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Abstract

In the present paper, the thermal analysis and optimization of straight taper fins has been addressed. With the help
of the Frobenius expanding series the temperature profiles of longitudinal fin, spine and annular fin have been de-
termined analytically through a unified approach. Simplifying assumptions like length of arc idealization and insulated
fin tip condition have been relaxed and a linear variation of the convective heat transfer coefficient along the fin surface
has been taken into account. The thermal performance of all the three types of fin has been studied over a wide range of
thermo-geometric parameters. It has been observed that the variable heat transfer coefficient has a strong influence over
the fin efficiency. Finally, a generalized methodology has been pointed out for the optimum design of straight taper fins.
A graphical representation of optimal fin parameters as a function of heat duty has also been provided.
© 2002 Elsevier Science Ltd. All rights reserved.

1. Introduction

Fins or extended surfaces are widely used to augment the rate of heat transfer from the primary surface to the
ambient medium in a large variety of thermal equipment. An accurate analysis of heat transfer in fins has become
crucial with the growing demand of high performance of heat transfer surfaces with progressively smaller weights,
volumes, initial and running cost of the system. Over the years different fin shapes have been evolved depending upon
the application and the geometry of the primary surface. Kern and Kraus [1] have identified three main fin geometries.
These are longitudinal fins, radial or circumferential fins and pin fins or spines. For any of the above geometry, fins with
straight profile or constant thickness are a common choice as they can be manufactured easily. The thermal design of a
constant thickness fin is also relatively simple. However, in any fin the temperature difference reduces from the fin base
to fin tip. Accordingly, a saving of fin material can be obtained by progressively narrowing down the fin section. This
has initiated a lot of exercises for the determination of optimum fin shapes so that the fin volume is minimum for a given
rate of heat dissipation or the rate of heat dissipation is maximum for a given fin volume. The criteria for optimum fin
profile under convective conditions was first proposed by Schmidt [2] based on a physical reasoning. Later on Duffin [3]
proved Schmidt criteria using calculus of variation. Both Schmidt [2] and Duffin [3] estimated the fin surface area
neglecting the profile curvature. This has formed a major assumption in further exercises of fin optimization and is
known as length of arc idealization (LAI) in literature. LAI was used for optimizing fin shapes under convecting,
radiating, convective-radiating condition [4], for fins with heat generation [5] and for variable thermal conductivity.
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Nomenclature
Bi Biot number, ., /k
h heat transfer coefficient (W/m?K)
hy heat transfer coefficient at the fin base (W/m?K)
Nay average heat transfer coefficient (W/m? K)
he heat transfer coefficient at the tip (W/m? K)
J Jacobian
k thermal conductivity of fin material (W/m K)
L length of the fin, see Fig. 1 (m)
m, n constants used in Eq. (1)
mp dimensionless parameter defined in Eq. (4)
q actual heat transfer rate of a fin (W)
(0] non-dimensional actual heat transfer rate defined in Eq. (20)
qi ideal heat transfer rate (W)
O non-dimensional ideal heat transfer rate defined in Eq. (23)
7 base radius, see Fig. 1c (m)
R} dimensionless radius parameters, f,,r;/k
7o outer radius of an annular fin (m)
R, radius ratio, r,/r;
T local fin temperature (K)
Ta temperature of the surrounding gas medium of the fins (K)
T. tip temperature (K)
Tw fin base temperature (K)
U dimensionless fin volume defined in Eq. (25)
|24 fin volume (m?)
X,y Cartesian coordinates (m)
X,Y x/L,y/w respectively
e fin base semi-thickness (m)
Ve fin tip semi-thickness (m)
Zy fin parameter, v/Bi/y
Greek symbols
o parameter defined in Eq. (4)
B tip loss parameter, 2¢//(1 + ¢)
0 dimensionless parameter, Bi/\
e ratio of base to tip heat transfer coefficient, Ay, /A,
n fin efficiency
A ratio of tip to base fin thickness, y./y,
v parameter defined in Eq. (4)
W aspect ratio, y,/L
0 dimensionless temperature, (T — 7,)/(Ty — T,)
0, excess base temperature, T, — T, (K)
0, dimensionless tip temperature, (7, — 7,) /(T — T)
¢ dimensionless parameter defined in Eq. (4)

