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Abstract— Solar energy is a very large, inexhaustible source 

of energy with two main distinct advantages as follows; the 

first one is unlike fossil fuels and nuclear power, it is an 

environmentally clean source of energy and secondly it is 

free and available in lump in almost all the parts of world. 

Solar energy, on other hand shows promise of becoming a 

dependable energy source without a new requirement of 

highly technical and specialized nature for its wide spread 

utilization. This solar energy are used for solar water heater 

in domestic and industrial purpose. Pulsating heat pipe is a 

fast responding, flexible and high performance thermal 

conducting device. Our intention behind writing this review 

paper is that the use of pulsating heat pipe in solar water 

heater to improvement the efficiency of solar absorbing 

collector plate. Review of previous work based on 

experimental and theoretical studies have established the 

advantages of pulsating heat pipe in solar water heater. 
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I. INTRODUCTION 

A. Solar Water Heater 

A solar water heater consists of a collector to collect solar 

energy and an insulated storage tank to store hot water. The 

solar energy incident on the absorber panel coated with 

selected coating transfers the heat to the riser pipes 

underneath the absorber panel. The water passing through 

the risers get heated up and are delivered the storage tank. 

The recirculation of the same water through absorber panel 

in the collector raises the temperature to 700c in a good 

sunny day. The total system with solar collector, storage 

tank and pipelines is called solar hot water system. 

Typically, conventional solar collectors use water 

pipes attached to the collecting plate where water circulates 

either naturally or forcibly and transfers the heat it collects 

to a storage tank. Some of the shortcomings of this type 

solar collectors system include the extra expense of a pump 

and the power needed to operate it, the extra space required 

for any natural circulation system, the corrosion effect of 

water, and the limited quantity of heat transferred by the 

fluid. 

For domestic purpose the hot water requirement as 

per the family member and standard solar collector plate 

area are available in the market. 

Capacity 

 (liters per day) 

Family 

member 

Area of solar collecting 

plate in sq. meter 

100 4 2 

200 8 4 

250 10 5 

300 12 6 

350 14 10 

Table 1:  Hot Water Requirement as Per the Family Member 

               Now a day, Thermosyphon solar water heater 

systems are use. In thermosyphon system the some working 

fluid is passing through pipe which is placed on solar 

collector plate. By absorbing heat from the sun, fluid 

evaporates and due to density difference it goes upward side 

and passing through heat exchanger. Then cold water in the 

tank take heat in heat exchanger and become a hot water 

which we can use it. Thermosyphon system as shown in 

below figure. 

 
Fig. 1: Thermosyphon solar water heater 

B. Pulsating Heat Pipe 

Akachi in 1990 introduced the PHP as a heat transfer 

apparatus. This device is made of a long capillary tube bent 

into several turns which is filled partially with an operating 

fluid. A PHP consists of three sections: (1) evaporator, (2) 

adiabatic section and (3) condenser. In the evaporator, 

pressure increases due to boiling while in the condenser 

pressure decreases due to the condensation. Hence, self-

sustainable pressure change occurs, which oscillate the 

operating fluid and enhance the rate of the convectional heat 

transfer. The sensible and latent heat transfer happened 

simultaneously due to phase change and convectional heat 

transfer. It should be achieve in vertical direction. 

A closed-loop oscillating heat pipe (CLOHP) is a 

highly efficient device for heat transport. In general, it 

consists of an evacuated tube filled with a certain amount of 

working fluid. Heat transportation occurs through 

continuous evaporation and condensation of the working 

fluid. It gives high performance because of the high latent 

heat of vaporization and condensation of the working fluid 

and also has a simple structure and a fast thermal response. 

Closed pulsating heat pipe are shown in the below figure. 
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Fig. 2: Closed Loop Pulsating Heat Pipe 

C. Working Principle of Pulsating Heat Pipe 

1) Fluid Dynamic Principle 

Initially the tube is evacuated and then filled partially (as per 

required filling ratio) with working fluid, which distributes 

itself naturally in the form of liquid vapor plugs and slugs 

inside the capillary tube.  The liquid Plugs are able to 

completely bridge the tube, because surface tension forces 

overcome gravitational forces. There is a meniscus region 

on either end of each slug caused by surface tension at the 

solid/liquid/vapor interface. The slugs are separated by 

plugs of the working fluid in the vapor phase. The vapor 

plug is surrounded by a thin liquid film trailing from the 

slug. 

