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ABSTRACT 
The use of a latent heat storage system using phase change 

materials (PCMs) is an effective way of storing thermal 

energy(solar energy) and has the advantages of high-energy 

storage density and the isothermal nature of the storage 

process. The different variety of PCMs widely used for latent 

heat thermal storage system. The used of PCMs for heating 

and cooling application for building, solar water heating, solar 

cooking, greenhouses, waste heat recovery system. This 

review paper will help to find suitable PCMs for solar water 

heating and it will also help to provide a variety of design to 

store heat using PCMs (solar energy) for solar water heating. 
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1. INTRODUCTION 
All over world scientist are in search of new and renewable 

energy sources to reduce the emissions from the combustion 

of fossil fuels. Solar energy is available only during the day, 

it has enormous potential for different application, it requires 

efficient thermal energy storage so that the excess heat 

collected during sunshine hours and it stored for later used 

during night and our requirement. The problems arise in heat 

recovery systems, where the waste heat convenience and 

utilization periods are different, requiring somelatent heat 

storage. In thermal energy storage, the energy from the 

collectors transferred to the storage medium where it is 

transformed into PCMs. It may occur in the form of sensible 

heat, latent heat, and both. Latent heat storage is more 

attractive than sensible heat storage, because major drawback 

of sensible heat storage is the large volume required for same 

heat storage. The latent heat energy storage is providing 

much higher energy storage with a smaller temperature 

swing when compared with sensible heat storage method. 

The latent heat storage using PCMs will occurs many 

practical problems like, incongruent melting, sub cooling, 

phase segregation, volume change and high cost. This review 

paper will help to find suitable PCMs for solar water heating 

and it will also help to provide a variety of design to store 

heat using PCMs (solar energy) for solar water heating. 

2. CLASSIFICATION OF PCMS 
A large number of phase change materials such as organic, 

inorganic and eutectics are available in different temperature 

range. A classification of PCMs is organic, inorganic and 

eutectic PCMs, which can be identified as from the point of 

view melting temperature and latent heat of fusion. A fig. 

shows the classification of PCMs. However, except for the 

melting point in the working range, a majority of PCMs do 

not satisfy the criteria required for a suitable storage media 

as discussed before. No one material can have all the 

required properties for an ideal thermal storage media, one 

has to use the accessible resources and try to make up for the 

poor physical properties by an suitable system design. For 

example, encapsulation phase change materials or metallic 

fins can be used to increase the heat transferred rate, thermal 

conductivity of PCMs and super-cooling may be decreased 

by introducing a nucleating agent in the PCMs, incongruent 

melting can be self-conscious by the use of a PCM of 

suitable thickness, heat transferred rate increased by using 

fins also the problem found in salt hydrate is overcome by 

rotating cylinder or by stirring arrangement in latent heat 

storage system. The inorganic compound has double 

volumetric latent heat storage capacity than the organic 

compound. The properties of PCMs sub-group, which affect 

the design of latent heat thermal energy storage systems 

using PCMs of that sub-group, are discussed in detail below 

also gives the different properties of PCMs and shows which 

PCMs are suitable for latent heat storage for water heating. It 

shows in below tree diagram fig [1]. 

2.1 Organic phase change materials 
Organic phase change materials are further classified as 

paraffin and non-paraffin. Organic materials include 

congruent melting means melt and freeze repetitively 

without phase separation and no degradation of their latent 

heat of fusion, no super cooling non-corrosiveness, self-

nucleation. 

2.1.1 Paraffin’s 
Paraffin wax consists of a mixture of mostly straight chain n 

alkanes CH3–(CH2)–CH3. A crystallization of the (CH3)- 

chain release a large amount of latent heat. The melting point 

and latent heat of storage of fusion increase with chain 

length. Commercial-grade paraffin wax is obtained from 

petroleum concentration and is not a pure substance, it is a 

combination of different hydrocarbons some as discuss 

earlier longer the length of the hydrocarbon chain, higher the 

melting temperature and heat of fusion. The properties of 

 
Fig 1: Classification of PCM 

paraffin’s are, reliable, safe, predictable, non-corrosive and 

low cost (less expensive).Also it has some favourable 

characteristics such as congruent melting and good 

nucleating properties. It shows some undesirable properties 
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such as 1) moderately flammable 2) low thermal 

conductivity and 3)non compactable with the plastic 

container. All these undesirable properties can be partly 

eliminated by modifying the wax and the storage unit. 

