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Optimum Design of a Pin-Fins Type Heat Sink
Using the CFD and Mathematical Optimization
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ABSTRACT: The shape of 7X7 pin-fins heat sink is optimized numerically to obtain the
minimum pressure drop and thermal resistance. In this study, the fin height( z), fin width
(w), and fan-to-heat sink distance ( ¢) are chosen as the design variables and the pressure
drop ( 4P) and thermal resistance ( §;) are adopted as the objective functions. To obtain the
optimum design values, we used the finite volume method for calculating the objective func-
tions, the BFGS method for solving the unconstrained non-linear optimization problem, and
the weighting method for predicting the multi-objective problem. The results show that the op-
timum design variables for the weighting coefficient of 0.5 are as follows: w=4.653mm, A=
59.215 mm, and ¢=2.667 mm. The objective functions corresponding to the optimal design are
calculated as 4P=6.82Pa and §,=0.56 K/W. The Pareto solutions are also presented for vari-
ous weighting coefficients and they will offer very useful data to design the pin—fins heat sink.
Nomenclature k, : thermal conductivity for solid [W/m-K]
/ . characteristic length [m)
* fan-to-heat sink distance [m] L . length and width of heat sink [m]
cp : specific heat [J/kg' K] P . pressure [Pa]
C,, Cy, C;,C, : empirical constants in the &~ 4P . pressure drop [Pa]
& model Q . dissipated heat [W]
F(X) : objective function s : fin spacing [m]
Gy, G, : generation terms in the k-e& S : search direction in Eq. (15)
eqs. 4 * basement thickness [m]
gi : acceleration of gravity [m/s?] T . temperature [K]
h . fin height [m] u, v, w . velocities in x~, y-, z-direction [m/s]
H . height of heat sink(="h+1) u;, u;  average and fluctuating velocity [m/s]
[m]) w ¢ fin width [m]
H * Hessian matrix X * design variable vector
k : turbulent kinetic energy [m%/s% x; . Cartesian coordinates [m]
¥ Corresponding author Greek symbols
Tel.: +82-41-540-5804; fax: +82-41-540-5808
E-mail address: kpark@office.hoseo.ac.kr a . step length parameter in Eq. (15)
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@, : eddy diffusivity for heat [m%s]
A : thermal expansion coefficient [1/K]
8,7 : change vectors, in Eq. (18)
0; ' Kronecker delta
. dissipation rate of k [m%s’]
8; : thermal resistance [K/W], in Eq. (21)

o, : eddy viscosity [N-s/m?]

0 . density [kg/m°]

Oy, 0¢ * turbulent Prandtl, Schmidt numbers

¢ . general dependent variable

w; : weighting coefficients for pressure drop

and thermal resistance, respectively

Subscripts
n . inlet
7 . junction
k : number of iterartion
0 . ambient

1. Introduction

Recent trends for higher power density and
smaller package size in electronic systems de-
mand more effective cooling mechanisms for
reliability of the electronic device. The forced
air cooling technique for heat sinks has been
commonly used in a conventional size of heat
sink. In addition, the size of heat sinks is de-
termined according to the limited space they
are to be installed in, Therefore, they must be
designed by considering the pressure drop and
the available space as well as the thermal per-
formance. For this reason, the importance of
numerical optimization in the design of heat
exchangers has been gradually emphasized.

In recent years, many algorithms for numeri-
cal optimization technologies have been pro~
posed in order to offer a logical approach to
design automation. In addition, as the physical
phenomena considered in industrial applications
become more complicated, the use of commer-

cial CFD (computational fluid dynamics) codes
is dramatically increased. Therefore, the com-
bined field of computational flow/thermal opti~
mization (CFTO) has been receiving much at-
tention. The study of Gallman et al.,m how~
ever, was mainly restricted to the aircraft de-
sign and dealt mostly with aerodynamic shape
optimization. A more recent study showed that
the technique of combination of CFD and CAQ
(computer aided optimization) was applied to
other fields by Craig et al.?
ations, it is very difficult to combine commer-

In practical situ-

cial CFD solvers with mathematical optimiza-~
tion methods because all of the commercial
CFD codes solve the flow and thermal charac-
teristics on the GUI (graphical user interface).
Recently, Park et al® studied the design opti~
mization of the plate-fin and tube heat ex-
changer. They integrated FLUENT, which is a
commercial CFD code, and the optimization tech~
nology and then proposed the optimum design
variables of a heat exchanger.

