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   Abstract  

 

An analysis of the effect of orientation on the heat transfer in a scaled model pin fin heat sink utilized in Light Emitting Diode 

(LED) lighting has been carried out using numerical method. The present study involves natural convective heat transfer that 

takes place in particular heat sink. A pin fin type heat sink has been studied since they are widely used in LED lighting systems 

which in turn are facing a lot of thermal challenges when they are integrated with high power lighting system. The numerical 

study is carried out using ANSYS FLUENT software package. The modeling and meshing has been generated using ANSYS 

GAMBIT v.2.3.16 module which one later imported into ANSYS FLUENT v.6.3.26 module for analysis. In order to carry out a 

detailed analysis various parametric studies are conducted for different LED power wattages such as 10 W considering different 

orientations obtained by changing the angles from 0° to 45° has been carried out. From the results it can be concluded that the 

dissipation of heat in the heat sink is dependent on the orientation of the heat sink. The particular study will be useful to optimize 

the heat sink used in the LED lighting system. 
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I. INTRODUCTION 

The technological developments in the field of high power light emitting diode, increases their applications in the field of 

illumination. And also advancement comes the need for the progressive thermal management strategies to ensure device 

performance and reliability. 

Minimizing the LED’s junction temperature is done by minimizing the thermal resistance of the total system. For 

actively cooled system, they may use the external system like to create a well-designed flow pattern over a suitable convective 

surface area. 

A. Worldwide Usage of Energy and Policies to Reduce Its Usage 

Planning of the future requirement for energy, have become a significant concern for scientists, engineers and over a society in 

general. However it is not clear that how good these projections are ,most of the countries that the global energy demand will 

going to raise from 200 Quadrillion BTU in 1970 to 702 Quadrillion BTU in 2030. The Fig.1.1 shows that approximately 250 

Quadrillion BTU of new energy will require to meet the global energy demand by 2030. 

 
Fig. 1.1: Projected requirement of energy consumption [1] 
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B. Heat Dissipation Options 

According to the way the heat is dissipated to the environment, the cooling systems can be divided into the following types 

1) Passive Heat Dissipation 

Heat  transfer  coefficient  an  be  improved  by  enlarging  the  area  of  the  heat  sink. material, number  of fins, fin thickness, 

space between the fins, the fin height and heat sink base thickness are critical factors directly affecting the performance of  a heat 

sink and a LED product. 

2) Active Heat Dissipation 

Forced air convection is driven by artificial air force or power, such a pump, which accelerates the rate of airflow, thus 

increasing the heat transfer coefficient h. Comparatively to the natural convection, the heat exchange rate is significantly 

improved with forced convection. 

Qie Shen et. al. [2][2014] carried out both experimental and numerical studies on a rectangular fin heat sink used in the 

LED lighting systems to determine its influence on the flow field and rate of transfer of heat only through natural convection 

mode due to the changes in nearly 8 types of orientation such as 0°, 45°, 90°, 180°, 135°, 225°, 270° and 315°. A three 

dimensional model of involving both the LED hardware as well as the flow domain were modeled for numerical analysis. 

Daeseok Jang et. al. [3][2014] carried out a study to determine the influence of the orientation effect of cylindrical heat sinks 

with respect to the flow characteristics and drag coefficient which were basically utilized for cooling the LED light bulb.  The 

natural convection mode and the radiation mode of heat transfer were considered for the numerical analyses which were later 

validated against experimental results. The influence of various geometric variables such as number of fins, fin length and fin 

height on the effect of orientation was studied. Vítor A.F. Costa and Antonio et,al [4] [2014] was investigated An optimized 

geometrical configuration of an aluminum radial heat sink to be utilized in the fourth generation Led lamps with a fixed heat 

release rate, critical temperature of the Led module and space constraints. The numerical analysis was carried using commercial 

CFD package ANSYS-CFX considering a laminar steady state natural convection taking radiation into account using Monte 

Carlo method. The mass of the heat sink was reduced without affecting its cooling performance. 

SenolBaskaya, MecitSivrioglu et,al [5] [2000] they theoretically investigated natural convection heat transfer from a 

horizontal fin arrays using a finite volume based CFD code. The influence of geometrical parameters such as fin spacing, fin 

height, fin length and difference in temperature between the fin and the surroundings on the heat transfer rate was considered for 

parametric study.  It has been concluded that with the increase in height of the fin and decrease in the length of the fin the overall 

heat transfer rate increases. 

