE AND OPTIMIZED DESIGN STRATEGIES FOR FIN BODY
A.  Introduction
There are many ways by which the heat transfer can be enhanced in the fin body. The various method by which the heat transfer
depend upon the various constructional features such as thickness of the body, the cross section of the body, the number of the fins,
the distance between the adjacent fin, the length of the fin from the base of the fin. All of the above parameters individually or in
combination are somehow related in increasing the cross sectional area from which the heat dissipates.
All of the above parameters are equally responsible for deciding the heat transfer rate through the fin body. Analyses of various
parameters are being done through on a base model which has different cross sections such as rectangular, trapezoidal, parabolic,
and concave. Similarly other combination such as the aspect ratios of the cut-out of profiles made in the fins also plays a vital role in
defining the performance of the fin. All of the above parameters are consider while executing the project.

B.  Component Under Study: Fin body of the Compressor Head

Fin body on
Compressor
head

Figure 3.1: Design of actual fins body on the compressor head.
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Figure 3.1 shows the actual fins that are present on the compressor head. These fins that are provided may just be made from the
point of view for heat dissipation. The heat which is generated in the system (compressor) may not be dissipated in an ideal way
where the heat transfer rate would be maximum; an attempt is made to study on the above component and try to modify the design

parameter for optimizing the heat transfer rate.

C. Component Nomenclatures of single cylinder air compressor

Single Cylinder reciprocating
Air compressor Parts

r2 r3

[10,11,12 1314

NEC
AIR COMPRESSOR

An ISO 9001-2000 Company

[

-15,16,17,18

-24,25,26 L23L-22 21 L20

S.No. DESCRIPTION S.No. DESCRIPTION
1. | HEX PLUG 1/2" 14. | SAFTY VALVE

2. | AR FILTER 15. | STARTER

3. |AIR COMPRESSOR UNIT 16. | HEX BOLT M8x25

4. | FAN PULLY 17. | HEX NUT M8

5. |AFTER COOLER PIPE 18. | SPRING WASHER M8
6. |V—BELT 19. | 1/2" BALL VALVE

7. | BELT GUARD 20. | PRESSURE GAUGE

8. | MOTOR 21. | TANK

9. | CAPACITOR 22. | HEX NIPPLE 1/2"x1/2"
10. | HEX BOLT M10x35 23. | NRV ASSY

11. | HEX NUT M10 24, | HEX BOLT M10x30

12. | SPRING WASHER M10 25. | HEX NUT M10

13. | PRESSUR SWITCH 26. | SPRING WASHER M10

Figure 3.2: Assembly of single cylinder reciprocating cylinder
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Single Cylinder reciprocating
Air compressor Spares

HEAD

AFTER COOLER PIPE
GASKET CYLINDER HEAD
VALVE PLATE

PISTON

GASKET CYLINDER CRANKCASE
GUDGEON PIN
CIRCLIP

VALVE BLADE
CYLINDER
CRANKCASE GASKET
BREATHER VALVE ASSY.
HEX NIPPLE }"x%"
CRANKCASE

HEX NUT M8

SPRING WASHER M8
STUD M8x32

BOLT MBx30

SPRING WASHER M8
CONNECTING ROD
SPIDER WASHER

WEB ASSY.

CRANK SHAFT
DISTANCE BUSH
BEARING HOUSING
SPRING WASHER M8
BOLT M8x20

AR FILTER

NUT M10

| SPRING WASHER M10
STUD M10x40

©Olm N[O ;s (N

Figure 3.3: Details of single cylinder reciprocating cylinder
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D. Work Methodology for Project

v v
v

\
l L l
=w ==

l I |

v ' v

Creation of the Creation of the
cylindrical holes at cylindrical holes at
the periphery of the the base of the fin

fin bfdy body
<

Selecting the best one from level III as the final design

Figure 3.4: Flow chart for optimized manufacturing strategies.
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Figure 3.5: Dimensional Parameters of existing fin body

