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Abstract. This work presents an experimental study of the thermal exchange efficiency of a heat sink used in a 1.67
Ghz microcomputer with a 224 MB RAM. The heat sink was analyzed when it was submitted to different temperatures
and computational charges. In addition, the theoretical model of a fin was obtained according to the best fitting
experimental data. The experimental and theoretical heat transfer coefficient, the heat transfer rate and efficiency of
the fin were also compared. The study showed that heat sink is more efficient at 19°C.
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1. INTRODUCTION

The usefulness of heat sinks is based upon their general applicability to most of electronic devices with specific heat
removal demands. The thermal engineering researchers’ interest in these electronic devices was stimulated by the
increase of the microprocessor processing capacity, demanding more and more efficient heat sink projects in order to
guarantee a reliable operational temperature.

Among the several electronic devices available in the market, there are the so-called processors, which are the ones
responsible for a microcomputer processing speed. This microprocessor processing capacity has increased with the
demand of an increasing electric power dissipation in its inside (Souza, 2005). A semiconductor device operating at
temperatures higher than the specified ones may be damaged and consequently endanger the processor functionality. A
solution to maintain the semiconductor devices at a desirable level, as well as to guarantee a very good operation of an
electronic device is the use of intensification mechanisms of heat exchange, the heat sinks, and then the importance of
investigating their thermal exchange efficiency is emphasized, chiefly due to their use in thermal surroundings in which
the temperatures are different from the one this device was designed for and this directly affects the heat exchange of a
heat sink fins. This work investigated the thermal exchange efficiency of a heat sink used in processors, which operated
in a temperature between 19 and 30 Celsius degree, a typical one for Séo Luis-MA city.

2. MATERIALS AND METHODS

The PC used was a 1.67 Ghz one, with a 224 MB RAM. The chip — the processor — was 7.47 mm x 11.33 mm.
Electrical features: voltage — 1.60 volts; maximum current 38.75 A. Thermal features: maximum dissipated power - 62
W; maximum temperature operation - 90 Celsius degrees.

Figure 1 shows the heat sink analysed. It is made up of rectangular parallel aluminium plates, with a copper plate in
its base which accelerates the heat conduction to its aluminium fins. The lateral dimensions of the heat sink are: 60
mm long at frontal base and 75 mm deep. The fins analysed were 36 mm long, 1 mm thick and 34 mm wide, with a 2
mm space between them. When the PC is turned on, an air flow is forced by the top of the heat sink by means of a 12
volt DC and 0.16 A fan coupled to it.

' Figure 1. Heat sink analysed
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The data acquisition plate had 8 inputs for type k thermocouples with output connected to a computer. Temperature

accuracy: approximately 0.2% reading and 10FC. Speed accuracy: approximately 0.2% reading and * 10 #V
Resolution: 20 bits. For the air flow speed measurement, provided by the fan, an anemometer with measurement range
of 0.4 to 30 m/s and 0.1m/s resolution was used.

3. EXPERIMENTAL PROCEDURE

In the experimental tests, the PC above mentioned was turned on in two distinct situations: in the first condition,
operating with 35% of its processing maximum charge and in the second one, operating with 75% of its processing
maximum charge. In both situations five thermocouples in equidistant points were fixed to the heat sink fins. The first
one was fixed to the heat sink base; the second one , 1/4 distant from the base; the third one, 2/4; the fourth one, %,
and the last one to the top of the fin. Insulated metallic claws for fixing the thermocouples to the fins were used.
Experimental data were obtained according the two conditions previously defined and also in different thermal
surroudings, that is, at 19°C and 35°C. These temperatures were selected due the lowest one be not representative
whereas the highest one is considered to be the local average temperature (Sao Luis-MA). Experimental measurements
of the temperature profile in the fins, according to length, were undertaken , taking into consideration the normal
direction of the processor, the fins at central and edge positions of the heat sink. The sampling interval considered was
10 sec. During the tests, a thermal paste of zinc oxide base was used to improve the thermal contact between the heat
sink base and the processor.

3.1. Theoretical Treatment

Taking the one-dimensional treatment in longitudinal (x) direction into consideration, although the heat conduction
inside the fin be actually bidimensional, the rate at which the energy flows to fluid by convection, at any point of the fin
surface, must be equal to the liquid rate at which the energy reaches that point due to the conduction in normal
direction (y,z). Once in a pragmatic situation the fin shows to be thin and temperature variations in normal direction in
its inside are low, when compared to temperature differences between the fin and the adjacent fluid, it can be thus
considered that the temperature is uniform along at the thickness of the fin, that is, it is only x-direction function

The equations for heat transfer (Incropera, 2001) in rectangular fins (temperature profile, heat transfer rate and
efficiency) are presented below, based on some considerations: steady-state, unidirectional conduction in x, steady
thermal conductivity and radiation on low surface, without internal generation heat, and uniform thermal convection
along the fin surface, are given by the three fin's models: infinite, adiabatic and convective ( Eq. 1 to 11). According
Zografos and Sunderland (1990) the radiation can be despised due to the temperature range used in these experiments.

