
COMPUTATIONAL ANALYSIS OF ENHANCING HEAT TRANSFER IN 

  A 3-D STACKED DIE USING DIFFERENT 

FINNED HEAT SINK 

 

 

 

By 

 

DEEKSHITH PITTALA 

 

 

Presented to the Faculty of the Graduate School of 

The University of Texas at Arlington in Partial Fulfillment of the Requirements 

for the Degree of 

MASTER OF SCIENCE IN MECHANICAL ENGINEERING 

 

THE UNIVERSITY OF TEXAS AT ARLINGTON 

DECEMBER 2015 

 

 

  



ii 

Copyright © by Deekshith Pittala 2015 

All Rights Reserved 

 



iii 

ACKNOWLEDGEMENTS 

 

 

                         I would to express my sincere gratitude to my supervising 

professor Dereje Agonafer for his constant support, guidance and encouragement 

during the course of my research and studies at the University. Without his 

guidance and persistent help this work would not have completed. 

                      I would like to thank Dr. Abdolhossein Haji Sheikh and     

Dr. Fahad Mirza for being on my committee and giving their valuable time in 

reviewing my work.  

                      I would also like to thank Ms. Debi Barton and Ms. Sally 

Thompson for being very helpful at all the times.  

                      I would like to thank all my friends and the members of 

EMNSPC team for their support and valuable advices throughout my time at the 

university. Also I thank The University of Texas at Arlington for providing me 

the opportunity to do my Graduation. 

                        Lastly, I want to thank my parents Mr. Seshanna and     

Mrs. Arunasree, my brother Mr. Yashwanth and my best friend Ms. Nikhitha who 

has served as my motivation and inspiration all the time even when I am away 

from them to fulfil my dreams. Also I thank the almighty God for giving me 

strength and keeping me in good health. 

 

November 25, 2015 

 



iv 

 

ABSTRACT 

 

COMPUTATIONAL ANALYSIS OF ENHANCING HEAT TRANSFER IN 

  A 3-D STACKED DIE USING DIFFERENT  

 FINNED HEAT SINK 

 

 

Deekshith Pittala, MS 

 

The University of Texas at Arlington, 2015 

 

 

 

Supervising Professor: Dr. Dereje Agonafer 

 

 

                               3D die stacking is an exciting new technology that increases 

the transistor’s density by integrating two or more dies vertically with a dense 

high – speed interface. The result of 3D die stacking is a significant reduction of 

interconnect both within a die and across dies in a system. The objective of the 

thermal design requirement for a 3D stacked die package is to maintain the 

junction temperatures of the devices at or below specified limits. Installing the 

Heat sink aid the heat transfer activity from a package. The extent of cooling and 

the junction temperatures vary if the designs of the heat sinks change. Therefore, 

this study is to discover a heat sink which gives the best result in the heat 

extraction process. 
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Chapter 1  

INTRODUCTION 

 

1.1 Electronic Packaging 

 

1.1.1 Functions of Packaging 

 In the Modern age, almost all electrical devices that are being used such as 

Mobile phones, laptops, Desktops, Tablets, gaming devices, cameras, consists of 

different types of electronics packages. Electronic packaging is the art of 

establishing interconnections between various levels of electronic devices, 

components, modules and systems. These packages may include different 

electrical components like, capacitors, resistors, transistors, diodes which in turn 

must be interconnected to perform a specific task. This interconnection of 

different components is known as circuit and as the level of joining expands, 

different circuit associations moves towards Integrated circuits (IC) chips. These 

ICs and the interconnections they have must be mechanical bolstered and 

environmentally protected. These ICs are supplied with electrical power which 

being converted into heat. This temperature must be maintained within certain 

range for ICs to operate at their peak performance. 
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Electronic Packaging must provide the following functions 

i. Circuit support and protection 

ii. Heat dissipation 

iii. Signal distribution 

iv. Manufacturability and serviceability 

v. Power distribution 

 

 

Figure 1-1  Functions of Electronic Packaging 

 

In addition to the above mentioned the package should be chemically inert, should 

function at or below specified level of performance and has to be environmentally 

protective. 
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1.1.2. Package Hierarchy  

Typical electronic systems have several levels of packaging and each level has its 

distinctive interconnection associated with it. This hierarchy of interconnects can 

be divided as follow. 

 

 

 

Figure 1-2  Package Hierarchies 

 

 

0
th

 level: Gate to gate interconnection on Si wafer 

1st level: Chip carrier, chip level interconnects that connects chip to substrate  
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2nd level: Chip-Substrate connected to Printed Circuit Board (PCB)  

3rd level: PCB-to-PCB or Card-to-Motherboard connection  

4th level: Rack holds several subassemblies (servers) which must be connected to 

each other to complete system. 