a: pitch, distance between two adjacent fin

b: thickness of the fin at the tip

c: external diameter of the of the central body

d: internal bore diameter of the central body

e: total height of the fin body

f: square base of the fin body

g: distance between the base and the last fin in vertical direction

F.  Level I Design — Basic cross section

1) Design of Square fin Body: The straight fin is one of the base cross section that analysed during study of heat transfer from a
body. The general idea is having a constant diameter ‘d’ projecting uniform cross section are the length of the fin i.e. the length
of the fin tip measured to the base of the bore diameter is kept depending upon the physical aspects of manufacturing as well as
the available space constraints. Similarly the pitch that is maintained between two adjacent fins is also of utter most importance.
This pitch value decides the volume of air that will come in contact with the fin and which is basically responsible for
developing the temperature gradient, At

The factors that are affecting heat transfer as follows:-

a) Increasing the temperature gradient (At) between source temperature and the fin tip temperature.

b) Increasing the heat transfer coefficient.

¢) Increase the surface area of the body.
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In our design we have kept the diameter of the bore as 55mm, which cannot be changed as constraint dimensions of the component.
The maximum diameter of the fin becomes around 130mm +/- Smm. The length of the fin become an (130-55)/2 = 75/2 = 37.5 mm
approximately. The outer periphery of the body is having a radius of R700 maintained between toppest and lowest height of the fin.
The thickness of the tip is 2.5mm. The complete body stand on a 64 mm square base. The construction features are showed in figure
3.6. &3.7

a: Design of Square Fin Body in Pro E b: Cross Sectional view of square fin body
Figure 3.6: Design of Square fin body
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Figure 3.7: Constructional details of square fin body

135.00
R700.00

O©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 |




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 10 Issue Il Feb 2022- Available at www.ijraset.com

2) Design of Trapezoidal fin Body: The trapezoidal fin is another important crossection that is to be discussed. Already discussed
in section 3.5.1, that the length of the fin is 37.5mm, the thickness is around 2.5mm. The heat transfer can be increased by
increasing the physical surface area. The surface area can be increased by just giving a draft starting from the tip of the fin.
There will be physically increase in the length of the fin that will be exposed to the air. Initial the length of fin i.e. 37.5mm will
be having a new length which is greater than 37.5mm. The length will be depending on the degree of draft provided which
starts at the tip of the fin. The final result of adding draft to the fin body gives additional strength and rigidity to fins. Since the
thickness is greater than 2.5mm. This case is physically applicable for increasing the heat transfer. The material that is for used
manufacturing also play an important role. The total weight of the fin body should also be less at a competitive price. Both of
the above two points can be achieved by just reducing the thickness of the fin below 2.5mm. This reduction in thickness will
have no effects in the increased heat transfer area as well as the weight of the component will be reduced. The final thickness
that’s maintained is 0.9mm. The constructional features are shown in fig 3.8 and 3.9

a: Design of Trapezoidal fin body in Pro E b: Cross sectional view
Figure 3.8: Design of Trapezoidal fin body
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Figure 3.9: Constructional details of trapezoidal fin body
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3) Design of Parabolic fin Body: As earlier discussed, that the heat transfer mainly depends upon factors such as, the surface area,
heat transfer coefficient, and the temperature gradient (Az). The temperature gradient (A¢) and the heat transfer coefficient
cannot be altered. In this case the only parameter that can be altered is the physical area of the component. Further enhancement
can be done by the change in the surface area. This can be done in terms of changing the cross section from trapezoidal to
parabolic in nature. The area is changed from linear to parabolic in nature. This is physically done by replacing the straight line
between the bore diameter and the tip of the fin by a curve of parabolic nature. The surface projected by the parabolic surface
will be definitely more than that of the trapezoidal fin body. The parabolic area is created by plotting R460 between the tips and
the base of the fin. The constructional features of the fin is showed in figure 3.11

a: Design of parabolic fin body in Pro E b: Cross sectional view
Figure 3.10: Design of Parabolic fin body
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Figure 3.11: Constructional details of parabolic fin body
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G. Level II Design — Profile pocket on fin area