Infinite fin model:
a0 =(g,)e™ (1)
q, = +/h.PK.A, .0, : 2
1
Ny = mL 3)

Adiabatic fin model:

_, cosh m(L-x)
000 =0 = mL ”
0, =m G,.tanh(m.L) . )

a

mL (6)



Proceedings of COBEM 2009 20th International Congress of Mechanical Engineering
Copyright © 2009 by ABCM November 15-20, 2009, Gramado, RS, Brazil

Convective fin model:

o(x) _ cosh m(L - x)+ %.k)se”hm (L-x)
6, cosh m.L + % I()senhm L ’ )

senhmL. + %_k)cosh m.L

=,hPk.A_ 0. .
% Ar Oy coshm.L + (%_k)senhm.L : ®)

tanh(nL,)
na:TLC' Lc=L+V2 ; ©
0x)=T()-T,; =T, T, (10)

where: g(x) - excess temperature; T(x) - temperature; T, - temperature at the base; T, - room temperature;
q, - Heat transfer rate; 5 - thermal exchange efficiency; h - heat transfer coefficient; P — perimeter;
k - Thermal conductivity; A_ - cross-sectional area; L — length; t — thickness.

and the parameter “m”” of the fin is given by:

hP
m =—— (11)

KA,

To calculate the theoretical heat transfer coefficient h, the empirical Nusselt's correlation (Homan, 2005) Eq. (12)
was used, where the air flow between the fins was characterized by Reynolds' numbers; the hydraulic diameter was
based in the input dimensions of the heat sink channel. The relationship between Reynolds and Grashof number will be

available (G% ) j to check what the predominate effect, i.e. the natural-convection or forced-convection. This way,
€L

the Nusselt's number was calculated using correlation to rectangular pipe assuming uniform surface temperature.
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4. RESULTS AND DISCUSSION

The temperature profile of the system is shown in Fig. 2. The steady-state occurs at approximately after 16 minutes
to a consumption charge of 35% of the maximum PC charge, at a room temperature of 19°C.
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Figure 2. Temperature profile of the system for central fin
Table 1 shows the experimental tests, indicating the time to steady-state and the operational temperature at the base
of the heat sink in steady-state. In all experiments the time to steady-state and the operational temperature at the base
were 25 min and 36 °C in average, respectively.

Table 1. Experimental tests

EXPERIMENTS: Room Computational Time to Steady- Operational Temperature
Position of the fin Temperature Charge (%) State(mim) at the Base (°C)
C)

1- CENTRAL 19 35 16 30.64

2- CENTRAL 19 75 25 30.87

3- CENTRAL 30 35 27 41.13

4 - CENTRAL 30 75 30 42.45

5 - EDGE 30 35 16 41.16

6 — EDGE 30 75 28 41.65

Figure 3 shows a comparison between experimental and theoretical temperature profiles according to the three fin
models: infinite, adiabatic and convective to respect to experiment 1.



Proceedings of COBEM 2009
Copyright © 2009 by ABCM

20th International Congress of Mechanical Engineering
November 15-20, 2009, Gramado, RS, Brazil

31

30 -

28 -

27 -

Temperature (°C)

26 -

25

Experimental
Infinite

Length (mm)

Adiabatic .
. v Convective
o ! ]
v v -
u
L] - -
L[]
*PC with 35% of Computacional Charge 7]
I *Room temperature 19°C °
I I I TR T SR B
0 5 10 15 20 25 30 35

40

Figure 3. Comparative profile between experimental and theoretical temperature

A mathematical adjustment was undertaken by means of the minimum square method, using the experimental and
theoretical temperature profile, in order to determine the theoretical model that would better fit to the experimental data,
enabling then to get the m fin coefficient, the h heat transfer coefficient, n efficiency, the d heat transfer rate of the heat
sink, and the contact thermal resistance. These results are shown in Table 2. An analysis of the r? determination
coefficients indicate that the best fin model for experimental data was the convective one.

Table 2. Adjustment by Minimum Square Method.