 

 

1.2 Moore’s Law 

 

This law was first observed by Gordon Moore (co-founder Intel Corporation) in 

1965 that number of transistor per unit area of the die is doubling every 18 

months with proportionate decrease in cost. This observation is then known as 

“Moore’s law”, which predicts the transistor density on ICs for each advance 

technology nodes. This law has been driving force for the semiconductor industry 

worldwide. This law explains why technological progress in semiconductor 

industry has been able to continuously come up with the products that are more 

smaller, powerful and less expensive than the earlier products. 
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Figure 1-3  Moore’s law observation 

 

 

Figure 1-4  Moore’s law challenges by Intel Corporation 
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1.3 Issues in Electronic Packaging 

There are lot of issues in electronic packaging such as Electrical, Mechanical, 

Manufacturing, thermal etc..,. Major issues are shown in the figure 1-5. 

 

 

 

 

 

Figure 1-5  Issues in Electronic Packaging 
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1.4 Characteristics of a Package  

1. Thermal Performance 

        The package should have the capacity or ability to dissipate the heat 

generated by the IC 

2. Signal Integrity 

        To ensure that the package parasitic inductances and capacitances do 

not distort the I/O signals 

3. Power Distribution 

         The package must be able to supply enough current for the IC to 

work, and it must also be capable of handling the highest peak currents. 

4. Manufacturability 

          The package is of no use if it cannot be soldered. It should not 

require excessive handling precautions. 

5. Testability 

           It is about the prototyping capabilities. To check if all the pins have 

been soldered correctly or not. 

6. Reliability 

          The life of the package should be long-term even if the conditions 

are complex and harsh. 
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Chapter 2  

LITERATURE REVIEW 

From the invention of a transistor in the year 1947 and development of integrated 

circuits (ICs) in 1959, there has been a tremendous and innovative progress in the 

field of micro-electronics packaging. The key packaging breakthroughs have been 

coming almost every decade: PTH, leading to surface mount; peripheral array 

leading to area array packaging and the most significant breakthrough being 

migrating from planar to 3D packaging. In the most recent decade or somewhere 

in the vicinity, the union of the customer electronic items, for example, PDAs and 

computerized cameras has prompted the proceeded with scaling down of the 

transistors/ICs, bringing about unparalleled development of the hardware 

business. Since 1970, the number of components per chip has multiplied at 

regular intervals in fact doubled every two years. This historical trend is known as 

“Moore’s Law”. Moore’s law has been driving the micro-electronics industry to 

achieve high performance with small form-factors at a reasonable cost. This has 

resulted in a reduction of the relative manufacturing cost per function enabling the 

production of more complex circuits on a single semiconductor substrate. There 

has been a drastic reduction in cost per bit. In 1954, five years before the IC was 

created, the normal offering cost of a transistor was $5.52. After fifty years, in 

2004, this had dropped to a billionth of a dollar. After a year in 2005 the expense 
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for each piece of element irregular access memory (DRAM) was one nano dollar 

(one billionth of a dollar). To achieve performance enhancement at a reasonable 

cost, advanced packaging is being leveraged. Heterogeneous integration and 

(either SoCs or 3D ICs) is one of the ways to be cost effective. Reduced die size 

will enable better yield, thereby adding towards the cost effectiveness [1]. 

Advanced packaging technologies such as FC SOCs, SiPs, and 3-D TSV provide 

significant power and performance enhancement without having the need to 

migrate to the higher technology node – basically node migration can be delayed 

by few years without compromising performance. As planar device 

miniaturization continues to its ultimate limits, the complexity of circuit 

interconnections for 2-D devices becomes a limitation for performance and drives 

up power dissipation. With the increase in die size and circuit complexity (see 

Figure 2-1), cost and time to market for SoC’s drastically increased. Chip-

stacking (3-D) is emerging as a powerful technology that satiates such Integrated 

Circuit (IC) package requirements. Access to the third dimension has significantly 

simplified chip-level communications and transfer of information among the 

processing elements and has provided rapid access to memory and configurable 

logic. 3-D technology would enable extremely dense solid-state memory to be 

arrayed within a few microns of the processing elements, which reduces access 

times. 
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Figure 2-1  SiP/3D and SoC comparison for cost/function/time 

 

The 3-D arrangement also provides opportunities for new circuit architectures 

based on the geometrical ability to have greater numbers of interconnections 

among multi-layer active circuits. 3-D stacking of the processor and memory 

segments in high registering applications lessens the correspondence delay in a 

multi-center framework inferable from decreased framework size and shorter 

interconnects. The shorter interconnection length between the handling and 

memory segments in a multi-center framework brings down the general 

framework access latencies and helps the framework execution. The merging and  
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Scaling down of processing and interchanges manages building up instead of out. 

