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Abstract: 

 

he Heatsinks play a role in the performance of light emitting diode (LED), because any rise in  junction 

temperature above the design junction temperature leads to failure of the LED light. Hence, the Heatsinks 

design is very important factor to improve the performance of LEDs. LED light that gives 220 lm has been 

chosen to be the base of our design. Three typs of LEDs have been chosen to give this value of flux, and then suitable 

Heatsink for each type of LED has been design. EES program is used for both design and study the effect of some 

parameters on the LEDs flux, LEDs efficiency, Heat sink mass, and Heat sink cost.A 3D model of each type of LED is 

carried out by using ANSYS ICEPAK program, based on EES program results. There is agreement between 

theoretical results and numerical (EES, and ICEPAK results) According to the results, the fin lengths of heat sinks 

for the first, second, and third LEDs are 39, 47, and 52 mm, respectively. Fluxes of LEDS increase with fin lengths till 

specific length after that it still constant. The increasing of junction temperatures for each type LED light leads to 

decrease the flux of each LED. For instance, if junction temperatures increase by 20% for each LED’s type, the 

fluxes of each LED decrease by 3%, 4.5%, and 7% respectively. The cost of heat sinks for each LED can be seen from 

figure-12 to be around 42, 51, and 57 US dollar for each LED, respectively.  
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I.    INTRODUCTİON 

Proper thermal management is one of the most important aspects of LED system design. Since LEDs are 

temperature sensitive devices, their performance will depend on the thermal management system built around them. LED 

lifetime and reliability are highly dependent on LED junction temperature and operation at higher junction temperatures 

will result in reduced longevity of the product. Additionally, efficiency of LEDs will decrease with increased junction 

temperatures. Therefore, it is important to keep operating temperatures as low as possible. A well designed thermal 

system will have positive impacts on brightness, lifetime and reliability. 

In order to ensure good performance and reliability, it is imperative to properly manage the heat generated by the 

device. In general, the design of a thermal system includes consideration of four factors. These include the thermal 

resistance of the LED module, the amount of power dissipated by the device, the thermal resistance of the heat sink and 

the ambient operating conditions of the system. Except for the thermal resistance of the LED module, the designer has 

control over the remainder of these factors. Different applications and designs will have a different balance of these 

factors, however the end goal is always the same - to minimize the junction temperature of the LED in operation[1]. 

The effect of chip packages on junction to board thermal resistance for both SiC and Sapphire chipswas studied by 

Arik M.[2].It is found that from the results, the higher thermal conductivity of the SiC chip provided about 2 times better 

thermal performance than the Sapphire chips . 

Sandy.K[3] developed several thermal interface materials and thermal management solutions for various power 

electronics PCBs used in LED lighting and find thermal management of electronic packaging has reached a crucial stage 

calling for immediate cooling solutions. 

Nan Jiang [4] improvred advanced low CTE thermal management materials ,which have a CTE smaller than 7 

ppm/K, thermal conductivity over 350-400 W/mK, and thermal diffusivity 2.5–3 times higher than that of Cu. The 

combination of high performance graphitic carbon-based materials and functionalized layerscan provide considerable 

reduction in total thermal interfaces in a power LED package. 

In this paper three LEDs are chosen as they are shown in table (1). The main assignment is that design suitable heat 

sink for each LED and study the effect of that heat sink to the junction temperature and LEDs properties likes Flux and 

efficacy. 2200 luminous flux is assumed as required luminous and the number of LED’s are calculated according to this 

value of luminous. 

 

Table (1) shows the LEDs types and properties [5-7]. 

LED Type 

Cree-Xlamp-

XPLAWT-00-0000-

000LV40E5 

XPGWHT-L1-0000-

00H53 

XPEBWT-L1-0000-

00CE4 

T 
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Image 
 

  

Name LED1 LED2 LED3 

CCT(K) 4000 6200 4500 

CRI 75 70 75 

I(mA) 1050 700 350 

V(Volt) 2.95 2.9 2.9 

R(
o
C/W) 2.5 4 9 

P_max (watt) 3.0975 2.03 1.02 

Flux(lm) 440 220 104 

Color Neutral White White ,cool Neutral white 

T_J(
o
C) 85 85 85 

Viewing angle 115 125 110 

LED dimension (mm) 5*5 5*5 5*5 

LED number 5 10 21 

LED Price ($) 8.4 5.65 1.53 

 

II.   ANALYTİCAL SOLUTİON 

The main calculations of LEDs that are calculated are. 

