
Pergamon 
Inl. J. Hear Mass Transfer. Vol. 40, No. 9, 2165-2172, 1997 pp. 

0 1997 Elsevier Science Ltd 
Printed in Great Britain. All rights reserved 

0017-9310/97 s17.oo+o.oo 

PI1 : SOO17-9310(96)00294-3 

A genietic algorithm for fin profile optimization 
GIAMPIETRO FABBRI 

Dipartimento di Ingegneria Energetica, Nucleare e de1 Controllo Ambientale, Universita degli Studi 
di Bologna, Viale Risorgimento 2,40136 Bologna, Italy 

(Received 22 February 1996 and in finalform 5 July 1996) 

Abstract--In the present work a genetic algorithm is proposed in order to optimize the thermal per- 
formance?, of finned surfaces. The bidimensional temperature distribution on the longitudinal section of 
the fin is calculated by resorting to the finite elements method. The heat flux dissipated by a generic profile 
fin is compared with the heat flux removed by the rectangular profile fin with the same length and volume. 
The genetic algorithm is then applied to the case of polynomial profile fins, in order to determine the 
polynomial parameter values which optimize the fin effectiveness. The optimum profile is finally shown for 

different polynomial orders. 0 1997 Elsevier Science Ltd. All rights reserved. 

INTRODUCTION 

In many engineering sectors, where high thermal 
fluxes must be transferred, the finned surface power 
removers are today an usual tool. Since finned surfaces 
allow evident improvements in heat transfer effec- 
tiveness, the heat exchangers field is one of the most 
interested in their applications. Moreover new indus- 
trial sectors present an increasing interest in the intro- 
duction of extended surfaces for heat flux removal. In 
particular, the electronics industry has promoted a 
new interest in developing heat removers, aimed at 
transferring heat from electronic components to the 
environment, in order to reduce the working tem- 
perature and to improve the characteristics and the 
reliability [l-3]. 

The optimization of the heat remover longitudinal 
profile, in order to transfer the highest power with the 
smallest volume, is a problem that is not yet com- 
pletely solved. Such a problem was tackled for the 
first time in the .I92Os [4], when Schmidt proposed a 
parabolic longitudinal profile. Afterwards many 
authors contested Schmidt’s conclusion, correct from 
the point of view of the utilized model, but scarcely 
corresponding to the real phenomenon characteristics. 
Since then mangy fin profiles have been proposed, 
mainly parabolic or triangular, but without giving a 
final solution to the optimization problem [5] and 
leaving perplexedness regarding the structural integ- 
rity of heat removers with an excessively decreasing 
profile. Recently undulated fin profiles have been pro- 
posed [&8] and a parabolic-undulated fin has been 
demonstrated as having a noticeably improved effec- 
tiveness. 

In this work we consider polynomial profile heat 
removers and we propose a genetic algorithm in order 
to determine the polynomial parameter values which 

let the highest power be removed with the same fin 
volume. The algorithm calculates the heat flux dis- 
sipated by the polynomial profile heat remover on the 
basis of the bidimensional temperature distribution 
on its longitudinal section, which is obtained with the 
help of a finite elements model. 

For the last few years genetic algorithms have been 
utilized to solve functions fitting or parameters evalu- 
ation problems. Their use in the neural networks train- 
ing [9] is largely diffused. Just recently they have been 
utilized in thermosciences [lo, 111. 

THE FIN MODEL 

In the orthogonal coordinate system we will refer 
to a heat remover with a longitudinal section sym- 
metrical with respect to the x axis and with a profile 
described by an arbitrary function f(x), as shown in 
Fig. 1. The fin, with indefinite width and length L, is 
immersed in a fluid with a constant bulk temperature 
TF. Moreover, the fin base temperature To is known. 

In order to calculate the heat flux removed by such 
a fin it is necessary to determine the temperature dis- 
tribution in the longitudinal section (plane xy). This 
distribution must satisfy the Laplace’s equation : 

2 g+!!& 
a2Y 

with the boundary conditions : 

Wky) = T, (2) 

aT F-1 ax L,y 
= - ; [T(L,y) - TF] (3) 
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NOMENCLATURE 

E compared effectiveness k thermal conductivity of the fin 

; 

half-height of the fin [m] w m-‘K-l] 
average half-height of the fin [m] L length of the fin [m] 

ght thermal conductance between the n polynomial profile order 
refrigerant fluid and the elements on the f& heat flux removed by the fin examined 
fin surface [w K -‘I WI 

gki thermal conductance between one Qr heat flux removed by the rectangular 
element and another [W K -‘I fin WI 

