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ABSTRACT:-In this paper an investigation of five lengths of three different materials

(steel, copper and aluminum) of one quadrate type of heat sink (which commonly used in
earlier high performance graphic cards of built-in motherboards) to measure its conductivity
and ability of emitting heat when the chipset works at its maximum performance (reaches a
temperature of nearly 60° C) and to investigate the relationship between the heat sink length
,material and its performance taking cost into consideration. It's known that for emitting heat
copper came 1st then aluminum and steel in 3rd place, which conform the results, but if we
take cost into consideration the aluminum model takes the lead, the results also shows the
effect of fins length upon heat sink ability of dissipation heat and it conclude that an
aluminum heat sink of 2 -2.5 cm fins length is the best.

Keywords: Investigation, Heat sink, Fins.

INTRODUCTION

During the last 20 years, the electronics cooling industry has made widespread use of
Computer added engineering CAE technology for design. Today, it is one of the fastest
changing industries, because of rapid hardware advances, ever shorter design cycles, and a
constant drive to cut costs and improve unit productivity. Moreover, as computer speed and
memory capacity continue to increase, there is a need to remove more heat from computers in
the same or less space than before. So due to the increment of clock speed, switching speed
and transistor density, the size of the central processing unit chipset becomes smaller but the
efficiency is getting higher. This inevitably leads to the ( increase of heat generation rate
per volume of the chipset ). If the heat cannot be removed appropriately, the chipset life can
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be greatly shorten and the overheat situation can also damage the normal operation of the
process [Bar-Cohen, 1999]. A simplest and effective way to improve the chipset heat
dispersion is the use of the air cooling fins. In recent years the plate-fin design for the chipset
heat dispersion has received considerable attention and many design techniques have been
proposed [Bejan and Morega, 1993; Culham and Muzychka, 2000; Krueger and Bar-Cohen,
2001; Shih and Liu, 2004].

THEORY
A dynamic simulation and analysis of the chipset heat sink process was applied to

governing equations and boundary conditions . The diagram of the chipset heat sink process to
be considered is shown in figure 1 for the shotr one and figure 2 for the longest model (

double length).

Figure.2 chipset heat sink long (double length) model and its cross section.

The geometric symmetry of the configuration allows one to use the system shown in
Figure 1 and 2 for the subsequent numerical study, in order to take the advantages of

computational efficiency and to maintain the solution accuracy. For such a chipset heat sink
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process, heat "travels” from areas of high temperature to areas of lower temperature is

governed by the heat equation:
pC, 5 — . (kVT) = Q 1)

Where: p is the density, C, the heat capacity, k the coefficient of heat conduction, which is

material dependent, and Q the volume heat source. In (1) the first term represents the energy
accumulation, the middle term the difference in the heat flux over the volume, and the last
term the volume sink (or source). The boundary conditions are of Neumann type with the

outward heat flux, n-(k VT), being given as
n.(kVT) = hopp(Tins = T) (2)

Here n is the normal vector of the heat flux. In (2), the term hes (Tins -T ) iS known as
Newton's law of cooling, which specifies the heat flux from the surroundings due to forced
and/or natural convections, Tiy the external or surrounding temperature. It is noted that the
radiation heat transfer is neglected here since the temperatures are assumed to be moderate.
Also noted is that the heat sink cools down the chipset by directing the dissipated heat from
the chipset to the surroundings through heat conduction. This convection heat transfer
through is proportional to the difference in temperatures between the heat sink and the
surroundings up to a factor known as the heat transfer coefficient her . The value of he
depends on the degree of convection across the surface. That is the higher the convection, the
higher the value. Figure 3 simply depicts a 2D view of the model equations and boundary

conditions. The outlined area shows a 2D symmetry approximation [1].

Convection: /

—

N kVTY= b (T —T)

Heat equation :
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Figure.3 governing equation and boundary conditions.
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MATHEMATICAL MODEL

Five models of heat sink has been mead by ( Ansys Ver.11 ) the cross-section area of the
model is: 3.8cm width by 3.8cm long and 0.5cm height the fin heightis 2 , 2.5, 3, 3.5 and

4cm respectively with thickness of 0.2cm and depths of 3.8cm. as shown in figure 4.

v /4
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Figure.4 The differences between the short model and the long one

A free volume mesh for the models with Ansys program is made as in figure 5
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Figure.5 The free volume mesh for the short model and the long one.

Then the five models has been tested for three materials steel , aluminum and copper for the

same condition .
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RESULTS

Table 1 shows the minimum and maximum temperature for the five models and three

materials.

Minimum Model No.1 | Model No.2 [ Model No.3 | Model No.4 | Model No.5
Steel 35.975°C 31.784°C 28.923°C 26.763°C 25.210°C
Aluminum 40.372°C 36.344°C 33.702°C 31.590°C 30.069°C
Copper 40.751°C 36.754°C 34.162°C 32.088°C 30.609 °C
Maximum Model No.1 | Model No.2 [ Model No.3 | Model No.4 | Model No.5
Steel 51.701°C 49.151°C 48.439°C 47.513°C 47.220°C
Aluminum 42.357°C 38.588 °C 36.320°C 34.485°C 33.272°C
Copper 41.688°C 37.815°C 35.405°C 33.468°C 32.142°C

And the Ansys diagrams is as shown below:

1. For Aluminum model No.1

ANSYS|

2 . For Aluminum model No. 3

ANSYS|

For Aluminum model No
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4. For Aluminum model No.5
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8. For Steel model No.4

9. For Steel model No.5
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12. For Copper model No.3
pre
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13. For Copper model No.4
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14. For Copper model No.5
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CONCLUSIONS
1. For best cost Model No.1 of Aluminum with dimensions of ( 3.8 by 3.8 by 0.5cm for

the base ) and ( 0.2 by 2cm for fins ) is very suitable and also with acceptable
performance.

2. For best performance Model No.3 of Copper came at 1% place with dimensions of (
3.8 by 3.8 by 0.5cm for the base ) and ( 0.2 by 3cm for fins ).

3. Steel models dose not reaches the requirement needed from a suitable heat sink
because it emit little heat while the ends of fins is to cooler , the difference in
temperature is about 15 °C degree, while for aluminum 2 °C and 1 °C for copper.

4. The idea of making heat sink from mixed material like for example the base from
copper and fins from aluminum is great but it's too expensive.

5. The performance of heat sink maybe greatly improved by adding fan over it to suction
the hot air out. '

6. The shape and design of the heat sink is very important to carry the heat from the

chipset to the top of the heat sink yet complex designs came with high cost.
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