As planar gadget scaling down proceeds to its definitive limits, the 

unpredictability of circuit interconnections for 2-D gadgets turns into a restriction 

for execution and drives up force dissemination. As the customer’s request more 

capacities on their hand-held electronic gadgets, the requirement for more 

gadgets, for example, memory, CPU and GPU close by held sort foot shaped 

impressions is expanding. These outcomes result in high bundle thickness. Chip-

stacking (3-D) is emerging as a powerful tool that satiates such IC package 

requirements. Access to the third dimension has significantly simplified chip-level 

communications and transfer of information among the processing elements and 

has provided rapid access to memory and configurable logic. 3-D technology 

would enable extremely dense solid-state memory to be arrayed within a few 

microns of the processing elements, which reduces access times. Genuine 3-D 

incorporated circuits can work at higher clock rates and can expend less control 

over their 2-D usage, as the 3-D course of action minimizes the length of circuit 

interconnects as shown in the figure 2-2. 
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Figure 2-2  2D Vs 3D 

 

The obvious electrical/performance benefits make 3D IC technology very 

attractive for future semiconductor products, especially handheld. However, there 

are some research and implementation challenges that are not yet fully 
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understood. Since die stacking leads to increased power density within the same 

footprint, it is clear that heat removal from a multi-die stack is going to be far 

more challenging than that of the traditional IC’s. Integration in the Z direction is 

achieved by stacking dies and interconnecting them with WB (wire bonding), FC 

(flip chip) or TSV (through- silicon- via). TSV is one of the key empowering 

advances for 3-D frameworks. 3-D TSV technology is being termed as the “next 

big thing” in the semiconductor arena and has the potential of revolutionizing the 

packaging industry but it has some inherent issues that need to be addressed 

before it could be implemented in the mainstream electronics industry. TSV 

fabrication process, thermal management of 3-D TSV packages, TSV joule 

heating, and chip package interaction (CPI), are some of the key issues in this 

technology. 
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Chapter 3  

HEAT TRANSFER AND HEAT SINK 

 

Heat transfer deals with the flow of heat from a body at higher temperature to a 

body at lower temperature. Heat cannot be stored and it is defined as the energy in 

transit due to the difference in the temperatures of the hot and cold bodies. The 

study of heat transfer not only explains how the heat energy transports but also 

predicts about the rate of heat transfer. As we are dealing with the heating and 

cooling of materials in almost our all the processes, the heat transfer is an 

indispensable part of any of the industries. There are three different modes in 

which heat may pass from a hot body to a cold one. These modes are conduction, 

convention, and radiation. It should be noted that the heat transfer takes place in 

combination of two or three modes in any of the real engineering application. 

 

3.1 Conduction 

Conduction is the transfer of heat in a continuous substance without any 

observable motion of the matter. Thus, heat conduction is essentially the 

transmission of energy by molecular motion. Consider a metallic rod being heated 

at the end and the other end of the rod gets heated automatically. The heat is 

transported from one end to the other end by the conduction phenomenon. The 

molecules of the metallic rod get energy from the heating medium and collide 
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with the neighboring molecules. This process transfers the energy from the more 

energetic molecules to the low energetic molecules. Therefore heat transfer 

requires a temperature gradient, and the heat energy transfer by conduction occurs 

in the direction of decreasing temperature. Figure 3.1 shows an illustration for the 

conduction, where the densely packed atoms of the rod get energized on heating 

and vibration effect transfers the heat as described in fig.3-1. 
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Figure 3-1   Different stages during conduction in a metallic rod 
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The Heat transfer in conduction is governed by the Fourier’s law of heat 

conduction which is given by 

      
  

  
 

Where Q = Heat transfer 

            K = Thermal conductivity  

            A = Surface Area 

            
  

  
 = Temperature gradient 

 

 

 

3.2 Convection 

When a macroscopic particle of a fluid moves from the region of hot to cold 

region, it carries with it a definite amount of enthalpy. Such a flow of enthalpy is 

known as convection. Convection may be natural or forced. In natural convection, 

the movement of the fluid particles is due to the buoyancy forces generated due to 

density difference of heated and colder region of the fluid as shown in the       

fig.3-2a. Whereas, in forced convection the movement of fluid particles from the 

heated region to colder region is assisted by some mechanical means too (eg. 

stirrer) as shown in fig.3-2b. 
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Figure 3-2  Heat transfer through convection (a) Natural (b) Forced 

Convection is governed by Newton’s law of cooling. The rate of heat transfer is 

given by 

            

 

Where h = heat transfer co-efficient 

           A = Surface area 

           Tw = Wall temperature 

           T∞ = Temperature of the surroundings 

 

3.3 Radiation 

We have seen that a medium is required for the heat transfer in case of conduction 

and convection. However, in case of radiation, electromagnetic waves pass 
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through the empty space. Electromagnetic waves travel at the velocity of light in 

vacuum. These waves are absorbed, reflected, and/or transmitted by the matter, 

which comes in the path of the wave. Thermal radiation is the term used to 

describe the electromagnetic radiation, which is observed to be emitted by the 

surface of the thermally excited body. The heat of the Sun is the most obvious 

example of thermal radiation. 