90, thermal conductance between the T temperature of the fin [“Cl 
elements of the fin base and the ones To temperature of the fin base [“Cl 
adjacent [w K -‘I TF bulk temperature of the fluid [“Cl 

h heat transfer coefficient [W me2 K-‘1 X longitudinal coordinate [m] 
hr final transversal surface heat transfer Y transversal coordinate [ml. 

coefficient [w m-* K -‘I 

aT 

[ 1 dy X.0 
= 0 (4) 

from one another, as shown in Fig. 2. The knots of 
the outer elements are chosen on the perimeter of the 
longitudinal section. The elements on the longitudinal 
outline are such as to follow its shape. The other 
elements are instead rectangular. Assuming that Ax 
and AZ are sufficiently short, it is possible to suppose 
that the temperature varies linearly between two 
adjacent knots. 

Considering the balance between the thermal fluxes 
which cross the outline of the ith element it is possible 
to write : 

h l+& 
2 

$13 
=- 

k x [T&f(x)) - TFI (5) 

;gki(Tk - T) +goi(To - Ki) +ghr(TF - Ti) = 0 (6) h and hf being the convective heat transfer coefficients 
for the longitudinal fin surface and for the final trans- 
versal one, respectively, k being the thermal con- 
ductivity of the fin. Due to the complexity of the 
problem it is convenient to determine the temperature 
distribution numerically, using for example the finite 
element method. 

We can subdivide the longitudinal section of the fin 
into an array of elements, by locating some knots that 
are distant Ax in x direction and Ay in y direction 

T, and Tk being the temperatures of the ith element 
and of the elements adjacent to it, gki being the thermal 
conductance between the kth and the ith elements, 
appropriately calculated taking the particular sepa- 
rating surface into account, goi the thermal con- 
ductance between the fin base and the ith element, ghi 
the thermal conductance between the coolant fluid 

0 5 10 
X 

Fig. 2. Subdivision of the longitudinal section of the fin into 
finite elements. 

/ 

0 5 10 
x (cm) 

Fig. 1. Longitudinal section of a symmetrical profile fin. 
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and the ith element. Conductance gOi is zero for all the 
elements which are not adjacent to the fin base, while 
conductance ghi is zero for all the internal elements. 
Moreover ghi depends on h for the elements on the 
longitudinal surface, and on h, for those on the final 
transversal surface. From equation (6) it follows that : 

that is : 

(7) 

Considering all the elements we can therefore write : 

A:cT=BxT,,+CxT, (9) 

having gathered into vector T the temperature of all 
the elements, into matrix A the elements aik and into 
vectors B and C 1 he elements bi and c,, respectively. It 
is then possible to determine the temperature dis- 
tribution on the longitudinal section of the fin by 
solving the systern (9) : 

T= A-‘*(BxT,,+CxT,). (10) 

We can now calculate the heat flux dissipated by the 
remover for unit of width in the following way : 

Qd = 2 >:g,,(To - T) +gdTo - TF) 
0 > 

(11) 

ghO being the thermal conductance between the fin 
base (see Fig. 2) ,and the coolant fluid. 

EFFECTIVENESS OF THE FIN 

The fin performances can be evaluated on the basis 
of the compared effectiveness, i.e. the ratio between 
the heat flux (Qd)l dissipated by the heat remover with 
a generic profile and the heat flux (QJ removed by a fin 
of the same volume and length and with rectangular 
profile : 

EA. 
Qr 

(12) 
-- 

Let us then consider a rectangular fin of width 2J f 
being the average value of f(x) : 

f= ;rf(x)dx. 
0 

(13) 

The temperature distribution on the longitudinal sec- 
tion of such a fin must satisfy equation (l), the bound- 
ary conditions (2)-(4) and the following : 

dT F-1 = 
ay x./(x) 

- ; [T(x,f(x)) - TFI. (14) 

Since both longitudinal and final transversal surfaces 

are plane we can assume h equal to hr. By integrating 
equation (1) with the above boundary conditions the 
following solution is obtained [ 121: 

T(x,Y) = TF 

c(, cash [an@ -x)] + t sinh [a,(L - x)] 
X 

a,, cosh(a,l) + t sinh(a,l) 
I 

(15) 

being c(, the solutions of the equation : 

tl tan(ocfi = k. (16) 

The heat flux dissipated for unit of length is then : 

Qr = 4Wo - TF) f 
n=l 

a, sinh(a,l) + icosh(a,L) 
X 

g a, cash (a,L) + t sinh(a,l) 

(17) 

THE GENETIC ALGORITHM 

We now propose a genetic algorithm which is able 
to determine the values of the fin profile describing 
parameters which allow the highest compared effec- 
tiveness. We will consider heat removers for which the 
profile function f(x) has a polynomial form : 

f(x) = f a,x’. (18) 
j=O 

By increasing the polynomial order II, more and more 
articulate fin profiles will be taken into account. 