2) Thermodynamic Principle 

When one end of the bundle of turns of the undulating 

capillary tube is subjected to high temperature, the working 

fluid inside evaporates and increases the vapor pressure, 

which causes the bubbles in the evaporator zone to grow , 

and extinction of vapor bubbles drive the flow in a PHP 

3) Heat Transfer Principle   

This vapor bubbles pushes the liquid column toward the low 

temperature end (condenser). The temperature and pressure 

decrease in the condenser due to condensation. Therefore a 

constant, unsteady internal pressure difference exists in the 

system which is the driving force. Because of the 

interconnection of the tubes; motion of liquid slugs and 

vapor bubbles at one section of the tube toward the 

condenser also leads to the motion of slugs and bubbles in 

the next section toward the high temperature end 

(evaporator), this works as the restoring force.  The inter-

play between the driving force and the restoring force leads 

to oscillation of the vapor bubble and liquid slugs in the 

axial direction. The frequency and the amplitude of the 

oscillation are expected to be dependent on the shear flow 

and mass fraction of the liquid in the tube. In PHPs, heat is 

transferred from the evaporator to the condenser through 

sensible and latent heat transfer, which is a result of the 

working fluid oscillations and phase changes. 

4) Flow Pattern  

During the startup period the working fluid oscillate with 

large amplitude, after this period continuous circulation can 

in the working fluid occurs. The direction of circulation for 

working fluid is consistent once circulation is obtained but 

the direction of circulation can be different for same 

experimental run.    

D. Factors Affecting on Pulsating Heat Pipe 

1) Tube Diameter 

Internal diameter is important factor which essentially 

define before design the pulsating heat pipe. The physical 

behavior adheres to the „pulsating‟ mode only under a 

certain range of diameters. Theoretical maximum inner 

diameter of capillary tube is calculated by following formula 

Dcrit=2* √(𝜎/(g*(𝜌l−𝜌v))) 

Where, 

𝜎 = Surface tension (N/m) 

𝑔 =  Acceleration due to gravity (m/s2) 

𝜌l = Liquid density (Kg/m3) 

𝜌v = Vapour density (Kg/m3) 

If D < Dcri, surface tension forces dominate and 

stable liquid plugs are formed. However, if D > Dcri, the 

surface tension is reduced and the working fluid will stratify 

by gravity and oscillations will cease. The OHP may operate 

as an interconnected array of two-phase thermosyphons.   

2) Working Fluid 

A First consideration in the selection of a suitable working 

fluid is the operating vapor temperature range. Within the 

approximate temperature band, (50 to 150oC) several 

possible working fluids may exist. A variety of 

characteristics must be examined in order to determine the 

most acceptable of these fluids for the application 

considered. The prime requirement are: compatibility with 

heat pipe material, thermal stability, wettability, reasonable 

vapor pressure, high latent heat and thermal conductivity, 

low liquid and vapor viscosities, and acceptable freezing 

point. For most commercial electronics cooling applications, 

the thermodynamic attributes of water makes it better than 

any other fluids for the pulsating heat pipes. Its high latent 

heat spreads more heat with less fluid flow. This result in 

low pressure drops and high power throughout. Its high 

thermal conductivity minimizes the temperature difference 

associated with conduction through the two phase flow in 

the PHP. Water is also a safe substance. 

3) Number of turns 

The number of turns increases the level of perturbations 

inside the device. If the number of turns is less than a critical 

value, then there is a possibility of a stop-over phenomenon 

to occur. In such a condition, all the evaporator U-sections 

has a vapor bubble and the rest of the PHP has liquid. This 

condition essentially leads to a dry out and small 

perturbations cannot amplify to make the system operate 

self-sustained  

II. LITERATURE REVIEW 

Before 1900, in U.S. black painted tank are mounted on the 

roof. 

First flat plate collector for solar water heating 

were used in Florid & Southern callifornia in 1990. 

After that so many work has been carried on 

different types of solar water heater. 

In 1998, the H.M.S[1]. Hussein use the thermo-

syphon in solar collector plate. 

                 Wongee Chun and Yong Soo[2] Lee has studied 

on utilization of solar water heater using heat pipe. This 

paper reports the performance of solar domestic hot water 

systems manufactured with heat pipes. A series of tests were 

conducted on a number of systems to elicit the most suitable 
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configuration of the system for possible commercialization 

in Korea. The heat pipe is made with a copper tube and the 

respective lengths of the evaporator, adiabatic, and 

condenser sections are 1700, 100 and 200 mm. The 

evaporator section is finned with a copper plate to increase 

solar input. Results show interesting performance data 

stemming from the difference in working fluids, presence of 

a wick, and other various design parameters associated with 

the collection and utilization of solar energy.  

