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Abstract. Adequate thermal management to remove and dissipate the heat produced by the LED is one of the 
main challenges in designing LED applications. In view of the above problems, this paper analyzed a heat 
sink as a heat exchanger for the LED array via the experiment combined with the numerical simulation. The 
results show that the heat sink is necessary for the LED array to guarantee reliable and safe operation. 
Moreover, the influence of the height of heat sink on the heat transfer of the LED array is also analyzed, and 
the optimized height of the heat sink for the 20W LED array is 20 mm. Considering the heat transfer and the 
manufacturing cost, increasing the heat sink area blindly is not the best way to reduce the LED junction 
temperature, and more specific work should be considered.

1 Introduction  

Light emitting diodes (LED), known as the fourth 
generation of illuminant, is one kind of electroluminescent 
semiconductor materials, which emits light by applying 
voltage exciting electrons[1].  Compared with traditional 
light sources, LED has higher energy efficiency, smaller 
size, longer lifetime and more environmental friendliness 

[2, 3]. One of the main challenges in designing LED 
applications is ensuring adequate thermal management to 
remove and dissipate the heat produced by the LED and to 
guarantee reliable and safe operation. High temperature 
can damage the p-n junction, lower the luminous 
efficiency, and shift the wavelength, which all negatively 
affect the lifetime of the LED. In contrast, low temperature 
is desirable because it severely influences the lifespan of 
LED, as an increase in junction temperature (Tj) of 10~15 
oC can reduce the lifetime by 50%. 

As we all know, the luminescence of LED relies on 
electrons’ transition between the energy band[4]. The heat 
produced by the LED cannot be dissipated in the form of 
radiation, but only in the form of heat conduction, and then, 
convection and radiation are conducted through the 
epitaxial equipment[5]. Especially, when the heat 
concentrated in a small chip, which cannot be spread out 
effectively, the temperature of the chip would rise rapidly, 
and thermal stress would not be distributed uniformly[6].  

Research shows that when the device temperature 
exceeds a certain value, the failure rate will rise 
exponentially[7], since the increase Tj would result in the 
light bias[8], short life[9], low luminous rate[10]. Most 

studies on the thermal management of LED have focused 
on the design of passive heat sinks to improve the thermal 
performance by reducing the spreading resistance. Ye et al. 
designed a heat sink with parallel vertical fins and three 
embedded heat pipes for high-power LED applications, 
which could limit the temperature of the heat sink base to 
about 70 oC[11].  Wang investigated the thermal 
characteristics of multichip LED modules under various 
chip distances. The experimental results showed that, 
under the same input power, the thermal resistance and 
junction temperature were higher in series than in parallel 

[12]. However, most of the analysis of the thermal 
management are only in the form of experiment, little 
involve simulations for their inner regularities. 

In this work, we analyzes a high power array system 
for LED lights in the form of the simulations and the 
experiment, which used the varying height heat sink as a 
heat exchanger to dissipate heat to the surrounding air. 
And the experimental results are in good agreement with 
the simulation results. Furthermore, the performances of 
maximum junction temperature were investigated under 
same power but different heat sink. 

2 Experiment description and 
numerical simulation 

For the experiment part, as shown in Figure 1, the 
experimental device was consisted of five parts, namely 
power, stabilizer, hand-held FLIR infrared temperature 
data acquisition, high power LED array and LED 
aluminum plate. The stabilizer is composed of a pressure 
regulating circuit, control circuit and servo motor etc. The 
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voltage stabilizer is to make the output voltage stable and 
ensure the normal operation of the LED. 220V AC power 
was conducted to the rated DC voltage for LED through 
the regulator, and the current was delivered to the high 
power LED array. For the high power LED array, the LED 
array power was 25 W, and the aluminum plate was 1 mm 
in thickness and 47.5 mm in radius. The real-time 
distribution of temperature on the LED array aluminum 
plate was measured via hand-held FLIR infrared 
temperature data acquisition.  

 
Figure 1. Experimental device 

For the numerical simulation part, 25W LED array was 
taken, which was consistent with the experimental LED 
array. And following assumptions were made to simplify 
the calculation: LED is the uniform heat source, the top of 
LED is adiabatic, the initial temperature is 30°C, and the 
experimental results show that air convection heat transfer 
is 12W/(m2·°C), and LED luminous efficiency is 20%. In 
the process of numerical calculation, the physical model 
of LED is set up first, and the initial parameters of the 
model are set up. Then, according to the above hypothesis, 
the boundary conditions are applied to the physical model 
according to the Newton's law of cooling. Finally, the 
model is calculated by the finite element method. 