There will be a continuous interchange of energy between two radiating bodies, 

with a net exchange of energy from the hotter to the colder body as shown in the 

fig.3-3 

 

 

Figure 3-3  Heat transfer through radiation 
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The heat transfer in radiation is given by Stefan-Boltzmann law 

        

Where σ = 5.67*10
-8 

W .m
-2

.K
-4

 (Stefan- Boltzmann Constant) 

            A = Surface area of the radiating object 

            T = Temperature of the object 

        

3.4 Heat Sink 

A heat sink is nothing but a heat removal device which aids in heat transfer. 

Usually it is attached to an object or placed on the top of it so as to remove the 

heat from the objects in order to make the object work efficiently and keep the 

object below the peak working temperatures. With the increase in heat dissipation 

from microelectronics devices and the reduction in overall form factors, thermal 

management becomes a more a more important element of electronic product 

design. 

Both the performance reliability and life expectancy of electronic equipment are 

inversely related to the component temperature of the equipment. The relationship 

between the reliability and the operating temperature of a typical silicon semi-

conductor device shows that a reduction in the temperature corresponds to an 
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exponential increase in the reliability and life expectancy of the device. Therefore, 

long life and reliable performance of a component may be achieved by effectively 

controlling the device operating temperature within the limits set by the device 

design engineers. The primary purpose of a heat sink is to maintain the device 

temperature below the maximum allowable temperature specified by the device 

manufacturers. 

 

 

Figure 3-4  Heat sinks 
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3.4.1 Fins 

Fins are extended surfaces that enhance the heat transfer by increasing the area for 

the heat transfer. Fins are thus used whenever the available surface area is found 

insufficient to transfer required quantity of heat with available temperature 

gradient and heat transfer coefficient. In the case of fins the direction of heat 

transfer by convection is perpendicular to the direction of conduction heat flow. 

Some of the examples of the use of extended surfaces are in cylinder heads of air 

cooled engines and compressors and on electric motor bodies. In radiators and air 

conditioners, tubes with circumferential fins are normally used to increase the 

heat flow. Electronic chips cannot function without using fins to dissipate heat 

generated. Fins with different shapes are in use. 

 

3.4.2 Fin Performance 

Evaluating the performance of fins is essential to achieve high heat transfer rate or 

minimum weight etc. Fin effectiveness, fin efficiency and total efficiency are 

some methods used for performance evaluation of fins. 
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Figure 3-5  Rectangular fin 

 

Fin efficiency, η 

This quantity is more often used to determine the heat flow when variable area 

fins are used. Fin efficiency is defined as the ratio of heat dissipation by the fin to 

the heat dissipation takes place if the whole surface area of the fin is at the base 

temperature Tw. 
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Then we can write 

 

Fin Effectiveness, εf 

Fins are employed to increase the rate of heat transfer from a surface by 

increasing the effective surface area. In the absence of fins, the heat convected by 

the base area is given by Ah (Tw –Ta), where A is the base area. When the fins are 

present the heat transferred by the fin, Qf can be calculated. Taking the ratios of 

these two quantities, we can express εf as 

 

Where P is the perimeter of a fin  

The effectiveness of the fin should be as large as possible for effective use of 

material used. 
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Conclusions on Fin Performance 

1. Thermal conductivity of the fin material should be high to give large fin 

effectiveness. This leads to the choice of aluminum and its alloys. 

2. The ratio 
 

 
 should be as large as possible. This requirement can be 

achieved by the use of thinner fins. Use more thin fins of closer pitch than 

fewer thicker fins at longer pitch. 

3. Effectiveness will be higher if heat transfer coefficient, h is lower. 

Generally convection in gas flow and heat flow under free convection lead 

to lower values of heat transfer coefficient, h. Hence fins are used on the 

gas side of heat exchangers. 