Maday [6] in his pioneering analysis proposed the correct formulation for the optimization of longitudinal fin with the
elimination of LAI and obtained a profile much different from Duffin [3]. Guceri and Maday [7] further extended this

analysis for radial fins.

However, fin shapes determined by the above procedure are complex and difficult to manufacture. These fins have
structurally weak slender tips, which do not substantially contribute to the overall heat dissipation. This has resulted in
a parallel effort to design optimum fins where the fin shape is specified a priori and fin dimensions are determined to give

maximum heat dissipation for a given fin volume.
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Fig. 1. Geometrical configurations of typical straight taper fins.

Aziz [8] in his review paper thoroughly discussed the state of the art of fin optimization when fin shape is specified.
Based on the assumptions proposed by Murray [9] and Gardner [10], he has presented the optimum dimensions of
longitudinal fins (straight, triangular and concave parabolic profiles), spines (cylindrical, conical, concave and convex
parabolic profiles) and radial fins (straight, trapezoidal and triangular profiles). Finally he discussed the effect of tip heat
loss, variable heat transfer coefficient, temperature dependent thermal properties and internal heat generation on the
optimal dimensions of a few specific fins.

Chung and Kan [11] considered the effect of profile curvature on the optimum dimensions of longitudinal fins of
triangular, concave and convex parabolic profile. While they have proposed an analytical solution for triangular fin
they had to take the resort of numerical techniques for parabolic fins. Razelos and Satyaprakash [12] presented an
analysis for optimum longitudinal fin of trapezoidal section based on an assumption of negligible heat loss from the fin
tip and negligible surface curvature effect and finally suggested a correlation for the optimality criteria. Based on a
diameter dependent convective heat transfer coefficient, Chung [13] improved the design of optimum cylindrical pin fins
originally proposed by Sonn and Bar-Cohen [14]. Chung and Kan [11] determined the optimum dimensions of spines
having different profiles (cylindrical, conical, concave and convex parabolic) from a generalized formulation using a
numerical procedure. They reported a profound influence of profile curvature on the optimum dimensions of the spine.
Razelos [15] analyzed the heat transfer from convective spines of different profiles assuming negligible surface curvature
and no tip loss. Using the Lagrangian multiplier technique the author derived the thermo-geometric criteria for the
optimum spines. On the other hand Ulman and Kalman [16] solved the conduction equation for radial fins of different
profiles (straight, hyperbolic, triangular and parabolic) numerically to find out the rate of heat dissipation. They ob-
tained the optimum fin dimensions for each of the profiles for the maximum value of heat dissipation under a volume
constraint.

Most of the analytical works on fin design and optimization carried out till date are based on the assumption of
constant convective heat transfer coefficient along the fin length. However, existence of a non-uniform heat transfer
coefficient has been established theoretically and observed experimentally. Kraus [17] has thoroughly discussed the
results of the investigations, which have considered non-uniform heat transfer coefficient along the fin surface. He has
concluded that non-uniformities have an impact on the rate of heat dissipation by the fins. By a unique experiment Ghai
[18] demonstrated that heat transfer coefficient increases towards the fin tip with a minimal value at the fin base.
Gardner [19] showed that the variation of heat transfer coefficient along the fin length could be expressed in the form of
an equation using Ghai’s experimental results. Kraus et al. [20] discussed the findings of Ghai and Gardner in some
details. This has triggered a number of investigations considering linear [21], power law [22] and exponential variation
[23] of heat transfer coefficient. However, the actual nature of variation of the heat transfer coefficient can be obtained
by a conjugate analysis of conduction in the fin along with the convection in the adjacent fluid. Such studies have been
taken up by a number of researchers. Stachiewicz [24] reported a general increase of heat transfer coefficient from fin
base to fin tip with a marked dip at about 75% of the fin length. Sparrow and Acharya [25] observed a decrease in the
heat transfer coefficient near the fin base and a subsequent increase in the down stream for fins under natural convection
for a wide range of conditions. Simultaneous, solution of the problem for convection in the fluid and conduction in the
fin has also been tried by Advani and Sukhatme [26] and Garg and Velusamy [27].

