Available online
European Journal of Advancesin Engineering and Technology, 2015, 2(9): 34-38

qiber s 9*:..,1

Research Article ISSN: 2394 - 658X

L B
L, i, SR

Finite Difference Smulation of Fin for Engine Cooling

Uttam S Narwaria, Premanand S Chauhan and Juber Husain

'Department of Mechanical Engineering, |PS College of Technology & Management, Gwalior, MP, India
uttamsinghnarwaria@gmail.com

ABSTRACT

Finite difference simulation of horizontal fin with an aspect ratio of 3 has been conducted in the present study for
cooling of electronic equipment. Two-dimensional heat conduction equation governs the physical problem. Three
different materials Aluminium, Copper and Nickel will be studied to see the effect of thermophysical property on
the cooling rate of fin at particular given temperature range or heat flux range. Appropriate boundary conditions
have been adopted which represent the actual physical scenario of a fin. MATLAB used to simulate the governing
equation and boundary conditions.
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INTRODUCTION

Fins are used in large number of applications tvease the heat transfer from hot surfaces. Tyictide fin
material should have high thermal conductivity. Timeis exposed to a flowing fluid that cools itjtlvthe high
thermal conductivity allowing increased heat beaunducted from the wall through the fin. Fins soefs are
broadly utilized as a part of industrial applicato for example, refrigeration, automobile, chernigeocess
equipment, electronic equipment and electrical €hip

We know that just in case of internal combustiogiees and electronic equipment, combustion of radt faiel takes
place inside the engine cylinder and hot gasepraduced. The temperatures of gases are going aodoemd 2300-
2500°C. This is often a really hot temperature avillil result into burning of oil film between the mimg

components and will result it seizing. So, this pemature should be reduced to regarding 150-200Ga4 the
engine can work most expeditiously. An excessivewarhof cooling is additionally not efficiently sie it reduces
the thermal efficiency. So, the item of cooling teys is to stay the engine running at its best ierafon
temperature. To avoid warming, and therefore thaulting unwell effects, the heat transferred to eargine
component should be removed as quickly as attasratd be sent to the atmosphere. It'll be corcentdntion the
cooling system as a temperature regulation systeought to be remembered that abstraction of ffreah the

operating medium by means of cooling the enginmetegs may be a direct thermodynamic loss.

Extensions on the finned surfaces is used to isee¢he surface area of the fin. When the surfees iacrease,
then more fluid contact will increase the rate eahtransfers from the base surface as compaia teithout the
extensions provided to it. For ordinary fins, tHeermal conductivity is assumed to be constant, \Welén
temperature difference between the tip and basleedfin is large, the effect of temperature on tiedrconductivity
must be considered. Also it is very realistic thatconsider the heat generation in the fin (dugl@atric current or
etc.) as a function of temperature.

LITERATURE REVIEW

In spite of the very fact that the heat transfenfifins has been the subjected to various expetahand theoretical
investigations, few systematic constant studies rbayfound within the literature. An extensive reviend
discussion of work done on the convective heatsfearnn electronic equipment cooling was bestowgdhlsropera
[1], summarizing numerous convection cooling cheicd good variety of analytical and experimentalrkvbas
been administered on this drawback since Eleniiasifial introduced the matter of natural conventbetween
vertical parallel plates. One of the earliest stadif the heat transfer from fin arrays is thabt#rner and McManus
[3] who presented heat transfer coefficients farfdistinguish dimensioned fin arrays with the basgical, forty
five degrees and horizontal. They showed that mreabr@pplication of fins to a surface really migiduce the entire
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heat transfer to a value below that of the baseealdhe same experimental study was conducted Hing/end
Woolbridge [4] on rectangular vertical fins. Theyaenined optimum values of the ratio of fin heightspacing. In
the previous two studies the fin length was coristaverage heat transfer coefficients and flowdiebservations
were bestowed by Harahap and McManus [5] for twtallip different fin lengths. They also investigated
correlations representing all their experimentébimation by creating use of non -dimensional nurstznd every
one the relevant dimensions of fins. From flow @attobservations they conclude that the one chirfioaypattern
yields higher rates of heat transfer.

