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ABSTRACT 

 Heat pipes are getting more popular as passively heat transmission technology, due to their excellent efficiency. It is popular in 

applications such as air conditioning, aviation, space technology, electronics etc. The performance, components, and 

applications of the most current heat pipe devices are completely analysed in this paper. The entire study objective was to 

improve people's understanding of heat pipes by gathering and organizing data that was easily and quickly available in a variety 

of forms across the material spectrum, displaying it in an ordered manner that went from basic to advanced knowledge about 

heat pipes, and contributing additional insight into the proficiency of considerations made during the design and fabrication of 

heat pipes as well as investigating how a change in heat pipe parameters affects performance. The study on heat pipes that has 

been done in terms of design and analysis is covered in this paper.
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I. INTRODUCTION

The principle of heat pipe was developed by Richard S. 

Gaugler of the General Motors Corporation in 1942. 

They invented the modern heat pipe in 1963 at the Los 

Alamos Scientific Laboratory to supply heat to and 

remove waste heat from energy conversion systems. In 

the 1970s, heat pipes became widely used in space 

components. Heat pipes designed at that time used 

metals as a working fluid and for higher operating 

temperature. They were appropriate for usage in non-

gravity situations, such as outer space components. 

Until Deverall and Kemme discovered low-temperature 

heat pipes that used water as the working fluid. The 

application of heat pipes was limited to use, such as car 

engine cooling, water heaters, electronic component 

cooling. 
Heat pipes are basically passive heat transfer devices 

that use the evaporation and condensation of a two-

phase working fluid to transfer heat. The heat pipe is 

divided into three sections: evaporating, insulating, and 

condensing. When heat is applied at one end, it creates 

a temperature difference within the heat pipe. When the 

liquid along the evaporator tube wall receives external 

heat, it heats and vaporizes to produce a greater pressure 

known as vapor pressure. This vapor pressure is the 

driving force that carries the vapor to the condensing 

end. When the vapor enters the condensing section, it 

will condense and release latent heat. Finally, the liquid 

will return to the evaporator due to the capillary force of 

the structure. It's noteworthy that heat pipes may 

transport heat with very little temperature differential 

between the two ends. The use of latent heat allows for 

the rapid transfer of heat, which is one of the benefits of 

heat pipes. This technology does not require a 

circulating pump to function. They don't have any  

moving parts that require maintenance. Nowadays heat 

pipes are used in many cooling applications from space 

to medical devices and electronic devices to aircraft and 

many more. 

II. APPLICATION OF HEAT PIP E
At present heat pipes are most commonly used to cool

electronic components such as transistors, other

semiconductor devices, and integrated circuit packages.

All electronic components, from microprocessors to

high-end power converters, produce heat, and heat

rejection is dependable operation of these components.

However, the electronic industry has only recently

accepted heat pipes as dependable, affordable options

for high-end cooling applications. They are well suited

for cooling the high-power semiconductors in laptop,

computers [1]. For a fresh use in the low-energy cooling

of buildings, such as offices, a unit containing heat pipes

embedded in a phase change material (PCM) has been

designed [2]. Space electronics are continuously getting

more powerful, complicated, and smaller. Hence

demand for high performance, system efficiency, low

mass, and no moving components may be met using a

variety of advanced solid conduction heat pipe and loop

heat pipe technologies. Compared to alternative wick

designs, including artery heat pipes, axially grooved

heat pipes are easier to build and more reliable [1,3].

Heat pipes have probably benefited more from

discoveries related to spacecraft applications than any

other field, especially at vapor temperatures up to

200°C. Considering extreme temperatures and up to 9g

of force, loop heat pipes provide extremely dependable

electro-optics cooling for target acquisition systems,

remote wing electronics, and navigational avionics

onboard the F-16 fighter aircraft. Heat pipes and cold
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plates are specialized in the development of highly 

efficient radar electronics and power supply cooling for 

next-generation navy destroyer radar systems. For 

strong thermal performance, and thermal cycling 

between 40°C and 75°C, low mass. Embedded heat pipe 

assemblies and vapor chamber assemblies provide 

electronic cooling for nuclear submarine power 

conversion under the water [1]. The heat pipe, which 

has been effectively utilized in heat recovery systems 

and energy conversion devices, is a top option for 

applications requiring the conservation of energy 

because it is effective in heat transport. Heat pipes might 

be used to transport heat from the car's exhaust gas into 

the cabin during cold weather to keep the occupants 

warm. The tobacco business uses heat pipe heat 

recovery devices in their tobacco drying processes [4]. 

The heat exchanger, which transfers heat from a hot 

fluid to a cold one, is the thermal device that is most 

well-known and often used. A range of thermal 

equipment, including modern power production 

systems like nuclear reactors and home heating and air 

conditioning, require heat exchangers [1]. 