In a parallel effort, variation of local heat transfer coefficient as a function of local temperature excess has been
considered by Unal [28] and Yeh [29]. Such studies have been taken up for their particular relevance to nucleate boiling.

The exact nature of variation of the heat transfer coefficient is not yet established. Nevertheless, efforts have been
made for finding out the optimum fin dimensions assuming typical variations of heat transfer coefficients a priori.
Razelos and Imre [30] considered the effect of variable heat transfer coefficient and variable thermal conductivity on the
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optimum dimensions of radial fins with trapezoidal cross section. The authors solved the equation optimality nu-
merically for a length dependent heat transfer coefficient and temperature dependent thermal conductivity. Netrakanti
and Huang [31] employed a method of invariant embedding to solve the identical problem. Razelos [15] used the
Pontryagin’s minimum criteria for finding out minimum mass convective fins. Using variational principle Natarajan
and Shenoy [32] determined the optimum profile of conical spines. They considered a power law type dependence of
heat transfer coefficient with diameter for different convective conditions. Using hypergeometric function, Yeh [29,33—
35] optimized straight fins, spine and fin assemblies for temperature dependent local heat transfer coefficients.

In the present paper, a method has been suggested for optimizing longitudinal, radial and pin fin with straight taper
(trapezoidal profile) based on a generalized approach. Simplifying assumptions like LAI and insulated fin tip have been
eliminated. A variable convective heat transfer coefficient at the fin surface has been considered. Finally, the fin per-
formance has been obtained in an analytical form so that classical techniques can be adopted for optimization.

2. Mathematical analysis

Fins of three basic geometries, namely, longitudinal, spine and annular with a straight taper are schematically shown
in Fig. 1. It is assumed that fins are of constant thermal conductivity and they exchange heat with the ambient medium
solely by convection. The generalized differential equation at steady state for above three types of fins can be written as
follows:

dafl, 240 my"'(ri +x)"h dy\’
a[)’ (ri+x) a}—f 1+ i 0 (1)

In the above equation, m = 1, n = 0 for longitudinal fin; m = 2, n = 0 for spine and m = 1, n = 1 for annular fin.
For straight taper fins the fin profile can be expressed in non-dimensional form as

Y=2=1-(1-A)X )
)
where, 2 = y./» and X = x/L.
For a linear variation of the coefficient of convective heat transfer along the fin length and substituting Eq. (2) the
governing differential equation can finally be expressed as follows:
2

Y(1 - ocY)%#— {m — a(m +n)Y}%—mmp(l —aY)(E—vY)0=0 (3)
where
o (Re-D BIY p hen  Oh(Eow) i loe
a2+ (Ro—1) nR(I_A)+Bij¥ 5~ &k (1+e) 17 1
mp_(lz°2i)z¢(lig)z+ﬁ2(1—;v)z, 20:%\/5‘, :lzfs, SZZ_E’ Bi:ha;{yb7 tp:% and
R,=" (4)

ri
The above equation is subjected to the following boundary conditions:
at Yy =1, =1 (5)

B do  Z3p0
at Y =/, a7 (6)

where
2y . .
B {l—ﬂ for convective heat loss from the fin tip
0 when fin tip is insulated(as ¢ — o0)