Augmentation of the thermal performance of
heat sink has been receiving considerable at-
tention for many years because of its impor~
tance over a wide range of industrial applica-
tions. Even though the significant improvement
in thermal performance of heat sink has been
acquired by using the micro channel heat sink,
it is true that the conventional or mini-sized
heat sink is still commonly used in many in-
dustrial applications as cooling devices.

Much research on the optimization of heat
sink has been conducted. However, most of
them have focused on the parametric study
which influences the flow and thermal char-
acteristics for obtaining the optimum design.
Ledezma et al.’ studied the optimal spacingon
a pin-finned plate exposed to an impinging air
stream. They used the commercial CFD solver
(FIDAP) to solve the flow fields and proposed
the correlations for optimal spacing and maxi~
mum thermal conductance. The optimal spacing
of the nozzle-to-heat sink in impinging air flow
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was obtained by Maveety and Hendricks.® They
concluded that the optimal performance is achi-
eved when the nozzle is placed within the di-
mensionless vertical distance of eight to twelve
from the heat sink (8< z/D<12). Recently, Wirtz

© have described a methodology for

and Zcheng
determining an optimum fin configuration for
the fan-driven heat sink.

Although the aforementioned researches can
be useful in designing a heat sink, they just
proposed the correlation equations for the opti-
mum design variables by considering only the
flow and thermal characteristics of heat sink.
It means that the previous works carried out
optimization without considering the mathema-
tical optimization technique. Therefore, in this
study, in order to obtain the optimal values of
the design variables of pin-fins heat sink, we
combined the CFD and CAO using the devel-
oped scripter file for the batch-job in opti-
mization process. the weighting coefficient ef-
fect on the optimal solutions is investigated.

2. Theoretical analysis
2.1 Heat sink with pin—fins

The optimization problem considered in this
study is to maximize the thermal performance
of the fan-driven heat sink with 7X7 array of
pin-fins. Figure 1 depicts the physical configu-
ration of the square pin-fins heat sink sche-
matically. It is made of aluminum and is fab-
ricated by extruding technique. The overall di-
mensions of heat sink are a length and width
of L=65mm and a height of H=65mm. Noting
that the height of the heat sink ( H) is the sum
of the fin height (%) and base thickness of

heat sink ( ¢). Figure 1 also shows the detailed
dimensions of the heat sink and it is a quarter
of the full domain of the heat sink. An axial
fan, which is apart from the heat sink with
some distances ( ¢), impinges cooling air normal
to the fin array with the fan-induced swirl, and

then the impinged air exits in the x- and y-
direction through flow passages between fins.
A silicon chip with dimensions of 12X12mm
in the center of the bottom wall uniformly
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Fig. 1 Schematics of pin-fins heat sink.



74 Kyoungwoo Park, Park-Kyoun Oh, Hyo-jae Lim

generates the heat by an electric resistance
heater (40 W). The heat generated in the heat
source is transferred through the pin and fins
by conduction at first and then it is rejected
from the heat sink to the environment by
means of forced convection at the fin-air in-
terfaces. Thus, the problem considered becomes
a conjugated heat transfer problem.