2.1.2 Non-paraffin’s 
The non-paraffin organic has highly varied property than 

organic materials. Each of these materials will have its own 

properties unlike the paraffin’s, which have very similar 

properties. The organic materials are further classified into 

the fatty acids and other non-paraffin organic. These 

materials are flammable and should not be expose to higher 

temperature, flames or oxidizing agents. Some of the features 

of these organic materials are as follows: (1) inflammability, 

(2) low thermal conductivity,(3) high heat of fusion, (4) low 

flash points, and (5) instability at high temperatures. The 

generalchemical formula describing all the fatty acid isgiven 

by CH3 (CH2)2n-COOH. The main drawbackis their cost, 

whichare2–2.5 times greater than that of technical grade 

paraffin’s. 

2.2  Inorganic phase change materials 
Inorganic materials are further classified into salt hydrate and 

metallic. These phase change materials has high latent heat 

of storage and less expensive also it do not supercool 

appreciably and their heats of fusion do not degrade with 

cycling.The major problem arises in salt hydrates is that of 

incongruent melting caused by the fact that there 
release water of crystallization is not appropriate to dissolve 

all the solid phase present. Because of density difference, 

anhydrous salt settles down at the base of the container. 

nearly all salt hydrates also have poor nucleating properties 

resulting in supercoiling of the liquid before crystallization. 

This problem is solving by adding nucleating agent. The 

properties of salt hydrates are following 1) small volume 

change on melting 2) high 

Latent heat of fusion per unit volume 

The salt hydrates are three types of the performance of the 

melted salts can be identified: congruent, incongruent and 

semi-congruent melting. (i) Congruent melting occurs when 

the lower hydrate (anhydrous salt) is completely soluble in 

its water of hydration at the melting temperature. (ii) 

Incongruent melting occur when the salt is not completely 

soluble in its water of hydrationation the melting point. (iii) 

Semi-congruent melting occurs when the liquid and solid 

phases in equilibrium during a phase transition is of different 

melting composition because of conversion of the hydrate to 

a lower hydrated material through loss of water. The major 

problem in salt hydrates is overcome by the following means 

1)By encapsulation of PCM to reduced separation 2)By 

mechanical stirring 3)By adding a thickening agent which 

prevent setting of the solid salt by holding in the suspension 

4)By use of excess of water so that melted crystal do not 

produced super saturated solution also to overcome the 

problem of salt segregation and supercoiling of salt hydrates 

by suggesting a rolling cylinder thermal storage system. By a 

rotation of cylinder it prevent nucleation of solid crystal on 

the wall, it produceeffective chemical equilibrium and gives 

rapid attainment of axial equilibrium in long cylinder 

2.2.1 Metallic 
In metallic it includes the low melting metals and 

metaleutectics. The metallic materials have high heat of 

fusion per unit volume. The difference between the PCMs 

and metallic is their high thermal conductivity. Some 

features of selected metallic materials are follows: (1) low 

specific heat, (2) high thermal conductivity, (3) relatively 

low vapour pressure,(4) low heat of fusion per unit weight 

and 5) high heat of fusion per unit volume. 

2.2.2 Eutectics 
A eutectic is a lowest-melting composition of two or more 

components, each of which melts and freeze congruently 

forming a mixture of the component crystals during 

crystallization. Eutectic nearly always melts and freezes 

without separation since they freeze to a close mixture of 

crystals, leaving little opportunity for the components to 

separate. On melting both components liquefy concurrently, 

again with separation not likely. Some segregation PCM 

compositions have sometimes been imperfectly called 

eutectics. 

3. THERMAL ENERGY STORAGE 

SYSTEMS FOR WATER HEATING: 

A REVIEW 
Prakesh et al. [2] studied a built in storage type water heater 

contain a layer of PCM filled at the base. During the 

sunlight, the water gets heated up which in turn 

transmissions of heat to the PCM below it. The PCM 

accumulates energy in the form of latent heat and melts. 

During off sunshine hours, night or our requirement the hot 

water is withdrawn and is substituted by cold water, which 

gain energy from the PCM. The energy is released by the 

PCM on shifting its phases from liquid to solid. This type of 

system is not more attractive due to the poor heat transfer 

between PCM and water shown in figure 2. 