Jones and Smith [6] studied the variations of toall heat transfer constant for equal verticaliksalp arrays on a
horizontal base over a large vary of fin spacingsifplified correlation, an optimum arrangement feax heat
transfer and a preliminary design technique wemggested. For a large vary of temperatures, Rammainan
Venkateshan [7] created an interferometric studywafmth transfer by free convection and radiatioont a
horizontal fin array. Correlations helpful for theal design were presented. The authors stressathpiwetance of
the mutual interaction between free convection eiation. Recently, associate experimental ingastbn was
meted out by Yincl and Anbar [8] on natural coneecheat transfer from rectangular fin arrays omoazontal
base for effects attributable to fin spacing, feight and temperature distinction between fin l@as®surroundings.
Optimum fin spacing values and a correlation wegortable. However, results are only for a setdigth and fin
thickness. One among the primary numerical studieshis subject was meted out by Sane and Sukhfme
Governing equations were resolved numerically egiptp a finite distinction technique. They obtainsrhart
agreement with experimental information. Additidpaflow visualization studies were meted out sdadepict the
zone during which the one chimney pattern happ&dk Chaitanya et al [11] has analysed the thepr@berties by
varying geometry, material and thickness of cylinfies by using ansys work bench. Transient therarallysis
determines temperatures and other thermal quanthi vary over time. Aluminium Alloy A204 is usedd has
thermal conductivity of 110-150W/mk. and also usiAfuminium alloy 6061 which have higher thermal
conductivities.

The present work investigates the results of a walegge of geometrical parameters to the heat warfsbm

horizontal fin arrays. Effects attributable to cbas in fin spacing, fin height, fin length and tergiure difference
between fin and surroundings area unit investigatieahg, hence, preventing mistakes possible atafide to

incorrect assumptions and usage of a constant Yalwme of the geometrical parameters.

NUMERICAL ANALYSIS
Physical Domain
As we know that heat lose by fin is due to forcemhwection, to reach to the reality constant heax fand
convective boundary conditions have considerechenwtalls of the fin shown in fig 1. An aspect rdtiti=3.0 will
be considered for the fin size. From the fig it tenobserved that at left wall, heat flux boundawpdition will be
considered which represents that fin is attachetthéosurface of the automobile engine from leftlwahich can
also be seen from the arrow direction, while oreothree walls convective boundary condition wél ¢tonsidered
which represents that heat losses to the surrogadiyg convection, the same can be understand bw alirection
which are outward in the fin

Governing Equation

Two modes of heat transfer, convection and radiatidll be neglected inside the fin, because prestmdy is
focusing on designing of a solid-fin and it is wietlown fact that inside the solid body heat tranbfeconduction
dominates over convection and radiation. So thedimtensional heat conduction equation will govéra physical
problem,

aT a*t  a’r
PG5 =k (52 + 552) @
A simplified form of the above governing equati@nalso be written as
or _ (62_T + aZ_T> )
o~ *5x2 dy?

Where: a=k/pC, is thermal diffusivity in /s, k is thermal conductivity in W/m-Kp is density in Kg/m, Cyis
specific heat J/Kg-K, T is temperature in Kelvin)(Kis time in seconds.

Boundary Conditions

Atx=0 q=—kZ

Aty =0 qzkz—;zh(T—Tm)
Atx =L q=kI =—h(T—T,)
Aty=H q=kz—;=—h(T—Too)

Where q = quantity of heat transfer (W}jih = heat transfer coefficient (W#K), T.. = Ambient temperature (K)
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Problem Formulation

The above equation (2) is in the form of partidfedtential equation, to obtain a solution it mustdxpressed in the
form of approximate solution so that a digital cags which can perform only arithmetic and logiogkerations
can be employed to obtain a solution. Taylor seziggansion will be considered to convert theseigladerivative
terms in algebraic form, which can be discretiziétee by explicit scheme or by implicit scheme,

n+1 n n n n n n n
Tij —Tij _ Tiy1,j¥Ti-1,;72T;; | TijeatTj-1—2T;; 3)
At (Ax)? (ay)?
n+1 n n+1 n+1 n+1 n+1 n+1 n+1
Tij —Tij _ Tiy1,;7Ti-1,;72T; Tij11T;j—1 2T
- 2 2 (4)
At (Ax) (Ay)