Daeseok Jang et. al. [6] [2015] carried out a study by considering printed circuit board as a heat sink for the LED bulb 

in order to determine the thermal performance. It was observed that from the bottom the cooled air enters which absorbs the heat 

from the vertically aligned PCB and exits through the top. The maximum temperature at the point of contact between the solder 

and LED was 103.2°C. The thermal resistance was reduced by 30% through optimized heat transfer. Finally the authors have 

concluded that the life span of the LEDs was found to be 40% longer in comparison with the geometry existed. Adam 

Christensen and Samuel Graham [7] [2009] carried out a numerical study in a source containing high power light emitting diodes 

placed on an aluminum core heat spreader using finite element method to determine system and package level temperature 

distributions. The three dimensional finite element analysis along with a thermal resistor network model was utilized to 

determine the system level temperatures while the die level temperatures were determined using a package level sub model in 3D 

finite element code. Finally it has been concluded that due to the introduction of new packaging architectures there was an 

additional improvement to package resistance. Therefore active cooling methods such as using a flat heat pipe, forced 

convection, liquid cooling were required to maintain the operating temperature of the system within 130°C which would in turn 

increase the life efficiency of the LED system. 

II. THE PHYSICAL MODEL AND COORDINATE SYSTEM 

A Cartesian coordinate system has been employed to describe the geometry. The origin is placed at the middle of the heat sink 

with the positive direction along the X-axis, the negative direction away from the X-axis and the positive direction of the Y-axis 

is considered vertically upwards and the Z-axis having the positive direction along and the negative direction away axially. The 

physical model consists of a pin fin heat sink containing square base as shown in Fig.2.1 and the physical model when observed 

from the front and top is shown in Fig.2.2 and Fig.2.3. A flow domain is also considered along with the computational domain in 

order to represent the external environment. The dimension of the physical model has been represented in table 2.1. The heat 

source has been considered to be at the center of the heat sink. 
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Fig. 2.1: The physical model and the co-ordinate system in 3D 

 
Fig. 2.2: The Physical model when observed from the front 

 
Fig. 2.3: The Physical model when observed from the top 

Table 2.1: The Physical model dimensions 

Parameters Dimensions (mm) 

Flow Domain  

Length 38 

Breadth 38 

Height 60 

Computational Domain  

Heat sink Base  
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Length 38 

Breadth 38 

Height 4.5 

Each Pin fin  

Height measured from the bottom of the base 24 

Length 2 

Breadth 2 

III. MATHEMATICAL FORMULATION 

A. Assumption 

The following assumptions are made in order to facilitate the problem formulation and solution.  

 The problem is solved considering the flow to be laminar and air as working fluid medium. 

 The adiabatic boundary condition has been applied to all the surfaces except one surface where the heat is generated.  

 The air viscosity is assumed to be constant. 

The density variation in the working medium is considered to be important only in so far as it produces a buoyancy 

force; for all other calculations the density is treated as constant. This assumption is called Oberbeck-Boussinesq approximation 

and is valid if the temperature differences are not too high. This is applied in the flow domain. 

B. The Oberbeck-Boussinesq approximation 

The density variation in the working medium should be taken into account in so far as it gives rise to buoyancy force, as 

mentioned earlier. Such a variation should be incorporated in the body force term of the momentum equations. If there is no flow 

and no temperature differences, the fluid will be in the state of equilibrium with temperature and density everywhere as 𝑇𝑟 and 𝜌𝑟 

respectively. If 𝑃ℎ𝑦𝑑  is the hydrostatics pressure, then from fluid statics: 
𝜕𝑃ℎ𝑦𝑑

𝜕𝑥
= 𝜌𝑟𝑔 cos 𝜃𝑥        (4.1) 

𝜕𝑃ℎ𝑦𝑑

𝜕𝑦
= 𝜌𝑟𝑔 𝑐𝑜𝑠 𝜃𝑦       (4.2) 

𝜕𝑃ℎ𝑦𝑑

𝜕𝑧
= 𝜌𝑟𝑔 𝑐𝑜𝑠 𝜃𝑧        (4.3) 

The motion pressure (or the excess pressure over the hydrostatic) 𝑝is defined as  𝑝 = 𝑝𝑠 − 𝑝ℎ𝑦𝑑;  

Therefore: 

−
𝜕𝑝ℎ𝑦𝑑

𝜕𝑥
+ 𝜌�⃗�. 𝒊 = −

𝜕𝑝

𝜕𝑥
+ (𝜌 − 𝜌𝑟)𝑔 cos 𝜃𝑥     (4.3) 

−
𝜕𝑝ℎ𝑦𝑑

𝜕𝑦
+ 𝜌�⃗�. 𝒋 = −

𝜕𝑝

𝜕𝑦
+ (𝜌 − 𝜌𝑟)𝑔 cos 𝜃𝑦     (4.4) 

 

−
∂phyd

∂y
+ ρg⃗⃗. k = −

∂p

∂y
+ (ρ − ρr)g cos θz     (4.5) 

By Taylor’s series expansion, (neglecting pressure dependence of density and assuming temperature differences to be 

small), we can write. 