EXPERIMENTS Adjustments
Fin's Model m [m] T, [c] T, [OC] r?
Infinite 11.47 19 30.76 0.9501
1 | Adiabatic 24.34 19 30.75 0.96009
Convective 24.07 19 30.75 0.96281
Infinite 9.7 19 30.84 0.92615
2 | Adiabatic 22.39 19 30.84 0.9899
Convective 22.15 19 30.84 0.99044
Infinite 10.71 30 41.20 0.9539
3 | Adiabatic 23.56 30 41.20 0.98629
Convective 23.30 30 41.20 0.98783
Infinite 10.82 30 42.46 0.95837
4 | Adiabatic 23.72 30 42.46 0.99247
Convective 23.47 30 42.46 0.99357
Infinite 9.92 30 41.21 0.97463
5 | Adiabatic 22.58 30 41.21 0.98187
Convective 22.33 30 41.21 0.8363
Infinite 10.16 30 41.19 0.89022
6 | Adiabatic 23.02 30 41.65 0.99573
Convective 22.77 30 41.65 0.99517
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Table 3 presents the experimental and theoretical h heat transfer coefficient given by empirical correlation Nusselt.
Reynolds' numbers Re <1.500 indicate that the laminar flow between the fin channels (ducts). It also presents the
experimental and theoretical efficiency. As the relationship between Reynolds and Grashof number (GFL/ , o~ 0.86)

Re“L
characterizes that there are natural convection and forced together. This way, the Nusselt's number was calculated using
correlation to rectangular pipe assuming uniform surface temperature where the natural convection were depressed due
it your magnitude in relation to forced convection.

A comparison of the results of the h heat transfer coefficient, given by empirical correlation Nussel,. with the
experimental data showed a 70% to 80% deviation in relation to fin infinite model ; 10% to 21% in relation to the
adiabatic model ,whereas the convective model showed a 8% to 20% deviation.

An analysis of the theoretical results of fin efficiency showed a 65% to 70% deviation in relation to the infinite
model; 2% to 4% in relation to the adiabatic model, and the convective model also showed a 2% to 4% deviation.

Table 3. Heat Transfer Coefficient and Efficiency.

EXPERIMENTS Fin's Model Heat Transfer Coefficient Efficiency [%]
[w/m2.K]
Experimental Nusselt's Experimental Theoretical
Correlation

Infinite 15.13 243

1 Adiabatic 68.62 51.86 80.40 83.93
Convective 67.10 80.32
Infinite 10.89 286.36

5 Adiabatic 58.06 51.87 82.79 83.93
Convective 56.82 82.71

3 Infinite 13.29 256.33
Adiabatic 64.33 53.51 gigg 83.53
Convective 62.93 :
Infinite 13.56 256.72

4 Adiabatic 65.21 53.61 81.16 83.51
Convective 63.84 81.07
Infinite 11.40 280.01

5 Adiabatic 59.09 53.51 82.56 83.53
Convective 57.79 82.49
Infinite 11.96 273.40

6 Adiabatic 61.42 53.54 82.02 83.52
Convective 60.09 81.94

Table 4 presents the results obtained from the heat transfer rate of the experimental heat sink and the respective
theoretical values, obtained from the equations above. A comparison of the theoretical results with the experimental
ones showed a 26% to 32% deviation in relation to the infinite model; 8% to 14% in relation to the adiabatic model,
whereas the convective model showed a 6% to 13% deviation.
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Table 4 Experimental and Theoretical Heat Transfer Rate

Heat Transfer Rate (q)
(W]
Experimental
EXPERIMENTS Infinite Adiabatic | Convective Theoretical
1 43.13 68.33 66.78 53.75
2 36.72 59.86 58.53 54.14
3 38,51 61.79 60.36 52.64
4 40.45 64.95 67.95 58.63
5 35.60 57.53 56.22 52.66
6 37.92 61.77 60.42 54.80

A comparative analysis between the maximum power dissipated by the processor of 1.67 GHz PC, with a 224 MB
RAM, 62 W, with the experimental values obtained for the convective model, showed a 8% to 10% deviation.

The thermal resistance results, the relation°C/W, showed lower values to a temperature of 19 °C, once the increase
of the temperature by dissipated power in the form of heat exchange decreases around 20%.

5. CONCLUSIONS

The experimental results showed that the best fin model for the heat sink used in 1.67 Ghz microcomputers with a
224 MB RAM was the convective one. The efficiency of thermal exchange of the fin presented an average value of
82%, whereas the heat transfer rate presented an average value of 61.71 W, according to theoretical values. The heat
sink analysed showed to be more efficient when submitted to a 19°C room temperature. The results obtained from
performance analysis, in terms of thermal resistance, i.e. the relation between temperature increase and dissipated power
as heat, showed a lower value to a temperature of 19 °C and a 20% increase.
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