1. LED power. 

2. Junction temperature. 

3.  LED flux. 

4. LED efficacy. 

 

First of all we assumed that we need LED light that provide 2200luminous flux and after that choosing three type of 

LED as they are shown in table (1).According to the luminous flux of each LED light the number of LED(NOLED) can be 

calculated from equation(1) as follow  

NOLED= Total Flux/ LEDFlux………………..... (1) 

The LEDs power can be calculated from following equation  

𝑃𝐿𝐸𝐷 =  𝐼𝐿𝐸𝐷  × 𝑉𝐿𝐸𝐷 × 𝑁𝑂𝐿𝐸𝐷    ……………........ (2) 
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  Figure 1 Thermal Resistances Network 
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From equation (2) we can calculate the power of each LED in (watt), and then the LED flux and LED efficacy 

changing are calculated with current and junction temperature according to catalogs of each LED[3]. In this catalog there 

are figures shows the relationshipbetween flux efficacy with current and junction temperature. By redrawing these 

figures and using the equations that we get to calculate them according to work data.   

To determine the required dimensions of heatsink, its thermal resistance should be determined first. According to 

thermal resistance network as it is shown in figure (1), the LED resistance are known from table (1) and thermal 

resistance of board and interface material are determined before by choosing their material and properties. So from this 

network the total resistance can be determined as[8,9]. 

𝑅𝐿𝐸𝐷  (From table-1) 

𝑅𝑇𝐼𝑀 =
𝑇𝐼𝑀𝑡𝑖𝑐𝑘𝑛𝑒𝑠𝑠

𝐴𝑇𝐼𝑀 ×𝑘𝑇𝐼𝑀
……………………………………………………………………………(3) 

𝑅𝑃𝐶𝐵 =
𝑃𝐶𝐵𝑡𝑖𝑐𝑘𝑛𝑒𝑠𝑠

𝐴𝑃𝐶𝐵 ×𝑘𝑃𝐶𝐵
………………………………………………..…………………….……(4) 

𝑅𝑏𝑎𝑠𝑒 =
𝑏𝑎𝑠𝑒 𝑡𝑖𝑐𝑘𝑛𝑒𝑠𝑠

𝐴𝑏𝑎𝑠𝑒 ×𝑘𝑏𝑎𝑠𝑒
………………………………………………………………………..…(5) 

In order to select the appropriate heat sink, the thermal designer must first determine the maximum allowable heat 

sink thermal resistance figure-2. To do this it is necessary to know the maximum allowable module temperature,  

T-junction, the module power dissipation, P_LED, and the total thermal resistance at the module-to-heat sink interface, 

R_total. The maximum allowable temperature at the heat sink attachment surface, T-junction, is given by 

𝑇𝑗𝑢𝑛𝑐𝑡𝑖𝑜𝑛  = 𝑅𝑡𝑜𝑡𝑎𝑙  ∗ 𝑃𝐿𝐸𝐷 + 𝑇𝑎𝑖𝑟 . ………..……………………………………….…(6) 

The maximum allowable resistance that dessipsted required power from the heat sink , Rdissip-require 

𝑅𝑑𝑖𝑠𝑠𝑖𝑝 −𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 =
𝑇𝑗𝑢𝑛𝑐𝑡𝑖𝑜𝑛 −𝑇𝐴𝑖 𝑟

𝑃𝐿𝐸𝐷
………………………....……………………………..…(7) 

From previos equations total resistance should not overtake the required resistance .  

