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Abstract— Heat sinks are one of the most popular cooling 

systems. Also, they are one of the simplest devices for 

dissipating heat from components and electronic systems. 

The development of electronics is nowadays inextricably 

linked to the development of materials for heat sinks, heat 

sink design and production methods. Heat sinks can be 

produced by a number of methods depending on their use. 

Thermal resistance is the key parameter when deciding on the 

use of a radiator. A value of this parameter is affected by 

many factors, including surface area of a radiator, radiator 

shape, colour of the surface, air flow and heat sink 

temperature In this work, a new concept for cooling the 

electronic components using the copper-base zigzag ply heat 

sink is proposed. The thermal performance and temperature 

distribution for the heat sink were analyzed and a procedure 

for optimizing the geometrical design parameter is presented. 

A three-dimensional model is developed to investigate flow 

and conjugate heat transfer in the copper-base zigzag ply heat 

sink. The model was produced with the commercial program 

ANSYS. The theoretical model developed is validated by 

comparing the predictions of the model with available 

experimental data. Different types of cooling methods are 

analyzed to show the reliability and effectiveness in heat 

spreading of those. This report will also describe a modeling 

methodology that can be used to predict performance, with 

comparison to experimental. 
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I. INTRODUCTION 

The heat removal problem has become an important factor in 

the advancement of Microelectronics due to both drastically 

increased integration density of chips in digital devices as 

well as an increased current density capability of power 

electronic devices. A heat sink is designed to maximize its 

surface area in contact with the cooling medium surrounding 

it such as the air. Sink are used in a large number of 

application to increase the heat transfer from surfaces. 

Typically heat sink material has high thermal conductivity. 

The task of removing a large amount of dispersed heat from 

a constrained, small space is often beyond the capability of 

conventional cooling techniques, therefore, new methods 

with removal capabilities at least one order larger than that of 

conventional ones are required. Increasing the power 

dissipation and mounting density of electronic equipment are 

requiring more effective thermal systems to cool the chip and 

device. One the commonly used method for the effective 

thermal enhancement is to use heat sinks. The undesirable 

temperature gradient is an important consideration in the 

design of an electronic cooling scheme. A large temperature 

rise produces thermal stresses in chips and packages due to 

the coefficient of thermal expansion (CTE) mismatch among 

different materials; thus undermining device reliability Sabry 

proposed a mechanism for heat transfer improvement 

basezigzagply on the increased importance of surface 

roughness for small channels. The relation deduced for fluid 

flow perfectly matched friction data. As for heat transfer, the 

proposed relation was closer to measure than standard 

correlations, but still predicting that another mechanism 

might have contributed to heat transfer reduction. In this 

work, a thermal design and evaluation method for heat sink is 

presented. The thermal performance of the proposed Al-base 

zigzag ply heat sink is examined numerically using which 

means increased cooling requirements. The possibility of 

electronic equipment failure increases with the increase of 

temperature. Therefore cooling has become increasingly 

important in the design and operation of electronic 

equipment. Tuckerman and Pease proposed the effective 

cooling techniques for electronic cooling. They built a water 

cooled integral heat sink with microscopic flow channels. 

The three-dimensional fluid flow and heat transfer 

processes in a rectangular silicon micro-channel heat sink 

numerically and a detailed description of the local and 

average heat transfer characteristics, i.e. temperature, heat 

flux and Nusselt number was obtained.  A detailed simulation 

of the heat transfer occurring in silicon based micro channel 

heat sink was conducted using a simplified three dimensional 

conjugate heat transfer model. The influence of the geometric 

parameters of the channel and the thermo physical properties 

of the fluid on the flow and the heat transfer are investigated 

using a temperature dependent thermo physical property 

method. The results indicate that the thermo physical 

properties of the liquid can significantly influence both the 

flow and heat transfer in the micro channel heat sink. 