(T) = ρ(Tr) + (
∂ρ

∂T
)

r
(T − Tr)                     (4.6) 

Or 

ρ = ρr[1 − βr(T − Tr)]                               (4.7) 

Where: 

ρ = ρ(T); ρr = ρ(Tr); and βr = −
1

ρr
(

∂p

∂T
) r  (4.8) 

Therefore: 

ρ − ρr = ρrβr(T − Tr)                                   (4.9) 

The equations 4.3, 4.4, 4.5 are employed in the momentum equations wherein the subscript r for 𝜌𝑟 and 𝛽𝑟 are dropped. 

C. Governing Equations 

The partial differential equations expressing the conservation of mass, momentum and energy represent the governing equations 

for the present problem. Here the fluid is considered as air and these governing equations applies to both fluid as well as solid 

portions.  
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1) Governing Equations for 3-D 

a) Continuity Equation 
∂u

∂x
+

∂v

∂y
+

∂w

∂z
= 0                                  (4.10)        

       
b) Momentum Equation 

X-Momentum 
∂(u2)

∂x
+

∂(vu)

∂y
+

∂(wu)

∂z
= −

1

ρ

∂p

∂x
+ (ν + νt) [

∂2u

∂x2 +
∂2u

∂y2 +
∂2u

∂z2] − gβ(T − Tr) cos θx             (4.11)  

Y-Momentum 
∂(uv)

∂x
+

∂(v2)

∂y
+

∂(wv)

∂z
= −

1

ρ

∂p

∂y
+ (ν + νt) [

∂2v

∂x2 +
∂2v

∂y2 +
∂2v

∂z2] − gβ(T − Tr) cos θy               (4.12) 

Z-Momentum 
∂(uw)

∂x
+

∂(vw)

∂y
+

∂(w2)

∂z
  

= −
1

ρ

∂p

∂z
+ (ν + νt) [

∂2w

∂x2 +
∂2w

∂y2 +
∂2w

∂z2 ] − gβ(T − Tr) cos θz                                                (4.13) 

c) Energy Equation 
∂(Eu)

∂x
+

∂(Ev)

∂y
+

∂(Ew)

∂z
= −

p

ρ
(

∂u

∂x
+

∂v

∂y
+

∂w

∂z
)  +

1

ρ
[

∂

∂x
(keff

∂T

∂x
) +

∂

∂y
(keff

∂T

∂y
) +

∂

∂z
(keff

∂T

∂z
)] (4.14) 

IV. METHODOLOGY 

The heat transfer problem is solved using two software packages GAMBIT v.2.3.16 and FLUENT v.6.3.26. Initially the model is 

created, mesh is generated, boundary zones and continuum types are specified for the model in the Gambit then it is imported to 

Fluent in which it uses a control volume based discretization of governing equations. The Boussinesq model is activated to 

account for the effects of buoyancy force due to air density differences on the outer domain. Here SIMPLE (Semi-Implicit-

Method for Pressure Linked Equation) algorithm is used for pressure-velocity coupling, SIMPLE is a finite volume based 

scheme utilizing a staggered grid adoptable for steady state calculations. The SIMPLE algorithm is applied for pressure-velocity 

coupling which is a guess-and-correct procedure for calculation of pressure on the staggered grid arrangement. In staggered grid 

system the pressure, density and temperature are stored at the ordinary nodal points and velocity is found at the staggered nodes. 

