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ABSTRACT 

The continuous increase in the level of greenhouse gas 

emissions and the rise in fuel prices are the main 

driving forces behind the efforts for more effectively 

utilize various sources of renewable energy. In many 

parts of the world direct solar radiation is considered to 

be one of the most prospective sources of energy. In 

this study, the thermal performance of a phase change 

thermal storage device is discussed. The storage unit is 

a solar wax melting system being developed for latent 

heat storage studies. Paraffin was used as PCM in 

thermal energy storage with a melting temperature of 

42-50 
0
C.This study is based on experimental results of 

the PCM employed to analyze the thermal behavior of 

the storage unit during the charge and discharge periods 

of the paraffin. The time wise temperatures of the PCM 

and solar intensity were recorded during the processes 

of charging. The heat transfer characteristics were 

studied. 

 

Keywords: Thermal energy storage (TES), Latent heat 

storage (LHS), Phase change material (PCM), expanded 

graphite (EG). 

 

1.  INTRODUCTION 
Energy storage, especially thermal energy storage 

(TES), plays an important role in conserving available 

energy and improving its utilization because the 

discrepancy between energy supply or availability and 

demand can be overcome by implementation of a 

proper energy storage system. Among the various 

thermal energy storage methods, the latent thermal 

energy storage employing a phase change material 

(PCM) has been widely noticed as an effective way due 

to its advantages of high energy storage density and its 

isothermal operating characteristics (i.e. charging/ 

discharging heat at a nearly constant temperature) 

during the solidification melting processes, which is 

desirable for efficient operation of thermal systems. In a 

latent heat storage system, energy is stored during 

melting and recovered during solidification of a PCM.  

 

The use of the latent heat of a PCM as a thermal energy 

storage medium has gained considerable attention 

recently by finding however practical difficulties 

usually arise in applying the latent heat method due to 

its low thermal conductivity, density change, and 

stability of properties under extended cycling and 

sometimes phase segregation and sub cooling of the 

PCMs. Over the last decade, a number of studies have 

been performed to examine the overall thermal behavior  

and performance of various latent heat thermal energy 

storage systems. These studies focused on the 

melting/freezing problem of the PCM and on the 

convective heat transfer problem of the HTF used to 

store (melt) and/or retrieve energy (solidification) from 

the unit (Mithat et al., 2007). PCMs have been widely 

used in latent heat thermal storage systems for heat 

pumps, solar engineering, and spacecraft thermal 

control applications. The uses of PCMs for heating and 

cooling applications for buildings have been 

investigated within the past decade (Atul et al., 2009). 

The increase of the heat transfer rate obtained by using 

vertical fins could be very useful for applications of 

PCM modules inside water tanks.  

 

These PCM modules are used to store in a reduced 

volume. Using modules with vertical fins could solve 

the problem of slow heat transfer rate from the PCM to 

the water and increase the availability of the energy. 

The storage system would be more flexible to match the 

energy demand (Albert et al., 2008). Suffocation was 

also found as a suitable method to increase LHTES 

capacity of paraffin (Cemil, 2006). The shape-stabilized 

PCMs can keep the same shape in a solid state even 

when their temperature is above the melting point of the 

paraffin. They exhibit same phase transition 

characteristics as paraffin and up to 80% of the latent 

heat of paraffin. Thermal conductivity of the shape-

stabilized PCMs is increased significantly by the 

introduction of expanded graphite (EG) (Min et al., 

2001).  

 

A PCM with an easily adjustable melting point would 

be a necessity as the melting point is the most important 

criterion for selecting a PCM for passive solar 

applications (Farid et al., 2004). It was found that 

almost 95% of the stored energy was in the form of 

latent heat while the remaining 5% was as sensible heat 

(Hamdan and Elwrrl, 1996).The melting time depends 

on the rate of natural convection which in turn depends 

on the Rayleigh number. The higher the value of the 

Rayleigh number, the higher the rate of natural 

convection, the lesser the time of melting (Soma and 

Topas, 1993). The use of paraffin wax as a phase 

change material in small aluminum containers packed 

in conventional water storage tanks represents an 

approach for simple and inexpensive thermal energy 

storage. Such storage can be reliably used with 

conventional and existing solar water heating systems. 

The suitability of the melting temperature of paraffin 

wax enables the storage of excess energy available in 
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daytime hours as latent heat, and then the release of this 

stored heat to maintain the water temperature in an 

acceptable range for most domestic applications (Ahmet 

Sari et al., 2001). In recent years fatty acid esters are 

used as phase change materials (Ahmet Sari et al., 

2010). It is found that phase change process of the 

binary mixture takes place over a temperature range and 

the temperature range depends on both the heating rate 

and the mixture composition (Kousksou et al., 2010). 