Genetic algorithms are usually utilized in order to 
assign the values which allow a particular per- 
formance to the parameters of a system. A genetic 
algorithm begins with a population of several samples 
of the same system with parameters assigned arbi- 
trarily or randomly. The different samples undergo a 
set of trials in order to compare their performances 
with the required one. In this way each sample receives 
an evaluation. Samples which have obtained the best 
evaluations are then selected and reproduced with 
random mutations in order to compose a new gener- 
ation. The random mutations reproducing process 
consists of copying the parameter values adding little 
random changes. The new generation undergoes the 
same set of trials, it is selected and reproduced. The 
process continues until performances which are near 
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enough to the required one are found or until the 
samples evaluations stop improving. 

In the proposed algorithm the system is the fin, and 
the parameters are the quantities which describe its 
profile. The required performance consists of having 
the highest compared effectiveness possible. 

After choosing as a constant the order of the poly- 
nomial function which describes the fin profile, a rec- 
tangular profile fin with an appropriate height is 
chosen as a prototype. The prototype is then repro- 
duced with random mutations uniformly distributed 
between -10% and + lo%, in order to compose 
an initial population of 100 samples (including the 
prototype). As an evaluation the compared effec- 
tiveness is assigned to each sample. The 20 samples 
with the best evaluations are selected and reproduced 
with the mutation rule described above. The new gen- 
eration is evaluated, selected and reproduced in the 
same way. The process continues until there is no 
more improvement in the compared effectiveness of 
the best sample. 

The population dimension would have to be chosen 
on the basis of the polynomial order. With little orders 
very numerous populations are not required to keep 
the algorithm from stopping in correspondence with a 
local maximum. The proposed 100 samples dimension 
allows the algorithm to be easily utilized in every case 
we considered. 

As fin profile describing parameters not the poly- 
nomial coefficients, but the values of the polynomial 
function in n+ 1 equidistant points, placed between 
the fin base and final section, are chosen. In this way 
the parameters have the same dimensions, and their 
changes influence the compared effectiveness with 
more comparable weight. Such a characteristic makes 
the parameter modification by the genetic algorithm 
easier and reduces the possibility of the algorithm 
stopping in correspondence with only a local 
maximum in the compared effectiveness. 

In the algorithm it is possible to impose an upper 
and a lower limit, y,,, and y,,,, to the fin profile by 
resealing the parameters before evaluating the per- 
formances in the following way. Let pk be the par- 
ameters of a polynomial profile which is found not to 
respect a limit and let fm,, and fmln be maximum and 
minimum value of the profile. The resealing is then : 

PL = fmm + 2;; _fmin -fmm (Pk -fmm) 

k= 1,2...n+l iffmaX >y,,, (19) 

Pi =fmax+~y%k-fmax) max nll” 
k= 1,2...n+l iffmln <yrncn (20) 

p; being the new parameter values. 
Another way to let the optimum profile respect an 

upper and a lower limit consist in assigning a null 
evaluation in the algorithm to the samples whose pro- 
file does not satisfy the requirements. But in this man- 

ner a good profile which exceeds the limits for a very 
short distance can be lost. For this reason, in the 
genetic optimization examples that were shown in the 
present article we followed the first method, which is, 
in fact faster. 

In order to make the genetic algorithm even faster, 
it is possible to build at the beginning matrices A, B 
and C, regarding a fin with,f(x) constant and equal to 
yrnax. Afterwards to evaluate the performance of each 
sample these matrices are copied and only a few of 
their elements are modified. In particular, it is neces- 
sary to change the value of the conductances for the 
finite elements placed on the fin outline and for those 
adjacent. 

After establishing the physical parameters of the 
system it is useful also to tabulate the values of Qr as 
a function oft In this manner in the genetic algorithm 
only the time necessary to calculateffor each sample 
is required. 

RESULTS 

The proposed genetic algorithm has been utilized in 
order to optimize the polynomial profile of aluminium 
fins. For the finite element model parameters the 
values reported in Table 1 have been assumed. 

