
THERMAL ENERGY STORAGE SYSTEM USING 

PHASE CHANGE MATERIAL (PCM) 

M.Aravind Raj 1, Dr. P. Navaneetha Krishnan 2 , Dr. T. Senthilkumar 3 

1(PG Student, Department of Mechanical Engineering, University College of Engineering, BIT Campus, Anna 

University, Trichy, Tamilnadu, India) 
2(Dr. P. Navaneetha Krishnan, Asst. Professor, Department of Mechanical Engineering, University College of 

Engineering, BIT Campus, Anna University, Trichy, Tamilnadu, India) 
3 (Dr. T. Senthilkumar, Professor & Head, Department of Mechanical Engineering, University College of 

Engineering, BIT Campus, Anna University, Trichy, Tamilnadu, India) 

 

 

Abstract – Phase change materials (PCM) has been used widely as latent heat 

thermal storage (LHTS) systems. PCM materials has the ability to store the 

solar energy and other forms of heat energy as latent heat. By using PCM, we 

can reduce the energy usage. PCM has been recognized widely and it acts a 

substitute system for Electric and Kerosene based Space heaters. This system 

will control the fluctuations of temperature during the day time and night 

time. It will absorb the heat during daytime and will heat the room during 

night for better comfort. It will bridge the gap between the supply and 

demand of energy. The PCM is potentially used in Building applications, 

shelters, Containers and in defense applications. 

Keywords: Thermal Storage System, Phase Change Material (PCM), Latent 

Heat Thermal Storage (LHTS) System. 

I. INTRODUCTION 

The gap between the Energy demand and supply in the commercial, industrial, and 

utility sectors can be sorted out by Thermal Energy Storage (TES) System. Energy demand will 

vary with respect to season and ambient conditions and the gap can be bridged by using suitable 

TES System. TES deals with the storage of energy by cooling, heating, melting, solidifying, or 

vaporizing a material; the thermal energy becomes available when the process is reversed. 

Storage by causing a material to rise or lower in temperature is called sensible heat storage; its 

effectiveness depends on the specific heat of the storage material and, if volume is important, on 

its density. Storage by phase change (the transition from solid to liquid or from liquid to vapor 

with no change in temperature) is a mode of TES known as latent heat storage. Sensible storage 

systems commonly use rocks, ground, or water as the storage medium, and the thermal energy is 

stored by increasing the storage medium temperature. Latent heat storage systems store energy in 

phase change materials (PCMs), with the thermal energy stored when the material changes 

phase, usually from a solid to a liquid. The specific heat of solidification/fusion or vaporization 
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and the temperature at which the phase change occurs are of design importance. Both sensible 

and latent TES also may occur in the same storage material. This paper summarize the different 

types of PCM’s available and selection of suitable PCM to heat the room when the ambient 
temperature is very low. 

II. THERMAL ENERGY STORAGE 

                Thermal energy may be stored as sensible heat or latent heat. Sensible heat - by 

elevating or lowering the temperature of a substance (i.e., altering its sensible heat), Latent heat - 

by changing the phase of a substance (i.e., altering its latent heat) or through a combination of 

the two. TES is the temporary storage system like storage of solar energy in the PCM for 

overnight heating, storing summer heat to use during winter, using ice from winter  to summer for 

space cooling, storing energy generated by electricity during off peak hours and use the same 

stored energy when the demand is high.  

III. SENSIBLE HEAT STORAGE 

                Sensible heat storage SHS is the simplest method where the thermal energy is stored 

by heating or cooling a liquid or solid storage medium. The thermal energy is stored by raising 

the temperature of the solid or liquid using its heat capacity. Main advantage of SHS are : Cheap, 

readily available and less risk. Water is the commonly used system to store energy which has 

high specific heat, high density and cheap. SHS system utilizes the heat capacity and the change 

in temperature of the storage medium during the process of charging and discharging. The 

amount of heat stored depends on the specific heat of the medium, the temperature change, and 

the amount of storage material. 

Q = 
Tf

Ti

dT . cp . m

 
Q = m. cp. (Tf - Ti) 

 

IV.  LATENT HEAT STORAGE 

                Latent heat storage system (LHS) uses the energy released or absorbed in the phase 

change region. When the material reached its the phase change temperature it absorbs or releases 

a huge amount of energy to carry out the phase change which is known as the latent heat of 

fusion or evaporation depending on the state and in this way the energy is stored. The materials 

used are known as phase change materials (PCM). They have very high energy density and 

hence they reduce the volume and hence the cost. Latent heat storage uses the latent heat of the 

material to store thermal energy. Latent heat is the amount of heat absorbed or released during 

the change of the material from one phase to another phase. Two types of latent heat are known, 

latent heat of fusion and latent heat of vaporization. Latent heat of fusion is the amount of heat 

absorbed or released when the material changes from the solid phase to the liquid phase or vice 
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versa, while latent heat of vaporization is the amount of thermal energy absorbed or released 

when the material changes from the liquid phase to the vapour phase or vice versa. Indeed, latent 

heat of vaporization is not paid attention for latent thermal energy storage applications because 

of the large change in the volume accompanied by this type of phase change. The amount of 

thermal energy stored in form of latent heat in a material is calculated by 

Q = m. LH 

Where Q is the amount of thermal energy stored or released in form of latent heat (kJ), 

m is the mass of the material used to store thermal energy (kg), and 

LH is the Latent heat of fusion or vaporization (kJ/kg). 