Soft computing techniques can be used to model of a 

solar collector with PCM (Yasin et al., 2010). Different 

metals are also used with PCMs to improve the thermal 

storage performance (Zhao et al., 2010) and (Zivkovic 

and Fujill, 2001).Graphite was also used to increase 

thermal diffusivity of the Paraffin (Sumin and 

Lawrence., 2009, Yajuan et al., 2010, Mehling et al., 

2000, Yanxiang et al., 2009, Min et al., 2001).The 

progress in latent heat storage energy systems depends 

on the development of efficient heat exchangers for 

energy transfer between a PCM and a working fluid 

during charging and discharging (Banaszek et al., 

1999).  

 

Latent heat storage of the PCM can also be increased by 

using multiple PCMs (Zhen and Arun, 1997).The 

efficiency of PCM is dependent on the encapsulated 

quantity and energy storage capacity per unit mass 

during its melting and solidifying. The enthalpy of 

melting and solidifying of paraffin could be extended 

by Sulfonation (Chemil, 2006). Rectangular container 

requires half of the melting as for the cylindrical 

container of the same volume (i.e. equal mass of the 

PCM filling the container) and the same heat transfer 

area between heat transfer fluid and the container’ s 

wall (Zivkovic and Fujill, 2001). Lower values of initial 

temperature did not make significant contribution on 

the solidified mass fraction of PCM. It as well infers 

that for solidification, initially there is a higher heat flux 

release for lower coolant fluid temperatures (Eman et 

al., 2007).  

 

PCM CaCl2_6H2O has excellent solidifying and 

melting characteristics for solar discharging properties 

are significant (Veerapan et al., 2009). Esters are also 

considered as promising PCMs   for thermal energy 

storage (Ahmet Sari et al., 2010). Stearic acid is a good 

PCM for energy storage for domestic solar water 

heating. It has a suitable melting point of 60–61
0
C, 90% 

purity commercial grade stearic acid, and a high latent 

heat of 186.5kJ/ kg. It was observed that the melting 

and solidification times were not affected by the flow 

rate of the heat transfer fluid in the tested laminar range. 

Similar results are reported by Sari et al. (Ahmet Sari et 

al., 2001). The Palmatic acid was confined in maximum 

percentage of 80 wt% without leakage of melted PCM 

from porous structure of the EG and therefore, the 

composite was described as form-stable PCM (Ahmet 

Sari and Ali, 2009). Adding expanded graphite into 

paraffin to form paraffin graphite composite also proves 

to be a feasible method for heat transfer enhancement 

(Zhao and Zhou, 2011). 

 

2. MATERIALS AND METHODS 

A Solar Wax melting chamber of area 0.2601 m
2 

was 

constructed to study the melting /solidification 

characteristics of Paraffin wax. Commercial grade 

paraffin wax was used in the experiment.  Copper –

Constantan monojunction thermocouples were used to 

measure the temperature. Solar radiation was measured 

using Pyranometer .Polyurethane foam was used for 

thermal insulation purposes. Two transparent glass 

plates are used to cover the system. Paraffin was taken 

in five different masses and tested for latent thermal 

energy storage. 

 

3. EXPERIMENTAL 

Experiments have been conducted to determine the 

charging and discharging behaviors of the PCM. A 

solar cooker of area 0.2601 cm
2 

was constructed to 

study the melting and solidification characteristics of 

Paraffin wax. 

 

Paraffin’s are taken in five different masses of 1Kg, 

2Kg, 3Kg, 4Kg, 4 1/2Kg and 5Kg and tested for the 

maximum solar thermal energy storage. Melting starts 

in the lower region of the storage container close to the 

inner wall and, then, molten PCM ascends to the top 

part of the storage container as a result of natural 

convection currents. 
 

    Materials 

 
 

Sensible heat      Latent heat        Chemical energy 

 

Gas-liquid            solid gas 

 

             Solid-liquid           solid-solid 

 

Organics   Inorganics 

  

Eutetics          Mixtures         Eutetic          Mixtures  

Single            Temperature    Single            Temperature          

Temperature   interval          Temperature   interval 

  

        Paraffins           Fatty acids               Hydrated salts 

(alkanes mixtures) 

 

Commercial     Analytical Grade 

 Grade   

 

Figure 1 Classification of energy storage materials 
(Belen et al., 2003) 

 

   
Figure 2 Wax melting      Figure 3 Paraffin wax 

         Chamber 
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The melt region extends radially upward (i.e. 

boundary layer develops along the inner wall). 