With a proper arrangement, Eq. (3) can be reduced in a form such that the method of Frobenius [36] can be applicable.
The solution can be obtained in the form of a power series provided the convergence criterion is satisfied. It can be
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shown that the convergence criteria can be satisfied separately for three specific cases of longitudinal fin, spine and

annular fin. Finally the temperature distribution in any of these fins can be expressed as a convergent series. The general
expression of temperature distribution for the three types of fins is as follows:

0(Y) = <(2 —m)(EsInY — Eg) + (m— DEsY ' + > [EsInY — EJ4,Y/ " + B3y Gy ! >/(E2E3 — E\Ey)

(7)
where
Ezz(m_1)+f:cj )

Ey= i(jf m+ 14,7 — (Zgﬁ)

=1

m+ ZA e ”1“] (10)

2
@24 S S S - B

X {m{z —m+ ZA‘,-/V’”“} + ) G+ (m - 1)/1”"} (11)

=1 j=1

Ag=2-m (12)
Ay = mmyé (13)
_ (2no 4 mmyE)A; — my(nal 4 mv)Ay
Ay = 3G m) (14)
4= nj(j — 1o+ mmpéjAj,.Ej— mp 511;()6 +mv)A;_, — novA;_3 ] for />3 (15)
: G —m
Co=m—1 (16)
Cy = no — 2mpé (17)

Cy = (2(3 — m){3nod, + (2no + mmy&)Cy — my(naé 4+ v)Co} — (5 — m){(2no + mymé&)A,
— my(na& +mv)Ao})/[2(3 — m)]* (18)
and
Gy = (i — m+ 1){n(2f — DA + [nt(j — 1) + mmg&lCioy — my(nee + my)Cia + nmyonCya} — (2 —m 4 1)
) {Ln2i( — 1) -+ mmyE |4, — my(naé + mv)A; s + nomovd; 3} /1 —m+ DF for j >3 (19)
The rate of heat dissipation from the fin is expressed in an appropriate dimensionless form in the following equation:

m—1_ m+n
htm

do
dy

_ q — m—1 yym _
Q - 2m+nriﬂnm+nflkm00 0 ¥ (1 /’{) (20)

Y=I1

where the temperature gradient at the fin base is given by:

do
dy

= <E3{3—2m +ZA +Z(j m+ 1 } E4Z(/ m+ 1 >/[E2E3 E\Ej] (21)

Y=1
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d=—=7v (22)

The rate of heat dissipation from a fin of given geometry will be maximum if the entire fin surface is maintained at its
base temperature. In a non-dimensional form the maximum rate of heat dissipation is given by

m—1  m+n .
iy m" g

= 2m+nri"nm+n71km 90

- ?’(Slm [m(Rlo—_;)n\/(lisym ‘”zﬂz{(%l‘m)ﬁ— <<§+1—m)v+(1 —m+n)é>“;’”)

+v(1—m+n)(1+).+,12)}

O;

R [3} (23)

It may be noted that for a longitudinal fin both Q and Q; have been determined considering a unit width of the fin as
shown in Fig. 1. Conventionally, the fin efficiency is defined as the ratio of actual heat transfer to the maximum possible
heat transfer.

Y

-5 (24)

n

3. Optimum dimensions of straight taper fins

An effort has been made to optimize the dimensions of the three types of straight taper fins based on the above
analysis. The fin volume can be expressed in a non-dimensional form.

2m + 2n — D)ttty g (2 — 4 2n) (1 + A
U:((n+1)nn1+n7)1]€‘nz+n+l = (1_/’{)" ( o )( )+(m_2n_1)(1+)+)2) (25)

In the above expression, the volume corresponds to the unit width of a longitudinal fin. Both the rate of heat transfer
and the fin volume are function of ¢ (= Bi/y) and ¥, if other geometrical and thermal parameters are specified. Using
Egs. (20) and (25) the general condition for optimality may be expressed as follows:

99 oU
00 00
J:J(Q’U): —0 (26)
>/ legau
oY oy
where
00 _ (m—10  wuigm, 94
i A G G (27)
aQ_mig m—1 yym _ 674‘
o= T (=D (28)
U (m+n+ 1)U  (2—m+2n)5""¥"(1 4 2) 0x (29)
I B (1—2)"2 06
U _ (mU)  (2—m+2n)8"" W (14 7) 0o (30)

2 (1—2)"2 oV

and
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A = <Eg{(32m)+iA,~+i(jm+l)C,} +E3{iA}'].+i(jm+ I)C;} ngi(jfm+ 1)4;

J=1 J=1

—E4Z (j—m+ I)A} — (E'ZE3 + E)Ey, — E\E4 —ElEf‘)A>/[E2E3 — E\E4] (31)

Jj=1

Here, prime means, partial differentiation with respect to 6 and y separately and for brevity, expressions of E', E}, E,
and E), are given in Appendix A.

4. Results and discussion

Using the above analysis, the thermal performance of straight taper fins has been investigated for a wide varia-
tion of geometrical parameters and Biot number. Some typical results have been reported in this section. The per-
formance of a fin with trapezoidal cross section depends on the angle of taper or the ratio of tip to base thickness
(2). To avoid repetitions all the results have been presented for 1 = 0.1. However, it has been seen that the trend
of the results does not change for other values of A. As the exact nature of the variation of heat transfer coeffi-
cient along the fin length is yet unknown, both increasing and decreasing trend of heat transfer coefficient from fin
base to fin tip have been considered. The present analysis is valid for both insulated and convective conditions of the
fin tip.

The variation of efficiency of different straight taper fins with the fin parameter Z, is depicted in Fig. 2. In general, the
fin efficiency decreases with the increasing value of Z,. In case of radial fins, the efficiency decreases with the increasing
value of radius ratio at a particular Z,. Identical trends have been observed [1] for circular fins with other profile shapes.

A comparison between a spine and a longitudinal fin with identical fin parameter, tip to base thickness ratio (1) as
well as the ratio of tip to base heat transfer coefficient (¢) reveals that the spine will have a slightly higher efficiency.
However, the difference reduces with the increase of ¢. Comparing Fig. 2a and b, it can be seen that an increase in the
value of ¢ increases the fin efficiency.

As one of the purpose of the present work to investigate the effect of non-uniform heat transfer coefficient on the
performance of straight taper fins a wide variation ¢ has been considered. The results are depicted graphically in Fig. 3.
The variation ¢ does not have the uniform effect over the entire range of variation though the efficiency of all the fins
increases with the increase of ¢. For the convenience of discussion the entire range of ¢ may be divided into three
approximate ranges—lower (¢ < 0.2), intermediate (0.2 < ¢ <4) and higher (¢ > 4). The rate of increase of efficiency with

1QI . 2 1!! 4 10'1I5 . zO'OJl . p001 1QC 4 2 ]li [} 20‘\0 “ IO'OJl 4 9‘001
1.00 - 1.00 1.00 = — 1.00
i\ \\\ 1
S I kY 1 e \
5 0.80 %, 1080 0.80 5 \ H0.80
= =0l U ] = Yool v 1
= = i\ | A = 0.1 \
E 0.60 R 40.60 &J’ 0.60 -\ 40.60
v R,
E Spine ‘\“.‘ 1 &, ------- Splne \‘ J
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Fig. 2. Relationship between fin efficiency and fin parameter for: (a) ¢ = 1, (b) ¢ = 5.
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Fig. 3. Effect of non-uniform heat transfer coefficient on fin efficiency: (a) longitudinal fin, (b) spine (c) annular fin.

¢ 1is low in the lower range. The fin efficiency increases at a steeper rate in the intermediate range. The rate of increase of
efficiency again falls in the higher range of ¢. As the intermediate range of ¢ is relevant for convective situations observed
in practice, it may be concluded that the non-uniform heat transfer coefficient has a profound effect on fin efficiency.

