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Abstract-.- Heat   pipes  are  device  which  become  very  popular due  to  their  high  effective  thermal  conductance. 

Due  to  their  significant  advantages  like  compactness , light weight  and  passiveness , it finds  large  number  of  

application  to  dissipate  heat. Some  of  the  applications  are  cooling  electronic  components , waste  heat  recovery  

etc.   

In  this  paper  an  attempt  is  made  to  design , fabricate   a  Heat pipe  made  up  of  copper with  length  30 cm ,  

internal  diameter  5 mm  and  outer  diameter  7 mm . Experiments  were  conducted  with  different  working  fluid   

to  assess  the  performance  of  Heat  pipe. The  working  fluid  chosen  for  this  study  are  Methanol , Ethanol  and  

Acetone . The  temperature  distribution  across  the  Heat pipe are measured  and  recorded   by  using  thermocouple 

. The  performance  of  the  Heat pipe generally  depend  on  fluid  used  in  it . So  as  to  get  best  working  fluid  in  

Heat  pipe , we  have  to  calculate  some  parameter  that  affects  working  fluid  such as  Merit number , Degree of  

superheat , Heat flux based  on  sonic  limit  and  Heat  flux  based  on Entrainment  limit.  After  calculating  

temperature  at evaporator  and  condenser section with  the  help  of  thermocouple, we  are  able  to  find  operational 

limit  of  working  fluids . After  calculating  merit number , degree of  superheat , heat  flux based  on  sonic  limit  and  

heat  flux  based  on entrainment limit, we  concluded  that  most  of  the  operational  limits  for  Methanol is  greater 

than  Ethanol  and  Acetone. Therefore  selection  of  best  working  fluid  is  Methanol  in  comparison  to  Ethanol  

and  Acetone . The  data  reported  in  this  study  will  serve  as  a  good  database  for  researchers  in this  field. 
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I. INTRODUCTION 

  On-going development and demands for processing power 

in the electronic industry requires enhanced processor 

performance to facilitate faster operations. The requirement 

of cooling techniques to dissipate the associated heat is of 

utmost importance. It is highly essential to explore high-

performance cooling devices, especially for CPU cooling. 

There are many devices where large amount of heat is 

produced in small area due to which life of the device 

decreases. Whenever where large amount of heat 

transferred through a small area Thus, heat pipes are 

regarded as a promising way for cooling different type of 

equipments. There is main problem in space applications to 

transport the heat from the inside to the outside, because the 

heat conduction in a vacuum is very limited. Hence there is 

a requirement to develop a fast and effective way to 

transport heat, without having the effect of gravity force. 

The purpose of creating a device which transports heat 

energy from one spot to another by means of convection, 

because convective heat transfer is much faster than 

conductive heat transfer. Heat pipes are used in various 

applications, where one has limited space and the necessity 

of a high heat flux. Especially for micro applications there 

are micro heat pipes developed as for cooling the kernel of 

a cell phone down. Due to restricted space in personal 

computers and the growing computational power it was 

necessary to find a new way to cool the processors down. 

By using heat pipe it is possible to connect the processor 

cooling unit to a bigger cooling unit fixed at the outside to 

cart of the energy. The importance of applying a heat pipe 

is that large quantities of heat can be conveyed through a 

small cross-sectional area over a long distance with no 

extra power input to the system. Also, simple design and 

manufacturing, less end-to-end temperature drops, wide 

temperature application range and the capacity to control 

and transfer high heat rates at various temperature levels 

are unique features of heat pipes. They are often regarded 

as the "superconductors" of heat as they possess an extra 

ordinary heat transfer capacity & rate with almost no heat 

loss. The purpose of heat pipes was first suggested by 

R.S.Gaugler in 1942. It is made up of a sealed aluminium 

or copper container whose inner surfaces have a capillary 

wicking material. A heat pipe is identical to a thermo 
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siphon. It differs from a thermo siphon by virtue of its 

ability to transport heat against gravity by an evaporation-

condensation cycle with the help of porous capillaries that 

form the wick. The wick provides the capillary action to 

return the condensate to the evaporator. 

