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ABSTRACT:

This paper presents the single objective design
optimization of plate-fin heat sink equipped with fan
cooling system using Genetic Algorithm. The
proper heat sink and fan model are selected based on
the previous studies. And the thermal resistance
of heat sinks and fan efficiency during operation
are calculated according to specific design
parameters. The objective function is combination of
thermal resistance and fan efficiency which have
been taken to measure the performance of the heat
sink. And Decision making procedure is suggested
considering life time of semiconductor and Fan
Operating cost. And also Analytical Model used for
optimization is validated by Fluent, Ansys 13.0 and
this model give a quite reasonable and reliable
design.

Key Words : Analytical Model, Arrhenius equation,
Accelerated Degradation Test, Characteristic Curve,
Flat fin Heat Sink, Genetic Algorithm
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3. Fan Model

3.1 Characteristic Curve of Fan
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Fig. 3. Characteristic Curve of Fan [6]
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Table 1 Specification of Axial Fan

# of Size Max Press Bl ezt
Flow Power
Fan (mm) (mmh20) (CFM) W)
1 [45%x45%x10 3.38 72 1
2 | 60x60x25 393 19.78 1.5
3 |80x80x10 1.18 17.7 1.5
4 | 80x80x25 3.57 38.88 42

Table 2. Specification of Centrifugal Fan

. Max Max Electrical
# of Size
Fan ) Press Flow Power
(mmh20) | (CFM) W)

5 40 x 40 x 20 8.5 4.1 1.8

6 60 x 60 x 28 27.94 13.2 24

7 97 x 94 x 33 22.35 23.6 5.28

8 | 120x120x32 35.7 35.5 6
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3.3 Operating Condition & Model Verification
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- Constraints -

0.5<X1<5

0.5<X2<5

0.5<X3<60

X4 = 100
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X5 = 150

X4, X55 143 o] 9= 3= £3stgS
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- Objective Function -

SX1.X2,X3,X4,X5) = 1/Rplate * U*fan
- Optimization Problem -

Maximize X)), i =1,2,3,4,5
0.5<X1<5
0.5<X2<5
0.5<X3<60

X4 = 100

X5 = 150
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4.2 Genetic Algorithm [7]
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3 1.5 3 60 22 0.241 | 0.96
4 1.1 24 60 28 0.134 | 0.98

Table 4. Optimal Heat Sink Designs of Centrifugal Fan
H, R o

#of | Wop | b

F opt opt N 77*0 t
an | (mm) [ (mm) [ (mm) (K/W) P
5 0.97 1.46 10 41 0.784 | 0.9
6 4.73 0.82 | 415 18 0257 | 09
7 247 | 1.03 | 485 28 | 0.152 | 091
8 1.86 | 099 | 46.8 35 | 0.106 | 09
9] 29| %=, MY, Fan EfficiencyS Ry M o
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5.2 Decision Making Procedures
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7. Semiconductor’s lifetime (hours)

A: Constant

E,: Activation energy (eV)

k: Boltzmann constant (8.617%107 eV/K)
T: Operation temperature (K)
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Accelerated Degradation Model

L
%
*

[ %
b
*,

%

*.
*
%,

)

e

IS

Life Time (Year)

0 . . . . . . . . .
a0 B0 70 80 90 100 10 1200 130 140 150
Temnperature (C%)
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Table 6. Maximum Temperature & Life time of Semi
Conductor and Electrical Bill using Axial Fan

# of Temp Life Time Electrical
Fan (°C) (year) Bill (10%W)
1 108.1 1.512 0.3667
2 60.96 5.612 2.0409
3 68.38 4.458 1.6213
4 49.12 8.285 8.4366

Table 7. Maximum Temperature & Life time of Semi
Conductor and Electrical Bill using Centrifugal Fan

# of Temp Life Time Electrical
Fan (°C) (year) Bill (10%)
5 166.1 0.443 0.1936
6 71.2 4.088 2.3786
7 52.4 7.427 9.5071
8 44.1 9.866 14.3516
2 W 2 28w A A wdo] $7 & 4 9l
R Aolet. o] Tejstel S B o10) 24
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(mmh20) | (CFM) | (W) 0 =180 W | (year) | (10°W)
1 3.38 72 1 4.88 1.37 56.8 | 16 | 0.4618 | 0.89 108.1 1.512 | 0.3667
2 3.93 19.78 1.5 1.92 1.9 59 251 0.1998 | 0.90 60.96 5.612 | 2.0409
3 1.18 17.7 1.5 1.5 3 60 22| 0.241 | 0.96 68.38 4458 | 1.6213
4 3.57 38.88 42 1.1 24 60 28 | 0.134 | 0.98 49.12 8.285 | 8.4366
5 8.5 4.1 1.8 0.97 1.46 10 41| 0.784 0.9 166.1 0.443 | 0.1936
6 27.94 132 2.4 4.73 0.82 415 | 18| 0.257 0.9 71.2 4.088 | 2.3786
7 22.35 23.6 5.28 2.47 1.03 485 |28 | 0.152 | 091 52.4 7.427 | 9.5071
8 35.7 355 6 1.86 0.99 46.8 | 35| 0.106 0.9 441 9.866 | 143516
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