The fin efficiency also depends on the ratio of tip to base thickness A. It can be seen from curves of Fig. 3a and c that
both for longitudinal and annular geometries fin efficiency decreases with 4 over the entire range of ¢. However, in the
case of spines a unique trend is observed. In the lower range of ¢, fin efficiency increases with a decrease of /. In the
intermediate and high range of ¢, an opposite effect of 4 on fin efficiency is noted.

Optimum dimensions of a fin may be obtained either maximizing the rate of heat transfer for a fixed fin volume or
minimizing the fin volume for a given rate of heat transmission. This implies Eq. (26) is to be solved simultaneously
either with Eq. (20) or with Eq. (25) according to the specification of the problem. In the present investigation fin
volume has been taken as the constraint condition.

Results for the optimization studies for the three types of fins under volume constraint are shown in Fig. 4. In these
figures, the families of curves depict the variation of the rate of heat dissipation with Bi/i, for specified fin volumes.
Bi /Y indicates the Biot number with respect to the fin length. For any type of fins, the rate of heat dissipation initially
increases, then reaches a maximum and finally declines with further increase of Bi/y. The peaks of the curves indicate
the optimum design of the fins for a specified fin volume. It can further be seen that for a given fin volume the optimum
design of a fin is strongly influenced by ¢. The maximum rate of heat dissipation increases substantially for the same fin
volume when ¢ is increased from 0 to 1.

Often it is required to design the fin for a specified heat duty. Moreover, the designer may be interested to determine
the optimum fin dimensions under such a condition. This can easily be done with the analysis presented in section.
Based on this analysis, the variation of optimum parameters for longitudinal fins is presented in Fig. 5 for different
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Fig. 5. Parametric values from optimum longitudinal straight taper fins: (a) heat dissipation rate, (b) aspect ratio, (c) tip temperature.

values of ¢. For the specified rate of heat dissipation, the optimum value of Bi/ys for a longitudinal fin can be obtained
from Fig. 5a for different values of &. From Fig. 5b, the required value of i for the optimum fin can be determined based
on the value of (Bi/ lp)opt obtained from the previous step. If the material property of fin and the average heat transfer
coefficient along the fin surface is known, all the important geometrical parameters namely, the fin length, the root
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Fig. 7. Parametric values from optimum straight taper annular fins: (a) heat dissipation rate, (b) aspect ratio, (c) tip temperature.

thickness and the tip thickness can be determined along with the fin volume. Fig. 5c gives an additional information
regarding the tip temperature (6;) of optimum fins. This is not a strict design requirement for most of the applications.
However, the information may be useful from the safety considerations of the working personnel [37]. In a similar
fashion, Figs. 6 and 7 depict the optimum parameters for spine and annular fins respectively.
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5. Conclusions

A methodology for the thermal analysis and optimization of straight taper fins has been discussed in the present
paper. The technique adopted for the thermal analysis is a generalized one as it presents a common formulation, set of
boundary conditions and method of solution for the three main types of fins, namely longitudinal, spine and annular.
The analysis does not make simplifying assumptions like LAI and insulated fin tip. Moreover, it considers a linear
variation of heat transfer coefficient along the fin length. Using the Frobenius expanding series, the generalized fin
equation has been solved analytically and a single expression has been provided for the temperature distribution in the
fins. Based on the thermal analysis the optimum design of the straight taper fins has been obtained from the classical
derivative technique. The derived condition of optimality gives an open choice to the designer. For a specified fin
volume, optimum fins can be designed to have the maximum rate of heat transfer; alternatively, fins of minimum
volume can be designed for a specified heat duty.

It has been seen that the ratio of base to tip heat transfer coefficient (¢) has a profound effect on the fin performance.
In general, the efficiency of all the three types of fins increases with the increase of e. However, the rate of increase is
higher in the intermediate range of ¢. For a given fin volume the rate of heat dissipation increases also from an optimally
designed fin for higher values of ¢.