Coefficient h has first been assumed constant and 
equal to 30 W mP2 K-‘, which is an average value 
obtainable for wavy surfaces with air in forced con- 
vection [13]. The same value has also first been 
assigned to hr. 

The algorithm was utilized by choosing the order 
of the polynomial function which describes the fin 
profile equal to a value from 1 to 5. To the prototype 
a 2.5 cm half-height was assigned. We imposed the 
half-height of the reproduced fin samples to be neither 
more than 5 cm nor less than 0.5 cm. An upper limit 
was required since the algorithm tended to increase 
the maximum height of the fin. The compare effec- 
tiveness, in fact, always grows with the fin height. The 
lower limit was instead assigned in order to assure the 
physical consistence of the fin. 

The polynomial profiles obtained with the genetic 
algorithm are reported in Fig. 3 together with the 
relative compared effectiveness. After the third poly- 
nomial order an undulate pattern is evident. The high- 
est and the lowest values of the fin profile fit on the 
assigned limit. Since coefficient h is not very high, the 
algorithm tends, in fact, to extend the longitudinal 
thermal exchange surface as much as possible. At the 
final fin section in each case the profile assumes the 
highest value. That occurs because the heat is sup- 

Table 1. Values assigned to the parameters of the finite 
element model. 

L=O.lm k=200Wm-iK-’ 
To = 70°C 7-r = 20°C 
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n=1 E=1.19 

x (cm) 
fl=Z E=1.49 

x (cm) 
n=3 E=1.66 

x (cm) 
n=4 G1.92 

5 

1. . . . . . . . . . . . . . 
0 

-5 ~~ 

1. . .._..._.__ _. 
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x (cm) 

n=5 E=2.16 
5 

E I 
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i . . . . . . . . . . . . 
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x (cm) 
Fig. 3. Polynomial profiles which optimize the compared 
effectiveness of an aluminium fin when h is equal to 30 W 
m-’ K-‘. Dotted horizontal lines represent the lower limit 

for the fin height. 

posed to be removed from the final transverse surface 
too. 

Afterwards we utilized the genetic algorithm by 
assuming that h and h, were both equal to 100 W 
m-* K-‘. The polynomial profiles obtained in such a 
situation are shown in Fig. 4. Since the convective 
heat transfer coefficient is higher than in the previous 
case, the requirement of extending the transfer surface 
as much as possible is now less important, compared 
to that of making the longitudinal thermal conduction 
easier. For this reason, while the highest values of 
the fin profile still fit on the assigned limit, the local 
minima, mainly in the region close to the fin base, are 
higher than in the previous case. 

In order to better understand the compromise 
between the requirement of extending the heat transfer 
surface as much as possible and that of making the 
longitudinal thermal conduction easier, the tem- 
perature distribution on the longitudinal section of the 
fin with an optimum fourth order polynomial profile is 
shown in Figs. 5 and 6 with h equal to 30 W m-* K-’ 
and to 100 W mm2 K-‘, respectively. In the second 
case the temperature drop between the base and the 
final section of the fin is higher, because of the better 
cooling conditions. Moreover, in the first case strong 
reduction in the fin hight causes smaller longitudinal 
changes in temperature. 

In Fig. 7 the highest values obtained for the com- 
pared effectiveness are shown vs the order of the poly- 
nomial profile both with h equal to 30 W m-* K-’ 
and to 100 W mm2 K-‘. In both cases an increasing 
trend is evident. Obviously, the compared effec- 
tiveness cannot decrease with the polynomial order, 
since lower order polynomial functions are approxi- 
mated by higher order ones. For this reason, on the 
other hand, in the genetic algorithm we did not include 
an optimization of the polynomial profile order either. 
In the considered domain the compared effectiveness 
increases in a nearly linear manner with the poly- 
nomial order and no imminent saturation is pre- 
announced. Moreover, for each polynomial order the 
compared effectiveness is higher when the convective 
heat transfer coefficient is lower. In this situation, in 
fact, the benefits of extending the transfer surface are 
more significant than the disadvantages of reducing 
the longitudinal conduction. A wavy profile, com- 
pared with a rectangular one, is then less convenient 
when the convection coefficient is higher. 

The polynomial parameters of the obtained profiles 
are finally reported in Tables 2 and 3. It must be 
remembered that these parameters represent the fin 
half-height in n + 1 equidistant point, placed between 
the base and the final section of the fin. 