2.2 Flow and thermal fields

22.1 Governing equations

The fluid properties are assumed constant
except for the density in the buoyancy terms
of the momentum equation. The flow is con-
sidered to be steady, incompressible, and tur-
bulent. The effects of viscous dissipation and
radiation heat transfer are assumed to be neg-
ligibly small. Due to the symmetric geometry,
the computation is only carried out on a quar-
ter of the physical domain. Using assumptions,
the time averaged governing equations for mass,
momentum, and energy can be expressed in
Cartesian tensor form as follows:

Continuum
9 _
6x,-(pu’) = (1
Momentum
9 _ _apP
axj("“"“f) T ox;
s P (2)
+5x—1_(# ax, W )+pg,-
Energy
o ewT) _ 8 (0T _—7
Fluid : ——_-—axj = ax, (F ox, puit) 3
o 8 [, 9T\
Solid : 5 (ks axi)-*-q 0 (4)

where ¢=1, 2 and 3 denote x, Y, and z-di-

rections, respectively. q is the rate of heat

generation per unit volume in the conduction
equation of Eq. (4).

In Egs. (2) and (3), the Reynolds stress,
ou;u;, and the turbulent heat flux, ou;'t,
which govern the turbulent diffusion, should be
determined. Using the eddy viscosity concept,
they are defined as follows

- du:  Ous
ou;u; = —u,( Y u’)+2pk8,; 5)

dx;  dx; 3

oujt = a,%%j (6)

where p; and @, are the turbulent (or eddy)
viscosity and the eddy diffusivity for heat, re-
spectively. They are computed as

2
= 0C, (7a)
AW AN
ay = C"f"k(—e_) (—E—t‘) (7b)

where C;, fi denote the model constant and
function including the near wall effect in a
thermal field. To obtain the eddy viscosity and
eddy diffusivity, the closure problem of the
governing equations has to be resolved. Thus,
the standard k-e& turbulence model™ is intro-
duced in this work. According to the eddy-
viscosity concept, the turbulent kinetic energy
(k) and its dissipation rate (&) are obtained
from the following transport equations:

Pl _ 0 [#: Ok -

- (pusk) = ax,-(ak axi)ﬁuc;,ﬁc,, oe (8)
0y = (B2

8x,- ou; 8x, O¢ ax,' (9)

2
+CE G+ G+ GRY = Coo

In Egs. (8) and (9), G, and G, are the turbulent
production terms of stress and buoyancy force,
respectively, and are given by
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_ du; | Ou;\ du,
G, = p,( A%, + 3%, ) A%, (10a)
Gy, = — 3&%%% (10b)

The model constants and various functions used

in the k—& model are explained in Refs. 7 and
8

2.3 Numerical optimization

Most of gradient-based optimization technol-
ogies are an iterative process in which itera-
tive advancements are performed over succes—
sive designs until the optimum values are achi-
eved. The optimization is to find the design
variables with the minimized objective function
numerically. In this case, the design variables
and objective functions are commonly subjected
to the constrained conditions. Thus, the non-
linear, unconstrained optimum design problem
can be expressed mathematically

Find X =1{X, X;, -, Xx}T a1
to minimize F(X) (12)
subject to XF<X, <XV for i=1, N (13)

where X represents the design variable vec-
tor and N is the number of design variables.
F(X) is the objective function which depends
on the values of the design variables. X ,-L and
X ,-U are the lower and upper limits of the
design variables, respectively, and they simply
limit the fegion of search for the optimization.
The algorithm based on CAQO can control
only a single objective function and the proce-
dure of optimization is sequentially carried out
in the order of the importance of objective func-
tions. Thus, this problem should be reduced to
a single-objective optimization problem. Since
Koski” proposed the typical descriptions of the
Pareto technique which is the determination of
the compromised set of a multi-objective prob-

lem, many mathematical methods for multi-
objectives have been developed in the past two
decades. Among them, the weighting method
has been widely used on the multi-objective
problem because the solution can be obtained
by choosing the different non-negative weight-
ing coefficients ( @; =0). That is, to solve the
multi-objective optimization problem by means
of the weighting methods, it can be converted
into a sequence of scalar optimization problems
where the objective function is defined by a
linear combination of all the objective functions.
In addition, all the objective functions should
be expressed in units of approximately the
same numerical values. The general form of a
multi-objective problem using the weighting
method is as follows:

F(X)

i F,Q(X) (14)

Minimize

F(X)=;= w

where @, denotes the weighting coefficients re-
presenting the relative importance of the each
objective function and its sum is unity. F2(X)
is the objective function corresponding to the
baseline geometry.