III. LITERATURE REVIEW

HEAT PIPES are also known as superconductors 

because they have much better thermal conductivity 

than thermally conductive materials like silver or 

copper. The working fluid in heat pipes absorbs or 

releases a significant amount of latent heat while 

maintaining a constant temperature during the phase 

change [5]. In current scenarios, vapor compression 

refrigeration is widely used in various applications such 

as air conditioning, food processing, cold storage, and 

electronic cooling. The aim of vapor refrigeration is to 

control and maintain the air temperature. This indicates 

that air conditioners are using more energy than before. 

When compared to other household electronic devices, 

an air conditioner has the highest energy consumption. 

As a result, the performance of the air conditioner needs 

to be improved. The research on using heat pipes in air 

conditioners can be classified into two groups: for 

dehumidifying and for heat recovery [6-8]. 

HEAT PIPE HEAT EXCHANGERS are one of the 

most effective waste heat recovery systems. The benefit 

of employing a heat pipe over other techniques is that it 

can carry huge amounts of heat over a small cross-

sectional area. The usage of a heat pipe heat exchanger 

reduces primary energy consumption, hence lowering 

carbon dioxide emissions. Commercial production of 

heat pipe heat exchangers began in the mid-1970s. They 

have found several applications in a variety of sectors. 

In 2000, the use of heat pipes for waste heat recovery in 

hospitals was experimented. To enhance the efficiency 

and effectiveness of heat pipe heat exchanger finned 

pipes, they came to the conclusion that more rows of 

heat pipe, full insulation, and good pipe sealing were 

required. This will be a critical aspect in improving the 

heat pipe heat exchanger and thus improving heat 

recovery [9]. 

The COVID-19 outbreak became a worldwide concern. 

A hospital's airborne infection isolation (AII) room is 

crucial for avoiding transmission of the virus to patients 

and medical employees. AII rooms equipped with 

HVAC systems for evacuating impure air, paired with 

Heat pipe heat Exchangers (HPHE) reduced the HVAC 

system's energy usage. Fresh air is pre-cooled before it 

reaches the cooling coil device. The amount of energy 

recovered by using HPHE ranged from 82 to 767 W, 

which can improve HVAC system performance and 

lead to increased energy efficiency [10]. The U-shaped 

heat pipe not only precools the fresh air by absorbing 

and transferring heat into the environment, but it also 

recovers the released heat for reheating. The amount of 

energy used by the cooling coil is reduced when the air 

is precooled. Furthermore, the ability to reheat enhances 

an HVAC system's dehumidification function [11]. 

According to the findings, it may increase the COP by 

39.9% when compared to the HVAC without HPHE. 

The two-row U-shaped HPHE achieved the maximum 

efficiency of 12.4%. At 0.080 m3 /s air volume, the 

greatest energy savings for pre-cooling and reheating 

were 288.1 and 340.2 W, respectively. The experiment 

indicated that the U-shaped HPHE was successful in 

lowering the energy required by the HVAC system's 

pre-chilling and reheating procedures, therefore 

improving its dehumidification performance [12]. Heat 

pipes are particularly effective heat transfer devices that 

may easily be employed as heat exchangers in air 

conditioning systems to assure energy savings and 

environmental preservation, based on an assessment of 

their usage in air conditioning applications [8]. The heat 

pipe set can be used to boost the performance of a vapor 

compression refrigeration system. The increase in heat 

transfer rate is affected by the Reynolds numbers, the 

number of heat pipes, and the temperature of the heater 

surface. The air conditioner's energy efficiency ratio 

(EER) with heat pipe sets can be enhanced [13]. Starting 

and operational performance were improved further. 

The best performance occurred at an installation angle 

of 60, with a recovery efficacy of around 50%. 

Recovery effectiveness increased dramatically as fresh 

air inlet temperature increased. This meant that the 

hotter the exterior air was in the summer, the easier it 

was for the PHP HE to start and run, and the bigger the 

energy savings potential. There was potential. Recovery 

capacity grew approximately linearly with increasing 

wind speed (air volume), however recovery efficacy 
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declined progressively, while pressure drop climbed 

rapidly [14]. 

PULSATING HEAT PIPE & FACTORS 

AFFECTING ITS PERFORMANCE 

With its high performance, variety, and ease of 

construction, the pulsating heat pipe (PHP) has emerged 

as one of the most innovative, effective, and  more 

convenient passive two-phase heat transfer systems 

since the early 1990s [15]. Visual investigation of 

ammonia PHP for start-up performance was conducted 

by [16]. Experimentally they concluded that the start-up 

power required is very small due to ammonia properties 

for 70% filling ratio (FR). Also, the continuous 

oscillation is because of the interplay between the 

driving and restoring forces of heat transfer. 