A developed a full three dimensional numerical 

simulation for fluid flow and heat transfer in parallel micro-

channel heat sink and evaluated the optimal geometric 

conditions. The single phase forced convective heat transfer 

and flow characteristics of water in micro channel 

structures/plates with small rectangular channel hydraulic 

diameters of 0.133-0.367 mm and distinct geometric 

configurations were investigated experimentally by Peng and 

Peterson  the laminar heat transfer was found to be dependent 

upon the aspect ratio and the ratio of hydraulic diameter to 

the center-center  

 
Fig. 1: General Heat Sink Arrangement 
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Fig. 2: Standard Heat Sink with Fin Arrangement 

This has made thermal management a critical aspect 

of successful processor system designs and finding new 

cooling techniques has subsequently become much more 

valuable. Moreover, the failure rate of electronic systems 

increases exponentially with temperature. The operation of 

electronics produces the leakage power and degrades the 

reliability of integrated circuits. To avoid such problems, 

integrated circuit packages must be designed to remove any 

predicted excessive heat 

In order to reduce the temperature of chips and 

consequently avoid any potential failure, active and passive 

cooling techniques are used. In many applications, standard 

cooling methods are insufficient for the heat load produced 

during continuous operation over long periods due to some 

limitations such as limited thermal conductivity of air for 

convection and copper for conduction and small spaces 

decreasing the performance. 

Distance micro channel. The flow resistance of the 

liquid flow in the microstructures was also investigated 

experimentally and analytically, and correlations were 

proposed for the calculation of the flow resistance. 

Experimental investigation on liquid forced convection heat 

transfer through micro channels was studied by Peng and 

Wang the experiments were conducted to investigate the 

single phase forced flow convection of water methanol 

flowing through micro channels with rectangular cross 

section. The transition and laminar heat transfer behavior on 

microchannel are very unusual and complex and are strongly 

affected by liquid temperature, Velocity and micro channel 

size. Sinks offers substantial advantages in cost and 

reliability, but is often accompanied by relative low heat 

transfer rates. The heat sink comprises a plurality of extended 

straight fins that are used to enhance cooling of heat 

dissipating surfaces and a base plate that are used to 

conductively transport generated heat from a heat source to 

the fins. Each cooling channel is with adjacent straight plate 

fins. The plate fins are arranged parallel to the base normal 

line which is defined as the line along the base normal vector. 

Thus, by increasing the overall convective surface area 

exposed to a coolant, such as air and water, the rate of heat 

transfer is increased. However, because the width of the 

channels is the same, when cooling flow passes through these 

channels, the velocity profile is identical except at the flow 

inlet regions. This indicates that the thickness of the flow 

boundary remains a constant both along the channel and 

across the channels. More even, the heat transfer coefficient 

is also a constant. The propensity of the heat sinks to create 

thermal turbulence is critical, because turbulent airflow 

increases the efficiency of the heat sinks and effectively 

increases the heat dissipated around an electronic component. 

Heat sink is one of the main component of 

electronics device. In selecting an appropriate heat sink that 

meets the required thermal criteria, one needs to examine 

various parameters that affect not only the heat-sink 

performance itself, but also the overall performance of the 

system. The choice of a particular type of heat sink depends 

largely on the thermal budget allowed for the heat sink and 

external conditions surrounding the heat sink. It is to be 

empha sized that there can never be a single value of thermal 

resistance assigned to a given heat-sink, since the thermal 

resistance varies with external cooling conditions. 

 
Fig 3.Heat Sink with Chips 

 
Fig. 4: Parallel Heat Sink Arrangement 

 
Fig. 5: Temperature Distribution through the Heat Sink 
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Fig. 6: Experimental Setup 

 
Fig. 7: General Heat Sink Arrangements 

 
Fig. 8: Heat Sink with Plate Arrangement 

The performance criterion of heat sinks is the 

thermal resistance, which is expressed as the temperature 

difference between the electronic components and ambient 

per watts of heat load. It is expressed with units K/W. Today’s 

electronic chips dissipate approximately 70 W maximum 

whereas this number will be multiples in the near future. The 

temperature differences from the heat sink surface to the 

ambient range from 10 ºC to 35 ºC according to the heat 

removal capability of the installed heat sink .During the 

design period of a heat sink the system constraints are to be 

determined first. System constraints are parameters that are 

out of control of the designer.  

Heat sinks may be categorized into five main groups 

according to the cooling mechanism employed: The most 

important system constraint is the rate of heat to be removed. 

It is generally assumed to be a fixed value, which is in fact 

the maximum heat dissipation rate of the electronic 

component even if the heat dissipation has a transient manner. 

The dissipated heat is due to the inefficiency of the electronic 

component and it is the difference between the input and 

output. 