3. Numerical methodology

Figure 2 shows the numerical methodology
for optimization. In order to obtain the optimal
values of the heat sink with pin—fins, the three
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programs are used; (1) the main program which
defines various arrays and parameters, and con-
trols the analyzer and optimizer, (2) the ana-
lyzer that evaluates the objective functions and
(3) the optimizer which can solve a nonlinear
optimization problem.

As mentioned earlier, all of the commercial
CFD codes basically solve the flow and ther-
mal characteristics on the GUIL Thus, it is an
important task to combine commercial CFD
solver with mathematical a optimization meth-
od to carry out the optimization automatically.
Therefore, the script-file is developed to in-
tegrate the different programs and used it for
obtaining the otimal solutions, as shown in Fig.
2. Once the objective functions (4P and §,) are
obtained as the results of calculation of flow
and thermal fields by the analyzer, the main
program calls the optimizer to proceed with
optimization. The optimizer may modify the de-
sign variables. When the optimizer requires new
values of the objective functions, it returns to
the main program and the analyzer is called to
calculate them. In this step, the analyzer should
generate a new grid system because new de-
sign variables are proposed by the optimizer.
This process is repeated until the optimization
is complete and is performed automatically. As
a result of optimization, the optimal design
variables and the corresponding pressure drop
and thermal resistance are obtained.

3.1 Flow and thermal fields

The governing equations for three dimen-
sional turbulent convective heat transfer and
fluid flow are solved using FLUENT which is
a commercial finite volume CFD code."” The
reason for using the CFD code is as follows:
to obtain the optimum solutions by means of
the mathematical optimization technique, a fast
and reliable computer program must be used
because it operates repeatedly for many differ-
ent geometrical configurations during the opti-

mization process. The SIMPLE algorithm(”) is

used to calculate the pressure correction equa-
tion in the momentum equation. The power
law scheme is employed for the treatment of
convection and diffusion terms.

3.1.1 Boundary conditions

To capture the reverse flow at the exit of
the heat sink, we extend the computational
domain to five times the heat sink dimension
in x- and y-directions from the symmetric
surfaces. Figure 3 shows the extended com-
putational domain including the heat sink. A
no-slip boundary condition for all solid walls is
assigned for velocity. At the inlet of the heat
sink, the coolant of a constant temperature
( T;,,=313K) flows downward with a constant
velocity ( w=—4m/s) and a swirl condition of
60rad/s. The corresponding turbulent kinetic
energy and its dissipation rate are k=0.01w}
and €= C[,”Ska/z/l, here / is a length scale for
dissipation, taken here as the length of fan.
Uniform heat flux is applied to the heat sink
at the center of the bottom wall (12X12 mm)
by a heat source ( @==40 W) and the convective
boundary condition for temperature is used at
the bottom wall except for the heat source. The
symmetric conditions are imposed for all depen-
dent variables at the two planes of symmetry

(i.e., x=0, y=0). The pressure boundary condi-
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Fig. 3 Boundary conditions for extended com-
putational domain.
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tion for velocities is used at all exit planes
(that is, x=3 L, y=3 L, z= H+ ¢) because the
boundaries are sufficiently far from the heat sink.

When the sum of residual and the relative er—
ror of consecutive iteration for dependent vari-
ables are less than 10_5, the solutions are treat-
ed as converged ones.

