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Abstract: This work is related to the study of the
effect of a deficient thermal interface material
(TIM) on the thermal properties of LEDs
package under natural convection. The used
package is composed of 36 LEDs on rectangular
fin heat sink. Numerical modeling using
COMSOL Multiphysics® simulation software
has been developed. We demonstrated that a
thicker air layer, between the thermal grease and
the heat sink, participates severely in the junction
temperature rise.
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1. Introduction

Recently, interest in the use of light
emitting diodes (LED) for general lighting
has been steadily on the rise. In fact, LED
has several advantages such as longer
lifespan (100000 hours), lower energy
consumption, higher luminous efficiency
and more durable structure compared to
other light sources [1]. However, the use of
LEDs presents thermal problem. In fact,
70% of their total power consumption is
converted to heat, which increases severely
the p-n junction temperature. This will
reduce significantly the lifetime of the LEDs
and may cause the failure of the light source.
Keeping the p-n junction temperature as low
as possible is crucial to provide more
reliable lighting system. Air-cooling is one
of the most interesting methods for
exchanging heat with ambient [2-6].
Nevertheless, it is also important to control
the path between heat sink and LED to
ensure the maximum heat transfer rate.

In this study, our aim is to study numerically
the effect of deficient path between heat sink
and LED trough introducing an air layer
between heat sink and thermal grease.

3. Numerical modeling
3.1 Geometry and general assumptions

In this work, a LED package is numerically
involved. It is composed of 36 LEDs mounted on
an aluminum rectangular fin heat sink by thermal
grease. To investigate the effect of deficient
thermal grease, we imposed a thin air layer
between heat sink and TIM as it is shown in
Figurel. Majority of materials properties are
from COMSOL material library. For the
numerical study, the computational domain is
limited to the quarter of the LED package, as it is
illustrated in Figure2, since the model geometry
is symmetric.
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Figure 1. One LED package with deficient TIM

Figure 2. Computational domain
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3.2 Governing equation and boundary
conditions

The governing equation for this study is the
energy equation at the steady state:

V.(kVT) =0

Were k is thermal conductivity [W/m.K] and T is
temperature [K].

To solve this equation, we simply used heat
transfer module provided by COMSOL
Multiphysics®. In this module, all types of
boundary conditions are provided.

We imposed a heat flux on the bottom of LEDs
(AW per LED). The heat sink is cooling by
natural convection. So, we used ‘convective
cooling’ in the COMSOL® interface, and we
imposed a constant convective coefficient
h=5[W/m%“K]. All exterior surfaces of LEDs:
substrate, die attach, die... are supposed
adiabatic.

The mesh was refined to test the convergence
using physics controlled mesh provided by
COMSOL®.

4. Results and discussions

4.1 LEDs package with perfect thermal grease

The temperature profile of LEDs package
having good thermal grease is shown in Figure 3.
Junction temperature is about 70 °C thanks to the
good heat transfer by natural convection, since
the contact between LED and heat sink is
perfect.

Figure 3. Temperature profile on LEDs package wit
perfect TIM

4.2 Effect of deficient thermal grease

The effect of the air layer thickness on

junction temperature and heat sink average
temperature is conducted in Figure 4. A higher
junction temperature resulted from a thicker air
layer, since this decreases heat transfer rate
between lamp and radiator. In fact, due to the
lower thermal conductivity of air 0.026[W/mK],
heat is not properly transmitted to the radiator
and is imprisoned in the lamp. This participates
in the junction temperature rise.
However, the deficient thermal grease has no
effect on the heat sink average temperature. In
fact, this temperature is constant when increasing
the air layer thickness between heat sink and
lamp.
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Figure 4. Effect of deficient TIM on temperature rise

4.3 Comparison between perfect and deficient
thermal grease

The effect of deficient thermal grease is
remarkable on the junction temperature rise. In
fact, with a 100um air layer, the junction
temperature increases by 55%. Deficient TIM
affects also the substrate temperature, which
increases by 58% when having a 100um air
layer. Figure5 illustrates the difference between
substrate temperatures for a perfect and deficient
TIM (100um air layer). However, this effect is
not significant on the heat sink base temperature.
In fact, the temperature profile is the same for
the two cases.

Figure 5. Temperature profile on substrate and heat
sink base: a) with perfect TIM b) with deficient TIM
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5. Conclusions

In conclusion, an efficient heat sink design is
required to enhance the heat transfer rate, reduce
the junction temperature and provide the LED
performance. But alone, it is not sufficient to
solve the thermal problem of LED. In fact, this
study shows that a bad contact between thermal
grease and heat sink can produce air layer and
increase widely junction temperature. So, for a
better thermal management, it is required to
control the path between the heat sink and the
lamp to ensure a maximum heat transfer rate and
guarantee longer LED lifespan.

6. References

1. E.Fred Schudert, Light Emitting Diodes,
Cambridge University Press (2003)

2. Seung-Hwan Yu.et.al, Natural convection
around a radial heat sink, International Journal of
Heat and Mass Transfer, 53, 2935-2938 (2010)
3. Seung-Hwan Yu et.al, Optimum design of a
radial heat sink under natural convection,
International Journal of Heat and Mass Transfer,
54, 2499-2505 (2011)

4. D. Jang et.al., Multidisciplinary optimization
of a pin-fin radial heat sink for LED lighting
applications, International Journal of Heat and
Mass Transfer, 55, 515-521 (2012)

5. M. Sparrow etal, Orientation effects on
natural convection/radiation heat transfer from
pin-fin arrays, Int. J. Heat Mass Transfer 29,
359-368 (1986)

6. Qie Shen et.al, Orientation effects on natural
convection heat dissipation of rectangular fin
heat sinks mounted on LEDs, International
Journal of Heat and Mass Transfer 75, 462-469
(2014)

7. Acknowledgements
This research was supported by the

laboratory of plasma and energy conversion
under the direction of Pr. Georges Zissis.

Excerpt from the Proceedings of the 2015 COMSOL Conference in Grenoble





