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Abstract 

This paper focuses and investigates the application of nanoparticle immersion in a phase change 

material for latent heat energy storage. In a real-world scenario, a helical pipe coil would be 

wound through an insulated steel tank filled with the composite PCM; heated or cooled water 

would be pumped to inject or extract heat from the PCM as needed. For simplification, 

simulation was done using a helical heating element instead. The base of the composite phase 

change material (PCM) was paraffin wax, and the nano-particle material immersed in the base 

was expanded graphite. Five total cases were examined with different percentages of expanded 

graphite in solution, with the first case having no graphite. Simulation and analysis was done 

using COMSOL Multiphysics 4.3a. Parameters examined were the average temperature of the 

body, the time to reach the coil temperature, the melted fraction of the PCM, and the time to 

reach complete melting. The generated data from the selected criteria assist in visualization of 

the effect of an increased percentage of expanded graphite in heat storage applications. 

 

 

1. INTRODUCTION 
One of the more significant fields in which intensive 

research has been done in the last century is energy storage. However, 

the use of current technologies, materials,  and other processes to 

produce energy have been proven detrimental to the environment.[1]  

The effects of climate change as well as other negative factors have 

promoted the creation of new technologies to store and transmit 

energy. Among these new technologies, the use of phase change 

materials(PCM’s) to store latent energy opens a realm of possibilities 

in increasing the efficiency of energy transfer systems, while reducing 

the gap between current supply and demand. Although the use of 

PCM’s is new compared with other technologies, it displays a 

relatively accelerated pace of innovation, as new studies show that 

combining them with nano-engineered materials make it a promising 

application. PCM’s have been mostly used in three energy storage 

methods which are sensible heat, latent heat and chemical energy. 

However, it was found to be more successful in the area of latent heat 

storage due to its high energy storage capacity and small temperature 

variation. Materials that show these properties are called heat 

absorbers. These materials have the ability to undergo phase transition 

and are becoming more common in the building industry.  

In countries where climate varies from temperatures of 5⁰ 

Celsius in the winters to 45⁰ Celsius in the summer; energy 

consumption in air conditioning is a major factor in energy cost. For 

this reason PCM’s are being studied and developed for absorbing and 

releasing large amounts of energy proportionally in order to increase 

efficiency. PCM’s can be used in within building walls so that during 

the day they absorb energy from the sun keeping the inside relatively 

cool and releasing the absorbed energy at night keeping the inside 

relatively warm.  

A phase change material is any material that has a high heat 

of fusion, which means that it absorbs a large amount of thermal 

energy in the process of melting from solid to liquid. Similarly, it 

discharges a large amount of heat during solidification.  When a PCM 

absorbs heat from a contact medium, their temperature increase and 

then they release energy almost to a constant temperature. Some 
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PCM’s are capable of storing from 5 to 14 times more heat per unit 

volume than a regular material. [3].Phase change materials need to 

have certain properties, which make them either expensive, and hard to 

find, or to manufacture. [2] The thermodynamic properties of a PCM 

include: good phase change temperature, high latent heat of transition 

and have a good thermal conductivity for heat transfer. Other physical 

and chemical qualities that characterize good PCM’s are high density, 

small volume change, low vapor pressure, sufficient crystallization 

rate, inter-substance nonreactivity, nontoxic, and lastly 

noncombustible. [3]  

Phase change materials can be categorized into three main 

groups. First there are organic materials in which paraffins are the 

most important. They consist on a mixture of n-alkanes chains that are 

available on large temperature ranges. Since this type of material is 

highly reliable and cheap there are several systems that in which they 

can be used. However, there are also some limitations like low thermal 

conductivity when they are used alone, they cannot be used in plastic 

containers as they do not interact well, and finally they are flammable. 

The next subcategory among organic PCM’s are the non-paraffin’s, 

these materials form the largest group because each of them has its 

own unique properties. Studies like the one conducted by Buddhi and 

Sawhney[4] identify several organic substances like fatty acids, esters, 

alcohols and glycols as PCM’s due to their potential for energy 

storage. While having good heat of fusion characteristics and 

inflammability, some highlighting features of non-paraffin, organic 

PCM’s which disqualify their use are toxicity and being unstable at 

higher temperatures.     