Experiments are performed to find out the influencing 

parameters of PHP. Such investigations are carried out 

to understand the effect of various operating conditions 

on the thermal performance of PHP. Working fluid is 

one the operating conditions, for ethanol and distilled 

water as working fluid with 50% FR and 100 watts, 120 

watts, 140 watts. The thermal resistance of distilled 

water decreases with the increase of heat input. The 

thermal resistance of ethanol does not follow a specific 

trend line. From 100 to 140 watts, ethanol's thermal 

resistance first drops, then rises. Ethanol pulsation 

begins between 47℃ and 50℃. The pulsation of water 

is observed to be in the temperature range of 50℃ and 

52℃ [17]. 

The performance of a pulsating heat pipe is affected by 

numerous parameters, including inner diameter, number 

of turns, inclination angle, and charge ratio. When they 

run in the vertical bottom heat mode with a 50% FR, 

they achieve the best thermal performance and 

maximum performance limitation. Closed loop 

pulsating heat pipe (CLPHP) with 2 mm ID tubes 

exhibited reduced thermal resistance, while 1mm ID 

tubes achieved dry out [18,19]. Due to the gravity 

impact on inclination, the thermal resistance is lowest 

when angled at 45 degrees. The best condition for 

obtaining excellent thermal performance is at a 45-

degree inclination angle for high power input, but at a 

0-degree inclination angle for low power input [20].

Thermal resistance decreases as heat input increases due

to chaotic fluid movement. Larger fluctuations are

observed as the heat input is increased while

maintaining the same FR. For water as a working fluid,

this trend is also observed at FR=60%, but the

amplitude is lower than at 40% and 50% FR [21]. By

increasing the evaporator temperature and decreasing

the effective length, the thermal performance increases.

The best performance was obtained using a short

evaporator length of 50 mm. Water was the correct

working fluid for a 2 mm inner diameter, however both 

water and ethanol were acceptable for a 1 mm inner 

diameter. Five turns did not work, and the heat 

resistance was near infinity. The maximum number of 

26 turns provides the best performance of all 

HCLOHPs [22]. Thermal resistance decreases with 

increased heat inputs for pure and binary PHP working 

fluids. Water-methanol binary mixture exceeds other 

working fluids in terms of thermal performance. From 

small to large, the thermal resistances of pure working 

fluids PHP are acetone, methanol, ethanol, and 

water. In binary mixture the thermal resistances are 

ordered from  small to large as water methanol, 

water-acetone, and water-ethanol. Pure acetone 

outperforms the other pure and binary mixed working 

fluids in terms of thermal performance. In terms of 

overall heat resistance, there is no significant 

difference between the PHP operating with pure and 

binary mixture working fluids [23]. 
The term "phase change cold storage technology" 

refers to a high-tech system that can store heat from 

chemical reactions, latent heat, and sensible heat in 

high density, when the state of cold storage material 

changes [24]. When the liquid filling rate is 30%, the 

phase change cool storage material is utilized at a rate 

of 78.7%. The real cycle of a pulsating heat pipe cold 

storage device has a maximum value of net 

output power and efficiency, and within the 

limitations of theoretical analytical value, the cycle 

curve of power and efficiency is compatible with the 

trend of limited thermodynamic correlation [25]. When 

utilizing a nanofluid in an open loop PHP, improved 

thermal performance was reported in terms of 

evaporation section temperatures. When using water-

copper nanofluid, lower temperatures were verified, 

and pulsations were better visible. The nanofluid 

had higher amplitudes on the pulsations, which 

could be attributed to the nanoparticles acting as 

nucleation sites, boosting the slug dynamics. Similarly, 

the nanofluid had a slightly smaller bubble critical 

diameter than pure water, which also led to improved 

thermal performance [26]. Despite this, the operational 

properties and mechanisms of the PHP are not fully 

known due to the complicated interaction effect of 

hydrodynamic and thermodynamic. A large amount of 

experimental research, as well as reliable analytical 

models, should be done in order to achieve a better 

utilisation of PHP [27]. 

IV. SUMMARY

The development measures provide an overview of 

studies on the construction and modelling effect of heat 

pipes conducted by various researchers. On analysing 

the studies of researchers, it was discovered that a heat 

pipe is a passive method of heat transfer. Study shows 

numerous methods to boost a heat pipe's thermal 
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efficiency, and it has a very broad range of applications. 

Also, it can be indicated from the literature that heat 

pipes can be employed for both cooling and heating 

applications, and there is still much more to learn about 

it. 
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