 

3.5 Role of Fin Geometry in Heat sink Performance 

While heat sinks are usually used in most electronics applications, the rationale 

for selecting a particular design of heat sink or more specifically a particular fin 

cross sectional profile remains somewhat uncertain. Most often these types of 

selection procedures are based exclusively on performance evaluations consisting 

of formulations for extended surface heat transfer found in most fundamental heat 

transfer text books. A careful review of the literature reveals that no theoretical 

study exist which compares the overall performance of the different fin 

geometries based on the thermal as well as the hydraulic resistance. Behnia et al. 
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compared numerically the heat transfer performance of various commonly used 

fin geometries circular, square, rectangular, and elliptical. They fixed the fin 

cross-sectional area per unit base area, the wetted surface area per unit base area, 

and the flow passage area for all geometries. They found that circular pin fins 

outperform square pin fins and elliptical fins outperform plate fins. Also that the 

overall thermal resistance of the parallel plate fin was lower than the other two 

designs, whereas the heat transfer coefficient was highest for elliptical pin fins. 

They used cylindrical, square, and diamond shape cross section pin-fins and 

found that cylindrical pin-fins give the best overall fan-sink performance. 

Furthermore, the overall heat sink thermal resistance decreases with an increase in 

either applied pressure rise or fan power and fin height. 

 

Figure 3-6  Different types of fin geometries 



 

27 

Chapter 4  

DESIGN AND METHODOLOGY 

 

The main objective is to design the 3D stacked die. The setup is designed using 

ANSYS Icepak 16.1. Our design consists of the following 

1. Enclosure 

2. PCB 

3. Package 

4. Substrate 

5. Die Attach 

6. Dies 

7. Molding 

8. Heat Sink 

 

4.1 Enclosure 

The enclosure is an environment where the entire setup is housed in.  The 

enclosure we used in this is a JEDEC enclosure. 
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4.2 Printed Circuit Board (PCB) 

 

Printed circuit board objects (PCBs) are two-dimensional rectangular objects 

representing printed circuit boards. You can specify PCBs either as single boards 

or as racks of identical boards. 

To configure a PCB in the model, you must specify its locations and Dimensions. 

In addition, you must specify whether the PCB represents an individual board or 

rack of boards, and the spacing between boards in the rack. All most every 

electrical enclosures contain PCBs. PCBs are carriers of the traces and copper 

planes that form of circuitry. In ICEPAK it is easy to design a PCB we wish for. 

 

4.3 Package 

Packages are composite modeling objects representing microelectronic packages. 

Given a minimum amount of input you can create a package in ANSYS Icepak to 

model the thermal characteristics of different devices at the system, sub-system, 

and board or package level. There are two types of packages available in ANSYS 

Icepak. Detailed packages capture most of the details of the device, and are used 

for package-level modeling. Compact packages use approximations for the 

repetitive feature of a device, such as leads and solder balls and are used for 

system, sub-system or board-level modeling. We can select a package from the 

available IC packages. For our problem stacked Die is chosen from the package. 
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Figure 4-1  Stacked Die 

 

4.4 Substrate 

 

The substrate is the medium that houses the traces that carry the signals from the 

from the bond wire to the solder balls. A signal from a trace in on layer is 

connected to trace in another layer by means of vias. Vias are cylindrical holes 

that are either plated or filled with copper. The substrate is represented as solid 

block. Substrate is the most important part of the package. 

 

 

Figure 4-2  Stacked die substrate 
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4.5 Die attach 

Die attach is an interface between the substrate and the die and between die and a 

die. It acts as adhesive and has some thickness. It offers a resistance for heat flow. 

The advantage with this is we can design the die attach as contact resistance of 

zero thickness. Specify the properties like thermal conductivity, heat transfer co-

efficient etc.., as required.  

 

 

4.6 Die 

 

This is the most important part of the package. The die is a volumetric solid made 

of user-specified material. All the processing occurs through these. These dies are 

piled or stacked up to form an IC or Microprocessor. If the pile goes only 

vertically it is called 3D Die stacking. 
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Figure 4-3  3D die stacking 

4.7 Molding 

The Mold is a volumetric solid made of user-specified materials. Basically it is a 

casing which encloses the dies and the substrate. The main function of the 

molding is to protect the dies from the outer environment and increase the life of 

the processor. The mold is hollow inside. The heat transfer from inside depends 

on the conductivity of the mold material. 

 

4.8 Heat Sink 

 

A heat sink is nothing but a heat removal device which aids in heat transfer. 

Usually it is attached to an object or placed on the top of it so as to remove the 
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heat from the objects in order to make the object work efficiently and keep the 

object below the peak working temperatures. It is placed on the top of the mold to 

remove the heat from the Microprocessor. Three different types of fins are used in 

the computational analysis namely rectangular, cylindrical and conical. 