The second group of PCM’s, the inorganics, are divided 

between salt hydrates and metallics. The use of salt hydrates for energy 

purposes has been the topic of hundreds of recent studies. The results 

indicate that the biggest issue encountered is the degradation of their 

thermal energy storage capacity. This occurs after certain number of 

heating-cooling cycles.[5] Another disadvantage of these materials are 

their poor nucleation properties which make them prone to 

supercooling or fast change in phase before crystallization occurs. 

Although they have high thermal conductivity, are cheap, and have 

small volume changes when melting, most of the time they need to be 

mixed with other substances to increase their effectiveness. [6] The 

group of metallics includes all the low melting metals and metal 

eutectics, these materials are not considered for energy storage due to 

their weight and volume as well as many other implications that 

require the use of extremely high temperatures to achieve a phase 

change.   

The last classification of PCM’s are the eutectics. These are 

a minimum- melting mixture of materials, each of which changes 

phase congruently during crystallization [7] 

The efficiency of both organic and inorganic PCM’s as 

thermal storage systems is generally affected by the same factor:  low 

thermal conductivity. Even though inorganic PCM’s have higher 

thermal conductivity compared their organic counterparts, there are 

several cases that require a higher thermal exchange improvement. 

There have been several approaches recently studied to overcome this 

problem: metal thin strips [9], thin walled rings [10], porous metals 

[11] porous graphite [12], metal foam matrix [13] and carbon fibers 

[14,15] are the common techniques proposed to enhance the thermal 

conductivity of a PCM. In particular carbon fibers are highly 

promising additions, since they are  resistant to corrosion and chemical 

attacks, conditions that make them adequate to combine with PCM’s 

that present corrosive properties.  [8] 

 

2. METHODOLOGY 
Using COMSOL Multiphysics 4.3a, a 3D model was 

generated. The model consisted of a helical copper heating element 

running through a cylindrical PCM body. The system is assumed to be 

contained in a well-insulated body and is adiabatic. The material and 

thermal properties of copper were retrieved from COMSOL’s 

incorporated database, and the properties of the PCM body were 

introduced on the system depending on each case. Thermal 

conductivity and latent heat of fusion were determined using published 

data [17].Specific heat was determined empirically using specific heat 

values of each pure substance and the percentage of each in each case. 

Similarly, the density of each case was calculated using the densities of 

each pure substance. Five cases (0%, 8%, 13%, 19%, and 26%) of 

added graphite were chosen based on available information from 

published data [17]. A coarse mesh was applied to the body and 

simulated. Simulations were conducted over a timeframe of ten 

seconds in 0.01 second intervals, with the exception of the case of pure 

paraffin wax, which was simulated for 300 seconds to accommodate 

the longer melting time. From the obtained results a better 

understanding of the effects of incorporation of thermally conductive 

nanoparticles can be understood. 

 

 
Figure1: Geometry Generated in COMSOL and Corresponding Mesh 
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      As mentioned on previous section, paraffin wax is one of the most 

accessible forms of PCM’s.  Paraffins are formed of  straight chains of 

hydrocarbons that have melting temperatures ranging from 73.4 to 

152.6 degrees  Fahrenheit[18] Commercial grade paraffins are 

obtained from the distillation of petroleum, they are a combination of 

several hydrocarbons and the longer the length of the chain, the higher 

their melting temperature and heat of fusion [19]  Even though this 

material possesses desirable properties like low price, nontoxic, and 

high latent heat it also has the disadvantage of low thermal 

conductivity[16]. For this reason, this study focuses on a previously 

mentioned technique for the enhancement of paraffin conductivity: the 

mixture of the commonly available paraffin wax and expanded 

graphite.         

      For the purpose of this study, several ratios of PCM-graphite were 

used. The graphite nanoparticles increase the thermal conductivity of 

the PCM, thus increasing the rate at which the material absorbs heat 

and reaches its melting temperature. 

 

3. RESULTS AND DISCUSSION 
 The simulation clearly demonstrates an acceleration of heat 

absorption for each increase of graphite in solution. Graphite greatly 

decreases the amount of time for the PCM mixture to completely reach 

its melting temperature.  