II. APPLICATIONS 

• Cooling of electronics components 

• Medical 

• Energy conservation 

• Snow Melting and icing 

(a) Cooling of electronics components: 

The largest application of Heat pipe is to cool the 

electronics component such as transistor or other 

semiconductor devices. There are two ways of cooling 

electronics component by using Heat pipe .Firstly, place the 

electronics component directly on Heat pipe. And secondly 

place the component on the plate into which Heat pipe is 

inserted. 

(b) Medical: 

Heat pipe find a major application in   medical devices due 

to their saving space, low maintenance cost, low weight and 

temperature stabilization .Their effect on environment is 

less as compared to other cooling system. 

(c) Energy conservation: 

Energy conservation is increasing day by day due to 

increasing fuel price rises and reserve diminish .Heat pipe 

find a major application in energy conservation. There are 

large numbers of heat conservation devices .But due to 

some special features Heat pipe find a major role in 

industrial application 

 No moving parts and power requirement 

 Easy to clean, reliability 

 Cross contamination is eliminated due to solid wall 

between hot and cold stream. 

The application of Heat pipe heat exchanger fall into 

different categories: 

 Recovery of waste heat for preheating combustion 

air. 

 Recovery of waste heat for preheating air for space 

heating. 

(d) Snow Melting and icing: 

Generally this type of application is used in japan where 

ground heat is absorbed by Heat pipe to melt snow. 

III. WORKING PRINCIPLE OF HEAT PIPE  

A heat pipe is a hermetically sealed tube normally 

containing a mesh or sintered powder wick and a working 

fluid in both the liquid and vapour phase .When one end of 

the tube is heated the liquid turns to vapour absorbing the 

latent heat of vaporization. The hot vapour flows to the 

colder end of the tube where it condenses and gives out the 

latent heat. The liquid after condensation flows back 

through the wick to the hot end of the tube.  Since the latent 

heat of evaporation is usually very large, hence  

considerable quantities of heat can be transported with a 

very small temperature difference from one end to the 

other.  The vapour pressure drop between the evaporating 

and the condensing section is very small; and, therefore, the 

boiling, condensing cycle is essentially an isothermal 

process. Furthermore, the temperature losses between the 

heat source and the vapour and between the vapour and the 

heat sink can be made small by proper design. Therefore, 

important feature of the heat pipe is that it can be designed 

to transport heat between the heat source and the heat sink 

with very small temperature losses. The performance of a 

heat pipe is usually expressed in terms of equivalent 

thermal conductivity.  

 
 

                Figure 1:Flow diagram of Heat pipe 

 

 
 

               Figure 2: Working principle  of Heat pipe 

IV.I  ACTUAL SYSTEM SETUP 

The working mechanism of Heat pipe system is shown. 

Heat is supplied by heater where fan forced atmospheric air 

to heater air get heat .Heated air supplied heat to 

evaporating section of heat pipe, working fluid present in 

heat pipe absorbed heat and converted into vapour. Vapour 

reaches to condensing section where vapour rejected heat to 

surrounding. After condensing vapour reaches to 

evaporating section .This cycle completes again and again. 
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Fig 3.1: Front  view of Heat pipe System 

 

Fig 3.2 Side view of Heat Pipe System 

 
          Figure 4: Schematic diagram of Heat pipe system 

IV.II DESIGN OF HEAT PIPE SYSTEM 

From the literature review and theoretical studies, it is 

conclude that many operational and physical factors contribute 

to the Heat pipe performance. Since the targeted outcome of 

their research is to build eco-friendly system and minimize the 

cost. Which are the priorities of the design. 

The main component of this system is below: 

 Heat pipe 

 Heating  system 

 Fan 

 Thermocouple 

 Graduated cylinder 

IV.III EXPERIMENTAL PROCEDURES 

The experimental set up and all leakage closed properly. 

7ml of methanol is poured into Heat pipe then outlet valve 

closed properly. Heating system is switch on for 30 

minutes. Fan started to forced air to heating system then 

heated air reached to Heat pipe started supplying heat to 

Heat pipe. After 30 minute switched of the heating system. 