Vikrametat [10] Studied an improvement in the solar water 

heating system using phase change materials. They 

developed a packed latent heat thermal energy storage 

(LHTES) containing PCMs in cylindrical tube is design and 

fabricated for effective latent heat storage. The stainless steel 

Thermal Energy Storage tank has a capacity of about 47 

litres, capable of supplying water for a two or three family. 

The TES tank containing the paraffin wax (PCM) is 

encapsulated in Aluminum cylinders. The result shows heat 

transfer fluid (HTF) temperature is increases during 

discharging up to 62-630C and after it remain constant for a 

period of 45 to 50minute.During initial period of charging 

the heat stored is high, but decrease there on end. Also it 

show the system efficiency of TES system decrease with 

time increase. 

 

Fig 2: Built-in storage-type heaters with PCM layer [2]. 
Pierre Tittelein et.at [5] analysed Simulation of the thermal 

and energy behavior of a composite material containing 

encapsulated-PCM power of the thermo dynamical 

modelling .In this paper three different thermo dynamical 

models were tested in order to simulate the unsteady thermal 

performance of a cement grout including phase change 

material as shown in figure.3. Several experiments have been 
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approved on a sample of home-made cement grout with 

PCM. In these experiments, heat fluxes were calculated for 

different temperature changes imposed at the model sides. 

Results from the modelling are compared to the experimental 

data to measure the capacity of the models to predict the heat 

transfers in the composite material. The result shows: (1) the 

thermodynamically unpredictable apparent specific capacity 

method is not suitable, (2) the enthalpy method gives better 

results than the precise capacity method and (3) the enthalpy 

method gives better results with a suitable guess of the 

enthalpy curve. 

X. Xiao et.at [4] analysed Numerical and experimental study 

of heat transfer character of a shell-tube latent heat storage 

system. The paper shows a three dimensional CFD model 

based on enthalpy method was developed to study the 

charging appearances and 

performance of a shell-tube LTES system. A variation of 

numerical and experimental investigation were conducted 

with different inlet temperatures and flow rates of the heat 

transferred fluid for latent heat storage using three types of 

PCMs, involving pure paraffin, paraffin/EG composite PCM 

with 7 wt. % and 10 wt. % EG. The result shows a model can 

accurately predict the thermal performances of the LTES 

system during heat storage. Large temperature dissimilarity 

between the HTF and the initial state of PCM would increase 

speed the charging process, which could also be significantly 

improved with the higher flow rate. The performance of the 

LTES system was affected conspicuously by the types of 

PCMs, HTF temperatures and flow rates. 

 

Fig 3. Schematic of the shell-tube storage tank [5] 

Aran Sole.et [3] studied Corrosion of metals and salt 

hydrates used for thermo chemical energy storage. The 

shows Corrosion experiments were carried out between 

different metals and five solid phase change materials 

(PCM). Under the tested conditions, the results are as follow: 

Stainless steel is the most resistant metal to all the tested 

PCM under the tested situation being suggested to be used to 

contain all the PCM under study. Copper is only suggested 

with caution when joint with CaCl2 and MgCl2. This metal 

is mostly used as the heat exchanger material because of its 

high thermal conductivity. Therefore, a covering will be 

required to protect the metal corrosion from the PCM. 

Carbon steel is slightly corroded with CaCl2 and Na2S, 

forming a brittle corrosion layer on the surface. Aluminum is 

suggested with caution to be in contact with all the PCM, 

except with Na2S. 

L. Huang et.at [9] reported an experimental study on 

rheological behaviours of paraffin/water phase change 

emulsion. This paper presents an experimental study on the 

rheological behaviours of paraffin/water mixtures and the 

flow properties in pipelines. The mixtures containing 15– 75 

wt.% paraffin show a pseudo plastic behavior and their 

viscosity rises quickly when the dispersed paraffin begins to 

solidify at the freezing beginning temperature. The degree of 

non-Newtonian behavior and the viscosity increase clearly 

when the paraffin fraction exceed 50 wt %. also, the 

emulsion flow properties in pipelines have been investigated 

regarding the application requirements in pumped systems. It 

was found that the Metzner model can be used to estimate 

the association between the resistance factor and Reynolds 

number. The flow rate should not be lower than 0.5 m s_1 

for the emulsion to form a homogenous flow in pipelines. 

