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ABSTRACT

This study examined heat transfer enhancement from a horizontal rectangular fin embedded with triangular
perforation under natural convection compared to equivalent solid fin. The parameters considered were geometrical
dimensions and orientation of the perforations. The study considered the gain in fin area and extent of heat transfer
enhancement due to perforations. It was found that the heat dissipation from the perforated fin for certain range of
perforation dimension can result in improvement in heat transfer over the equivalent solid fin, and the heat transfer
enhancement of the triangular perforation that its baseis parallél to the fin side (Triangle 3) is the highest.
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NOMENCLATURE

A: cross sectional area of the fin

Ac: cross sectional area of the perforation

Ac: cross sectional area of the finite element

b: triangular perforation dimension

g: acceleration due to gravity

h: heat transfer coefficient

k: thermal conductivity of fin material

L: fin length

L. characteristic length

N¢: total number of perforations

Nu: average Nusselt number

Nu.: average Nusselt number of the inner perforatiofase
Nx: number of perforations in x direction

Ny: number of perforations in y direction

OA: open area of the perforated surface

P.: perimeter of perforation opening

GREEK LETTERS

f: volumetric expansion coefficient

W: dynamic viscosity

v: kinematics viscosity

Subscripts and superscripts

f: non-perforated (solid) fin

fp: perforated fin

pc: perforation inner surface (within the perfooa)i
ps: remaining solid portion of the perforated fin
t: fin tip

Pr: Prandtl ham
Q: hesslightion rate
Raldgh number
RRayleigh number of the perforation inner linggface
ROA: ratio of opeeaa
RQF: Ratio of heasigiation rate of perforated fin to that of non-peated fin
S: perfa@t spacing
T: temperature
t: fin thickness
Tri. 1: Triangulamber 1
Tri. 2: Triangular nungbe
Tri. 3: Triangular number 3
W: fin widt
x: longitodl direction or coordinate
tramsverse (lateral) direction or coordinate

X: in or alomgtx-direction
y:in or along the y-direction
u: upper surface of fin

I: lower surface of fin

max: maximum
n: nominal
00 : ambient
b: fin base
m: mean (average)

INTRODUCTION

The removal of excessive heat from system comperiergssential to avoid damaging effects of ovdihgaAs a
general rule, the total heat losses is by the odiwee heat transfer process [1, 2] which shouldebbanced as
possible. Therefore, the enhancement of heat #ansf an important subject of thermal engineerifigee
convection phenomenon has been object of extemes@arch. The importance of this phenomenon is#&sing

179

Pelagia Research Library



Abdullah H. M. AlEssa and Nabesl S. Gharaibeh Adv. Appl. Sci. Res., 2014, 5(3):179-188

day by day due to the enhanced concern in sciendetechnology about buoyancy induced motions in the
atmosphere [3]. The heat transfer from surfaces mageneral be enhanced by increasing the heasféan
coefficients between the surfaces and there sudings, by increasing the heat transfer area obthifaces, or by
both. In most cases, the area of heat transfeicieased by utilizing extended surfaces in the fofrfins attached

to walls and surfaces.

Fins as a heat transfer enhancement devices havedoite common. As the extended surface technaloginues
to grow, new design ideas emerge including fins enaflanisotropic composites, porous media, andriniéed
plates [4]. Due the high demand for lightweightmpact, and economical fins, the optimization of dime is of
great importance. Therefore, fins must be desigimedchieve maximum heat removal with minimum materi
expenditure taking into account, however, the easeanufacturing of the fin shape [5].

This study aims mainly at examining the extent edittransfer enhancement from a horizontal rectangu under

natural convection as a result of introducing bowdifications (perforation which leads to interriops) to the fin.

The modifications in this work are vertical equilial triangular perforations made through the filckness. The
study investigates the influence of triangular pexfion orientation on heat transfer enhancemem. modified fin,

called perforated fin, is compared to the corregjgumnsolid (non-perforated) fin in terms of heainsfer dissipation
rate. The study eventually attempts to make the dmes of the material and size of a given fin, Whitvolves some
sort of optimization.