Initially at evaporating section and condensing section 

temperature is measured with the help of thermocouple. 

After reaching maximum temperature for every 5℃ 

decrease in temperature at evaporating section temperature 

at condensing  section is measured with the help of 

thermocouple.  In similar way experiment is repeat for both 

ethanol and acetone. 

V. OBSERVATION 
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            Graph 5: Merit number vs. temperature 
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           Graph 6: Degree of superheat vs. temperature 
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Graph 7: Heat flux based on sonic limit vs. temperature 
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Graph 8: Heat flux based on entrainment limit vs. 

temperature 

VI. RESULT AND DISCUSSION 

The aim of this analysis is to select the best working fluid  

among the fluid like Methanol, Ethanol and Acetone. By 

calculating  the Merit number, Degree of superheat, Heat 

transfer rate based on sonic limit and Heat transfer based on 

entrainment limit and merit number at different temperature 

.By comparing their value we get best working fluid for 

Heat pipe. 

Capillary Limit 

Evaluating the figure of Merit number over the vapour 

temperature range allowed the performance of the three 

working fluids to be compared. 

The results are shown in Fig.5, which reveals the advantage 

of methanol and to a lesser extent Ethanol, over acetone. 

The Boiling limit 

Boiling in the wick may result in the vapour blocking the 

supply of liquid to all parts of the Evaporator. It is therefore 

desirable to have a working fluid with a high degree of 

superheat .To reduce the chance of nucleation. The degree 

of superheat to cause nucleation is given by 

                           (1) 

In this calculation the value of δ which is the thickness of 

the thermal layer was assumed to be 0.025 mm. This is the 

thickness of one layer mesh. Degree of superheat evaluated 

at high temperature .The degree of superheat temperature 

versus operating temperature is plotted in Fig 6.  

For the three working fluids .The results are shown in Fig.6 

which reveals the advantage of Ethanol and to a lesser 

extent Acetone, over Methanol. 

Sonic limit 

The axial heat flux due to the sonic limitation was 

calculated from the following 

Equation .Sonic limit is evaluated at the lowest operating 

temperature. 

                          Qs=ρvL      (1) 

. The values of Qs versus temperature are plotted in Fig.7. 

From the  figure 7, we get axial heat flux based on sonic 

limit for Methanol greater than Ethanol and Acetone. 

Entrainment limit 

 The maximum heat flux due to the entrainment limit 

calculated from following equation. 

                          Qent=L    (1) 

Where z is the characteristic dimension of the liquid–

vapour interface for a fine mesh that may be taken as 0.036 

mm. Entrainment limit is evaluated at the highest operating 

temperature. 

The values of Qent versus temperature are plotted in Fig.8. 

From the figure 8, heat flux based on entrainment limit for 

Methanol greater than Ethanol and Acetone. 

VII. CONCLUSION 

In this analysis selection of working fluid for heat pipe 

system has been carried .Based on the experimental values, 

the present analysis tells  

Methanol is best working fluid for most of the limit as 

compared to Ethanol and Acetone. Especially the capillary 

limit that is measurement of performance of  Methanol is 

superior. 

VIII. FUTURE SCOPE 

This experiment can be further carried out to select best 

working fluid, by comparing other working fluids like 

ammonia, heptanes, Toluene etc. 

APPENDIX 

 

∆T      Degree of superheat (K) 

TV         Temperature of vapour (K) 

δ        Thermal layer thickness (m)    

Qs      Heat flux  based on sonic limit (kw/cm2) 
Tsat      Saturation temperature of fluid (K) 

M        Merit number of fluid 

L         Enthalpy of vaporisation or latent heat (kJ/kg) 

       Density of the vapour (kg/m3) 

        Density of the liquid (kg/m3) 

        Surface tension of liquid (N/m) 

ϒ        Ratio of specific heats 

R         Universal gas constant (J/kg mole) 

        Viscosity of the liquid (kg/ms) 

Qent       Heat flux  based on entrainment limit (kw/cm2) 
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