1) Design of Parabolic fin Body with Rectangular Slots At periphery: As earlier discussed the only parameter that can be altered is
the physical surface area of the fin body. In level I design we have only made the alterations in the thickness of the fin and the
cross section. In level II design an attempt is made to increase the physical surface area at the cost increase in the fin length.
The length of the fin is increased in some fixed % which is feasible for manufacturing as well as suit the physical assembly of
the existing setup. In our existing design the fin is further extended by 8mm, meaning that there is increase in 21.6% area of the
existing area. There rectangular cut made ath he tip of the fin. The dimensions of the rectangular end are about 13.5 x 40 mm
wide. 4 slot are made at 90° with adjacent one. This size of cut is just made on the random basis just to check if there is any
drop in temperature. Definitely since there is increase in the area, connecting the Level I design; higher temperature gradient
will lie across the fin cross section area. The details of the rectangular cut are showed in fig 3.12 and 3.13 respectively. There
are six rectangular pockets which are inscribed in 30° between R 41 and R 33.16

b: Cross sectional view of parabolic fin

: Design of parabolic fin body with :
a: Zesigh 0F Paraborie Hh HoCy Wi body with rectangular slots at periphery

rectangular slots at periphery in Pro E
Figure 3.12: Design of Parabolic fin body with rectangular slots at periphery
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Figure 3.13: Design of rectangular slot on periphery in parabolic fin body
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Figure 3.14: Constructional details of Parabolic fin body with rectangular slots at periphery

2) Design of Parabolic fin body with Triangular Slots at Periphery: Increase in the surface area can further be explored by altering
the different cross section. As we have checked for rectangular cross section area; an implementation is done on the triangular
area. Plotting of triangular area against rectangular one will allow more material that will be placed on the fin. The only change
done is the triangular profile cut v/s rectangular cut is as follows, the triangular profiles is having a base of 40mm to height of
50mm. The triangular area is removed same in the case of rectangle one. The details of the same are showed in figure 3.15 and
3.16 respectively.

a: Design of parabolic fin body with ~ b: Cross sectional view ofparabolic fin
triangular slots at periphery in Pro E ~ body with triangular slots at periphery

Figure 3.15: Design of Parabolic fin body with triangular slots at periphery
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Figure 3.16: Details of triangular slot on periphery in parabolic fin body
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Figure 3.17: Constructional details of Parabolic fin body with triangular slots at periphery
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3) Design of Parabolic fin body with Rectangular Slots at the Base: The last two alterations are done on the periphery of the fin
body. Alteration at the base of the fin body is also prime importance. A rectangular slot is removed just at the start of the fin
length. A rectangular pocket of R41.00mm and R33.10mm as the adjacent sides of the rectangular pockets with the other two
ends of the slots are inscribed in 30°. There are in all 6 pockets which are cuts at the base. The size of the rectangular pockets
plays an important role because the remaining area that is present on the body should be capable of handling maximum heat
transfer at the same time. Similarly it should be able to resist against the physical damage. Considering equal weight age to area
50% of the areas inscribed in the radii is removed in the slot area and 50% is kept on the fin body. The details are of the
construction features are shown in figure 3.18 and 3.19 respectively.

O & & @ o B

a: Design of parabolic fin body with b: Cross sectional view of parabolic fin

rectangular slots at base in Pro E body with rectangular slots at base
Figure 3.18: Design of Paraoouc nn poay witn rectanguiar siots at tne pase

400 —

Figure 3.19: Details of rectangular slot at the base in parabolic fin body
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Figure 3.20: Constructional details of Parabolic fin body with rectangular slots at the base

4) Design of Parabolic fin body with Triangular slots at the Base: As discussed earlier from 3.5 onwards there should be ample
amount of area that should be present on the base of the fin. The adjacent edges that are inscribed in 30° are set back at 20° each
which will leave more material on the fin body near the fin base. This will allow maximum heat transfer via maximum area
obtain by setting the adjacent edges at 20° each. However, it won’t be commentable by adding more area near the base would
increase the heat transfer since it is very close to the source temperature. The physical answers that are obtained in the
software’s will guide the importance of adding additional area at the base of the fin. Figure 3.21 and 3.22 explains the
constructional for the same.

a: Design of parabolic fin body with  b: Cross sectional view of parabolic fin
triangular slots at base in Pro E body with triangular slots at base