Equation 3 and 4 represents the explicit and irtgliscretization of equation 2. In explicit scheomy one term is
at the next time level (n+1) which is an unknowmiefity while all other terms are at same time l¢w¢lwhich are
known, while in implicit scheme spatial derivatiterms are also at the next time level (n+1) whichkes it
difficult to handle in computer code. Explicit sche is simple to code but requires a condition tsfawhich is
known as stability condition and leaves a limittha time step for a particular grid selection whitglicit scheme
is free of this stability condition representecen

1 1 1
— 1+ <=
ax dt (o + ) <5 )
In the present study explicit scheme will be coeséd for simplicity of the scheme, As we know tteatn at time
‘n+1’ is unknown while terms at time ‘n’ are knowo from above equation it can be observed thahalterms on
right hand side are at time ‘n’ (known) while ordye term at time ‘n+1’ is there in left hand sidkieh can be
easily calculated as,

R R C e ) (©)
YA X, y+
n(T-T0)=-K 3Ty Aj)( o)
R R Ay T
] L dpemy) b (x+ . y)
> = 3 ! X X;
= H ::E A r\¢(x’y) A )
;9 " \J Ay \/J \J
X > 9_?\_
! - =2 AL DX
] hT-TD =k 0Ty | ==
» X 10 (xy- )
EERERER]
Fig.1. Schematic of horizontal fin Fig.2 Grid element layout

Mathematical Technique

Finite difference scheme will be used to discretlze two-dimensional heat conduction equation. doalted grid
element in which all the properties are storedhat game location shown in fig. 2 will be used ie @iresent
problem. Graphical representation of the above tmuas shown in fig. 2. Element shown in figurepresents a
collocated grid wherep can be any dependent variable. Element in figa iBve-node grid elementy (x, y)
represents the focal node while all other nodeg f@en represented corresponding to this.

Table-1 Thermophysical Properties

Material Specific heat (KJ/Kg-K) Density (Kg/m®) Thermal conductivity (W/m-K)
Aluminium 0.8963 2700 237
Copper 0.383 8920 401
Nickel 0.445 8908 91
Heat transfer coefficient ‘h’=10.0 W friK

RESULT AND DISCUSSION
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Grid-Validation Test

A grid validation test on Aluminium has been conédcto check that at which grid-size results wél &ccurate.
Increment in grid size or reaching to a finer gnidans reduction of step size. From the fig it carobserved that
with increment in grid-size cooling rate is chargyii\ grid-size of 61x61 has been found sufficiemtcapture
temperature distribution inside fin.
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Figure 4 represents the cooling rate for threeediffit materials considered. This figure has beetteol on a grid-
size of 61x61 which has been selected by grid-atibd test. From the figure one can notice thahédg cooling
rate is for aluminium and lowest cooling rate fopper.

Figure 5 (a-c) represents the temperature conioside the fin for different materials considerdthree different
materials Aluminium, Copper and Nickel have beensitered, these materials possess different thegrogkerties
like thermal conductivity, specific heat and depsithese results have been plotted at particutarial of time.
From fig. 5 one can notice that highest cooling iatfor Aluminium which can be observed from tatour levels
in the right side of the figures same observedgnd4.

CONCLUSION

In this paper formulation of two-dimensional heahduction equation has been done two solve a rgatanfin
problem. Two-dimensional heat conduction equatias been converted into algebraic form using Taglegries
expansion. A collocated grid element has been us#elct of three different fin materials will beustied.

« A grid-size of 61x61 has been found appropriatsttdy the temperature distribution inside the megtdar fin.

« Highest cooling rate has been found for aluminium.

« Lowest cooling rate is for Nickel for same periddime
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