 
Fig. 9: Heat Sink with Fan 

 
Fig. 10: Heat Sink in CPU 

The maximum operating temperature: It is generally 

determined by the material properties of the electronic 

component. Most components which are not specifically 

designed for military applications have a maximum operating 

temperature which is less than 100 ºC. Allowable thermal 

resistance is calculated. By using the dissipated power and the 

temperature difference between the maximum operating 

temperature and the ambient temperature. A computer uses a 

CPU with 40 W heat dissipation rate and 80 ºC of maximum 

operating temperature in an ambient of 30 ºC, needs a heat 

sink with thermal resistance of 1.25 K/W or lower. This 

number should include the thermal resistance of the thermal 

interface material used to bond the heat source and heat sink 

and also chip’s own internal thermal resistance from its 

junction to the chassis. Since the air blown on the heat sink 

by the fan is at the temperature of the ambient, the thermal 

resistance is calculated by using the ambient temperature. For 

closed domains such as a computer chassis, the air inside the 

chassis will be hotter than the outside air, so average 

temperature of inside air instead of ambient air temperature 

must be used for thermal resistance calculations 

 
Fig. 11: Unit Cell Assembly 
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II. SIMULATION 

The dissipated heat from an electronic device is transferred to 

a heat sink through case and gap material. Subsequently this 

heat is transferred from the heat sink to ambient air. It is 

ultimate aim to design heat sink geometry so that estimated 

junction temperature of heat sink should be no greater than 

prescribed junction temperature. The successful design of the 

copper heat sink requires fundamental understanding of the 

transport methods during cooling process. Detailed 

measurements and predictions of the local temperature and 

heat fluxes are critically important for development of the 

compact, efficient, and reliable systems for thermal 

management.  

In this paper, we employ the numerical simulations 

to gain insight into combined convection-conduction heat 

transfer in different rectangular and circular unit cell of the 

electronic heat sink. To this end, a system of three-

dimensional Navier-Stokes equations for conservation of 

mass, momentum and energy base zigzag ply on the 

continuum flow assumption is used as a mathematical model 

of the process 

III. RESULTS & DISCUSSION 

Discussed earlier from the previous papers the copper base 

plate is of high heat spreading capabilities when compared to 

the aluminum but here zigzag ply heat sink arrangement gives 

better performance when compared to standard ply heat sink. 

 
Fig. 12: Mesh Diagram 

Material type 

Thermal 

expansion 

coefficient 

[ppm] 

Thermal 

conductivity 

[W/mK] 

Heat 

flow 

kg/m3] 

Aluminium 23 204 2710 

Copper 17 390 8960 

Copper- 

Molybdenum 

 

7.2 

 

195 

 

- 

Copper- 

Graphite 

 

2 

 

350 

 

- 

AlSiC 6.5-8.0 180-210 3000 

Table 1: Various Material Used in Heat Sink 

parameter Dimension in mm 

Size of the fin 23 

Length of the plate 100 

Width of the plate 31 

Thermal conductivity of 

copper 
401 

Temperature 800 c 

Initial temp 220c 

Ambient temp 220c 

Table 2: Dimensions used to Determine Performance of 

Heat Sink 

 
Fig. 13: Zigzag Arrangement 

 
Fig. 14: Zigazg Arrangement in Inclined View 

The model has been used to study the thermal design 

and evaluation technique for different unit cells. The 

temperature, pressure and velocity have been analyzed and 

compared together with heat and mass flux aiming to identify 

the thermal performance established in three different 

possible unit cell of Cu-base heat sink. Computations were 

carried out using similar operating parameters. In addition, 

two different inlet conditions for constant inlet velocity (=2 

m/s) and constant characteristic pressure drop (=25 Pa) have 

been compared for each case.  

Also flow behavior for turbulent and laminar 

condition has been studied. Further, to find out the best 

position of the fan for each case, the comparison of different 

inlet direction has been considered. Six different 

computations have been carried out for each case. To keep 

this report as short as possible, those results are not re-

produced and only the basic features, needs for optimization 

issues, will be discussed here. 

Up to now, a methodology to evaluate the 

performance of a determined heat exchanger has been 

developed. Here, an analytical study will be explained in 

order to understand the initial steps of thermal and sizing 

design. 

Analytical methods are only approximate in order to 

get an idea of the heat exchanger size. The overall heat 

transfer coefficient is calculated assuming that is constant 

along all the heat exchanger and can be predicted with 

convection correlations. Nevertheless, there are many factors 

that affect this value, for instance, the influence of bubbles, 
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corrosion, etc. Manufacturers provide manuals that contain 

information more precise regarding the heat exchangers they 

trade. Then, it is expected that the theoretical values differ 

from the experimental  

This experiment is designed to acquire experience 

on heat exchangers (being the most usually found in industrial 

applications: Tubular, Plate and Shell & Tube heat 

exchangers) and to understand the factors and parameters 

affecting the heat transfer rates. 

