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HIGHLIGHTS

» Pin height and air velocity significantly influence thermal performance of PPFHS.

» Less influence by in-line or staggered array.
» Less influence by neighbor pin flow-directional center distance.

» Design with >6.5 m/s air can cool to <358 K, for desktop PC CPU with 2.20 W/cm? flux.

ARTICLE INFO ABSTRACT

Article history:

Received 24 November 2011
Accepted 12 April 2012
Available online 9 May 2012

Keywords:

Plate pin fin heat sink
Electronics cooling simulation
Pressure drop

Thermal resistance

Profit factor

The computational fluid dynamic software FLUENT is used in assessing the electronics cooling potential
of a plate pin fin heat sink (PPFHS), including the conjugate effect. The simulation results are validated
with reported experimental data. The simulation shows that pin height and air velocity have significant
influences on the thermal hydraulic performances of PPFHS while the influences of in-line/staggered
array and neighbor pin flow-directional center distance (NPFDCD) of the PPFHS are less notable. In
applying the present design to the cooling of a desktop PC CPU at a heat flux of 2.20 W/cm?, the
temperature can be kept at less than 358 K with an air velocity over 6.5 m/s.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

With the rapid advances in micro electromechanical systems
(MEMS), the size of electronic components shrinks and the thermal
power increases dramatically, resulting in high working tempera-
tures that can greatly reduce the reliability of the components and
shorten their service lives. Hence thermal management of elec-
tronic chips has been advancing in tandem, in order to control the
working temperature to within acceptable limits by devising more
effective ways to remove the waste heat. Devices such as heat pipes
[1,2] and jet impingement cooling [3,4], have been studied. And
although air has been a common coolant, liquid and flow boiling
have also been considered [5,6].

Tuckerman and Peace in 1981 proposed the micro-channel heat
sink (MCHS) cooling concept. They fabricated rectangle micro-
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channel heat sinks in silicon wafers, and using water as coolant, the
MCHS was proved suitable for cooling such devices as high-
performance microprocessors, laser diode arrays, radars and
high-energy-laser mirrors [7,8]. The success motivated others to
design better heat sinks, as attested by the following survey.
Chiang et al. [9] presented a systematic experimental design
based on the response surface methodology to identify the effects
of design parameters of the PFHS on the thermal performance, and
explored various design parameters, such as the height and diam-
eter of pin fin and the width of pitch between fins in the experi-
ment. Cao and Chen [10] studied optimal design on MCHS for high
power laser mirror, and suggested ways to improve on some
physical parameters. Chen et al. [11] compared the performances of
triangular, rectangular and trapezoidal MCHSs, while Leon et al.
[12] conducted a numerical investigation on the heat sink with
aerodynamic shaped cooling fins. Mohammed et al. [13,14] carried
out numerical simulations to compare the zigzag, curvy, and step
MCHSs and concluded that the zigzag design has the best thermal
performance. For the wavy MCHS the temperature was always
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