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Abstract: Heat pipe is an extremely good heat conducting component made from a combination of couple 

of materials in a specific manner which gives it a head start to conduct the heat from a heat source to heat 

sink with negligible amount of heat loss in between instantaneously. The study aimed to develop the 

knowledge of understanding heat pipes by collecting and designing the data available in all types of forms 

throughout the material spectrum and displaying in such a manner of order from basics to advanced 

information regarding heat pipe and contribute new insights into the proficiency of considerations while 

designing and fabrication of heat pipe and look into how change in diameter of heat pipe effects the 

performance. This paper presents a review of work done by various resaerchers in heat pipe in terms of their 

design and analysis. 
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Introduction: The history of heat pipe begins as original heat pipe operating principle developed by Richard 

S. Gauzgler of the General Motors Corporation in 1942. Modern heat pipe technology was originated from 

the Los Alamos Scientific Laboratory by George Grover in 1963. Later NASA picked up the principles and 

fundamentals of heat pipe and further developed the technology to the point it can even cool satellites 

electronics in zero gravity orbits. 

The answer to the question what makes an heat pipe such an effective thermal conductor lies on what is 

inside the heat pipe as from the outside it just looks like a cylindrical or not necessarily a cylinder as is comes 

in different shapes which will be conversed further. Theoretically heat pipe is bisected into three regions 

namely evaporation state, adiabatic phase & condensation state. Heat pipe is a hollow tube sealed on both 

ends and around the inner diameter there is a material called wick in the form of fibrous material, sintered 

material or in the form of groves and its function is to hold the working fluid present in the tube and make it 

travel end to end while it is in liquid form. 

Working principal: A heat pipe is a heat-transfer device that combines the principles of both thermal 

conductivity and phase transition to effectively transfer heat between two solid interfaces. The process of 

liquid to vapour and vice versa circulates between evaporation to condensation with the help of capillary 

action and that is the reason why heat pipes are irrelevant of inclination. Heat pipe thermal cycle is as 

follows: 

1) Working fluid evaporates to vapour absorbing thermal energy.  

2) Vapour migrates along cavity to lower temperature end. 

3) Vapour condenses back to fluid and is absorbed by the wick, releasing thermal energy. 

4) Working fluid flows back to the higher temperature end.  
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Advantages and limitations: 

A major advantage of heat pipes is that they remain more cost-effective than vapor chamber cooling, thus 

making them more popular in numerous applications, including the conventional design of hardware 

components found in most desktop computers. 

Heat pipes are also not ideal for situations that use high power and thus, have high cooling demand. The 

system would need multiple pipes to solve the thermal challenge, thus resulting in more costs and restricted 

design options. Vapour chambers are more suitable for high-power situations because they are more efficient. 

Literature survey The work done by various resaerchers is shown below. 

Sharmishtha Singh Hada et al. [1] stated that in electrical and electronic industry due to miniaturization of 

electronic components heat density increases which, in turns increases the heat flux inside it. They concluded 

that High Power input and low temperature at the source causes start up problem in operation while constant 

transport power and low temperature causes vapor velocity reach to sonic velocity. Orientation of heat pipe 

also affect the performance of pipe, so in horizontal plane highly efficient wick should be used and for pipe 

in vertical plane thermo syphon type heat pipe mostly used because gravitational force is responsible for 

returning action without the use of wick structure. 

Stéphane Lips [2] reviewed and found that the development of predictive tools for the design of heat pipes 

remains challenging, even for conventional technologies. As a result, heat pipes are still the object of more 

than 250 scientific articles a year. Their review aims to identify and understand the current scientific 

approaches followed by scientists in heat pipe science. The different types of heat pipe are reviewed in order 

to identify the main phenomena involved in these systems. They concluded and gave a brief review of recent 

studies focused on heat pipes enables to highlight the main approaches used by the research teams to increase 

the understanding of the various types of systems. Both experimental and theoretical works were proposed 

and the scale of interest of the studies varies from the system size itself to the scale of the very thin liquid 

film present in the evaporation and condensation zones. 

Kapil Dev et al. [3] have reviewed on heat pipes and found that it is a passive device with a very high thermal 

conductance. It is a closed evacuated tube or chamber of different shapes, the inner surfaces of which are 

lined with a porous capillary wick. They concluded that the heat pipe is a useful device that can be used in 

both heating and cooling applications. In this work, two- dimensional finite-element models are developed 

for the simulation of heat pipe in four different cases by using Ansys software.  

Patrik Nemec et al. [4] have experimented and told that heat pipe is a device working on two phase change 

of working fluid inside. This phase change of working fluid lead to increasing heat transport efficiency of 

heat pipe. They concluded that from experimental measuring thermal performance of heat pipes are create 

graphic dependences average values of thermal performance from working position of heat pipe. Ideal 

working position of heat pipe is vertical position. 

