International Journal of Heat and Mass Transfer 57 (2013) 285-291

Contents lists available at SciVerse ScienceDirect

International Journal of Heat and Mass Transfer

journal homepage: www.elsevier.com/locate/ijhmt

Enhanced cooling for LED lighting using ionic wind
Ing Youn Chen?, Mei-Zuo Guo?, Kai-Shing YangP, Chi-Chuan Wang *

2 Department of Mechanical Engineering, National Yunlin University of Science and Technology, Yunlin 640, Taiwan
b Green Energy and Environment Research Labs, Industrial Technology Research Institute, Hsinchu 310, Taiwan
¢ Department of Mechanical Engineering, National Chiao Tung University, Hsinchu 300, Taiwan

ARTICLE INFO ABSTRACT

Article history:

Received 2 August 2012

Received in revised form 29 September 2012
Accepted 3 October 2012

Available online 8 November 2012

This study employs ionic wind to augment heat transfer of a LED mounted on a substrate. The size of the
LED chip is 0.9 mm x 0.9 mm with a nominal power of 1 W. A needle type electrode is used to generate
ionic wind with the applied voltage ranging from 4 to 11 kV. The effects of aligned angle, electrode polar-
ity, separation distance, and ground configuration on the thermal resistance of the LED substrate are
examined in this study. For the same applied voltage, it appears that the thermal resistance for the neg-
ative polarity is lower than that for the positive one and the negative electrode also has a wilder opera-

Keywords: . tion range. The thermal resistance can be reduced as much as 50% in the test range. The thermal
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Jonic wind resistance is slightly reduced when the aligned angle is increased from 0° to 20°, but a further increase

LED of aligned angle casts no further reduction on the thermal resistance. It is found that the influence of ver-
tical separation distance between the needle and ground electrode is moderately higher than that of hor-
izontal separation distance. Test results also indicate that the mesh ground electrode shows moderately
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lower thermal resistance than those of point or line electrode.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Thermal management is one of the most important issues to en-
sure operational stability of LED lighting applications, and it be-
comes more severe when the power is further increased.
Currently high-power, high-brightness LEDs had penetrated into
almost every aspect of lighting applications [1,2]. High-power LEDs
in operation can produce high luminance, but they also generate
significant heat at the same time. The heat raises severe problems
to maintain a low LED die temperature. It had been reported that
the optical output of the LED is sharply degraded with the increase
in junction temperature [3] because the high temperature signifi-
cantly influences the reliability and durability of the LED [3-5].
In contrast to other lighting sources; radiation heat transfer barely
contributes to heat dissipation for LED due to its relatively low die
temperature as relative to an incandescent lamp [6]. Hence ther-
mal management of LEDs depends mainly on both conduction
and convection heat transfer. The former, which determines the
thermal resistance from LED junction to substrate, plays essential
role in spreading heat from a tiny LED die to its packaging sub-
strate, while the latter is mainly responsible for the heat transfer
from substrate to ambient [7].
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Cooling of LED is primarily via convection and conduction. The
latter involves heat spreading across the bonding interface [8,9]. In
common implementation of LED cooling with regard to convection,
passive methods incorporating natural convection heat sinks such
as plate fin and radial fin (e.g., [10,11]) are the mostly adopted
methods. In addition, some active methods are also available in
heat removal, such as microjet array cooling system for cooling
of a high-brightness LED array [12,13], liquid-cooling system, ther-
moelectric cooler, and oscillating heat pipes are also feasible tech-
niques that efficiently dissipate heat out of the high power LEDs
[14-17]. Though the foregoing active methods show effective heat
removal in high power LEDs, concerns of noise and vibration for
these active methods remain. Therefore, rather than using
mechanical devices to promote airflow for active cooling, the
forced convection can also be implemented without any moving
part such as using an electro-hydrodynamic (EHD) approach,
where no rotational or moving mechanism is involved. This would
certainly simplify the design and manufacture of cooling module
for LED devices.

Forced convection derived from ionic winds had been discov-
ered for more than a century. It was not until in the 1960s did
the ionic winds came into notice as a means for thermal manage-
ment. There had been intensive studies focusing in using the EHD
technique to augment the heat transfer performance of the heat
sinks under natural convection (e.g., [18-21]). The previous efforts
aimed at macro scale heat transfer augmentation under natural
convection. Notice that the size of LED die is rather small and
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Nomenclature
A proportional constant for Townsend like relation for Qq actual heat dissipation, W
positive polarity, A volt—2 Q heat loss from the bakelit, W
A* proportional constant for Townsend like relation for positive R electrical resistance, Q
polarity, A volt—2 R thermal resistance, °C W!
A proportional constant for Townsend like relation RH relative humidity, %
for negative polarity, A volt 2 T temperature, °C
E electric field, Vm! Tins,c1 measured temperature at the top of the bakelite, °C
H height, mm Tins.c2 measured temperature at the bottom of the bakelite, °C
i corona current, pHA AT temperature difference between LED and ambient, °C
h height of the electrode (relative to substrate), mm Vv applied voltage, volt
k thermal conductivity, Wm~! K~! Vo threshold voltage, volt
L length, mm dx distance between the measured temperatures on the
P power, W bakelite, °C
Q rate of heat transfer, W 0 aligned angle, °
normally possess an extraordinary spreading resistance. In this re- 2. Experimental apparatus and data reduction
gard, it would be beneficial to employ EHD near the LED die for
effective lifting of the magnitude of the spreading resistance. The experimental setup consisting of an environmental cham-
Hence it is interesting to examine the influence of electrode ber, a LED die attached on a ceramic substrate, and a power supply
arrangements, such as aligned angle, distance, and ground elec- system, as well as a data acquisition system, is schematically shown
trode configuration on the thermal resistance of the LED chip. inFig. 1a. In order to maintain a constant and uniform ambient tem-
The objective of this study is to clarify the effect of relevant param- perature throughout the chamber without any fan during the exper-
eters of such EHD system. iment, an environmental chamber having a volume of 0.5 m
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(a) Schematic of the test facility.
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(b) Schematic of the test section.

(e) Dimensions of the point electrode.

Fig. 1. Schematic of the test facility, bakelite, and the point electrode.
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