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ABSTRACT

The current work determines the rate of heat flow from a heating element. Extended tapered surfaces are provided
on the element in order to enhance better convection. Overall heat transfer during this process is determined by
modeling and meshing using finite element software and its validation is done using the governing equations. The
heat dissipation from the element is also compared with the rectangular fins provided around it. The study is
conducted by considering various materials to obtain optimum material selection to enhance the better flow of heat
from the system.
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INTRODUCTION

Many engineering devices generate heat during thpsration. If this generated heat is not dissigbasgpidly to its
surrounding atmosphere, this may cause rise in eemtyre of the system components. This cause oatinhe
problems in device and may lead to the failure ofmponent [6]. Fins or extended surfaces are knoovn f
enhancing the heat transfer in a system. Liquidisgosystem enhances better heat transfer thaaoaling
system, the construction of air cooling systemeis/\simpler. Therefore it is imperative for an eimled engine to
make use of the fins effectively to obtain unifotemperature in the cylinder periphery [2]. The maj@at
transfer takes by two modes that is by conductiobyoconvection. Heat transfer through fin to theface of the
fin takes place through conduction where as fronfase of the fin to the surroundings, it takes plduy
convection. Further heat transfer may be by nattmalection or by forced convection [3]. Based upoa cross
sectional area type, straight fins are of differeyges such as rectangular fin, triangular finp&zoidal fin
parabolic fin or cylindrical fin. Fin performanceart be measured by using the effectiveness of fiarmal
resistance and efficiency. Triangular fins haveligafions on cylinders of air cooled cylinders ac@mpressors,
outer space radiators and air conditioned systenspace craft [4]. Fins must be designed to achimeagimum
heat removal with minimum material expenditure,ingkinto account, however, the ease of manufaaguointhe
fin shape. Large number of studies has been coedum optimizing fin shapes. Other studies havedihtced
shape modifications by cutting some material froms fo make cavities, holes, slots, grooves, onobés through
the fin body to increase the heat transfer are#oaride heat transfer coefficient [5].
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Fig. 1 Air cooled cylinder with rectangular fins[4] Fig. 2 Air cooled cylinder with triangular fins[4]
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Figs 1 and 2 show the triangular and rectangules &round the cylinder. As the heat developed énsidwo
stroke engine cylinder is more, the heat has tdibsipated to surroundings by fins. These fingdithre having an
appropriate surface area to take away the heatrtoundings [4].

RELATED WORK

Magarajan et al [2] calculated heat release diCaangine cylinder cooling fins with six numberisfims having
pitch are determined numerically using commercialailable CFD tool Ansys Fluent. The heat reldasm the
cylinder which is calculated numerically is validdtwith the experimental results. With the helghaf available
numerically results, the design of the I.C engipeling fins can be modified for improving the healease and
efficiency. Barhatte et al [3] studied the fin flathich are modified by removing the central fintpm by cutting
a triangular notch. This dissertation report présam experimental analysis of the results obtamest a range of
fin heights and heat dissipation rate. Attemptsemerade to establish a comparison between the expetal
results and results obtained by using CFD softwidieapalli et al [4] provided rectangular and tripdar fins on
the periphery of engine cylinder. Heat transferlysia is carried out by placing rectangular andntt@angular
fins. Analysis is carried out by varying temperatiron the surface of the cylinder from 200 °C t6°60and
varying length from 6 cm to 14 cm. Input parametstgh as density, heat transfer coefficient, thérma
conductivity and thickness o6]f fin are taken andpot parameters such as rate of heat flow, heat fler unit
mass, efficiency and effectiveness are determi@einparisons are presented with rectangular firsseia et al
[5] investigated the heat transfer by natural catie@ in a rectangular perforated fin plates. Fims used in this
work first fin non-perforated and others fins pedted by different shapes these fins perforatiprdifferent
shapes (circle, square, triangle, and hexagon)thmge perforations have the same cross section @hese
perforations distributed on 3 columns and 6 rowgdtiments produced through in an experimentalifadhat
was specifically design and constructed for thigppee. Daund et al [6] reviewed convection heatdfer through
rectangular fins. Various experimental studies haeen made to investigate effect of fin height,dpacing, fin
length and fin thickness over convective heat feandde also examined the experimental and numlesicalies
which are done in natural, mixed and forced corivactHe found that sets of correlations to givatiein between
various parameters of heat sink were derived. $hatkal [7] dealt with performance of various aable fins
profiles. Widely used fins profile viz. Rectangyl@riangular, Trapezoidal, Circular, Rhombic, artipcal Fins.
In addition to the normal configuration of fins, b@w configurations were designed and created. ifcisides
length of each fins its thickness at the base anmdber of fins on each model this provided a basispfoper
comparison of different fin profiles. The resultr@dabulated and studied for comparison of diffefanprofiles.
The best performing fin was then selected on thssbhaf maximum heat dissipation from the circulardal this
study showed the performance of annular fins dedéit profiles under similar conditions and to wtifg the heat
losses and finally compare it with fin profiles tre basis of heat dissipation and thermal stredside. The fin
profile was then arranged on the basis of perfonmaiafar et al [8] presented an analytical simoemodel
which predicts and optimizes the thermal perforneameaximum thermal dissipation and the least maltedst in
electrical devices. He inputted the Biot number iBdat transfer coefficient ratio, H and the shapemeter, the
heat transfer equation which is expressed in igitgfiorm which could be solved by iterative methodcalculate
the optimum fin length and fin thickness. He dismd the optimization of heat- sink designs and cbfpi
parametric behaviours based on the sample simaolagsults. Also the thermal resistance of a heat sias
obtained which illustrates the cooling performanoeer various design conditions.

