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Abstract
Thermal simulations play an important role in the
The applications of the principles of heat transfer to design of many engineering applications, including internal
the design of equipment to accomplish a certain engineering
objective is of extreme importance, for in applying the
Combustion engines, turbines, heat exchangers,
principles to design, the individual is working towards the
piping systems, and electronic components. In many cases,
important goal of product development for economic gain.
engineers follow a thermal analysis with a stress analysis to
Eventually, economics plays a key role in the design and
calculate thermal stresses (that is, stresses caused by thermal
selection of heat-exchange equipment, and the engineer
expansions or contractions)
should bear this in mind when embarking on any new heatpipe design problem. The weight and size, and computational
Key words—Heat pipe, Heat sink, CPU, Ansys
analysis of heat-pipe used in space or aeronautical
applications are very important parameters, and in this case
I.
INTRODUCTION
many considerations are frequently subordinated insofar as
Prior to the advent of the microprocessor, a computer
material and heat-pipe constructions are concerned. Heat
generated by electronic devices and circuitry must be was usually built in a card-cage case or mainframe with
dissipated to improve reliability and prevent premature components connected by a backplane consisting of a set of
failure. Techniques for heat dissipation can include heat sinks slots themselves connected with wires; in very old designs the
and fans for air cooling, and other forms of computer cooling. wires were discrete connections between card connector pins,
The thermal resistance of materials is of great interest to but printed-circuit boards soon became the standard practice.
electronic engineers, because most electrical components The central processing unit, memory and peripherals were
generate heat and need to be cooled. Some electronic housed on individual printed circuit boards which plugged
components malfunction when they overheat, while others are into the backplane.
During the late 1980s and 1990s, it became
permanently damaged. The project aims at thermal analysis of
a heat-pipe and heat sink of Computer Processing Unit (CPU) economical to move an increasing number of peripheral
which is particularly useful in energy-conservation equipment functions onto the motherboard (see above). In the late 1980s,
where it is desired to recover heat from hot gases for air- motherboards began to include single ICs (called Super I/O
preheated or supplemental heating applications. In some chips) capable of supporting a set of low-speed peripherals:
cases the heat-pipe can take the place of more costly keyboard, mouse, floppy disk drive, serial ports, and parallel
combinations of pumps, piping and dual heat-exchange ports. As of the late 1990s, many personal computer
configurations, further in this regard, design and theory is motherboards support a full range of audio, video, storage,
and networking functions without the need for any expansion
vital.
Design of different heat pipes, heat sinks and heat cards at all; higher-end systems for 3D gaming and computer
transmitting systems are important based on the geometry and graphics typically retain only the graphics card as a separate
profile. It has to be designed optionally. In this CATIA component.
The early pioneers of motherboard manufacturing
software is used for designing various heat-pipes and heat
were Micronics, Myles, AMI, DTK, Hauppauge, Orchid
sink systems which are used in heavy machinery.
Secondly, thermal analysis is made by using ANSYS Technology, Elite group, DFI, and a number of Taiwan-based
8.1 software which calculates the temperature distribution manufacturers.
Popular personal computers such as the Apple II and
and related thermal quantities in a system or component.
IBM PC had published schematic diagrams and other
Typical thermal quantities of interest are:
documentation which permitted rapid reverse-engineering and
 The temperature distributions
third-party replacement motherboards. Usually intended for
 The amount of heat lost or gained
building new computers compatible with the exemplars, many
 Thermal gradients
motherboards offered additional performance or other features
 Thermal fluxes.
and were used to upgrade the manufacturer's original
equipment.
2
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2.HEAT PIPE

3.HEAT SINK
A heat sink (or heatsink) is an environment or object
that absorbs and dissipates heat from another object using
thermal contact (either direct or radiant). Heat sinks are used
in a wide range of applications wherever efficient heat
dissipation is required; major examples include refrigeration,
heat engines and cooling electronic devices.
Heat sinks function by efficiently transferring
thermal energy ("heat") from an object at high temperature to
a second object at a lower temperature with a much greater
heat capacity. This rapid transfer of thermal energy quickly
brings the first object into thermal equilibrium with the
second, lowering the temperature of the first object, fulfilling
the heat sink's role as a cooling device. Efficient function of a
heat sink relies on rapid transfer of thermal energy from the
first object to the heat sink, and the heat sink to the second
object

Fig.No.1
Heat Pipe Operation.