Rtotal ≤ R_dissip-required 

And  

𝑅𝑡𝑜𝑡𝑎𝑙 =   
𝑅−𝐿𝐸𝐷

𝑁𝑜𝐿𝐸𝐷
+ 𝑅𝑇𝐼𝑀 + 𝑅𝑃𝐶𝐵 + 𝑅𝑏𝑎𝑠𝑒 + 𝑅𝐻𝑆…………..………………………..…...…(8) 

𝑅𝐻𝑆 = 𝑅𝑡𝑜𝑡𝑎𝑙 −
𝑅−𝐿𝐸𝐷

𝑁𝑜𝐿𝐸𝐷
+ 𝑅𝑇𝐼𝑀 + 𝑅𝑃𝐶𝐵 + 𝑅𝑏𝑎𝑠𝑒 ……………...………………………...….…(9) 

The thermal resistance of the heat sink is given by 

𝑅𝑓𝑖𝑛 =
1

∗𝜂𝑓𝑖𝑛 ∗𝐴𝑓𝑖𝑛
                ,  𝑅𝑐𝑎𝑛𝑛𝑒𝑙 =

1

(∗𝐴𝑐𝑎𝑛𝑛𝑒𝑙 )
 

𝑅𝐻𝑆 =
1

1

𝑅𝑓𝑖𝑛
+

1

𝑅𝑐𝑎𝑛𝑛𝑒𝑙

…………………………………………..…………………………...…(10) 

Surface area for unfinned surface. 

𝐴𝑐𝑎𝑛𝑛𝑒𝑙 =  𝑁𝑓𝑖𝑛 − 1 ∗ 𝑆𝑜𝑝𝑡𝑖𝑚𝑢𝑚 𝐿 

and the heat transfer area for fined surface 

𝐴𝑓𝑖𝑛 = 2 × 𝑁𝑓𝑖𝑛  𝑡𝑓𝑖𝑛 + 𝐿 ∗ 𝐻𝑓𝑖𝑛  

The Prandtl number is 

𝑃𝑟 =
𝜇 × 𝑐𝑝

𝑘
 

Whereh is the heat transfer cofficient, 𝜇 is the dynamic viscosity of air, cp is the specific heat of air at constant 

pressure, and k is the thermal conductivity of the air.  

𝑅𝑎 =
𝑔×𝛽×𝜃𝑏𝑎𝑠𝑒 ×𝐿3

∝×𝜗𝐴𝑖𝑟
………………………………………………………………………..…(11) 

 

 =
𝑘𝐴𝑖𝑟 ×0.517×𝑅𝑎0.25

𝐿
……………………………………………………………………...…(12) 

Now the optimum space between fins can be calculated (Soptimum) 

𝑆𝑜𝑝𝑡𝑖𝑚𝑢𝑚 = 𝐿 × 2.714 × 𝑅𝑎−0.25 

By assuming the fin’s thickness and knowing the heat sink length, it is possible to determine the number of fins 

(Nfin). 

𝑁𝑓𝑖𝑛 =
𝐿

 𝑓𝑖𝑛 𝑡𝑖𝑐𝑘𝑛𝑒𝑠𝑠 +𝑆𝑜𝑝𝑡𝑖𝑚𝑢𝑚  
 ……………………………………………........................….(13) 

After determining the value of R_dissip-required  and the known values L, Soptimm,fin thickness, and heat transfer cofficient 

it is possible to calculated the fin’s length or heat sink’s height that exist the required resistance.  

Finally the junction temperature can be determined as. 

T_j=T_Air+R_total *P_LED*NOLED  …………………………………………………………....(14) 

Where (NOLED=Number of LEDs) 

From this equation it is obvious the heat sink and LEDs power are affect the junction temperature.  

By using EES software the required heatsinks are designed and also determine the effects of these dimensions on the 

junction temperature, LED Flux, LED efficacy,and many variables that will discussed. 

According to LEDs types there is a heat sink for each LED as they are shown in Table-2 
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Table-2 theheat sink dimensions 

Heat Sink LED1 LED2 LED3 

Length, L(mm) 60 60 60 

Width, W(mm) 30 30 30 

Height ,H(mm) 39 47 52 

Nfin 10 10 10 

Fin_thickness (mm) 2 2 2 

t_base(mm) 2 2 2 

 

By using these dimensions and input LEDs power many results are calculated to explain their effect on different 

properties. 

 

III.   RESULT ANDDISCUSSION 

Figure (2) shows the effect of fin’s length on the junction temperature for each heatsink or LED. It is clear from the 

figure the sufficient height of heatsink for each LED. For example for LED1 the heatsink height or fin’s length that 

achieves to dissipate required power is about 39 mm.  