For complicated flows involving turbulence and /or additional physical models, SIMPLE will improve convergence only if it is 

being limited by pressure-velocity coupling. A standard discretization scheme is used for pressure while a second order upwind 

discretization scheme is used for momentum and energy to obtain better accuracy. The maximum residual for all variables 

is10−6. The following table 4.1 shows the basic settings that were done in Fluent in order to obtain realistic simulation.  
Table 4.1: Basic settings used in CFD model 

Parameter Model Reason 

Density Boussinesq approximation To consider buoyancy effect 

Energy Activated To consider heat transfer 

A. Modeling and Mesh Generation using Gambit 

 
Fig. 4.1: Flow chart for modeling using Gambit 
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Fluent 5/6 solver is chosen. The element type chosen was Tetra/Hybrid T-grid. The boundary and the continuum conditions are 

shown in Table 5.2.            
Table 4.2: Zone type conditions 

zone type boundary condition 

 

zone type continuum condition 

Source Wall Heat sink Solid 

Fins Wall Extended domain Fluid 

Inlets pressure inlet 

  

 
Fig. 4.2: Meshed 3D model in Gambit 

B. Analysis using Fluent 

 
Fig. 4.3: Flow chart for analysis using Fluent 
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Table 4.3: Material Properties used for the simulation 

Properties Air Aluminum 

Density(kg/m3) 1.28 2719 

Specific heat(J/kg-K) 1006.43 871 

Thermal conductivity(w/m-K) 0.0242 202.4 

viscosity (𝑘𝑔/𝑚. 𝑠) 1.7894𝑒−5  

Thermal expansion coefficient(1/K) 0.00333  

Ambient temperature (ºC) 27  

Table 4.4: Values of gravity co-efficient for different orientation 

Orientation in Ѳ(°) Y axis gravity magnitude (𝑚/𝑠2) Z axis Gravity magnitude(𝑚/𝑠2) 

0 -9.81 0 

5 -9.77 0.85 

10 -9.66 1.703 

15 -9.47 2.539 

25 -8.89 4.144 

35 -8.03 5.62 

45 -6.93 6.93 

Table 4.5: Under relaxation factors used for various parameters 

Parameter Under relaxation factor 

Pressure 0.3 

Density 1 

Body Force 1 

Momentum 0.7 

Energy 1 

 

 
Fig. 4.4: Heat sink 0 degree orientation 

 
Fig. 4.5: Heat sink 45 degree orientation 
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V. RESULT AND DISCUSSION 

In this chapter, the results of static temperature distribution for different orientation are obtained by considering the natural 

convection effects. The results of the numerical analysis are established at orientations of heat sink, to obtain the maximum 

amount temperature gain in fins. In this present analysis, considering the natural convection effect for different orientations of 

given 10 W capacity LED light glow (of which heat flux per area basis is taken as boundary condition) at ambient conditions. 

The maximum amount of temperature gain is removed from the heat sink base in order to provide the better life span for LED. 

A. Temperature Contours 

The following figure shows the 3D temperature contours for 10W with different orientation like 0, 5, 10, 15, 25, 35 and 45 are 

represented below. For each orientation with 3 different planes like YZ, ZX and YX are showed. the following figures obtined 

from the ANSYS FLUENT by only considering the natural convection effects. 

 
Fig. 5.1: 3D filled counters of temperature along YX for 10 W and 0 degree 

 

 
Fig. 5.2: 3D filled counters of temperature along YZ for 10 W and 5 degree 
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Fig. 5.3: 3D filled counters of temperature along YZ for 10 W and 10 degree 

 
Fig. 5.4: 3D filled counters of temperature along YZ for 10 W and 15 degree 

 
Fig. 5.5: 3D filled counters of temperature along YX for 10 W and 25degree 
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Fig. 5.6: 3D filled counters of temperature along YZ for 10 W and 35degree 

 
Fig. 5.7: 3D filled counters of temperature along YX for 10 W and 45degree 

VI. CONCLUSIONS 

In this regard, CFD application to the pin-fin heat sink used in LED is considered for the study. The work is carried out with the 

natural convection/ radiation heat transfer characteristics of highly populated pin-fin arrays situated in air by considering the 

orientation effects on the heat dissipation process.  

The main focus of the above work is to determine the response of the natural mode heat transfer to the orientation 

effects of pin-fin base plate assembly in the gravity field. The orientation we employed namely 0, 5, 10, 15, 25, 35 and 45 for 

power input like 10 W. The following conclusions are drawn after the detailed study. 

 In general, among the all orientation that in which the fins are vertical and base plate horizontal yielded the highest rate of 

heat transfer and fins with less orientation like 5, 10 also acceptable. 

 The radiation component is independent of orientation (the pin fin assembly is isothermal essentially for all the orientations 

and radiation surroundings are unaffected by the orientation. 

 The fractional contribution of the radiation to the combined mode heat transfer was in the range of 35 to 40 %. 
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