CONCLUSIONS 

The genetic algorithm proposed seems able to 
resolve the problem of optimizing the longitudinal 
profile of a fin, in order to improve its performances 



2170 

ll=l Ezl.1 

x (cm) 
n=2 E=1.36 

x(cm) 

n=3 E=1.53 

x (cm) 
n=4 E=1.69 

x (cm) 
n=5 E=1.69 

5 

L...._________._ 
0 

KII 

~____.______.___ 

-5 
0 5 10 

G. FABBRI 

compared with those of a rectangular longitudinal 
section fin of the same volume and length. 

The optimization examples shown in the article 
demonstrate that it is possible to noticeably increase 
the compared effectiveness of a fin by introducing 
undulations in its profile when the convective heat 
transfer coefficient is not very high. In such a 
condition, for example, a fin with a fourth order poly- 
nomial profile, even though it is not yet too difficult 
to build for the producer, can remove nearly twice as 
much heat flux as that dissipated by a rectangular fin 
of the same volume. On the other hand, under better 
convection conditions the convenience of an undulate 
profile fin decreases. 

A more correct solution for the problem of opti- 
mizing the heat removers profile will be obtained with 
the genetic algorithm proposed by considering a local 
convective heat transfer coefficient which is variable 
in length (or in width for the final transverse section). 
In particular, it will be interesting to take the changes 
in the local convection coefficient induced by the vari- 
ation of the profile into account. In the case of the 
optimum fifth order polynomial profile, for example, 
a very narrow channel is created at the base of the 
fin. In this region the convection coefficient, in the 
practice, can therefore assume a value which is notice- 
ably lower than the average along the fin surface. The 
amount of surface gained in this region is then less 
worth. Since in general the changes in the local con- 
vection coefficient along the fin surface increase with 
the profile oscillations, in the genetic optimization 
examples presented we did not consider polynomial 
orders greater than the fifth, which describe more 
undulate profiles. Nevertheless, after having cal- 
culated the local convection coefficient for a generic 
profile fin, it is possible to also take this parameter 
into account to optimize the performances of heat 
removers by using the same finite element model and 
genetic algorithm proposed. 

Finally, it must be noticed that in the genetic fin 
profile optimization examples presented a constant 
temperature has been assigned to the base of the fin 
for each value of y coordinate. In practical appli- 
cations the base temperature of the fin cannot always 
be assumed to be a constant. In many problems, in 
fact, the entity assigned is the heat flux, which is to be 
removed from a wall surface with the help of fins. In 
such a condition, if the fins are thin and largely spaced, 
noticeable temperature variations occur on the surface 
to be cooled and, in particular, at the fin base. Neg- 
lecting this variation can result in errors of more than 
20% in calculating the heat flux removed by the fin 
[ 14,151. In order to obtain a more correct solution for 

Fig. 4. Polynomial profiles which optimize the compared the problem of optimizing the profile of the fins under 
effectiveness of an aluminium fin when h is equal to 100 W 
m-’ K-l. Dotted horizontal lines represent the lower limit 

the above quoted conditions, it is then convenient to 

for the fin height. utilize the genetic algorithm proposed, employing a 
finite element model which reproduces also a portion 
of the wall with heat flux assigned to the side opposite 
to the fins. 
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Fig, 5. Temperature distribution on the longitudinal section obtained for an optimized fourth order 
polynomial profile fin with h equal to 30 W mm2 Km’. 

x(cm) 
10 -5 YW 

Fig. 6. Temperature distribution on the longitudinal section obtained for an optimized fourth order 
polynomial profile fin with h equal to 100 W m-* K-‘. 

2s r-’ 
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Fig. 7. Highest values of the compared effectiveness obtained 
for different polynomial orders with h equal to 30 W mm2 

K-’ (stars) and 100 W m-* Km’ (cross) 

Table 2. Profile describing parameters which optimize the 
compared effectiveness when h is equal to 30 W mm2 K-’ 

Profile describing parameters [cm] 

n=l 0.51 5 
n=2 5 0.5 4.99 
n=3 0.54 4.66 0.84 5 
n=4 4.99 1.62 4.99 1.62 4.99 
n=5 0.7 2.92 0.93 4.67 2.55 5 

Table 3. Profile describing parameters which optimize the 
compared effectiveness when h is equal to 100 W mm2 Km’ 

Profile describing parameters [cm] 

n=l 1.16 5 
n=2 5 0.74 5 
n=3 0.96 4.6 0.81 4.98 
n=4 5 2.09 4.95 1.53 4.99 
n=5 1.3 3 1.31 4.76 2.46 4.98 
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