Rakesh K. Bumataria et al. [5] works on the technological development that leads to need of more compact 

thermal management system especially in electronic cooling systems. Heat pipe with the use of mono and 
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hybrid Nano fluids are recent trends to satisfy the need of enhanced heat transfer and miniaturization in size. 

They gave an overview of thermal performance of heat pipe using mono and hybrid Nano fluids as working 

medium. Open literature shows great potential of mono and hybrid Nano fluids for the enhancement of heat 

transfer in heat pipe.  

Juraj Kabat et al.[6] have investigated the heat performance of a Multi-Layered Oscillating Heat Pipes Heat 

Exchanger (ML-OHPHE) for the application of heat recovery in heating, ventilation and air conditioning 

systems (HVAC systems). They concluded that the possibility of using diethyl ether filled ML-OHP heat 

exchanger serving as a passive air-to-air heat recovery heat exchanger. The experiment results prove that 

onset of stable oscillations of the working fluid heavily increases the heat transfer performance compared to 

the empty heat exchanger. 

Luca Pietrasanta et al. [7] have reviewed on the constant demand for innovation in heat transfer solutions for 

compact and more powerful electronics is driving the research towards new technologies able to dissipate 

more power in reduced dimensions. They concluded that the oscillating/pulsating thermally induced flow 

motion characteristic of Pulsating Heat Pipes is difficult to characterize due to its extremely complex 

dynamics linked to the evaporation and condensation of the working fluid. 

H. R. Goshayeshi et al. [8] have experimented on the use of Fe2O3 nanoparticles added to kerosene as a 

working fluid, under magnetic field for Copper Oscillating Heat pipe with inclination angle of 0°(horizontal), 

15°, 30°,45°, 60°,75° and 90° (vertical). They concluded that the thermal efficiency for a copper oscillating 

pipe under different angle with Fe2O3/Kerosene Nano fluids under different experimental conditions, the 

optimal thermal efficiency occurred at 75 degree inclination for copper oscillating heat pipe.  

Sagar M. Shinde et al. [9] have done experimental investigation on the consumption of hot air which 

represents a significant part of the nation's energy consumption. One way of reducing the energy consumption 

involved, and hence the cost of that energy, is to reclaim heat from the waste warm air that is discharged to 

the sewer each day. They have done the experimental investigation on two phase closed thermo syphon heat 

pipe heat exchanger charged with BN/H20 Nano fluid. The effect of source temperature and mass flow rate 

of hot and cold air streams on effectiveness of Nano fluid charged heat pipe heat exchanger was 

experimentally investigated. 

M. A. Boda et al.[10] provides a wide-ranging review of the state of the applications, performance and 

materials of current heat pipe heat transferring devices. Heat pipes are becoming increasingly popular as 

passive heat transfer technologies due to their high efficiency. According to them the most importance of the 

current study is to know how the thermal performance decreases or increases due change in the temperature 

difference between the evaporator and the condenser. How much effectively works the different working 

fluids in heat pipe works and the different application of heat pipe as a heat transfer device.  

C.K. Loh et al.[11] have reviewed on the pressure drop across heat sink and found that it is one of the key 

variables that govern the thermal performance of the heat sink in forced convection environment. There are 

several analytical methods to estimate the heat sink pressure drop, however correctly selecting one that can 
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represent the reality over a range of airflow found in typical electronics cooling application is difficult. In 

this paper, they proposed a modified analytical method to estimate the channel velocity and used it to 

calculate the total heat sink pressure drop through different theoretical pressure drop equations. The 

theoretical results produced from the theoretical equations were compared against results gathered from 

experimental study and numerical method.  

H.Jouhara et al. [12] reviewed on heat pipes and told that these are becoming increasingly popular as passive 

heat transfer technologies due to their high efficiency. They provide a comprehensive review of the state-of-

the-art applications, materials and performance of current heat pipe devices. They divided it into four main 

parts; low temperature heat pipes, high temperature heat pipes, thermal modeling of heat pipes and 

discussion. And concluded that the implementation of heat pipes is beneficial for multiple industries, and 

they can be applied to a range of operation temperatures from cryogenics to kilns. Although the range of 

applications is large, this also means that there is a significant amount of work to be conducted to make the 

system viable in every combination of temperature and application. There are obvious gaps in research for 

different temperatures and applications. 

Conclusion 

The above paper presents a review of work done by various researchers on the designing and parametric 

effect of heat pipe. It has been found by looking at the work done by various researchers that heat pipe is a 

passive technique for the transfer of heat. It has a very wide applications and there are many ways through 

which we can increase the thermal efficiency of a heat pipe. It is also concluded from the literature that heat 

pipe can be used for both the heating and cooling applications and still there is lot left to be explored in it. 
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