METHODOLOGY

Heat source which is maintained at the base terhperavill dissipate heat through extended surfageisngular
fins and rectangular fins of similar dimensions ased to dissipate the heat. The positioning offithe depends
on the design and the amount of cooling requireglaion (1) shows the fin factor which is a constatated
with film coefficient and thermal conductivity.

_ hp
m = /E (1)

The heat generated from the source gets transfdryedifferent modes that are conduction and cornwect
governing equations of heat transfer between teenehts are applied. Below equation (2) represdmsheat
transfer which takes place during conduction detilsg the Fourier, and equation (3) represents da transfer
during conduction which is by Newton’s law of cowi Temperature distribution and the heat transtefrom the
short fin is given by the equations (4) and (5).

The Fourier’s Law of conduction

d
Q=-kA. = 2)
Newton’s Law of cooling
Q =h(t—tu)As 3)
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Temperature distribution over a short fin (Rectdagaros-section)
(t—tg) Coshm(L—x)+ %sinhm(L—x)

_ 4
(to—ta) Cosh(mlL) +%sinh (ml) ?

Heat transfer from a short fin (Rectangular c-section)

Q '_hpkA (t t, ) [ tanh(ml)+ l 5)

1+—tanh (ml)

Equation 6 represents the amount of heat trarmkmg place from the tapered |
Heat transfer from a triangular or taperec
ZB

Q = b\[2hky

I 9, (6)
o W

Q= Heat Transfer rate (W)= perimeter of the fi(m), A= Cross-Sectional Area @n m= Fin factor m™,

k= Thermal Conductivity of the materi(W/m°C), h= Heat transfer coefficient (WAC), t= Temperature®C)

x= distance from reference (m),= Surface Aream? t= Surface TemperaturéQ), t= Internal Temperatu (°C)

t== Ambient TemperaturéC), L=Length of the elemer(m), dt/dx= Temperature gradie¢ (°C/m)

y= thickness of the fin, m

Fig. 3 shows the steps involved in determining the armmadrheat transfer from the plate. Thermal equat
determine the amount of heat flow. te element method software ANSYS used to model and analyze
element. The results and used to verify whe basic governing equations which is defi

Identifying the Lite rature solving the Meodel and define Analysis and
problem review problem using boundarny walidation
. condition [(Ansys
clazzical
) software)
equations

Fig. 3 Methodology involved in determining the rate of heat transfer through the plate using rectangular and tapered fins

MODELLING AND ANALYSIS

In the present analysis rectangular and taperesl dire provided around a heating source. Heating sourt
maintained at 300°C, the heat transfer from thdesysis improved by providing multiple fins. Platashthe
dimensions of (140 m X 5m X 5m) and the fin is ntaimed at the thickness of 2 m and the |h of the finis 5 m.
Figs. 4, 5, 6 and 7 showlse modelling and meshing of tapered and rectandius Material which is selected ha:
thermal conductivity 380 Wh°C and is exposed to air which ta heat transfer coefficient 10/m*°C.
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Fig. 4 Modeling of Tapered fins Fig. 5 Meshing and Application of Boundary condition (Tapered fins)

Table-1 Temperaturevariation with for triangular fin using classical and FEA approaches