Figure 3.21: Design of Parabolic fin body with triangular slots at the base
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Figure 3.22: Details of triangular slot at the base in parabolic fin body
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Figure 3.23: Constructional details of Parabolic fin body with triangular slots at the base
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H. Level III Design- Cylindrical slot on fin area

1) Design Of Parabolic Fin Body With Rectangular Slots At Base With Combinations Of Cylindrical Slot At The Periphery Of The
Fin Body: The combination of the square pocket or the triangular pocket that is made at the base of the fin is made on the
assumption of 50% of area is cut off from the fin area and the remaining is left on the fin for providing maximum heat transfer
conditions. There is no scope for creating any additional pocket near the base of the fins because it decreases the strength of the
fin. Further heat transfer can be improved by creating cylindrical slots in between the slots which are created at the base of the
fin. Creation of slots will definitely provide more surface are for heat dissipation. Figure 3.24 - 3.26 shows the same.

a: Design of parabolic fin body with b: Cross sectional view of parabolic fin body
rectangular slots at base with cylindrical with rectangular slots at base with cylindrical
holes at nerinherv in Pro E holes at periphery

Figure 3.24: Design of Parabolic fin body with rectanguias oivw ar wie vaow wit vy nuiivas uuivs av puaipu€ly.

Figure 3.25: Details of cylindrical holes at the periphery of parabolic fin body
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Figure 3.26: Constructional details of parabolic fin body with rectangular slots at the base with cylindrical slots at the periphery

2) Design Of Parabolic Fin Body With Rectangular Slots At Base With Combinations Of Cylindrical Slot At The Base Of The Fin
Body: The change in design for this segment as compared to section 3.8.1 is that the holes that are made on the periphery are
now shifted to the base of the fins. The size of the hole plays an important role as it is responsible for maximum heat transfer as

well as provides high strength. The detail for the same is shown in figure 3.27 -3.29.

a: Design of parabolic fin body with
rectangular slots at base with cylindrical

slot at base in Pro E

b: Cross sectional view of parabolic fin body
with rectangular slots at base with cylindrical
slot at base

Figure 3.27: Design of Parabolic fin body with rectangular slots at the base with cylindrical holes at base
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Figure 3.28: Details of cylindrical slot at the base of parabolic fin body
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Figure 3.29: Constructional details of Parabolic fin body with rectangular slots and cylindrical slots at the base of the fin body

Iv. CAE ANALYSIS OF VARIOUS CROSS SECTIONS IN ANSYS
A. Introduction
Ansys mechanical software is used plotting the results. The software is finite analysis tool used for structural, static and dynamic,
linear and non linear, thermal CFD and etc. In the complete design set Ansys work bench is used as the basic software for analysing
the thermal analysis of the compressor fin body. The input to the Ansys software was provided from Pro Engineer software. The
IGES format was provided to the software rest all boundary condition and thermal load were applied which plotted temperature
distribution total heat flux. The various distributions are explained in section 4.2 in detail.
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B.  Level I Design: Different cross section of the fin body
1) Straight Fin Body
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Figure 4.3: Convective Heat Input in the Meshed Body (Straight Fin Body)
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Figure 4.4: Temperature Distribution in the Meshed Body (Straight Fin Body)
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Figure 4.5: Total heat flux in the Meshed Body (Straight Fin Body)

2) Trapezoidal Fin Body
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Figure 4.6: Meshed Body (Trapezoidal Fin Body) Figure 4.7: Temperature Input in the Meshed Body (Trapezoidal Fin Body)
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Figure 4.8: Convective Heat Input in the Meshed Body (Trapezoidal Fin Body)
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Figure 4.9: Temperature Distribution in the Meshed Body (Trapezoidal Fin Body)
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Figure 4.10: Total heat flux in the Meshed Body (Trapezoidal Fin Body)

§0.00 {mmj

456.00

O©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 |




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 10 Issue Il Feb 2022- Available at www.ijraset.com

