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ABSTARCT:

The steady-state natural convection from heat sinkeith parallel arrangement of rectangular cross sedbn vertical
plate fins has significant application in electronts component. Natural convection heat transfer hasnajor
dependence on geometric parameters and orientatiaf heat sink. Thus, parametric analysis of heat skhas got vital
importance in heat transfer analysis. In this reviev, systematic study of effects of fin spacing, fiheight, fin length,
temperature difference between fin and surroundingand orientation of heat sink on free convection islone. Also,
various set of correlations of dependent parametergre studied. Since, natural convection is buoyancdriven
phenomenon, flow separation and velocity field ovea fin-array is studied. Large impact of geometric prameters
and orientations of heat sink over a flow patterns found.
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1. INTRODUCTION

Heat is generated as a by-product in many engimgexpplications. This usually unwanted by-produa c
decrease the performance of the systems since taéivery engineering system is designed to work éergain
temperature limit. If these limits are exceededbgrheating, this may even lead to total systehrtai

It is possible to increase the heat transfer cdefit, h by forcing the fluid to flow over the fins by meanof
fans. But this option costs more and also requitese volume for the fans to operate. Therefore siomes the
designer has to rely on natural convection heatfea for dissipating unwanted heat from the fifise surface
area of the fins can also be increased by adding ffints to the base material in order to increasetdtal heat
transfer from the fins. But the number of the fefwuld be optimized because it should be notedatiding
more fins also decreases the distance betweendjheeat fins. This may cause resistance to air fiowl
boundary layer interference which in return decedhs heat transfer coefficient.

Thus, heat sinks with extended surfaces have bélywsed in various engineering applications ey in
electronics cooling. Due to ease of manufactunagallel arrangement of rectangular cross sectiate ffins on
a flat base is the most common heat sink geométeat sinks with this geometry have been used foh bo
forced and natural convection. In the case of froenvection, the geometric parameters of a haatlighly
depend on the remaining components of the coolstem, such as the fan and the enclosure; therdftee
optimal values of these parameters depend on the&dered application.
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Fig. 1 Co-ordination system

2. LITERATURE REVIEW

One of the earliest studies about natural convedteat transfer from fin arrays was conducted by

Starner and McManus [1]. Four different fin arraygnfigurations with three base types were investidatnd
heat transfer coefficients were calculated. Flottgoas for each case were observed by using snilakeeits.

It was concluded that fin height, fin spacing amddo orientation have significant effect on ratéedt transfer
from fin arrays.

Filino Harahap and Herry Lesmana [2] studied, Etdtins ‘Measurement of heat dissipation from mimiaed

vertical rectangular fin arrays under dominant retuwonvection condition’, a square-based fin asrégr

different orientations. A correlation for verticalbased fin arrays was reported showing fin leragha prime
geometric parameter.

B. Yazicioglu, H. Yuncu [3] presented, entitled ‘@ptimum Fin Spacing of Rectangular Fins on A
Vertical Base in Free Convection Heat Transfertimpm fin spacing which maximize heat transfer riae
each fin height and temperature difference. It wlaserved that larger the fin height higher the eative heat
transfer rate. At low temperature difference, iasein the convective heat transfer is not vemignt. Also,
for given fin spacing, heat transfer rate increaséh fin height and base to ambient temperature ibis
steeper for smaller fin spacing. The optimum fiadpg was found between 10.4 and 11.9 mm whilegavas
4.5 to 85.5 mm. Though, fin spacing depends ometimetric parameters of fin array, it does not geathe
value more than 1.5 mm. Effect of geometric paramand base to ambient temperature difference ah he
transfer for vertically oriented base plate wasdatned. Furthermore a correlation was developesgstionate
fin spacing for maximum value of convective heanhsfer rates.

H.Yuncu, G.Anbar [4] entitled as ‘An Experimental/estigation on performance of rectangular finsaon
horizontal base in free convection heat transferdied the separate role of fin height, fin spacamgl base to
ambient temperature difference over free convectimrizontal base was taken for the experimentatiowas
observed that enhancement of free convection haasfer is strongly depend on the fin spacing ohiight

ratio and no. of fins. There is optimum fin spacfog each fin height is estimated while optimum $ipacing
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decreases with increase in fin height. A correfaticas formulated for convection heat transfer axtion of
fin spacing to fin height ratio and no. of fins.

Senol Baskaya, Mecit Sivrioglu, Murat Ozek [5] detl as ‘Parametric Study of Natural ConvectiontHea
Transfer from Horizontal Rectangular Fin Array’ diied interaction among all the design parametedstheir
dependence over the convection heat transfer fordrgal fin array. They found optimum fin spaciGgnm
and 7 mm for the fin lengths 127 mm and 254 mmeesypely. This study concludes that overall heahs$fer
enhance with increase in fin height and decreatielemgth, hence increase with fin height to findth ratio.