 

 

                      

      Figure 4-4   Rectangular Fins                     Figure 4-5   Cylindrical Fin (Inline) 
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Figure 4-6   Conical Fins (Inline)                   Figure 4-7   Conical Fins (Staggered) 

 

                                       

                                Figure 4-8  Cylindrical Fins (Staggered) 
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4.9 Conditions and Parameters 

 

All the conditions and parameters considered while modeling is mentioned in the 

table 4-1.  Radiation is neglected during the entire process of the simulation. The 

Heat Transfer takes place only through conduction and convection. All the inlet 

conditions are ambient. The type of flow is turbulent. The convergence criterion is 

set to continuity of 10
-6

. 

 

 

Table 4-1  Conditions and Parameters 

 

Type of Heat transfer  convection and conduction 

Type of Convection     Forced convection 

Type of Flow   Turbulent 

Turbulent Model RNG k-ε model 

Enclosure       JEDEC  

Ambient Temperature  20ºC 

Ambient Temperature 1 atmosphere 

Inlet Velocity 1.5 m/s 

Convergence Criteria 10^-6 continuity 
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4.9.1 RNG k-ε Model  

The flow is turbulent since the incoming air strikes the heat sink and mixing of air 

flow occurs. For the accuracy RNG k-ε Model is employed since it is the mostly 

used for best results. The RNG -  model was derived using a rigorous 

statistical technique (called renormalization group theory). It is similar in form to 

the standard -  model, but includes the following refinements:  

 The RNG model has an additional term in its  equation that significantly 

improves the accuracy for rapidly strained flows. 

 The effect of swirl on turbulence is included in the RNG model, enhancing 

accuracy for swirling flows. 

 The RNG theory provides an analytical formula for turbulent Prandtl 

numbers, while the standard -  model uses user-specified, constant 

values. 

 While the standard -  model is a high-Reynolds-number model, the 

RNG theory provides an analytically-derived differential formula for 

effective viscosity that accounts for low-Reynolds-number effects. 

Effective use of this feature does, however, depend on an appropriate 

treatment of the near-wall region. 

 



 

36 

The RNG-based -  turbulence model is derived from the instantaneous 

Navier-Stokes equations, using a mathematical technique called "renormalization 

group'' (RNG) methods. The analytical derivation results in a model with 

constants different from those in the standard -  model, and additional terms 

and functions in the transport equations for  and . 

Transport equations for RNG k-ε model is given by 

 

4.10 Pumping Power 

 

              To drive air onto the components in an enclosure the air has to be 

pumped using a pump. The energy spent in pumping the air is called Pumping 

power. The flow rate depends on the air pumped in. We can increase or decrease 

the flow rate using the pump. 
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Figure 4-9   Model generated in the Icepak 

 

4.11 Generating a Mesh 

Once you have finished designing the model, you need to generate the 

computational mesh that is used as the basis of the solution procedure. The mesh 

consists of discrete elements located throughout the computational domain. 

Within each element, ANSYS Icepak solves the equations that govern the flow 

and heat transfer in the cabinet. A good computational mesh is an essential 

ingredient for a successful and accurate solution. If the overall mesh is too coarse, 

the resulting solution may be inaccurate. If the overall mesh is too fine, the 
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computational cost may become prohibitive. In summary, the cost and accuracy 

of the solution are directly dependent on the quality of the mesh. 

 

ANSYS Icepak automates the mesh generation procedure, but allows you to 

customize the meshing parameters in order to refine the mesh and optimize trade-

offs between computational cost and solution accuracy. 
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Chapter 5  

RESULTS AND DISCUSSIONS 

 

 

The simulation is run and the solution for convergence is checked. The variation 

of temperature, velocity and their contours are obtained from the Post processor 

for different configurations and different geometry of the Heat sink. According to 

the standard procedures the results obtained are good if the junction temperatures 

of any device or the junction temperatures do not exceed 65ºC. 

 

5.1 Heat Sink with Rectangular Fins 

 

The graph of convergence for the Rectangular fin is shown in fig. 5-1. The yellow 

colored line represents the continuity. The convergence criterion is 10
-6

 for the 

continuity. It is observed that the continuity line decreases and follows a straight 

line after 250 iterations which is a good result. 

The distribution of temperature along the heat sink and at the junctions of the 

devices is shown in the fig.5-2.The maximum temperature is recorded as 

63.529ºC.The velocity distribution is shown in figure 5-3. The inlet velocity is 1.5 

m/s. The maximum outlet velocity is recorded as 2.46018 m/s. The pumping 

power is 0.0481 W. 
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Figure 5-1  Convergence graph for a rectangular finned Heat sink 

 

 

 

 

 
Figure 5-2  Temperature distributions for a Heat sink with rectangular fins 
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Figure 5-3  Velocity variations when rectangular fins are used 

 

 

Summary reports of Different objects used in the design are also generated. The 

Following tables and Figures give the data. 