3) Parabolic Fin Body
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Figure 4.11: Meshed Body (Parabolic Fin Body) Figure 4.12: Temperature Input in the Meshed Body (Parabolic Fin Body)
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Figure 4.13: Convective Heat Input in the Meshed Body (Parabolic Fin Body)
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Figure 4.14: Temperature Distribution in the Meshed Body (Parabolic Fin Body)
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Figure 4.15: Total heat flux in the Meshed Body (Parabolic Fin Body)

C. Level Il Design: Creation of cut on the Periphery of the Fin
1) Parabolic fin body with rectangular slot on the outer periphery of the fins
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Figure 4.17: Temperature Input in the Meshed
Body (Parabolic Fin Body with rectangular slot

at periphery)

Figure 4.16: Meshed Body (Parabolic in Body
with rectangular slot at periphery)
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Figure 4.18: Convective Heat Input in the Meshed Body (Parabolic Fin Body with rectangular slot at periphery)
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Figure 4.19: Temperature Distribution in the Meshed Body (Parabolic Fin Body with rectangular slot at periphery)
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Figure 4.20: Total heat flux in the Meshed Body (Parabolic Fin Body with rectangular slot at periphery)
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Figure 4.21: Meshed Body (Parabolic Fin Body =~ Figure 4.22: Temperature Input in the Meshed Body
with triangular slot at periphery) (Parabolic Fin Body with triangular slot at periphery)
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Figure 4.23: Convective Heat Input in the Meshed Body (Parabolic Fin Body with triangular slot at periphery)
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Figure 4.24 Temperature Distribution in the Meshed Body (Parabolic Fin Body with triangular slot at periphery)
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Figure 4.25: Total heat flux in the Meshed Body (Parabolic Fin Body with triangular slot at periphery)
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3) Parabolic fin body with rectangular slot at the base of the fins
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Figure 4.27: Temperature Input in the Meshed Body

A

J

Zh
7

s

0.oon

Figure 4.26: Meshed Body (Parabolic Fin Body
with rectangular slot at base) (Parabolic Fin Body with rectangular slot at base)
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Figure 4.28: Convective Heat Input in the Meshed Body (Parabolic Fin Body with rectangular slot at base)
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Figure 4.29 Temperature Distribution in the Meshed Body (Parabolic Fin Body with rectangular slot at base)
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Figure 4.30: Total heat flux in the Meshed Body (Parabolic Fin Body with rectangular slot at base)
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Figure 4.31: Meshed Body (Parabolic Fin body with  Figure 4.32: Temperature Input in the Meshed Body
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Figure 4.34 Temperature Distributions in the Meshed Body (Parabolic Fin body with triangular slot at base)
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Figure 4.35 Total heat flux in the Meshed Body (Parabolic Fin body with triangular slot at base)

D. Level III Design: Creation of cylindrical slot
1) Parabolic fin body with rectangular slots at base with combinations of cylindrical slots at the base of the fin body
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rectangular slot & cy]mdrlcal slots at the base) (Parabolic fin bOdy with rectangular slot & cylindrical
slots at the base)
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Figure 4.38: Convective Heat Input in the Meshed Body (Parabolic fin body with rectangular slot & cylindrical slots at the base)
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Figure 4.40 Total heat flux (Parabolic fin body with rectangular slot & cylindrical slots at the base)
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2) Parabolic Fin Body With Rectangular Slots At Base With Combinations Of Cylindrical Holes At The Periphery Of The Fin
Body
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Figure 4.42: Temperature Input in the Meshed body
(Parabolic fin body with rectangular slot at the base &
cylindrical slots at the periphery)
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Figure 4.43 Convective Heat Input in the Meshed Body (Parabolic fin body with rectangular slot at the base & cylindrical slots at
the periphery)
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Figure 4.44 Temperature Distributions in the Meshed Body (Parabolic fin body with rectangular slot at the base & cylindrical slots
at the periphery)
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Figure 4.45 Total heat flux (Parabolic fin body with rectangular slot at the base & cylindrical slots at the periphery)
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V. RESULTS AND DISCUSSION