3.2 Unconstrained optimization problem

To minimize the objective function, its gra-
dient is calculated using the finite difference
method (FDM) and the design variables are up-
dated by the following equation

Xk+l =Xk+a'k : Sk (15)

where the subscript 4 is the number of itera-
tions. In Eq. (15), the search direction, S, and
the step length parameter, @,, which minimizes
the objective function, should be determined

in order to complete the optimization process. -

In this study, to obtain the search direction,
we used the BFGS (Broydon-Fletcher-Goldfarb-
Shanno) method, which is generally considered
to be the most effective method among the
variable metric methods, for the unconstrained
optimization problem. This method is a kind of
quasi-Newton method and has an important
merit of a self-correcting mechanism."? The
BFGS method creates an approximation to the
inverse of the Hessian matrix, H (i.e., matrix
of second derivatives of the objective function)
and enables to define the line search direction
for a given iteration by

Ser1 = —[H,]™'- VF(X,) (16)
The Hessian approximation H, is updated at

each iteration by means of the following equa-
tion:

g HS™H T
Hpy,y (H STHo + 5T, )k amn

where the change vectors, 8, and y,, are given
by

O =Xpe1— X (18a)
76 = VF(X411)~ VF(X,) (18b)

In particular, H satisfies the quasi-Newton
condition ( Hyy16,=7,) and if 87 - 7,>0, the
H is retained at a positive definiteness. There-
fore, the initial Hessian is symmetric and is
given a positive definite. The scalar o, is

adopted when the following equations are sat-
isfied

F(Xp41)— F(X) <o, VFT(X,)6,
or VFT(X/;H)akZ - GZVFT(Xk)ak

(19)

where 0£061<0.5 and 0,£6,<1.0.

When the difference between the successive
values of the objective function, F(X), sat-
isfies the following convergence criterion, the
optimization process terminates:

| F( X)) — F(X)|<107° (20)

4_ Resuits and discussion

In this study, the optimization of a pin-fins

heat sink is conducted numerically. For a fixed

volume of heat sink, a high thermal perfor-
mance (or cooling efficiency) can be acquired
when the thermal resistance and the pressure
drop are minimized, simultaneously. Therefore,
in this study the objective functions to be
minimized are the pressure drop (4P) and the
junction-to-ambient thermal resistance ( 0;) and
they are given by

6,‘ — LT_T_‘” (21)

where € is the heat generated through the heat



78 Kyoungwoo Park, Park-Kyoun Oh, Hyo-Jae Lim

sink and the subscripts, 7 and .©© mean the
junction and ambient, respectively, and they are
represented as F;( X) and Fy( X ), respectively.

The geometric parameters which strongly in-
fluence the thermal performance of the heat
sink are the width of fin(w), fin length (&),
and fan-to-heat sink distance (¢). Thus, we
choose them as the design variables.

The mathematical expression for the heat
sink optimization can be written as

Find X=1[whc] (22)
to minimize ~ F(X) = [4P, §;] (23)
subject to X{-‘éX,-éX,U
Sws
1.0=2w=9.0 (24)
32.55h=60.0
1.0£¢=13.0

The baseline (or initial) geometric parameters
considered for optimization are as follows: the
fins have a 3 mm width, 45 mm height and a 3
mm of fan-to-heat sink distance. That is, X,

=[w,h, c;3.0,45.0, 3.0].
4.1 Parametric studies
The parametric studies are generally per-

formed in order to
(1) investigate the most important design var-
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Fig. 4 Effect of fin width (w) at =45 and ¢

=3 mm.

iable in the heat sink performance and

(2) choose the most appropriate optimization
algorithm.

For the parametric studies, the degree of im-
portance of each design variable such as the
fin width, fin height, and fan-to-heat sink dis-
tance is investigated before the design optimiza-
tion is carried out. That is, the effect of each
design variable on the pressure drop and the
thermal resistance is examined by varying only
one variable among the baseline parameters.

The junction temperature and pressure drop
for various fin widths { w) are shown in Fig. 4.
In this figure, the other design variables are
fixed as the baseline model (i.e., 2=45mm and
¢c=3.0mm). The figure shows that as the fin
width increases, the junction temperature de-
creases while the pressure drop increases. This
phenomena result from the following reasons;
for a fixed volume of heat sink ( L= W=con-
stant), increasing in the fin width enlarges the
heat transfer area and results in more heat re-
moval at the solid-air interface, while it causes
the pressure drop to increase because the in-
creased fin width plays the role as a blockage
of flow passages. From these results, it is
easily found that the optimum value of w can
be ranged as 3< w <5mm, which will also be
found in Table 1.