 

Table 5-1  Temperature Data for Rectangular fins 

Object Temperature Distribution Units 

Variable Temperature   

Global min 19.9999   

Global max 63.5290   

Object min 20.0701   

Object max 63.529   

Max location -0.018925 -0.00726667 0.00375   

Total 0.588 C-m
2
 

Mean 28 C 

Std dev 14   

Area 0.021 m
2
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Figure 5-4  Summary report of Temperature for a rectangular fin Heat sink 

 

 

Figure 5-5  Summary report of Heat flow for a rectangular fin Heat sink 

 

 

Figure 5-6  Summary report of Volume flow (cfm) for a rectangular fin Heat sink 
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5.2 Heat sink with Cylindrical Fins in Inline Configuration 

 

The graph of convergence for the cylindrical fin Inline configuration is shown in 

figure 5-7. The yellow colored line represents the continuity. The convergence 

criterion is 10
-6

 for the continuity. It is observed that the continuity line decreases 

and follows a straight line after 250 iterations which is a good result. 

 

The distribution of temperature along the heat sink and at the junctions of the 

devices is shown in the fig.5-8.The maximum temperature is recorded as 

61.2344ºC.The velocity distribution is shown in figure 5-9 The inlet velocity is 

1.5 m/s. The maximum outlet velocity is recorded as 2.56557 m/s. The pumping 

power is 0.0849 W. 
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Figure 5-7  Convergence graph for a Heat sink with cylindrical fins (Inline) 

 

 

 

Figure 5-8  Temperature distributions for a Heat sink with cylindrical fins (Inline) 
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Figure 5-9  Velocity variations for a Heat sink with cylindrical fins (Inline) 

 

Summary reports of Different objects used in the design are also generated. The 

Following tables and Figures give the data. 

Table 5-2  Temperature Data for Cylindrical fins (Inline) 

Object Temperature Distribution Units 

Variable Temperature   

Global min 19.9999   

Global max 61.2344   

Object min 20.06   

Object max 61.2159   

Max location -0.0189812 -0.00715 0.000320833   

Total 0.543 C-m
2 

Mean 26.7 C 

Std dev 11.9   

Area 0.0204 m
2
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Figure 5-10  Summary report of Temperature for a cylindrical fin Heat sink 

(Inline)                  

 

 

 

 

       Figure 5-11  Summary report of Heat flow for a cylindrical fin Heat sink 

(Inline)       
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Figure 5-12  Summary report of Volume flow (cfm) for cylindrical fin Heat sink 

(Inline)  

 

 

5.3 Heat sink with Cylindrical Fins in Staggered Configuration 

 

The graph of convergence for the cylindrical fin Staggered configuration is shown 

in figure 5-13. The yellow colored line represents the continuity. The convergence 

criterion is 10
-6

 for the continuity. It is observed that the continuity line decreases 

and follows a straight line after 250 iterations which is a good result. 

 

The distribution of temperature along the heat sink and at the junctions of the 

devices is shown in the fig.5-14.The maximum temperature is recorded as 

59.4384ºC.The velocity distribution is shown in figure 5-15. The inlet velocity is 

1.5 m/s. The maximum outlet velocity is recorded as 2.10851 m/s. The pumping 

power is 0.0448 W. 
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         Figure 5-13  Convergence graph for a Heat sink with cylindrical fins 

(Staggered) 

 

 

 

       Figure 5-14  Temperature distributions for a Heat sink with cylindrical fins 

(Staggered) 
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       Figure 5-15  Velocity variations for a Heat sink with cylindrical fins 

(Staggered) 

 

 

Summary reports of Different objects used in the design are also generated. The 

Following tables and Figures give the data. 

Table 5-3 Temperature Data for Cylindrical fins (Staggered) 

Object Temperature Distribution Units 

Variable Temperature   

Global min 19.9999   

Global max 59.4384   

Object min 20.0783   

Object max 59.4192   

Max location -0.0191391 -0.00715 0.000320833   

Total 0.537 C-m
2 

Mean 26.4 C 

Std dev 11.3   

Area 0.0203 m
2 
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         Figure 5-16  Summary report of Temperature for a cylindrical fin Heat sink 

(Staggered)   

 

 

 

 

       Figure 5-17  Summary report of Heat flow for a cylindrical fin Heat sink 

(Staggered) 

 

 



 

51 

 

          Figure 5-18  Summary report of Volume flow (cfm) for a cylindrical fin 

Heat sink (Staggered) 

 

 

5.4 Heat sink with Conical Fins in Inline Configuration 

 

The graph of convergence for the conical fin Inline configuration is shown in 

figure 5-19. The yellow colored line represents the continuity. The convergence 

criterion is 10
-6

 for the continuity. It is observed that the continuity line decreases 

and follows a straight line after 250 iterations which is a good result. 