Trends show a diminishing return for each percent increase 

of graphite added to the mixture as seen in figure 4 and 5. This is likely 

due to the combined properties of the mixture approaching those of the 

a 100% graphite solution. Due to the extreme difference between the 

thermal conductivity of the paraffin wax and the graphite, changes in 

behavior are drastic as graphite is first added. 

 

Table 1: This table shows density and specific heat of the materials 

used in the mixture 

 

Density (kg/m^3) 

Paraffin Wax Graphite 

800 2090 

Specific Heat (J/kg K) 

Paraffin Wax Graphite 

1250 690 

 

 

 

 
 

Figure 2: first stage of PCM melting using Helical Heating Element 

 

 

 
 

Figure 3 : second stage of PCM melting using Helical Heating Element 
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Table 2: Material Properties of each Case and the Time to Complete Melting. 

 Case 1 Case 2 Case 3 Case 4 Case 5 

% PCM 100% 92% 87% 81% 74% 

Thermal Conductivity (W/mK) 0.35 10 21 46 66 

Latent Heat (J/Kg) 125000 144000 133000 121000 120000 

Specific Heat (J/Kg K) 1,250.00 1,205.20 1,177.20 1,143.60 1,104.40 

Density of Mixture (kg/m^3) 800.00 903.20 967.70 1,045.10 1,135.40 

100% Melted Time (s) 204 9.54 4.34 2.7 1.69 

 

 

Figure 4: Plot of Average Temperature for each Case 

 

 

Figure 5: Plot of Melted Fraction versus Time for each Case 



 

 

Hamidreza Ghasemi Bahraseman et al../Journal of Mechanical Engineering and Modern Technology (JMEMT) 

 

35 | Page                                                                                  30 June 2018                                                             www.jmemt.jarap.org 

 

This paper studies the role of expanded graphite when added to phase 

change materials in thermal energy storage systems to enhance the 

response rate of the TES system. Mixtures of PCM-EG were tested and 

prepared emperically to assess their heat transfer rate, structural 

stability, and other thermo-physical properties under a charging cycle. 

A thermal boundary conditions were used to heat thermal energy to 

PCM-EG mixtures at various EG percentages. Considerable 

improvement in melting time were performed when EG added to the 

PCM. For example, the response rate of the system enhanced about 

significantly when 26% EG added to the PCM which had a reduction 

in thermal energy storage of the system, as the penalty. The numerical 

results used to study the heating cycle for samples  clearly portrays the 

hot zone and development within the composite by time that helps to 

better understand the melting process. Moreover, the presented data in 

this paper reveals that the inherent structure of the EG did affect the 

thermo-physical of composite material. 

 

 

 

Figure 6: Melted Fraction Over Time for Case 2, 8% Graphite Solution 
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4. CONCLUSION 
The study has combined heat conduction measurements with a fluid 

dynamics model to numerically calculate the time of melted fraction 

for a helical pipe coil including a composite phase change material 

(PCM), paraffin wax, and the nano-particle material immersed in the 

base was expanded graphite. To our knowledge this is the first time 

that a numerical model has been applied to enable numerical 

predictions of performance of latent heat energy storage. Five cases 

(0%, 8%, 13%, 19%, and 26%) were tested with different percentages 

of expanded graphite in mixture. Simulation and analysis was done 

using COMSOL Multiphysics 4.3a. Parameters examined were the 

average temperature of the body, the time to reach the coil 

temperature, the melted fraction of the PCM, and the time to reach 

complete melting. Outcomes perform that a decreasing return for each 

percent enhance of graphite applied to the mixture. This is mostly due 

to the mixed thermal and physical features of the composite 

approaching those of the a 100% graphite solution. Because of the 

huge discrepancy between the thermal conductivity of the paraffin wax 

and the graphite, variations in behavior are significantly eye-catching 

as graphite is first added. 

