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Abstract Efficiency of annular elliptical fin has been studied numerically. It has been shown that

constant temperature lines do not preserve their circular shape in fins with high aspect ratio and

therefore, the common methods such as equivalent fin area or sector method may not be applicable.

For this reason, a new simple correlation has been proposed to approximate annular elliptical fin

efficiency and then the fin geometry optimized, to maximize the rate of heat dissipation for a

specified fin volume, when there is a space restriction on the fin minor axis. Results have been

presented graphically and a correlation has been deduced also.
� 2015 Faculty of Engineering, Alexandria University. Production and hosting by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Annular fins are used vastly in industry to increase the heat

transfer area. Although circular type of annular fin has been
studied widely [1–5], the elliptical one has not been studied
yet. Lesser pressure drop across elliptical fin in comparison

with circular fin is its obvious advantage. Moreover, since it
can be extended only from one side, it is very useful in the pres-
ence of space restriction.

It is clear that increasing fin length decreases the rate of

heat transfer. So, maximizing the amount of heat transfer
for a specified fin volume is mandatory. Results of this

optimization are widely reported for annular circular fins [6–
8]. However, shape optimization of annular elliptical fins

may be rarely found. In annular elliptical fin, the radius ratio
is another variable added to optimization problem. Nagarani
and Mayilsamy [9] performed some limited experiments to
study the natural convection on specified elliptical fin geome-

try. Kundu and Das [10] proposed a semi-analytical method
similar to sector method to approximate elliptical fin effi-
ciency. However, this method ends to a series of Bessel func-

tion families. Later, Nemati and Samivand [11] proposed a
simple correlation to determine circular annular fin efficiency.
They extend their work to predict elliptical annular fin

efficiency, also.
In this study, the shape of annular elliptical fins has been

optimized. To do this, at the first step, elliptical fin efficiency
has been calculated numerically in a vast range of thermo-

geometric parameters. Then, equivalent parameters have been
proposed to approximate elliptical fin efficiency, based on
circular fin efficiency formula. Knowing the fin efficiency, the

* Corresponding author at: Department of Mechanics, Marvdasht

Branch, Islamic Azad University, Marvdasht, Iran. Tel.: +98

9173143319.

E-mail address: nemati.hossain@gmail.com (H. Nemati).

Peer review under responsibility of Faculty of Engineering, Alexandria

University.

Alexandria Engineering Journal (2015) 54, 1037–1042

HO ST E D  BY

Alexandria University

Alexandria Engineering Journal

www.elsevier.com/locate/aej
www.sciencedirect.com

http://dx.doi.org/10.1016/j.aej.2015.09.016
1110-0168 � 2015 Faculty of Engineering, Alexandria University. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.aej.2015.09.016&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:nemati.hossain@gmail.com
http://dx.doi.org/10.1016/j.aej.2015.09.016
http://www.sciencedirect.com/science/journal/11100168
http://dx.doi.org/10.1016/j.aej.2015.09.016
http://creativecommons.org/licenses/by-nc-nd/4.0/


amount of heat transfer for a specified fin volume has been

maximized.

2. Formulation of the problem

An annular elliptical fin around a circular tube is shown in
Fig. 1. Fin thickness is 2t and tube radius is rb. r1 and r2 are
the major and minor radiuses of ellipse, respectively. Convec-

tion with constant ambient temperature, T1, is the only heat
exchange method and the convection coefficient h is constant.
Based on the above assumptions, the steady state energy
equation for constant fin thermal conductivity, k, in polar

coordinate system may be written as
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Also, the boundary conditions may be presented
mathematically as (Fig. 2)

h ¼ hb at r ¼ rbð0 6 h 6 p=2Þ ð2aÞ

@h=@/ ¼ 0 at / ¼ 0ðrb 6 r 6 r1Þ ð2bÞ

@h=@/ ¼ 0 at / ¼ p=2ðrb 6 r 6 r2Þ ð2cÞ

@h=@N ¼ 0 at 0 6 /

6 p=2 r ¼ r1r2=
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In the preceding equations, h is (T � T1), m2 ¼ h
kt
and N is

normal vector.

Eq. (1) is separable and can be solved by separation of vari-
ables method [12]. However, for elliptical fin, the fourth
boundary condition, Eq. (2d), is not separable and no analyt-

ical solution may be found for Eq. (1). So a new formula based
on circular fin efficiency approximation has been proposed.

3. Fin efficiency approximation

Since the exact solution of Eq. (1) in circular case in which
o2h/o/2 = 0 and r1 = r2 = rf is a combination of Bessel func-

tion families, it is not a good base to approximate the elliptical
fin efficiency. Several equations may be found to approximate
circular fin efficiency [13–16]. In this regard the following
equation is used for circular annular fin efficiency [11]:

g ¼ tanhðmwLÞ
mwL

� �w
ð3Þ

Nomenclature

Bi Biot number, Bi = hrb/k

h convection heat transfer coefficient (W/m2 K)
k fin thermal conductivity (W/m K)
L fin length, rf � rb (m)
�L arithmetic mean of major and minor fin lengths,

L1þL2

2 (m)
L1 major fin lengths, (r1 � rb) (m)
L2 major and minor fin lengths, (r2 � rb) (m)

m thermo-geometry parameters,
ffiffiffi
h
kt

q
N normal vector
Q dimensionless heat transfer rate

r radial distance from tube center (m)
r1 fin major radius (m)
r2 fin minor radius (m)
rb tube radius (m)

rf circular fin radius (m)
Rf normalized fin radius, rf/rb
Rf1 major normalized radiuses, r1/rb (m)

Rf2 minor normalized radiuses, r2/rb (m)
�Rf geometric mean of major and minor normalized

radiuses,
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Rf1Rf2

p
t fin semi-thickness (m)
T1 ambient temperature (K)

Tb fin base temperature (K)
U dimensionless fin volume,

Greek symbols

n dimensionless fin thickness, t/rb
g fin efficiency
/ angular position from horizontal symmetric line

(rad)

w fin efficiency parameter, Eq. (4)
h (T � T1) (K)

Figure 1 Annular elliptical fin around a circular tube. Figure 2 Fin geometry in polar coordinate.

1038 H. Nemati, S. Samivand



Download	English	Version:

https://daneshyari.com/en/article/816147

Download	Persian	Version:

https://daneshyari.com/article/816147

Daneshyari.com

https://daneshyari.com/en/article/816147
https://daneshyari.com/article/816147
https://daneshyari.com/