The performance of heat pipe is affected by gravity.
Optimum performance is achieved when the pipe is vertical
with the condenser section directly above the evaporator. In
this position gravity aids the pumping action in the wick.
However, heat pipes can operate in any position and are bidirectional. If a heat pipe doesn’t take advantage of the
gravitational forces, a high power rating is required.
Data considered for the analysis of heat Pipe:
1.
2.
3.
4.
5.
6.
7.
8.
9.

The fins are made up of Copper.
Thermal conductivity of the copper is 393W/mK
Specific Heat of copper is 385.2J/KgK.
Density of the copper is 8900Kg/m3.
The fim Co-efficient is 50W/m2K
Heat pipe is assumed to be a thermal mass solid of
Brick 8Node 70
Heat lost from the base is 5.44W
Heat flux is -753.045W/m2
The base of the heat pipe is circular and base
dimensios are Ф 75x150mm long

Radial Heat Sink with Thermal Profile and Swirling Forced
Convection Flow Trajectories
The most common design of a heat sink is a metal
device with many fins. The high thermal conductivity of the
metal combined with its large surface area result in the rapid
transfer of thermal energy to the surrounding, cooler, air. This
cools the heat sink and whatever it is in direct thermal contact
with. Use of fluids (for example coolants in refrigeration) and
thermal interface material (in cooling electronic devices)
ensures good transfer of thermal energy to the heat sink.
Similarly a fan may improve the transfer of thermal energy
from the heat sink to the air.
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Data considered for the analysis of heat sink:
1.
2.
3.
4.
5.
6.
7.
8.
9.

5.EXPERIMENTATION

The fins are made up of Aluminium.
Thermal conductivity of the aluminium is 190W/mK
Specific Heat of Aluminium is 963J/KgK.
Density of the Aluminium is 2770Kg/m3.
The fim Co-efficient is 50W/m2K
Heat sink is assumed to be a thermal mass solid of
Brick 8Node 70
Heat lost from the base is 5.44W
Heat flux is -753.045W/m2
The base of the heat sink is rectangular in section
and base dimensios are 60x79.85x35.32mm.

4.EXPERIMENTAL APPARATUS:

Heat pipe manufactured with copper plates

Experimental apparatus for heat pipe testing is shown
schematically in figure 4.5 and consists of a computer;
scanning thermocouple thermometer stainless steel wires of
0.1 mm diameter were wound around the evaporator section
to supply heat to the heat pipe. Between the heater and the
heat pipe surface was a layer of 0.05mm canton electric
insulation. Both the evaporator and adiabatic section were
thermally insulated with asbestos paper. The heat loss from
the insulation surface to the ambient was determined by
evaluating the temperature difference and the transfer
coefficient of natural convection between the insulated outer
surface and ambient. With in the test range the heat loss is
negligible i.e. about 0.3w. The condenser section of the heat
pipe was placed in a water cooling jacket. The thermocouples
were installed along the heat pipe length to measure the
surface temperature distribution. The results of the
experiment as clearly mentioned in the graphs.

Heat pipe assembled to a processor

Schematic test apparatus
Thermocouples attached to a heat pipe
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6.TABLATION
Experiment is conducted on the Central Processing Unit
(CPU) by replacing heat sink with heat pipe at various
temperatures of the CPU.