L. Dialameh, M. Yaghoubi and O. Abouali [6] studjemhtitled as ‘Natural Convection from an Array of
Horizontal Rectangular Thick Fins with Short Lerigftow pattern in the channel of fin array. Expegnts
were carried for 128 fin geometries with thick fio63 mm < t <7 mm and short lengths (L<=50mm) oaer
horizontal base plate. Natural convection heatsfeanhas been simulated for thick fins at low terapge
differences. A set of correlation was developedNor as a function of Rayleigh number (Ra), fin eitp
length ratio, fin spacing and height ratio, findtatito thickness ratio.

M. Mobedi, H. Yuncu [7] studied, entitled as ‘Thr&mensional Study on Natural Convection Heat
Transfer from Short Horizontal Rectangular Fin Agraflow configuration for short fins with differén
geometries and numerical results were obtaineda#t found that (H/L) ratio has great significaneeroflow
pattern. The study was limited to Rayleigh numkasdal on fin spacing, ranging from 120 to 39000.

llker Tari and Mehdi Mehrtash [8] studied, entitlad Natural convection heat transfer from inclined
plate-fin heat sinks, steady-state natural congactiom heat sinks with parallel arrangement otaegular
cross section vertical plate fins on a verticalebase numerically investigated in order to obtaimatidated
model that is used for investigating inclined ot#&ions of a heat sink. For the inclination andiesn the
vertical, the extent of validity of the obtainedtigal case correlation is investigated by modifythe Grashof
number with the cosine of the inclination angleisltalso observed that the flow separation instue fin
channels of the heat sink is an important phenomeRor upward facing inclinations, they observedt tihe
flow separation location plays an important roldsd they found that the optimum fin spacing does n

significantly change with inclinations suggestihg value as 11.75 mm.

Table 1: Ranges of parameters in the literatures

_ ) Fin ) Optimum
Referen Fin Base Fin ) Fin _ Angle from
_ _ Thickn ) Fin )
ce No. | Length | width Height Spacing ) vertical
ess spacing
1 127 254 6.35-25.4 1.02 6.35-7.95 - 0,-45,-90
25,33,4| 25,33,
2 13.5 1 3and 11 - 0
9 49
5.85,8.8,1
3,14 250,340 180 5,15,25 3 4.7 11.2 0
,32.4,85.5
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6.2,9.4,19,| 19.5,11.6,1
4 100 250 6,16,26 3 -90
35,8383 0.4
6.3,13,25,
5 127,254 - - 6.3,8 6,7 -90
38
50,25,1
6 - 7,12 3,7 4,7,10,12 7 -90
2,7
7 100 - 5,15,35 - 5,20 - -90
0,4,10,20,30,
45,
8 250,340 180 5-25 3 5-85.5 11.75
60,75,80,85,
90

3. EXPERIMENTAL SETUP

Heater Plate

Finned Heat Sink

(b)
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Fig. 2 Horizontal and vertical base plate (a), Expental setup with aerated concrete support aatehglate (b),
channel with inclinatior® (c)

The model assembly is schematically depicted in Eigt includes an aerated concrete insulation, a
heater plate, and a heat sink attached to the mhddte assembly in Fig.2 is placed in an air filkdical room
of 3m sides with walls that are maintained at umif@0 C. The six locations marked on each heat sink hese

the locations of the thermocouples in the experimdn the analysis (with ANSYS Fluent), steadytesta

solutions are obtained by using the zero equatimbulence model with initial ambient air temperatof 20C.
Air is taken as an ideal gas at atmospheric pres®lo slip boundary condition is used for all saefs There is

no contact resistance between solid surfaces.

4. RESULT AND DISCUSSION
4.1 Effect of temperature difference on heat transfer rate

The effect of base to ambient temperature diffezemt convective heat transfer which is plotted as a
function of fin spacing by B. Yazicioglu, H. Yung®]. It found that for given fin spacing, heat tséer from the
heat sink varies with ambient-to-base temperatifference.