Figure 5 presents the effect of the fin height
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(k) on the flow and thermal characteristics in
the heat sink. As can be seen in Fig.5, 7T, de-

creases slightly until 2=45mm at which it has
a minimum value, and_then increases sharply,
while the pressure drop reduces linearly as the
fin height increases. This is mainly due to the
fact that the complex flow characteristics such
as vortex and reverse flows occur because more
air strikes the heat sink basement as the fin
height decrease. From these results, it is easily
predicted that the optimum value of % for all

weighting coefficients can be ranged between 7
=50 and 60 mm.

The effect of the fan-to heat sink distance
on the junction temperature and pressure drop
is also investigated and the results are shown
in Fig.6. Figure 6 shows an interesting phe-
nomenon that as the fan-to-heat sink distance
increases, the pressure drop reduces almost lin—
early. This is due to the fact that a part of
the total air flow rate induced by the fan flows
towards the outside of the heat sink which has
a relatively low pressure than the inside as ¢
increases. The decreased pressure drop results
in the increase of junction temperature due to
a smaller flow rate. It is also found that the
effect of ¢ on the pressure and temperature
fields is very small. compared to other vari-
ables (i.e., variations of pressure drop and junc-

0 3 I3 9 T 12
Fan-to-heat sink distance, [ ¢, mm]

Fig. 6 Effect of fan-to-heat sink distance ( ¢)

at w=3 and h=45mm.
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tion temperature for the range of ¢=1 to 15
mm are 2.7 Pa and 2.1 K, respectively).

The parametric studies discussed above show
that the fin width has a strong influence on
the pressure drop and junction temperature in
the heat sink, while the effect of fan-to-heat
sink distance is relatively small compared to
the other two design variables. It can be also
found in Figs.4~6 that the -objective function
has only one minimum value (see the junction
temperature in Fig.5) or simply increases or
decreases within the range of design variables.
The existence of an unique minimum value for
the objective functions indicates that the local
optimization technique such as the BFGS meth-
od becomes an effective optimization algorithm
rather than the global optimization.

4.2 Optimal solutions

The optimum design variables can be obtain-
ed by minimizing both the thermal resistance
and pressure drop in the heat sink. Therefore,
the results for the multi-objective function prob-
lem are obtained by using the following nor-
malized equation in which the weighting coef-
ficient ( w;) is used,

P =0 (20 1y (B0

0 o
where the superscript o depicts the initial con-
dition. In this study, the initial thermal resis-
tance ( 49,~0) with a junction temperature of 349.8
K is 092K/W and the initial pressure drop
(4PY) is calculated as 9.68 Pa. Note that an in-
crease in the weighting coefficient of w; means
that the minimized pressure drop is more im-
portant than the minimized thermal resistance.
Figure 7 shows the convergence history for
the pressure drop (i.e., one of the objective func-
tions) during optimization for the cases of
w,=0.7 and w,;=0.3. Initially, there is a sharp
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Fig. 7 Convergence history of the pressure
drop for w; =0.7 and w,=0.3.

decrease in the pressure drop and it is con-
verged after about five iterations. This figure
also shows that AP is reduced by 35.85% from
the initial value oé 9.68 Pa to an optimum value
of 6.21. However, it is true that the number of
iterations for convergence is usually changed
according to the weighting coefficients used.
Table 1 and 2 present the optimum design

Table 1 Optimum design values for the change
of weighting coefficients [mm]

1 W3 w h c

0.1 09 4.85 578 2.41
0.3 0.7 472 58.4 2.47
05 05 4.65 59.2 267
0.7 03 459 60.0 2.72
09 0.1 431 60.0 2.77