Expanded graphite proved to be a potentially efficient method of 

increasing thermal storage efficiency for paraffin based heat storage 

systems. The improvement to thermal conductivity increased 

exponentially as the graphite was increased. The same is true for the 

total time required to completely melt the material, which decreased 

exponentially as graphite increased. After analyzing the trendline of 

conduction and melting time temperature with an increase in graphene, 

the conclusion was drawn that a graphite content of 8% by weight was 

the ideal to increase overall efficiency. 

 

REFERENCES  
[1] Hidden Costs of Energy: Unpriced Consequences of Energy 

Production and Use. National Research Council of the National 

Academies. The National Academies Press Washington D.C. p 

358 2010.  

[2] Abhay B. Lingayat, Yogesh R. Suple. Review on Phase Change 

Materials As Thermal Energy Storage Medium: Materials, 

Application. Nagpur University, India. IJERA 2013. 

[3] Atul Sharma V.V. Tyagi C.R Chen, D.Buddhi. Review on the 

thermal energy storage with phase change materials and 

applications. Devi Ahila University India. Sciencedirect 2007 

[4] Buddhi. D. Sawhney RL. In: Proceedings on thermal energy 

storage and energy conversion. 1994 

[5] C. Vaccarino, V. Cali, F. Frusteri, A. Parmaliana, Low 

Temperature Latent Heat Storage with Quasi-eutectic Mixtures 

containing Ca(N03)2*4H2O J. Solar Energy 109(1987) 176. 

[6] Lane G.A. et al Macro Encapsulation of PCM report no. 

QRO/5117-8 Midland Michigan: Dow Chemical Company 1978 

p.152    

[7] A. George A. Phase Change Thermal Storage Materials. In 

Handbook Of Thermal Design. Guyer C, Ed. McGraw Hill Book 

Co. 1989  

[8] F. Frausteri*, V. Leonardi, S. Vasta, G. Restuccia. Thermal 

Conductivity Measurement of a PCM Based storage System 

Containing Carbon Fibers. Elsevier Publishings. 2004.   

[9] C.J. Hoogendoorn, G.C.J. Bart, Performance and Modeling of 

latent Heat Stores, Energy 48 (1992)53–58. 

[10] R. Velraj, R.V. Seeniraj, B. Hafner, C. Faber, K. Schwarzer, Heat 

Transfer Enhancement in Latent Heat Storage System, Solar 

Energy 65 (199) 171-180. 

[11] J.A. Weaver, R. Viskanta, Melting of Frozen, Porous Media 

Contained in a Horizontal or a Vertical, Cylindrical Capsule, Int. 

J. Heat Mass Transfer 29 (1986) 1943–1951. 

[12] A.M. Tayeb, Use of Some Industrial Wastes as Energy Storage 

Media, Energy Conversion. Manage. 37 (1996) 127–133. 

[13] V.V. Calmidi, R.L. Mahajan, The Effective Thermal Conductivity 

of High Porosity Fibrous Metal Foam, Trans. ASME 121 (1999) 

466–471. 

[14] J. Fukai, Y. Hamada, Y. Morozumi, O. Miyatake, Effect of 

Carbon-fiber Brushes on Conductive Heat Transfer in Phase 

Change Materials, Int. J. Heat Mass Transfer 45 (2002) 4781–

4792. 

[15] J. Fukai, M. Kanou, Y. Kodama, O. Miyatake, Thermal 

Conductivity Enhancement of Energy Storage Media Using 

Carbon Fibers, Energy Conversion. Manage. 41 (2000) 1543–

1556. 

[16] Farid MM, Khudhair AM, Siddique KR, AL-Hallaj S. A Review 

on Phase Change Energy Storage: Materials and Applications. 

Energy Conversion Manage 2004;45:1957-615 

[17] Zhong, Yajuan, et al. “Heat transfer enhancement of paraffin wax 

using compressed expanded natural graphite for thermal energy 

storage.” Carbon, Elsevier, 12 Sep. 2009 300-304 

[18] Abhat A. Low temperature latent heat thermal energy storage: 

heat storage materials. Sol Energy 1983;30:3 13–32 

[19] Himran S, Suwono A, Mansori GA. Characterization of alkanes 

and paraffin waxes for application as phase change energy storage 

medium. Energ Source 1994;16:117–28.   

 

 