 

  
Figure 4 Paraffin wax  Figure 5 Melted paraffin                                              

 

During melting two regions coexist during the charging 

process, which are: the melted PCM region in the liquid 

phase and the non-melted PCM region in the solid 

phase. In the solid region, the conduction inside the 

solid matrix of the PCM is responsible for the heat 

transfer process inside and this region receives heat 

from the melted part by convection. 

 

When the solid matrix of the PCM melts, convection 

mechanism of the heat transfer drives the recirculation 

in the melted PCM, which is due to the buoyancy forces 

induced by the density gradients as a result of 

temperature differences. The recirculation inside 

enhances mixing and heat transfer within the molten 

PCM, which can be explained by the fact that the points 

near the upper part reach to the melting temperatures in 

shorter times than the lower points do.  

 

        
             

Figure 6 Non-melted paraffin 

 

Note that the density of the molten PCM is lower than 

that in the PCM in the solid phase. At larger operating 

times, the region of the molten PCM extends to cover 

larger regions of the PCM container. It was absorbed 

that paraffin wax with mass of 4Kg have maximum fig 

10 solar radiation, and its efficiency was calculated as 

8.56%.Air temperature of the inside the system was also 

studied, it reaches a maximum temperature of 87
0 

C 

inside the system. 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 Melting curve for 1kg of paraffin wax 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 Melting curve for 2kg of paraffin wax 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 Melting curve for 3kg of paraffin wax 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10 Melting curve for 4kg of paraffin wax 

 

4. RESULTS AND DISCUSSION 

A paraffin wax (PCM) stores thermal energy, when it 

melts and releases the stored thermal energy when it 

solidifies. Below the melting point the energy stored in 

the PCM is sensible heat, but when it reaches the 

melting point the material begins to melt and energy is 

stored as latent heat, this is termed as latent heat.  

 

The PCM temperature will begins to fall as it loses its 

thermal energy and when the PCM temperature reaches 

below the melting point, the PCM will begin to solidify 

thus releasing its stored latent energy this was termed as 

the discharge period. These charging and discharging 

characteristics of the PCM was shown in the Figure.(7-

12). The latent heat of fusion was not absorbed in the 
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melting characteristics of wax mass taken as 1kg and 

2kg Figure. (7, 8). From the Figure. (9-12) it was noted 

that the PCM temperature increases faster at the 

beginning, which is initially in the solid phase and then 

a sudden drop in the temperature of the PCM was 

witnessed as it reaches a temperature of around 50
0
 C, 

which is close to its reported melting point. This sudden 

drop in temperature of the PCM was witnessed, when 

the wax mass was taken as 3kg, 4kg, 4.5kg, 5kg. 

 

This sudden drop in temperature of the PCM was 

witnessed, during the melting of wax, when it was taken 

in the wax melting chamber in the proportion of 3kg, 

4kg, 4.5kg, and 5kg.In the figure 9 it was observed that 

during the melting of the paraffin wax its temperature 

increases gradually but there was a sudden decrease in 

temperature to 48.1
0
C from 50.1

0
C.After that the 

temperature of the paraffin starts to increases sharply. 

This sudden decrease in temperature was due to the 

phase change characteristics of the PCM from solid to 

liquid state at this stage and therefore it was absorbing 

large amount of heat without increasing its temperature 

following this the temperature of the PCM starts to 

increase.  

 

 

 

 

 

 

 

 

 

 

                                         

 

 

 

 

Figure 11 Melting curve for 4.5kg of paraffin wax 

 

This was also absorbed in the Figure.10, 11, 12 where 

the temperature decreases from 52.6
0
C to 50.7

0
C and 

from 50.6
0
C to 43.80C and from 45

0
C to 40

0
C 

respectively due to the latent heat of fusion. Figure.13 

represents the efficiency curve for the various masses of 

paraffin wax.  

 

From the Figure.13 it was absorbed that PCM with 4kg 

of mass reaches the maximum efficiency of 8.56%. So 

the designed solar melting chamber is capable for 

melting 4kg of paraffin. 

 

5. CONCLUSIONS 

An experimental investigation has been conducted in 

order to study the melting and solidification 

characteristics of paraffin as a phase change material. 

The obtained results give a good estimation of the phase 

change material melting and solidification processes. 

For the designed wax melting chamber the maximum 

efficiency of 8.56% was achieved for the load of mass 

4kg paraffin wax. It can be concluded that presented 

work could provide guidelines for thermal performance 

and design optimization of the latent thermal energy 

storage unit. 

 

 

 

 

 

 

 
 

 

 
 

 

 

 

Figure 12 Melting curve for 5kg of paraffin wax 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13 Efficiency curve for various masses of 

paraffin wax 
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