Processor Max Temp :620C
Table: 1Temperature at various sections of heat pipe
Different
Sections of
Heat pipe

S.
No

Thermocouples attached to a heat pipe during experiment

1

Evaporator
Section
Adiabatic
Section
Condenser
Section

2
3

T(0C)

550C
63.50C
39.50C

7. RESULTS AND DISCUSSION

Table:2 Heat transfer rate at various sections

S.
No

1

Differe
ntSecti
ons of
Heat
pipe

leng
th
(mm
)

Evapora
tor

035

2
3

Temperature measurement during experimentation

Adiabat
ic

3570

Conden
ser

70105

Differen
ce in
temp
(oC)

Resistan
eof
H.P
(oC/W)

Q
(w)

7

1.762

3.9

8.5

1.762

4.824

24

1.762

11.918
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Heat sink used in CPU is designed for the analysis
The above figure shows the design of a heat sink which
used for the analysis

Heat sink is meshed for the analysis
The above figure shows the meshing of a heat sink with
mesh size as 4, which used for the analysis.

Thermal Flux of the heat sink at 62 0C
The above figure shows thermal flux along the heat sink
with min stress value of 327.606 and maximum value of
54294 at 620C

Thermal Gradient of the heat sink at 62 0C
The above figure shows thermal gradient along the heat
sink with min stress value of 1.724 and maximum value
of 285.759 at 62

Temperature distribution of the heat sink at 62 0C
The above figure shows temperature distribution along
the heat sink with max stress value of 178.764 at 620C.

Temperature distribution of the heat sink at 64 0C
The above figure shows temperature distribution along
the heat sink with minimum value of 327.606 and max
stress value of 54294 at 640C
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3. Pipe (copper)
4. Lid.

Heat sink used in CPU is designed for the analysis
0

Thermal Flux of the heat sink at 64 C
The above figure shows thermal flux along the heat sink
with
min value of 1.724 and max stress value of
285.759 at 640C.

Heat pipe is meshed for the analysis
The above figure shows the meshing of a heat pipe with
mesh size as 4, which used for the analysis.

Thermal Gradient of the heat sink at 64 0C
The above figure shows thermal gradient along the heat
sink with min stress value of -80.764 and maximum
value of 4260 at 640C.

4
3
2

Temperature distribution of the heat pipe at 62 0
The above figure shows temperature distribution along
the heat pipe with max stress value of 5995 at 620C.

1

Heat Pipe used for the Experiment
1. Base plate
2. Square fin
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8.CONCLUSION

Thermal Flux of the heat pipe at 62 0C
The above figure shows thermal flux along the heat
pipe with maximum value of 325.148 at 620C

Temperature distribution of the heat pipe at 64 0C
The above figure shows temperature distribution along
the heat pipe with max stress value of 327.152 at 640C.

Thermal Flux of the heat pipe at 64 0C
The above figure shows thermal flux along the heat
pipe with maximum value of 743.401 at 640C

Thermal Gradient of the heat pipe at 64 0C
The above figure shows thermal gradient along the heat
pipe with maximum value of 7540 at 640C

The fabrication of heat pipe has been carried out and
experiments were done comparing with heat pipe and heat
sink of the computer processing unit(CPU). The temperature
with out using heat pipe is reduced from 64 oC to 46oC and by
introducing heat it is reduced further to 36oC. The obtained
values are tabulated in the tables. As a result, overall heat
transfer rate was calculated. Experimental calculations are
also done and results are represented in graphs. As a result of
the tests, maximum heat transfer rate and reliability of the heat
pipe developed were obtained and it was indicated that the
heat pipe can be applied to electronic equipment cooling.
When used properly, heat pipes can do wonders.
However, they are certainly not the ultimate solution to all
cooling related problems. Due to the number of factors to
consider when applying heat pipes, our advice is: Use readymade heat pipe-based coolers only if you are absolutely sure
that they are suitable for your particular cooling problem. Do
not try to build your own heat pipe-based cooling system,
unless you really know what you are doing.
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