3 Results of the experiment and 
numerical simulation 

To measure distribution of temperature on the LED array 
aluminum plate (Figure 2), the light source was placed in 
a closed room to ensure the stability of the air convection 
coefficient, and the aluminum plate was maintained 
floating to ensure the natural convection effect in the 
aluminum substrate. When the lighting system reached the 
heat balance, the distribution of temperature on the LED 
array aluminum plate was recorded via hand-held FLIR 
infrared temperature data acquisition. During the whole 
process of the experiment, the experimental lamp was kept 
alone without any contact to ensure the stability of the 
lamp and air convection.  

 
Figure 2. The photograph of the LED array. 

To simulate the distribution of temperature on the LED 
array aluminum plate more accurately, three different 
measurement points was chosen and their temperature 
distributions were recorded. First, from the experiment 
results shown in Figure 3a), the temperatures of all 
measurement points on the LED array will increase when 
the LED lamps begin to work. After about 300 s, the 
temperatures of all measurement points reach the peak 
(~95°C). Moreover, the temperatures of all points begin to 
fluctuate and LED lamps achieve heat balance in about 
700 s. In addition, the Tj of point 1 is around 96.5 °C, point 
2 is around 97.4 °C, and point 3 is around 97.5 °C.  

Based on the above experimental results, numerical 
calculations are further performed. The numerical 
calculation was based on the following assumptions: LED 
is an uniform heat source, the top of LED is adiabatic, the 
initial temperature is 30 °C, the air convection heat 
transfer is 12 W/(m2·°C) (from the experimental results), 
and LED luminous efficiency is 20%. As shown in Figure 
3b), the temperatures of all the three points obtained from 
the numerical simulation match well with those from the 
experimental results, indicating that the numerical model 
used in the numerical calculation can simulate the Tj of the 
LED array accurately during the operation of the LED 
array. 

 

 
Figure 3. The distribution of temperature of three measurement 

part on the LED array via a) the experimental and b) the 
numerical simulation. 

Furthermore, the distribution of temperature of the 
LED array at 1000 s is simulated. As shown in Figure 4, 
the temperature increases gradually from the inner part to 
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the outer part with temperature range from 95.96 °C to 
97.82 °C. Because of the optimum temperature for normal 
operation of the LED should be within 60 °C, this high 
power LED array that without the heat sink auxiliary heat, 
seriously exceeds the normal operating temperature. 

 
Figure 4. The distribution of temperature on the LED array via 

the numerical simulation. 

4 Optimization via numerical 
simulation 

To optimize the thermal management and ensure their 
reliable operation, 20 mm high heat sink is added to the 
original LED aluminum substrate. And the temperature of 
point 3 is simulated and recorded in Figure 5. By 
comparing the temperature changes at point 3, the Tj of 
high power LED array without heat sink is about 97.5 °C, 
while Tj of high power LED array with heat sink reduces 
to 55 °C, namely the temperature of the LED array with 
heat sink decrease significantly (~57.89%). This 
decreased temperature is resulted from the increased heat 
dissipation area after adding the heat sink. All the above 
results indicate that adding the heat sink to the LED array 
is beneficial to reduce the Tj and ensure their reliable 
operation.  

 
Figure 5. The temperature changes of point 3 on the LED array 

from the simulation result, experiment results and the 
temperature changes of point 3 on the LED array with heat sink 

from the simulation result. 
The influence of the height of heat sink on heat transfer 

of the LED array is also examined. As shown in Figure 6, 
the LED array exhibits the less Tj reduction at the same 
height reducing. And with the heat sink height increasing, 

the heat sink mass becomes larger, while increasing the 
cost of the array LED lamps also affect the overall 
structure. Therefore, in terms of heat sink, it is not the 
greater the better for the heat dissipation area, it should be 
combined with the actual work of the LED, and the most 
suitable heat sink should be selected according to the 
actual working temperature requirements.  

 
Figure 6. Influence of heat sink height on Tj and mass of the 

LED array. 

5 Conclusion 

In this paper, we analyzed a heat sink as a heat exchanger 
for the LED array via the experiment combined with the 
numerical simulation. As for the LED array without the 
heat sink, the maximum Tj reaches 97.5 °C, which 
seriously exceed the LED normal working temperature of 
60 °C. While after adding the heat sink with 20 mm height, 
the maximum Tj of the LED array reduces to 55 °C. 
Therefore, it is necessary for LED to use the heat sink for 
auxiliary cooling. Moreover, the influence of the height of 
heat sink on the heat transfer of the LED array is also 
analyzed. The results indicate that a heat sink with 10 mm 
high reduces the maximum Tj about 29 °C, while for that 
of 70 mm, the Tj is only reduced by 1 °C, the LED array 
exhibits the less Tj at the same height reduction. The heat 
gain of the heat sink is gradually reduced, while the 
manufacturing cost of the heat sink is gradually increased 
linearly. The 20W LED array used in this paper has a 
perfect heat sink height at 20 mm. Therefore, considering 
the heat transfer and the manufacturing cost, increasing 
the heat sink heat area blindly is not the best way to reduce 
the LED junction temperature, and therefore more specific 
works should be considered.  
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