Thickness (m) Temperature distribution for triangular fin usi Temperature distribution for triangular fin usi
classical method ifC FEAin°C
0 300 300
2 279 282
4 240 245
6 170 173
8 50 54
10 30 30
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Following element is modelled ancis meshed using ANSYS software PlJ- Meshing is discretizing of an eleme
into finite number of parts and each element iss@®red and solved separately. Mesh generatidreipractice o
generating a polygonal or polyhedral mesh that @pprates ageometric domain. The term "grid generation
often used interchangeably. Typical uses are fodegng to a computer screen or for physical sitiadasuch a:
finite element analysis or computational fluid dgmes [2]. After this step a thermal ste: state simulation is
performed. By using ANSYS numerical simulation towhole analysis of entire assembly is perform&iesen
simulations adopt realistic boundary conditionsdmysidering various different materials with diffat therma
conductivites [1]. As an important boundary condition is thdiation property of the material. But due to kiagh
film coefficient, the part of the heat flow caudeg radiation is neglected in this work. ModellingdaMeshing is
done using FEA and the simulatits performed. By means of the numerical solutisteady state analysis of 1
entire heating element is achieved. Validationhef tesults obtained in the FEA is carried out uslagnet frame
work software [2-3].

FPANSYS

Morcammareial s onky

Fig. 6 Modeling of Rectangular fin Fig. 7 Meshing and Application of Boundary condition (Rectangular fins)

RESULTSAND DISCUSSIONS

Analysis is carried out with the application of Indiary conditions by defining theermal parameters. Coefficie
of convection and the thermal conductivity is defirat appropriate points of the elemeFig. 8 and 9 shows the
analysis of tapered and rectangular fin elemeris. dtear that the temperature drops from the todhe tp which is
exposed to the ambient temperature |

Table -2 Temperature variation with for rectangular fin using classical and FEA approaches

Thickness (m) Temperature distribution for rectangular fin us Temperature distribution for rectangular
classical method iAC using FEA in°C
0 300 30C
2 260 262
4 230 23t
6 150 16C
8 43 50
10 30 30

T ANS

Honcomemercial uss only

Fig. 8 Temperaturedistribution in atapered fin Fig. 9 Resultsobtained in DOTNET software
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Fig. 10 Thermal Flux in tapered fin Fig. 11 Thermal Flux in rectangular fin

=¥ Temperature distribution for rectangular

—#— Temperature distribution for triangular
fin using classical method in °C

fin using classical method in °C

350 - ———

—l— Temperature distribution for triangular 350 ——Temperature distribution for rectangular
300 fin using FEA in ®C 200 fin using FEA in °C
250 250
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Fig. 12 Variation of temperaturewith the length of the fin for Fig. 13 Variation of temperature with the length of the fin for
triangular fin rectangular fin
25 75

\ —4#— Fin factor(m-1) ——Fin factor(rm-1)
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Fig. 14 Changein thefin factor with the changein the thermal Fig. 15 Changein thefin factor with the changein thefilm
conductivity coefficient

Fig. 12 and Figl3 infers that the temperature go on decreasing free root of the fin to the extreme end. It is
to the various thermal parameters which are definegt thus flows from inside to the outside sgiigf the law of
thermodynamics [3]. It is also bserved that the temperature variation in bothsatas and FEA technique
almost similar. Overall heat transfer from the aagular fins is 12.36 watts and that ofngular fins is equal to 16
W [2]. Fig. 14 and 15 shows the variation of fin facwith the thermal conductivity and heat transferftioient. As
there is increase in the thermal conductivity thisra drop in the fin factor and when there isse rin the hee
transfer coefficient there is a rise in the fintéac
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CONCLUSION

In the current analysis rectangular and triangfite are considered and temperature distributiangaaous points
on the fin are calculated. An attempt is made tmalestrate the improvements to enhance the maximesmn h
dissipation from the system using FEA technique #rel validation of this is carried out by using govng
equations. Results are thus matching with classigahtions. By increasing the value of thermal cetidity and
film coefficient, it is possible to increase theahalissipation rate. Different cross-section firs1 e used to
enhance the heat transfer rate, also with the deretion of dimensionless humbers heat transfeutzlons can be
carried out. Transient analysis can also be cawigdfor the same case. Increase in nhumber ofdars also be
considered to enhance maximum heat transfer. Heasfer coefficient can be increased by increashm
surrounding fluid velocity by forced convection.gher velocities may sometimes lead to lower heatsfier. So it
is necessary to maintain optimum fluid velocitiesuad the fins. Overall calculations show thatrtgalar fins
dissipate heat more than rectangular fins basethi@magnitude of heat transfer rate. It is becafishe exposure
of the base to the ambient conditions.
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