Table 2 Thermal resistance and pressure drop
for optimal and baseline models for
various weighting coefficients

Optimum model 6, [K/W] 4P [Pal
w1 W3

0.1 09 0.518 8.10
03 0.7 0.543 7.56
05 05 0.568 6.91
0.7 0.3 0.687 6.21
09 0.1 0.752 6.05
Baseline model 0.92 9.68

variables and the corresponding objective func-
tions for various weighting coefficients, respec-
tively. We are also able to compare each opti-
mum solution from this table because it shows
the results of the degrée of importance of the
two objective functions. In particular, the de-
sign variables can be obtained directly from
Table 2 for the most useful geometrical con~
figurations of the pin-fins heat sink. As we ex-
pected, the optimum design variables are varied
along the weighting coefficient. For example,
as w; is increased from 0.1 to 0.9, the pressure
drop is reduced by 25.4% from 8.10 to 6.05Pa.
However, these values are decreased by 16.3
and 37.6%, respectively, compared to the base-
line condition. On the contrary, the thermal re-
sistance is increased from 0.518 to 0.752 K/W
for ;=01 and @,=0.9. This clearly shows
that for the design of the heat sink with pin-
fins, it is very important to choose the proper
design variables by considering which one is
preferable between the pressure drop and the
thermal resistance. It can be easily found from
Table 1 that the fin width (w) is reduced as
the pressure drop decreases because the in
crease of @, is intended to decrease the pres-
sure drop. That is, the optimizer tries to find
the design values for reducing the pressure
drop during the optimization process. Table 1
also shows an interesting result that for w,;>
0.7, the fin height (%) does not change and
approaches its upper constraint value of 60 mm.
This means that the fin thickness has little
effect on reducing the pressure drop when the
weighting coefficient for pressure drop is great-
er than 0.7.

A set of optimal solutions for the objective
functions can be constructed and it can help
the designer to select the preferred solutions
based on Table 1. For this purpose, the rela-
tionship between the objective functions ( 4P
and ;) is illustrated in Fig.8. The solutions
along the curve from (a) to (e) are called as
the set of Pareto optimal solutions. The results
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Fig. 8 Pareto solutions for heat sink.

can be very helpful to designers for achieving
the optimal values of heat sink. For example,
when designers want to focus on decreasing
the thermal resistance rather than decreasing
the pressure drop, they can select the points
such as (c), (d), and (e) on the curve of Fig.8
and then read the corresponding optimal values
of the design variables in Table 1. For the
thermal management of the heat sink, it is
important to remark that the fundamental goal
of heat sink design is to minimize the thermal
resistance (i.e,, maximize the heat transfer rate)
and this is easily achieved by the increases of
velocity between fins and heat transfer area.
Unfortunately, however, an increase in velocity
results in increasing the pressure loss. The
minimized pressure drop is strongly related to
the specific cost, because the pressure drop
determines the size of the fan needed to blow
the cool air through the channel. Therefore,
choosing one of the Pareto solutions is de-
pendent on the heat sink designers.

5. Conclusions

We numerically investigated the optimum de-
sign variables of a 7X7 pin-fins heat sink to
minimize the thermal resistance between the
chip and heat sink, and the pressure drop in
the heat sink. The most dominant design vari-
ables for the pressure drop and thermal re-

sistance were the fin width (w), and the fin
height ( 4), while the effect of fan-to-heat sink
distance on them was relatively small.

The local optimization technique, which was
used in this study, was more effective than
the global scheme. The results also showed
that the optimal values of the design variables
for the weighting coefficient of 05 were w=
4.65mm, %£2=59.22mm, and .c=2.67 mm. Addi-
tionally, the thermal resistance for the optimum
model was decreased by 37.7% and the pres-
sure drop was also decreased by 28.5% com-
pared to those of the baseline model. The op-
timization could be completed as the graph of
Pareto optimal solutions was plotted for two
objective functions. The results of this work
offer designers the information they need to
select the optimal design variables correspond-
ing to the preferred objective functions.
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