The process of heat exchange between two fluids 

that are at different temperatures and separated by a solid wall 

occurs in many engineering applications. The device used to 

implement this exchange is called a heat exchanger, and 

specific applications may be found in space heating and air-

conditioning, power production, waste heat recovery and 

chemical processing. Heat exchangers are typically classified 

according to flow arrangement and type of construction. In 

the first classification, flow can be countercurrent or 

concurrent (also called parallel). On the other hand, according 

to their configuration, heat exchangers can be labeled as 

tubular, plate and shell & tube heat exchangers 

To design or predict the performance of a heat 

exchanger, it is essential to determine the heat lost to the 

surrounding for the analyzed configuration. We can define a 

parameter to quantify the percentage of losses or gains. Such 

parameter may readily be obtained by applying overall 

energy balances for hot and cold fluids. If Qe is the heat power 

emitted from hot fluid, meanwhile Qa the heat power 

absorbed by cold fluid (neglecting potential and kinetic 

energy changes); 

 
Fig. 15: Plate at Max Temperature 800c 

 
Fig. 16: Total  Heat Flux on the Plate 

The dissipated heat from an electronic device is transferred to 

a heat sink through case and gap material. Subsequently this 

heat is transferred from the heat sink to ambient air. It is 

ultimate aim to design heat sink geometry so that estimated 

junction temperature of heat sink should be no greater than 

prescribed junction temperature.  

The successful design of the copper heat sink 

requires fundamental understanding of the transport methods 

during cooling process. Detailed measurements and 

predictions of the local temperature and heat fluxes are 

critically important for development of the compact, efficient, 

and reliable systems for thermal management. In this paper, 

we employ the numerical simulations to gain insight into 

combined convection-conduction heat transfer in different 

rectangular and circular unit cell of the electronic heat sink. 

To this end, a system of three-dimensional Navier-Stokes 

equations for conservation of mass, momentum and energy 

base zigzag ply on the continuum flow assumption is used as 

a mathematical model of the process. The following Equation 

are used for  

Calculatios for Temperature Difference. 

1) Navier – Stokes Equation 

t

u



 )(
- ((u + (u) T)) + ρ (u) u+p= F  

2) Continuity equation 

( ρu ) =0  

3) Energy balance equation 

ρCp
t

T




+ (-kT+ ρCpTu)= Q 

 
Fig. 17: Total Heat Flux at Maximum Temperature 

 
Fig. 18: Varying Temperature with Zigzag Plate 
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Fig. 19: Zigzag Arrangement with Minimum Heat 

 
Fig. 20: Max Temperature at Corner 

In this paper, the zigzag ply cooling performances of 

a heat sink with triangular, pin fin heat sinks were 

investigated using ANSYS Fluent and the results will be 

compared. The heat sink temperature difference results will 

have been compared with an experimental result to find out 

best heat sink designs, and it shows the good correlation. The 

fin profiles the base zigzag ply plate thickness were 

investigated for enhancing the heat dissipation rate from 

CPU, and some thermal improvements as well as space 

reduction and material savings were attained. Improvements 

on heat sink designs are possible by the use of CFD. 

Eventually it is possible to finish up with a new heat sink 

design which has better thermal performance and uses less 

material. 

The Fig 19 .Graph described with temperature    

difference across the heat sink. The main aim of the 

arrangement is to reduce the heat in heat sink. 

 
Fig. 21: 

 
Fig. 22: Analysis Graph for Convection Coefficient 

Temperature 

IV. CONCLUSION & FUTURE SCOPE 

The analysis is done in ANSYS version with, solid works 

modelling the component and the following conclusions were 

made from the ANSYS simulation it is observed that the 

standard heat sinks gives the result. But zigzag ply heat sink 

given more heat transfer beyond this standard heat sink 

performed well. But from this investigation the zigzag 

structures are giving better performance than standard heat 

sinks.  

V. FUTURE SCOPE  

The work can be carried with various profiles also with 

different material compositions. Fatherly it can be applicable 

for desired industries application as electronic component 

manufacturing companies. 
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