It is clear from above Eq. that the amount of thermal energy stored as latent heat depends on the 

mass and the value of the latent heat of the used material. Materials used to store thermal energy 

in form of latent heat are called phase change materials. 

When a solid is heated, its temperature rises up to its melting temperature. After this point the 

temperature come to an end to increases and the phase change occurs. After the PCM has 

completely melted, the temperature rises again up till it reaches the boiling temperature. After 

this the temperature remains constant till everything is evaporated. In PCM application one can 

give and extract the energy within the phase change region and therefore without changing the 

temperature [1]. 

V. PHASE CHANGE MATERIALS 

                When a material melts or vaporizes, it absorbs heat; when it changes to a solid 

(crystallizes) or to a liquid (condenses), it releases this heat. This phase change is used for storing 

heat in PCMs. Typical PCMs are water/ice, salt hydrates, and certain polymers. Numerous 

organic and inorganic PCMs melt with a high heat of fusion in the temperature range 0–120 ◦C. 
However, for their employment as heat storage materials in TES systems, PCMs must also 

possess certain desirable thermodynamic, kinetic, chemical, technical, and economic 

characteristics. Some of the criteria considered in evaluating PCMs follow 

Thermodynamic criteria: Chemical criteria Technical criteria Economic criteria 

• a melting  point at the desired 
operating temperature; 

• a high latent heat of fusion per 
unit mass, so that less amount of 

material stores a given amount of 

energy; 

• a high density, so that less 
volume is occupied by the 

material; 

• a h igh specific heat, so that 
significant sensible TES can also 

occur; 

• a high thermal conductivity 

• chemical stability; 
• no susceptibility to 
chemical decomposition, so 

that a long operation life is 

possible; 

• noncorrosive behavior to 
construction materials; 

• nontoxic, nonflammable, 
and nonexplosive 

characteristics. 

 

• simplicity, 
• applicability, 
• effectiveness, 
• compactness, 
• compatibility, 
• viability, and 

• reliability. 
 

• commercial availability,  

• low cost. 
 

Table.1. Characteristics of PCM 
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VI. CLASSIFICATION OF LATENT HEAT STORAGE MATERIALS 

                Phase Change Materials (PCM) are also called as Latent heat Storage Materials and it 

is classified as follows: 

 

Fig 1. Classification of PCM 

VII. PROPOSED 

 

Fig 2. Typical Sketch 
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                The shelter prototype will constructed with steel sheet (outer and inner) with PUF or 

Rockwool insulation on all the sides. One side of the shelter is provided with Polycarbonate 

sheet for better solar radiation on the PCM stored behind the polycarbonate sheet. 

Polycarbonate Sheet = 0.282 m² 

Total Surface Area = 1.362 m² 

Panel Thickness = 25 mm 

U - Value of Insulation = 0.297 W/m²K 

U - Value of Polycarbonate Sheet = 0.32 W/m²K 

Solar Irradiation = 4 kwh/m2/day (appx) 

PCM – Latent heat = 199 KJ / Kg 

Amount of PCM to be stored = 3.2 Kgs 

The prototype shelter to be manufactured as insulated wall construction. The outside surface of 

the side walls, End walls and Roof are covered with CRCA sheet (1 mm) and inner plain GI 

sheet (0.6 mm). Side walls, End walls and Roof panels are sandwiching an insulation of 50 mm 

thick Rockwool or PUF Insulation. Marine grade plywood shall be used as floor plate. 

PCM slabs shall be placed on one side based on the sunlight light direction and it shall be 

covered with Polycarbonate sheet for better light transmission. Based on the Solar Irradiation, 

the Phase Change duration will vary.  The proposed PCM having the freezing temperature of 

24°C and melting temperature of 25°C. It stores the thermal energy as latent heat in its 

crystalline form. Once the ambient temperature reaches  more than 25°C during day time, the 

phase change will happen and the PCM will absorb the heat and stored it as latent heat. When the 

ambient temperature drops below 24°C, the PCM will emits the stored heat to the shelter and 

change the conditions inside the shelter. 