The results shows that an emulsion containing 30 wt.% 

paraffin causes 1.5–3 times the pressure drop of water at the 

flow rate of 0.5–1.0 m s-1 in laminar region. 

Gerard Ferrer et.at [6] analyzed Corrosion of metal 

containers for use in PCM energy storage. This paper shows 

the suitability of five different metals to contain four 

different PCM constructions, considering the corrosion 

dilapidation through time that specimens of these 

metalssuffer when they are absorbed in the PCM throughout 

12 weeks. In addition, visual phenomena such as bubbling, 

coloration, surface degradation and pitting were also studied. 

The first conclusion drawn from the displayed results is that 

the ester pure temp 23 is the PCM to which all the studied 

metals are resistant to. Therefore all of them can be used in 

long term examine installation to contain this PCM. The 

inorganic salt SP21E has a non-despicable corrosive effect 

on aluminum, reason why caution is suggested on its 

application as this PCM container. However, its use should 

be avoid as better matches have been found. In addition, the 

corrosion rates obtained for carbon steel were not unusually 

high, though corrosion signs could be experiential on the 

carbon steel specimens, hence caution is recommended to be 

taken when apply it for long term examine installation. The 

other three metals under study, stainless steel 304, stainless 

steel 316 and copper, the result shows great resistance to this 

salt's corrosive effects so its suitability to be used as this 

inorganic salt container is ensured. Copper was corroded 

following a very similar pattern by both own fatty acid 

formulations, in spite of the corrosion rate values being quite 

low in both cases and due to the observations done during 

the entire experimentation, concern is recommended to be 

taken when applying this metal as a long term container of 

any of these two eutectic formulations. On the other hand, 

none of the other metals are considered to be corroded by 

any of the fatty acid eutectics hence, its usewould totally be 

recommended for long term services. 

Sharma et al. [1] analysed, developed and performance 

evaluate of a latent heat storage unit for evening and morning 

hot water requirements, by using a box type solar collector. 

Paraffin wax (PCM) was used as a latent heat storage 

material. The result found that the performance of the latent 

heat storage unit using box type solar collector gives better 

performance and get the hot water in the desirable 

temperature range. 

Albert Castell et.al [7] studied Effect of Using External 

Vertical Fins in Phase Change Material Modules for 

Domestic Hot Water Tanks. The use of external fins in PCM 

units increased the heat transfer coefficient and reduced the 

time required for the solidification of the material. The 

bigger the fins were, the earlier was the solidification 

procedure and the higher was the heat transfer coefficient as 
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shown in figure 4. With this modification in thermal storage 

systems with PCM would have a faster obtain ability of the 

stored energy and would be more supple to competition the 

hot water availability and demand. This would be a good 

advantage for the applications of TES in solar systems. 

Using experimental results, useful Nusselt correlations in 

function of Rayleigh number were establish to be able to 

assess the natural convection heat transfer coefficient for that 

specific geometry. These tools would be very helpful for 

numerical simulations to predict the behavior of a solar 

system with PCM modules in the storage tank, as in this 

paper and for other applications with similar geometries. 

Rathod et.at [8] analyzed a numerical investigation on latent 

heat storage unit of differentconfiguration. The mathematical 

model for thermal energy storage using phase change 

materials (PCMs) developed is based on a enthalpy 

formulation as shown in figure 5. Time required for freezing 

PCM in three different shape containers viz. rectangular, 

cylinder and cylinder shell is compared and the model is 

validated with their result. The result shows that for the same 

mass of PCM and surface area for heat transferred for 

cylindrical shell container take least time for freezing the 

PCM and this numerical effect is more marked with an 

increased in the thickness of the shell than the length of the 

shell. 

 

Fig 4: Module with external vertical fins [7] 

 

Fig 5:Configuration of cylindrical shell [8] 

4. CONCLUSION 
This review paper is alert on the available thermal energy 

storage technology with PCMs for solar water heating. This 

technologies is very helpful for the humans and as well as for 

the energy conservation. This paper presents the current 

research in this exacting field, with the main focus being on 

the assessment of the thermal properties of various PCMs 

and how to overcome the problems arises in salt hydrates by 

using rotating cylinder and thickening agent also increase 

heat transfer rate by using external fins and cylindrical shell 

which are beneficial. The heat storage application used as a 

part of solar water-heating systems. This paper also presents 

the different module for latent heat storage using PCMs by 

solar energy. 
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