The merit of the technique lies in the fact that its application is not limited to only linear variation of fin thickness
and heat transfer coefficient. The method is applicable for fins with arbitrary variation of fin thickness and heat transfer
coeflicient along the fin length.

Appendix A
=>4 (A1)
j=1
Ey=YC, (A.2)
j=1
/ - . j—m 41 2Z Z/:H + Zzﬁ/) = j—m- Zzﬁ / m
Ey=Y (j—m+1)¥ A/.f(o(i)f&)o Q=m)+> 4| - Th ZA Vs (A.3)
j=1 j=1

o e N > 22,248 + Z3 B
J= j=1 J=1
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Cy = (23 = m)[3n(o/ Ay + od)) + (2ne! + mm &) Cy + (2n0 + mmy &) Cy — (nal + v){m,Co + m,Cy}
— mpna! ECo] — (5 — m)| (2no! + mm; )4y + (2no + mmpE)A| — (nal + mv){m{ Ao + mydy}
— nmyal E4o)) /143 = m)’ (A.11)

Cp = (G —m+ D{n(2j — D[e/'djy +od) ]+ [nj(G — Do’ +mm E]Ciy + |nj(j — Do+ mmyp&|C

— (no +mv)[m,Cy s +myC; | — nmpo! EC;g + nv(my0Cyz + mpo! Cj s + mpaC) 3)} — (2/ —m+ 1)
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References

[1] Q.D. Kern, D.A. Kraus, Extended Surface Heat Transfer, McGraw-Hill, New York, 1972.

[2] E. Schmidt, Die Warmeubertragung durch Rippen, Z. Ver. Dtsch. Inc. 70 (1926) 885-951.

[3] R. Duffin, A variational problem relating to cooling fins, J. Math. Mech. 8 (1959) 47-56.

[4] C.Y. Liu, A variational problem with applications to cooling fins, J. Soc. Ind. Appl. Math. 10 (1962) 19-27.

[5] W.S. Minkler, The effects of internal heat generation on heat transfer in thin fins, Nucl. Sci. Eng. 7 (1960) 400-406.

[6] C.J. Maday, The minimum weight one dimensional straight fin, ASME J. Eng. Ind. 96 (1974) 161-165.

[7] S. Guceri, C.J. Maday, A least weight circular cooling fins, ASME J. Eng. Ind. 97 (1975) 1190-1193.

[8] A. Aziz, Optimum dimensions of extended surfaces operating in a convective environment, Appl. Mech. Rev. 45 (1992) 155-173.
[9] W.M. Murray, Heat transfer through an annular disc or fin of uniform thickness, Trans. ASME J. Appl. Mech. 60 (1938) A78.

[10] K.A. Gardner, Efficiency of extended surface, Trans. ASME 67 (1945) 621-631.

[11] B.T.F. Chung, R.W. Kan, The optimum dimensions of convective straight fins with profile curvature effect, AIChE J. 83 (1987)
77-83.

[12] P. Razelos, B.R. Satyaprakash, Analysis and optimization of convective trapezoidal profile longitudinal fins, ASME J. Heat
Transfer 115 (1993) 461-463.

[13] C. H Li, Optimum cylindrical pin fin, Int. J. Heat Mass Transfer 29 (1983) 1043-1044.

[14] A. Sonn, A. Bar-cohen, Optimum cylindrical pin fin, ASME J. Heat Transfer 103 (1981) 814-815.

[15] P. Razelos, The optimum dimensions of convective pin fins, ASME J. Heat Transfer 105 (1983) 411-413.

[16] A. Ullmann, H. Kalman, Efficiency and optimized dimensions of annular fins of different cross-section shapes, Int. J. Heat Mass
Transfer 32 (1989) 1105-1110.

[17] A.D. Kraus, Sixty-five years of extended surface technology (1922-1987), Appl. Mech. Rev. 41 (1988) 321-364.