VIII. CONCLUSION 

                It is clear from the above discussion that the PCM plays a major role on the human 

comfort and energy saving. Though the sensible thermal energy system has high specific heat, 

the latent type thermal energy system can be used in the critical applications. Higher the latent 

heat, higher the temperature difference which can achieved during reversal process. By using 

PCM, we can save the energy requirement for room heating or cooling and we can use this kind 

of PCM shelters in worst atmospheric conditions. 

REFERENCES 

[1] Saeed, R.M., Schlegel, J.P., Castano, C. and Sawafta, R. Preparation and enhanced thermal performance of novel 

(solid to gel) form-stable eutectic PCM modified by nano-graphene platelets (2018) 

[2] Ponnuraj Stella Jesumathy "Latent Heat Thermal Energy Storage System" (2018) 

[3] Ioan Sarbu and Calin Sebarchievici "A Comprehensive Review of Thermal Energy Storage" (2018) 

[4] Khan, M.M.A.;  Saidur, R.;  Al-Sulaimana, F.A. A  rev iew for phase change materials (PCMs) in solar absorption 

refrigeration systems. Renew. Sustain. Energy (2017) 

International Journal of Advanced Research in Basic Engineering Sciences and Technology (IJARBEST)

ISSN (ONLINE):2456-5717 14 Vol.5, Issue.5, May 2019



[5] Iten, M. ; Liu, S. ; Shukla, A. A rev iew on the air-PCM-TES application for free cooling and heating in the 

buildings (2016) 

[6] Hassan, A.; Laghari, M.S.; Rashid, Y. Micro-encapsulated, phase changes materials: A review of encapsulation, 

safety and thermal characteristic (2016) 

[7] Souayfane, F ; Fardoun, F ; Biwole, P. Phase Change Materials (PCM) for cooling applications in buildings: A 

review (2016) 

[8] Kosny, J. PCM-Enhanced Build ing Components - An Application of Phase Change Materials in Build ing 

Envelopes and Internal Structures (2015) 

[9] Gracia, A.D.;  Cabeza, L.F. Phase Change Materials and thermal energy storage for buildings. Energy Build  

(2015) 

[10] Pintald i, S.; Perfumo, C.; Sethuvenkatraman, S.; White, S.; Rosengarten, G. A rev iew of thermal energy storage 

technologies and control approaches for solar cooling (2015) 

[11] Kumar, A.; Shukla, S.K. A Review on Thermal Energy Storage Unit for Solar Thermal Power Plant 

Application (2015) 

[12] Thambidurai, M.; Panchabikesan, K.; Mohan, K.N.; Ramalingam, V. Review on Phase Change Material based 

free cooling of buildings (2015) 

[13] F. Ascione, N. Bianco, R.F. De Masi, F. de' Rossi and G.P. Vanoli, "Energy refurb ishment of existing build ings 

through the use of phase change materials: Energy savings and indoor comfort in the cooling season" (2014) 

[14] Abduljalil A. Al-Abidi, Sohif Mat, K. Sopian, M. Y. Sulaiman, Abdulrahman Th Mohammad - Experimental 

study of melting and solidification of PCM in a triplex tube heat exchanger with fins (2014) 

[15] J. A lqallaf and E.M. Alawadhi, "Concrete roof with cylindrical ho les containing PCM to reduce the heat gain", 

Energy and Buildings (2013) 

[16] S.N. Al-Saadi and Z. Zhai, "Modeling phase change materials embedded in building enclosure : A review", 

Renewable and Sustainable Energy Review (2013) 

[17] Godarzi, A.; Jalilian, M.; Samimi, J.; Jokar, A.; Vesaghi, M.A. Design of a PCM storage system for a solar 

absorption chiller based on exergoeconomic analysis and genetic algorithm (2013) 

[18] E.M. A lawadhi, "Using phase change materials in window shutter to reduce the solar heat gain", Energy and 

Buildings (2012) 

[19] Parameshwaran R, Kalaiselvam S, Harikrishnan S, Elayaperumal A  Sustainable thermal energy storage 

technologies for buildings: a review (2012) 

[20] E. Oró a, A. de Gracia a, A. Castell a, M.M. Farid b, L.F. Cabeza Review on phase change materials (PCMs) 

for cold thermal energy storage applications (2012) 

[21] R. Ansuini, R. Larghetti, A. Giretti and M. Lemma, " Radiant floors integrated with PCM for indoor 

temperature control", Energy and Buildings (2011) 

[22] Atul sharma, V.V. Tyagi, C.R.Chen, D.Budhi, Review on thermal energy storage with phase change change 

materials and applications, Science Direct, Renewable and Sustainable Energy Review (2009) 

[23] Shiina Y, Inagaki T. Study on the efficiency of effective thermal conductivities on melt ing characteristics of 

latent heat storage capsules (2005) 

International Journal of Advanced Research in Basic Engineering Sciences and Technology (IJARBEST)

ISSN (ONLINE):2456-5717 15 Vol.5, Issue.5, May 2019