Large number of studies has introduced shape neatldins by cutting some material from fins to makeities,
holes, slots, grooves, or channels through thebfidy to increase the heat transfer area and/or theasfer
coefficient [6, 7]. One popular heat transfer augtagon technique involves the use of rough sudasfedifferent
configurations. The surface roughness aims at ptiomsurface turbulence that is intended mainlyntrease the
heat transfer coefficient rather than the surfaea §8]. It was reported that non-flat surfacesenfree convection
coefficients that are 50% to 100% more than thdstabsurfaces [9]. Several other researchersntedoa similar
trend for interrupted (perforated) fins attributittge improvement to the restarting of the thermairuary layer
after each interruption indicating that the inse# convection coefficient is even more than ghawo offsets lost
area, if any [10, 11]. Perforated plates (fins)espnt an example of surface interruption [10] aredwidely used in
different heat exchanger, film cooling, and solaliector applications [9, 12]. An experiment studgs performed
by Elshafei [13] on natural convection heat disgrafrom hollow/perforated circular pin fin sinksle found that
the heat dissipation from the hollow/perforated fpis was better (bigger) than that of solid fins.

Despite the fact that correlations for the conwettieat transfer coefficient within cavities anatiothe surfaces of
non-perforated plates are readily available [6, IRgrature search indicated a lack of such retetidor the
perforated surfaces under natural convection. Gpresgtly, perforated surface heat transfer coefficiwere
estimated based on the concepts of augmentatimn[18] and open area ratio [12, 14].

The overall objective of this study was to evalu#ite potential of heat transfer enhancement whedy bo
perforations of triangular cross section are inticet to a horizontal rectangular plate (fin) uncigtural convection
conditions. The specific objectives of the work nieysummarized as follows:

1- Evaluate the influence of equilateral triangulgerforation factors (dimensions, lateral spacitigermal
conductivity and orientation) on the enhancemeriteatt transfer dissipation rate of the fin.

2- Determine the values of parameters that wouddlrén maximum heat transfer enhancement of thitopeed fin
compared to the solid counterpart.

HEAT TRANSFER ANALYSIS

The classical analysis of fins, which assumes omeiasional heat conduction as the Biot number ialisfiess than
0.01) can be considered. The perforated fin wiingular perforations analyzed in this study isvaiin figure 1, 2
and 3. The symmetry part considered for heat tearssialysis (shown hatched). For this part thestrarse (lateral)
Biot number in (z) direction (Bj can be calculated by (Bf h,.t / 2k) and the transverse Biot number in (y)
direction ( Bj ) can be calculated by (Bih,s(S,+0/2)/k) for Tri. 1 and Tri. 2. And it is (B¥hys(2S+b.Sin (60))/k)
for Tri. 3.the As the values of (Bi and (Bj) less than 0.01, then the heat transfer in (d) (s directions can be
assumed lumped and one dimensional solution cactobsidered. If the values of (Biand (Bj) are greater than
0.01 then the heat transfer solution must be twthi@e dimensions. In this study the parametetbefperforated
fin are taken as they lead to values of,YBind (Bj) smaller than 0.01. The analysis and results tedaare based
on the following assumptions:

The analysis and results reported in this studypased on the following assumptions:
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1. Steady, one-dimensional heat conduction; 2. Hmmeous and isotropic fin material with constargrital
conductivity; 3. No heat sources/ sinks in thelfody; 4. Uniform base and ambient temperatureklnform heat
transfer coefficient over the whole fin solid swda(perforated or solid); 6. Uniform heat transfeefficient within
the perforation.

Based on these assumptions, the energy equatithedin along with the boundary conditions may betesl as
below [15]

d( dT)_
(k4 =0 @

The associated boundary conditions are
1- At the base surface (x=0), T T
2- At the perforated surface, at the perforatioreimlining surface and At the fin tip surface.

dT _
kP Iy Mg ApdT=To) o AL (T=T ) +h AT =T )=0  (2)

The fin with triangular perforations of three oriations are shown in Figures (1, 2, and 3). Théasararea of this
fin including the tip may be expressed as

A, =A_ +A_+N _.A
fp ps t C’ pc

=@W.L-2N A D+W.O+(N A )

=Ap+NA

=A{ NN (3 b.t-b2.Sin(x/3)) 3)

-2A.)

f

In this study, the energy equation presented iraggu(1) is solved numerically utilizing one dimensiorilite-
element technique using the variational approa&j. [Ihe corresponding variational statement hasfdliewing
form:

Ps

2

+% [I' hpe(T-Too) "dApc+ [f he(Ty—Too) TdA; (4)
A A

pc t

It is established that everything else being theesaheat dissipation from a fin, solid or perfodatdepends on fin
surface area and heat transfer coefficient. Foisthiel fin, both aspects are established. The aeevalue of h is
that for a single horizontal plate in natural cartian and may be given by

h=Nu. k_. /Lc (5)
air

The average Nusselt number, Nu, is given by [3]
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Nu =(Nuu +Nu|)/2 (6)
. 10 101
10
Nu, = 1.4 +(O.14Ra00'333) 7)
1.4
In| 1+
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Fig. 1:- Fin with equilateral triangular perforation and the symmetrical part (shown hatched) of the perforated fin considered for
analysis (first orientation, Tri. 1)
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Fig. 2:- Fin with equilateral triangular perforation and the symmetrical part (shown hatched) of the perforated fin considered for
analysis (second orientation, Tri. 2)

)

Fig. 3:- Fin with equilateral triangular perforation and the symmetrical part (shown hatched) of the perforated fin considered for
analysis (third orientation, Tri. 3)
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As for the perforated fin, the aspect of surfaceaavas discussed in the previous section. Howévere distinct
heat transfer coefficients exist as discussed helow

1. Heat transfer coefficient of the solid portion of the perforated surfaces, hps

Literature search revealed that there is lack ofetations for the perforated surface under natoalvection.
Consequently, it was decided in this study to adamproximate estimate for,h Studies under convection
conditions reported that,dwas a function of the open area ratio and augrtientgatio [9]. The open area ratio,
ROA, for a perforated surface is defined as

ROA= OA/OA 9)
max

Equation (9) shows that ROA ranges between zerotffe non-perforated) and one (for maximum perforat
effect). Based on averaging literature estimatemarfeases in heat transfer coefficient due togoations (50 to
100%, taking mean value 75% for this study) argliaéng a linear relationship between ROA and hesatster
coefficient, the following expression is introdudedestimate f in terms of ROA and h [16, 17]:
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hps=(1+0.75R0OA)h (10)

2. Heat transfer coefficient within the perforation, hy.
Correlations for heat transfer coefficient in natuwonvection for triangular perforations are aafalie. With uniform
wall temperature, the Nusselt numberNsi as follows [6]:

1

-1.5 RN
Ra _15| 1.5
Nuc= ch +(0.62Raco'25j (11)

3. Heat transfer coefficient at fin tip, h;
For the fin considered in this study, both perfedaand non-perforated, the fin tip is a verticafae for which
heat transfer coefficient is given by

h, =Nu, K. /t (12)

Nusselt number, Nuis given by [6]

6
Nu, =0.5 2.8 +(0.103Ra0'333j (13)

2.8
0.515Ra 2

In| 1+

4- Ratio of heat dissipation rate (RQF)
The ratio of heat dissipation rate RQF from thdgrated fin to that of the corresponding solid den be expressed
as:

RQF= Qq/ Q (14)

where Q,: is the heat dissipation rate of the perforatedwhich was computed using the finite element tephe
and Qis the heat dissipation rate of the solid fin whieds computed using the following analytical equaf{i8]

Sinh(m.L)+ (ht/(m.k)) Cosh(m.L)

=kAm(T_-T 15
% Ty~ Teo) Cosh(m.L)+ (h,/(m.k))Sinh(m.L) (15)
where m is defined as

k.A

RESULTSAND DISCUSSION

RQF, is studied in terms of perforation paramegmith S, = 1 mm, §= 1 mm, L = 50 mm, W=200 mm, ambient
temperature (T, = 20°C) and T = 100°C for different values of fin thickness and therrsahductivity. The
results are shown in Figures (4) and (5), whichwstimat thicker fins produced larger heat transfaramcement at
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any b. The variation of RQF with b at various bwld a consistent trend of increasing to a maxinvatoe
followed by a decrease. This trend may be explaibgdthe net effects of changing area and heat faeans
coefficients due to perforations. The increase QFRn the first part of the curves is due to thet that A, , h,s and
hyc are increased with (b) which letalincrease the value of RQF. While, in second fatA, tends to decrease
with (b) but s and RKcare increased, the net result is a decrease b \R@Qe. The maximum value of RQF is
occurs at some value of perforation dimension syindwd as (b).