Experimental results reported by M. Mobedi, H. Ywifi€] that heat transfer coefficient increases with
increase of fin spacing and base temperature differ. The rate of increase of heat transfer caeficor

lower values of spacing (S<=10 mm) are higher thase for higher values of fin spacing, as showhin3.
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Fig. 3 Effect of temperature difference over heatsfer coefficient for different Fin spacing

4.2 Effect of fin spacing on heat transfer rate

H.Yuncu, G.Anbar [4] found that the heat transterfrom a fin-array is strongly dependent on the f

height, fin spacing and temperature difference betwfin base and surroundings. The heat transfer ra
increases monotonously with the temperature difieegT,-T,) but for fin-arrays with small fin height, the eat

of increase of heat transfer rate with temperatiifference is smaller than those ones with largeh&ight.
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Fig. 4 Effect of fin spacing over heat transfediffierent fin height and temp. difference

[H=26 mm (a), H=16mm (b), H=6mm (c), temp. diffecer60(d)]

With increasing fin length, change of the flow czteristic from a single chimney type to a multiple

chimney flow pattern is occurred. Fig.5 shows dffaeer heat transfer rate due to fin spacing arldraiio are
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very small in lower range of H/L values, where dnwange was observed with increasing fin spacing.
However for large values of H/L, a change withdpacing was more effective as reported by SendtdBas et
al. [5].

The change of heat transfer per unit base areap,JQAdth fin spacing for different ratios of fin hyit
to fin length (H/L) and for t = 3 mm arfd= 60is shown in Fig.6. For H/L>0.24, heat transfer peit base area
decreases with increasing fin spacing. Howeveijmaph fin spacing found s3=7 for H/L<=0.24 as stated by
L. Dialameh, et al. [6].
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Fig.5 Effect of fin spacing on heat transfer peit sarface area for different H/L [L=127mm and LZ28m)]
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Fig. 6 Effect of fin spacing over heat transfer peit surface area for different H/L.

4.3 Effect of fin height on heat transfer rate
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Heat transfer monotonously increases with incréasemperature difference (Twgl as shown in
Fig.8. However, fin arrays with small fin heigh&te of increase of heat transfer with temperatifferdnce is
smaller than those ones with large fin height.

The heat transfer coefficient values increases imithease in the fin height, as shown in Fig.9slt
reported by Senol Baskaya, et al. [5], althougmalkdrop in heat transfer coefficient is obserf@dsmall fin

spacing, its value increases with increase ingacg.

20
20+
- L s T
S 510
g i B ¢ H=6mm
‘g 10 s H=6mm & H=16mm
A H=16mm - % H=26mm
= X H=26mm u Flat plate
® Flatplate ol—l L ¢t g1
0 | I I ! | | — I L 0 5 4
0 20 40 60 80 100 120 140 0 40 80 80 100 120 140
TW‘Ta(nC) TW'Ta[C)
C
) (©)
| 20
20+ -
:5-'_'. -
= B 1]
< ‘T 10} ¢ H=6mm
g 10 . Hebmm A H=16mm
= B X H =28 mm
B :::;g:: " Flat plate
= Flat plate 0 NN NN SN N N AU S A I HUUO S |
00 ‘ 2’0 . 4J0— | 6'0 L E_;O ! 150 L 1:‘20 ' 140 0 20 40 60 80 100 120 140
Tw-Ta (°C) fw-Ta (C)
() (d)

Fig.8 Effect of fin height on heat transfer at int fin spacing [S=6.2 mm (a), S=9.4 mm (b), $"35(c), S=83mm (d)]
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Fig. 9 Effect of fin height over heat transfer dméént for different fin length and fin spacing
When the fin height is increased while keepingtladl other parameters constant, the convective heat
transfer rate increases due to the increased eedesdrface area, as shown in Fig.10. As the fightei
increases, it is observed that distinguishably naresnters from the open side of the heat sin&ughout its

length, as reported by llker Tari [8]. The velooisctor is presented in Fig. 11 for H=5, 15,25mm.
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Fig.10 Effect of fin height on heat transfer foffelient fin spacing

5. CONCLUSION
» For given fin spacing, heat transfer rate increasis fin height and base-to-ambient temperature
difference. However, optimum fin spacing decreasi#is increase with fin height.
« Natural convection heat transfer decreases witlease in fin length whereas it is insensitive rdeay
fin thickness and fin height.
»  Fin height should be large enough to avoid flovtabdities.

»  The highest convection heat transfer values dreaed at the vertical orientation.
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Although, the optimum fin spacing for all inclinatis varies between 9 mm for the downward facing
horizontal to 13 mm for the upward horizontal vitdue does not significantly change with inclinatio
in -60<=6 <= +80

The value of optimum fin spacing does not vary ntben an amount of 0.1mm i.e. it is insensitive to
variation in fin height for given fin length.

As inclination increases, flow velocities at thétgtop end) of the heat sink reduce. For the uplwar
case the separation location starts to move franightowards the center after *60inclination. At -

90, the flow is symmetric around the center of thath&nk, placing the separation location to the

center.
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