A.  Results.

Analysis of various different fin bodies having different cross section is done. The result is carried out in Ansys 13 Work bench. The
results that are carried out are under normal working conditions. Mainly more focus is put on the temperature gradient (At), that is
present between the source temperature and the fin tip temperature. More the temperature gradient obtained, would be the best
optimized design. The second important parameter is the total heat flux obtained across the surface area of the fin body. Greater the
heat flux better is the heat transfer characteristics. The results that are obtained for the various profiles discussed in chapter 3 are
plotted below in section 5.2.
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B.  CAE - Results of the Various Compressor fin Body Model at a Glance.

v

v

Ti=Source Temperature in °C
T»-Fin tip temperature in °C

Qi-Max total heat flux in W/mm?
Q2-Min total heat flux in W/mm?

v v

Creation of the cylindrical Creation of the cylindrical
slots at the base of the fin slot at the periphery of the fin
body having parabolic cross body having parabolic cross
section and rectangular section and rectangular
profile cut near the base profile cut near the base
T-75°C & T-75°C &
T2-59.61°C Tr-61.11°C
Q1-0.066407 W/mm> Q1-0.055682 W/mm?
0--2.9765X105 W/mm? Q>-1.1841X10° W/mm?

v v

Figure 5.1: Flow chart indicating the best optimized body
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C. Discussion

1) In the complete project due the specific constraint of the 3D model and the actual assembly conditions that are present, the
only parameter that is consider for improving the maximum heat transfer is the cross section of the fin and the surface area of
the fin.

2) In level I design analysis is done on cross section area such as rectangular, trapezoidal and parabolic. The results show that
most optimized fin is the parabolic one.

3) The parabolic curve has more heat dissipating area for the same length of the fin.

4) The temperature gradient (At) that is obtained between the source temperature and the tip of the fin is highest in the parabolic
fin body i.e. 75°C -68.20°C = 6.8°C

5) The second highest temperature gradient (At) that is obtained is that of the trapezoidal fin body i.e. 75°C -70.19°C =4.81°C.

6) The third highest gradient (At) that is obtained is that of the rectangular fin body i.e. 75°C -71.15 =3.85°C

7) The ascending order of the ideal heat dissipating fin bodies can be stated as a) parabolic fin body b) trapezoidal fin body c)

rectangular fin body.

Selecting parabolic fin body as the best and optimized one at level I is done on the above obtained results.

Four different options are considered at level II design, i.e.

Rectangular profile cut at the periphery of the parabolic fin body.

Triangular profile cut at the periphery of the parabolic fin body.

Rectangular profile cut at the base of the parabolic fin body.

Triangular profile cut at the base of the parabolic fin body.

VVVVSX

The rectangular profile cut at the base of the parabolic curve gives the highest temperature gradient At = 75°C -61.762°C = 13.838

°C

e The area kept on the fin and the cut must be proportional, hence 50% in profile cut and rest 50 remaining on the base of the fin
is kept as the best option for obtaining the maximum heat transfer as well as for proving good strength.

e Triangular profile at the base of the tip will definitely leave more material at the base of the tip as compared to fin body having
rectangular cut at the base. This will allow the fin to take maximum heat transfer and give maximum temperature gradient (At),
hence selecting parabolic curve with rectangular slot at the base as the best optimized fin body at level II.

e  Further improvement in the temperature gradient (At) can be done which will take care of the strength as well provide
maximum heat transfer is done at level III

e At level III circular slots of diameter 8mm are made at 62.00mm PCD and at 38.00mm PCD respectively. The 62.00mm PCD
appears at the periphery side where as the 38.00mm appears on the base side.

e  Results shows that the circular slots at the base of the fin shows the highest temperature gradient(At) 75°C -59.61°C = 15.39 °C

VL CONCLUSION AND FUTURE SCOPE
A.  Conclusions
The results that are plotted in Ansys shows that fin body having parabolic cross section with rectangular profile slots at the base in
combination with circular holes at the base are the best optimized design in all design sets.

B.  Future Scope

Since in the complete design sets, the size of the overall envelope of the fins body remains constant. In the analysis that is performed
in complete design sets the variation of the body dimensions are not done. If the body dimensions are changed then there is a scope
revisiting the body shapes, profile cuts that are made over the complete body which will lead exploring new parameters explored.
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