 

The distribution of temperature along the heat sink and at the junctions of the 

devices is shown in the fig.5-20.The maximum temperature is recorded as 

55.8547ºC.The velocity distribution is shown in figure 5-21. The inlet velocity is 

1.5 m/s. The maximum outlet velocity is recorded as 2.79979 m/s. The pumping 

power is 0.097 W. 
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Figure 5-19  Convergence graph for a Heat sink with conical fins (Inline) 

 

 

Figure 5-20  Temperature distributions for a Heat sink with conical fins (Inline) 
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Figure 5-21  Velocity variations for a Heat sink with conical fins (Inline) 

 

 

 

Figure 5-22  Particle Traces for a Heat sink with conical fins (Inline) 
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Summary reports of Different objects used in the design are also generated. The 

Following tables and Figures give the data. 

 

Table 5-4 Temperature Data for Conical fins (Inline) 

Object Temperature Distribution Units 

Variable Temperature   

Global min 19.9999   

Global max 55.8547   

Object min 20.0514   

Object max 55.8321   

Max location -0.0191875 ,-0.00715 ,0.000320833   

Total 0.496 C-m
2 

Mean 25 C 

Std dev 9.3   

Area 0.0198 m
2 

 

 

 

     Figure 5-23  Summary report of Temperature for a conical fin Heat sink 

(Inline) 
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Figure 5-24  Summary report of Heat flow for a conical fin Heat sink (Inline) 

 

 

 

Figure 5-25  Summary report of Volume flow (cfm) for a conical fin Heat sink 

(Inline) 

 

5.5 Heat sink with Conical Fins in Staggered Configuration 

 

The graph of convergence for the conical fin Inline configuration is shown in 

figure 5-26. The yellow colored line represents the continuity. The convergence 

criterion is 10
-6

 for the continuity. It is observed that the continuity line decreases 

and follows a straight line after 250 iterations which is a good result. 
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The distribution of temperature along the heat sink and at the junctions of the 

devices is shown in the fig.5-27.The maximum temperature is recorded as 

55.3401ºC.The velocity distribution is shown in figure 5-28. The inlet velocity is 

1.5 m/s. The maximum outlet velocity is recorded as 2.16596 m/s. The pumping 

power is 0.0375 W.  

 

 

 

         Figure 5-26  Convergence graph for a Heat sink with conical fins 

(Staggered) 
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      Figure 5-27  Temperature distributions for a Heat sink with conical fins 

(Staggered) 

 

 
 

Figure 5-28  Velocity variations for a Heat sink with conical fins (Staggered) 
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Summary reports of Different objects used in the design are also generated. The 

Following tables and Figures give the data. 

 

Table 5-5 Temperature Data for Conical fins (Staggered) 

Object Temperature Distribution Units 

Variable Temperature   

Global min 19.9999   

Global max 55.3401   

Object min 20.1011   

Object max 55.318   

Max location -0.0189816 -0.0075 0.000320833   

Total 0.502 C-m
2
 

Mean 25.3 C 

Std dev 9.12   

Area 0.0198 m
2 

 

 

 

Figure 5-29  Summary report of Temperature for a conical fin Heat sink 

(Staggered) 
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Figure 5-30  Summary report of Heat flow for a conical fin Heat sink (Staggered) 

 

 

Figure 5-31  Summary report of Volume flow (cfm) for a conical fin Heat sink 

(Staggered) 
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Chapter 6   

CONCLUSION AND FUTURE WORK   

 

 

6.1 Conclusions 

 

From the obtained results Table 6-1 has been made. The Table shows the 

maximum junction temperature for different heat sinks and for different 

configurations.  

 

Table 6-1 Maximum Junction temperature for all configurations 

MAXIMUM JUCTION TEMPERETURE (ºC) 

HEAT SINK 

GEOMETRY 

CONFIGURATION 

Inline Staggered 

Rectangular 63.5290 --- 

Cylindrical 61.2159 59.4192 

Conical 55.8321 55.318 

 

 

The following conclusions has been made from the results obtained 

 

 The conical heat sink has the highest heat transfer rate since the junction 

temperature is very less when compared to all others.  

 Heat Transfer rate for Inline configuration is less when compared to 

Staggered Configuration. 

  There is almost a decrease of approximately 7.5-8ºC in the junction 

temperature and maximum temperature if conical configuration is used. 
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 Life of the equipment will increase and thus rise in reliability. 

 Maintenance cost can be cut-off highly if conical configuration can be 

employed since the maximum junction is less. 

 

 

6.2 Future work 

 

The computational work can be experimentally tested and good results can be 

obtained. Also  the  effect  turbulence  on  the  devices  can  be done both 

computationally and experimentally since the outlet velocity is more. 
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