k =50 [w/m.°K]

t=5 [mm]

| t=4 [mm] |
2.2 v—v t= 3 [mm]
G—o~Fr t= 2 [mm]
¥——* t= 1 [mm]

1.8

RQF

1.4 ' ~ K&

Tri 1l Tri 2 Tri 3
2 4 6 8 10122 4 6 8 10122 4 6 8 1012

1.0

b [mm] b [mm] b [mm]

Fig. 4:- The perforated fin heat dissipation ratio vsthe perforation dimension b with variable fin thicknesst for fin thermal conductivity
of k =50 W/ m.°C

The effect of lateral spacing )Sat RQF was studied in terms of)b S,= 1 mm, L = 50 mm and,E 100°C for
different values of fin thickness. The results am@wn in Figures (6) and (7). The variation of R@ith S, at
various t showed a consistent trend of increasing maximum value followed by a decrease. Thisdtneray be
explained by the net effects of changing area hadmal resistance of the perforated fin due tadhtspacing (3.
The increase of RQF in the first part of the curigedue to the fact that the effect of decreasthefmal resistance
is larger than that of the decrease of area. Wihilsgcond part the effect of decrease of arearget than that of
the decrease of thermal resistance. The maximumevaf RQF is occurs at some value of lateral pation
spacing symbolized as Gk
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k =300 [w/m.°K]
26
t =5[mm]
t =4[mm]
v—v t=3[mm]
B———a t=2[mm]
¥——k t=1[mm]
22
LL
o 18
@
14
Tril Tri2 Tri 3
10

2 4 6 8 10 12 2 4 6 8 10 1222 4 6 8 10 12

b [mm] b [mm] b [mm]

Fig. 5: The perforated fin heat dissipation ratio vsthe perforation dimension b with variable fin thicknesst for fin thermal conductivity
of k=300W/m.°C

k = 50 [W/m.°k]

2.0
Tril Tri 2 Tri 3
1.8
1.6(/?% m N
1'4]/2%'\8\8\8\8\5\5\& f&E\B\E\B\E’\E—a\ m
L
o
@
1.2
1.0 t=5[mm]
t =4 [mm]
v—v t=3[mm]
0.8 B—a t=2[mm]
¥— t=1[mm]
0.6 :
o 1 2 3 4 50 1 2 3 4 50 1 2 3 4 5

Sy [mm] Sy [mm] Sy [mm]

Fig. 6:- The perforated fin heat dissipation ratio vsthe perforation lateral spacing with variablefin thicknessand itsrelated b, for fin
thermal conductivity of k =50 W/ m.°C
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k = 300 [W/m. K]
t=5[mm]
t=4[mm]
v—v t=3[mm]
292 O—& t=2[mm]
" ¥—X t=1[mm]
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o 18
o
1_4%%%%
Tril Tri 3
Tri2
10
0 1 2 3 4 50 1 2 3 4 50 1 2 3 4 5

Sy [mm] Sy [mm]
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Fig. 7: The perforated fin heat dissipation ratio vsthe perforation lateral spacing with variablefin thicknessand itsrelated b, for fin
thermal conductivity of k=300 W/m.°C

k=50 [W/m.°C] k=300 [W/m.°C]
2.4 I
v—- Tr. 3
Tri. 1

max

RQF

t [mm] t [mm]
Fig. 8:- Maximum heat dissipation ratios of the perforated fin vsfin thicknesswith itsrelated b, Sy, t, b and Sy,
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To compare the performance of the three studieshgtilar perforations, the maximum RQF atamd §, was
plotted as a function of fin thickness in figure).(&his figure shows that performance of the thirdngular
perforation is better than the other two cases.

CONCLUSION

1- Introducing triangular perforations to fin boihgreases surface area and heat dissipation fivea gange of the
perforation dimension.

2- For certain values of perforation dimension, fregforated fin can enhance heat transfer. The itatgn of

enhancement proportional to the fin thickness.

3- The gain in heat dissipation rate for the patied fin is a strong function of both, the perfamatdimension and
lateral spacing. This function attains a maximurtueaat given perforation dimension and spacing,ctvis may
called the optimum perforation dimensiog &nd optimum lateral spacing,,Srespectively.

4- The third triangular perforations is better thia@ other two cases.
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