[18] M.L. Ghai, Heat transfer in straight fins, Proc. Gen. Disc. Heat Transfer, Institute of Mechanical Engineers, London, 1951, p.
180.

[19] K.A. Gardner, Discussion on paper by M.L. Ghai, Proc. General discussion on Heat Transfer, Institute of Mechanical Engineers,
London, 1951.

[20] A.D. Kraus, A. Aziz, J. Welty, Extended Surface Heat Transfer, John Wiley & Sons Inc., New York, 2001.

[21] G.B. Melse, Efficacite d’une ailette longitudinale avec variation du coefficient d”’change de chaleur le long de 17ilette, J. Nucl.
Energy 5 (3-4) (1957) 285.

[22] L.S. Han, S.G. Lefkowitz, Constant cross-section fin efficiencies for non-uniform surface heat transfer coefficients, ASME pap. 60-
WA-41, American Society of Mechanical Engineers, New York, 1960.

[23] S.Y. Chen, G.L. Zyskowsky, Steady-State Heat Conduction in a Straight Fin with Variable Heat Transfer Coefficient, Sixth
National Heat Transfer Conference, Boston, MA, ASME Paper 63-HT-1, American Society of Mechanical Engineers, New York,
1963.

[24] J.W. Stachiewicz, Effect of variation of local film coefficients on fin performance, J. Heat Transfer 91 (1969) 21.

[25] E.M. Sparrow, S. Acharya, A natural convection fin with a solution-determined non-monotonically varying heat transfer
coefficient, J. Heat Transfer 103 (1981) 218.

[26] C.G. Advani, S.P. Sukhatme, Analysis of a vertical rectangular cross-section in fin losing heat by laminar free convection, Indian
J. Technol. 11 (3) (1973) 105.

[27] V.K. Garg, K. Velusamy, Heat transfer characteristics for plate fin, J. Heat Transfer 108 (1990) 224.

[28] H.C. Unal, Determination of the temperature distribution in an extended surface with a non-uniform heat transfer coefficient, Int.
J. Heat Mass Transfer 28 (1985) 2279-2284.

[29] R.H. Yeh, Optimization of longitudinal fins with temperature-depended thermal parameters, Heat Transfer Eng. 15 (1994) 25-34.

[30] P. Razelos, K. Imre, Minimum mass convective fins with variable heat transfer coefficients, J. Franklin Inst. 315 (1983) 269—
282.

[31] M.N. Netrakanti, C.L.D. Huang, Optimization of annular fins with variable thermal parameters by invariant imbedding, ASME
J. Heat Transfer 107 (1985) 966-968.



B. Kundu, P.K. Das | International Journal of Heat and Mass Transfer 45 (2002) 4739-4751 4751

[32] U. Natarajan, U.V. Shenoy, Optimum shapes of convective pin fins with variable heat transfer coefficient, J. Franklin Inst. 327
(1990) 965-982.

[33] R.H. Yeh, Optimum design of longitudinal fins, Can. J. Chem. Eng. 73 (1995) 181-189.

[34] R.H. Yeh, Optimum spines with temperature dependent thermal parameters, Int. J. Heat Mass Transfer 37 (1994) 1877-1884.

[35] R.H. Yeh, An analytical study of the optimum dimensions of rectangular fins and cylindrical pin fins, Int. J. Heat Mass Transfer
40 (1997) 3607-3615.

[36] E. Kreyszig, Advance Engineering Mathematics, seventh ed., Wiley, Singapore, 1993.

[37] T.L. Barclay, I.LF.K. Muir, J.A.D. Settle, Burns and Their Treatment, Butterworth, Boston, 1987.



	Performance analysis and optimization of straight taper fins with variable heat transfer coefficient
	Introduction
	Mathematical analysis
	Optimum dimensions of straight taper fins
	Results and discussion
	Conclusions
	Appendix A
	References