               M. Hammad[4]  studied the performance of a flat-

plate solar collector cooled by a set of heat pipes designed 

and manufactured locally to work at low-temperature 

conditions equal to that of the flat plate solar collectors. 

Efficiencies and quantities of energy transferred to a water 

storage tank were calculated and found to be comparable to 

those obtained using a water-cooled solar collector. The 

efficiency of such a collector depends on time of day, solar 

intensity, ambient temperature and flat-plate mean 

temperature. Efficiency was studied as a dependent variable 

on the mentioned parameters and analysed in different 

figures, then compared with the commonly used water-

cooled collector. 

H. Kargar Sharif Abad &  M.B. Shaffii[5]  used 

pulsating heat pipe in solar desalination system. They 

studied application of the solar energy in thermal 

desalination devices is one of the most beneficial 

applications of the renewable energies. In this study, a novel 

solar desalination  system  is introduced, which is benefited 

from the undeniable advantages of pulsating heat pipe 

(PHP) as a fast responding, flexible and high performance 

thermal conducting device. Results show a remarkable 

increase in the rate of desalinated water production and the 

maximum production reaches up to 875 mL/(m2.h).  

 
Fig. 3: Comparison of various filling ratio Vs Prod. Rate           

 
Fig. 4: Hourly production for various inclination angle 

However, the optimum water depth in basin and the filling 

ratio of the PHP are measured 1 cm and 40%, respectively. 

Emmanouil[14] has studied  the performance of a 

new solar hot water system with an integrated heat-pipe is 

investigated theoretically and experimentally. The new 

system uses a wickless gravity assisted loop heat-pipe for 

the heat transfer from the collector–evaporator to the tank 

through a heat exchanger–condenser. A detailed heat 

transfer experimental study is performed, focused on the 

thermal behaviour of the different parts of the system. The 

results show that the system can reach satisfactory 

efficiencies which, in combination with manufacturing 

simplicity, absence of moving parts and good behaviour 

under freeze conditions, make it an interesting technological 

solution. Furthermore, a theoretical model for the collector 

is proposed and comparison with experimental results is 

performed. This model can be used for the optimisation of 

the system design. 

Mehmet Esen[15] has study, experiments were 

performed to find out how the thermal performance of a 

two-phase thermo-syphon solar collector was affected by 

using different refrigerants. Three identical small-scale solar 

water heating systems, using refrigerants R-134a, R407C, 

and R410A, were constructed and tested side-by-side under 

various environmental and load conditions. The 

performance of the system under clear-sky conditions has 

been investigated with and without water load. Detailed 

temperature distributions and cumulative collection 

efficiencies were determined and presented. The 

experimental results were compared to the results found in 

the literature and they showed good agreement. 

Pramod Pachghare[6,7] and Borkar has studied the 

state of art on closed loop pulsating heat pipe. And they 

gives closed loop Pulsating Heat Pipes (CLPHPs) are two-

phase passive heat transfer devices that enhances large 

amount of heat which works on the principle of evaporation 

and condensation of a working fluid. CLPHP consists of a 

copper capillary tube bent in many turns, which is firstly 

evacuated, then partially filled with an appropriate working 

fluid and finally sealed. At one end heat is absorbed by 

evaporation and heat rejected through another end by 

condensation of working fluid. Selection of working fluids 

are depends on the desired performance from the device and 

the performance of device depends on the thermo physical 

properties of working fluids i.e. Saturation temperature, 

viscosity, surface tension, sensible heat, latent heat etc. 

Working fluids which having lower saturation temperature, 

lower latent heat, high specific heat and low dynamic 

viscosity gives better thermal performance. Different input 

parameters are internal tube diameter, input heat flux, filling 

ratio, number of terns, device orientation, size and capacity 

of condenser and evaporator also important parameters for 

PHP 

Also, various researchers like Borkar[7],  

Khandekar[8] researched in pulsating heat pipe. 

From above literature, I says no one literature on 

use of pulsating heat pipe in large scale application. As per 

the M.B.Shaffi gives the significant benefits of pulsating 

heat pipe in solar desalination system. Therefore I am using 

the pulsating heat pipe in solar water heater. 
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III. CONCLUSION 

From the above all literature review we conclude that 

 The thermal efficiency of solar absorbing plate is 

improved when we use the pulsating heat pipe. 

 Pulsating heat pipe are given fast thermal response 

and high thermal conducting device and it is useful 

for the solar water heater. 

 Space for solar water heater with the pulsating heat 

pipe is less than the conventional water heater. 

 Efficiency of the conventional solar absorbing plate 

is less than our solar absorbing plate with pulsating 

heat pipe. 
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