Figure (3) explains the power dissipated from heat sink with fin’s length. The figure shows the increasing of power 

with increasing in fin’s length and that happens because the heat sink resistance decreases with increasing of fin’s length 

and that causes the increasing in power dissipated from it. It is clear from figure at design fin’s length the dissipated 

power can be determined.  

Fin’s effectiveness is shown in figure (4) for heat sinkof each LED as it is clear the heat sinkof LED1 have the 

highest effectiveness because of its height. 

The fin length affects the junction temperature, which affect the LED’s flux. That can be seen in figure (5). By 

increasing fin’s length the heat sinkresistance will decrease and consequently the junction temperature will decrease too 

causing increasing in LED’s flux. The gap between LED1,LED2 and LED3 is high because the flux of LED1 is 440 lm 

whereas the flux of LED2 and LED3 are 220 and 104 lm respectively.  

Figures (6)and (7) shows the junction temperature effect on the LEDs flux and efficacy. It is clear the flux decrease 

with increasing the junction temperature and this relation according to manufacturing company catalogs for each LED. 

When the LED flux decrease, and the LED power remains constant the LED efficacy will decrease too as it is shown in 

figure(7).   

Figures (8)and (9) show the LED current effect on the junction temperature and the LED’s flux. In figure(8) the 

junction temperature increases, when the LED’s current increase ,that happens only when Heat sink dimension still 

without any increasing, because Heat sink will not be able to dissipate power or heat more than that is designed to 

dissipate. Hence junction temperature decreases. While in figure (9) if the junction temperature still within the range or 

below 85
o
C any increasing in current or in LED’s power causing increasing in LED’s Flux.  

But what will happen if the junction temperature changes with current increasing. In this situation the junction 

temperature will increase and it may overtake 85
o
C causing decreasing in LED’s flux as it is clear in figure (10). 

The mass of heat sinkand the total cost are shown in figures (11) and (12) respectively. The mass of heat sinks are 

identical for all LED’s types because the power for all these LEDs are alike or equal. But the suitable heat sinkweight for 

each LED is cleared in the figure. Also the total costs that include the LED cost are shown in figure(12) and the 

difference is clear according to LED type that is used with heat sink.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-2 Fin’s length for Heatsink with junction 

temperature for each LED 

 

 

Figure-3 Fin’s length for Heatsink with power 

dissipated from heatsink of each LED 
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Figure-4 Fin’s length for Heatsink vs fin’s 

effectivness of each LED 

 

Figure-5 Fin’s length for Heatsink fin’s  vs LED’s 

Flux in(lm) 

 

Figure-7 LED power vs LED Efficacy for each 

LED 

 

Figure-6 Junction temperature vs LED Flux for 

each LED 

 

 

Figure-9  LED’s current with LED’s flux  at constant 

Junction temperature  and changing in electrical current 

for each type of LED 

 

 

 

Figure-8 LED’s current with junction 

temperature for each type of LED 



Jassem et al., International Journal of Emerging Research in Management &Technology 

ISSN: 2278-9359 (Volume-5, Issue-7) 

© 2016, IJERMT All Rights Reserved                                                                                                                     Page | 27 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 
IV.   NUMERICAL SOLUTON 

ANSYS, ICEPAK 14.5used in this study[10-15]. The simulation results are compared with the theoretical heat sink 

temperatures in order to verify that the simulations are representing the conditions of the theoretical state. İn this study, 

three types of  heat sink are designed in order to dissipate the amount of heat from the lighting emitted diode.Table (2) 

shows the heat sinkdimensions. Figures (13) shows the numerical results for varios LEDs.The maximum junction 

tempearture are84
o
C ,84.4

o
C  and 84.7

o
C For the LED type 1, LED type 2 and LED type 3, respectively . The mesh 

properties for each model explained in the table (3). 

 

Table-3 Mesh values for each models 

No. LED type Element Number Node Number 

1 LED1 256912 268637 

2 LED2 326269 339536 

3 LED3 363578 377610 

Figure-12 Total cost with fin’s length 

Figure-10   LED’s current with LED’s flux when 

Junction Temperarure changes with electrical 

current  for each type of LED 

Figure-11  Heat sink mass in kg with its hieght . 
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Figure (13) Temperature contour of  heat sink for each LEDS. (A)LED1. (B) LED2 and (C)LED3 
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