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Abstract. Pulsating heat pipe(PHP) has many advantages, such as small volume, simple structure, low cost, 

good heat transfer performance, it have great potential in the application of refrigeration, aerospace, waste 

heat recovery and low - grade energy utilization. Based on the analysis of a large number of research results 

at home and abroad, the application status of pulsating heat pipe technology is summarized in this paper, 

which can provide scientific guidance for the design, operation and large-scale application of pulsating heat 

pipe. 

1 Introduction 
With the development of modern high-tech, the heat load 

per unit area of many thermal equipment is getting higher 

and higher, such as ultra-high power integrated circuits, 

high-temperature fuel cells for power generation, nuclear 

reactors, it is often necessary to miniaturize the cooling or 

heat exchange equipment. Because of the limitation of 

carrying limit and other factors, the traditional heat pipe 

miniaturization can not meet these requirements. As a new 

type of heat transfer device, pulsating heat pipe has great 

potential applications in thermal control technology and 

other cooling fields, with small size, high flexibility, low 

cost, high heat transfer performance. 

In this paper, the application research status of 

pulsating heat pipe in low temperature waste heat recovery, 

solar energy utilization, electronic components cooling 

and other fields is summarized, which can provide 

scientific guidance for the design, operation and large-

scale application of pulsating heat pipe.  

2 Application technology of pulsating 
heat pipe  

2.1. Application in low temperature waste heat 
recovery 

Because the pulsating heat pipe has the advantages of 

small volume, high flexibility, simple and compact 

structure, low cost and high heat transfer performance, the 

research and development of the low-temperature waste 

heat recovery device for pulsating heat pipe was carried 

out, it will play a positive role in promoting in the field of 

further energy-saving work. 

Rttidech [1] applied closed-ended pulsating heat pipe 

to the air preheating system, the experimental results 

showed that the heat recovery efficiency increased 

obviously with the increase of the heating gas temperature 

at the evaporation section. 

Suprattanakul [2] applied pulsating heat pipes with 

one-way valves to air-conditioning systems, which use the 

pulsating heat pipes to recover the cooling from the 

exhaust air and pre-cool the fresh air. 

Xiahou Guo-wei [3] proposed a parallel grooved plate 

pulsating heat pipe with radial connection and studied its 

start-up and heat transfer for the air energy recovery. 

In the year of 2010, Fumin Shang [4, 5] designed an 

exciting coupled pulsating heat pipe heat exchanger, as 

shown in figure 1, the coupling pulsating heat pipe was 

composed of the main pulsating heat pipe and the Co-

oscillation pulsating heat pipe, which point-to-point (or 

face-to-face) contacted and the orthogonal distribution of 

the two tube bundles of the pulsating heat pipe, an optimal 

effect of enhanced heat transfer could been obtained by the 

two mutual incentive pulsating heat pipes. 

 
Fig.1 The pulsating heat pipes heat exchanger 

  

In the year of 2016, Fumin Shang [6] designed the gas-

liquid pulsating heat pipe heat exchanger by combining 

the gas-liquid pulsating heat pipe with the fin, as shown in 
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figure 2, the whole heat transfer process of the heat 

exchanger is strengthened by the pulsating characteristics 

between the pulsating heat pipes and the fin structure, so 

it has the advantages of high heat recovery efficiency, 

simple structure and wide application range. 

 
 

Fig.2 The gas-liquid pulsating heat pipe heat exchanger  

2.2 Application in solar energy utilization 

In the year of 2007 , Rittidech [7] designed a closed-end 

oscillating heat pipe solar collector, which had the same 

thermal efficiency as the traditional heat pipe solar 

collector, and had good anti-corrosion and anti-freezing 

performance in winter. 

Xu [8] designed a new type of solar collector with 

pulsating heat pipe, the results showed that the efficiency 

of the system was greatly affected by the heat transfer 

performance of the pulsating heat pipe, and the heat 

resistance decreased with the increase of temperature. 

Arab [9] built the evaporating section of a pulsating 

heat pipe into the solar water heating collector, the energy 

utilization efficiently was 53.79%, compared with about 

30% for conventional solar water heaters. 

Nguyen [10] designed a solar collector with closed-

loop oscillating heat pipe and found that the efficiency 

could be further increased to 62%.  

Kargarsharifabad [11] installed the black heat collector 

on the evaporating section of the pulsating heat pipe to 

help absorb the solar energy, found that  its energy 

efficiency increased to 66%. 

Fumin Shang [12, 13] used the pulsating heat pipe as a 

heat transfer element between solar energy and hot water 

(Air) , and developed two kinds of solar energy collector 

with pulsating heat pipe.        

Fig. 3 was the spiral pulsating heat pipe solar water 

heating device. To absorb solar energy better, the whole 

spiral pulsating heat pipe solar water heating is tilted at an 

angle to improve the heat collection effect. 

Fig. 4 was the down-cooled pulsating heat pipe solar 

collector. The water tank was at the bottom and 12 groups 

of pulsating heat pipes were placed in the vacuum glass 

tubes. In this way, the efficiency of the solar energy 

collecting system was enhanced, and the antifreezing 

property of the solar energy collecting system is improved. 

 

 
Fig.3 The spiral pulsating heat pipe solar water heating device 

        

 
Fig.4 The Bottom-Cooling PHP in Solar Collector 

 

 
Fig.5 The new composite pulsating heat pipe solar water heater 

 

Jianhong Liu [14] designed the pulsating heat 

pipe solar water heater, the advantages were simple 

overall structure and wide application range, and could 

effectively overcome the scaling, icing problems and the 

corrosion problems in the pipe Compared to the 

conventional solar water heater. 

Jianhong Liu [15] showed the new composite 

pulsating heat pipe solar water heater, as shown in figure 

5. The vacuum glass tube absorbed the solar energy and 

radiated heat to the heating section of the pulsating heat 

pipe, the working fluid in the pulsating heat pipe oscillates, 

pushing the working fluid to the condensing section of the 

pulsating heat pipe and heating the water in the water tank, 

thus realizing the heat transfer. 
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2.3 Application in the field of electronic 
components heat dissipation  

Pulsating heat pipe can be widely used as an efficient heat 

conduction element in the cooling field of electronic 

components. At present, there are a few pulsating heat pipe 

products mainly used in chip (CPU) , insulated-gate 

bipolar transistor, High Power Integrated Circuit (LSI) , 

diode, semiconductor thyratron and other electronic 

devices cooling. Due to the special structure of electronic 

devices, pulsating heat pipes can be machined into 

different structure types to suit the special requirements of 

installation space, as shown in figure 6. Also, it can be 

used as both a heat conducting substrate and a heat sink 

fin. 

 
Fig.6 The Fin-type pulsating heat pipe radiator 

 

 
Fig.7 the connected pulsating heat pipe type electronic 

components heat dissipation device 

 

Xiahou, Guowei et Al. [16] designed the vertically 

cooled CPU pulsating heat pipe radiator, the radiator had 

good stability and can effectively maintain the CPU 

temperature. Dang [17] designed the cooling system for 

the clearinghouse, with pulsating heat pipes as the main 

heat sink. 

In 2019, Shang Fumin [18] designed the connected 

pulsating heat pipe type electronic components heat 

dissipation device, as shown in figure 7, the experimental 

showed that the heat dissipation device had faster start-up 

speed and better heat transfer effect than the traditional 

pulsating heat pipe. 

In 2011, Shang Fumin [19] processed the pulsating 

heat pipe into the radiator of the CPU of the computer. The 

results showed that when the pulsating heat pipe was 

started, the wall temperature of the heating device was 

generally lower than that of the pin-fin radiator. 

2.4 Application in solar energy utilization 

The pulsating heat pipe can be used in the cooling system 

of aviation, spacecraft, military and civil motor vehicles, 

because its working performance is less affected by 

vibration, acceleration and microgravity. In addition, the 

pulsating heat pipes have been reported in many fields, 

such as refrigeration  [20] , cell freezing [21] and 

superconducting magnet cooling [22] . 

Han Xu [23] designed the low temperature pulsating 

heat pipe using liquid nitrogen as working fluid. The 

results showed that the pulsating heat pipe had great 

potential in the field of low temperature biological 

preservation technology. 

Clement [24] designed the pulsating heat pipe for 

cooling the Proton Exchange Membrane fuel cell. The 

results showed that the time of the pulsating heat pipe from 

start to steady operation is the shortest, and the 

temperature difference between evaporation section and 

condensation section is the smallest. 

Thompson [25] used the plate-type structure to cool 

the electromagnetic launcher, and concluded that the 

plate-type pulsating heat pipe can meet the heat 

dissipation requirement of about 10kW when combined 

with external active cooling method. 

Manno [26] applied the plate pulsating heat pipe to the 

battery heat management system of the pure electric 

vehicle, and calculated the heat dissipation performance of 

the battery pack under different output power and tilt angle, 

the plate type pulsating heat pipe can keep the temperature 

of the battery within the working range. 

3 Conclusion and outlook 
Pulsating heat pipe has been paid more and more attention 

since it was put forward in 1990s. This paper focuses on 

the characteristics of pulsating heat pipe and its excellent 

heat transfer performance, the current application 

technology and the future development prospect in the 

fields of solar energy utilization, electronic component 

cooling, low temperature waste heat recovery, etc. With 

the pulsating heat pipe flow and heat transfer theory has 

been conquered, there will be more pulsating heat pipe 

technology products applied to the relevant fields. 
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