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ABSTRACT 
The present work has been initiated to study the possibility of storing solar energy using Phase Change Materials (PCMs) and 
utilizing this energy to heat water for domestic purposes during night time. This ensures the availability of hot water throughout 
the day. Thermal energy storage systems are very much attractive in low and medium temperature thermal storage applications 
because of their simplicity and low cost. The effect which keeps warm and cold water separated by means of gravitational 
stratification in thermal energy storage systems is called as thermal stratification. Latent heat storage method is one of the most 
efficient ways of storing thermal energy. The latent heat storage method provides much higher storage density compared with the 
sensible heat storage method, with a smaller temperature difference between storing and releasing heat. The storage unit utilizes 
small cylinders, made of aluminium, filled with paraffin wax as the heat storage medium. Adding PCM (phase change material) 
modules at the top of the water tank would give the system a higher storage density and compensate heat loss in the top layer 
because of the latent heat of PCM. The Solar Domestic Hot Water (SDHW) storage tank used in the experiments had a 75 Litres 
water capacity. In the morning, the storage tank is filled with water and this water is made to circulate through the solar collector 
heating panel. The water in the storage tank receives heat form the heating panel and transfers it to the PCM. The PCM undergoes a 
phase change by absorbing latent heat from the water. Experiments were performed in both charging and discharging processes. 
The storage tank is completely insulated to prevent loss of heat. The results show that, by using the PCM, efficiency of solar water 
heater is increased from 36.52% to 47.02%. 
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INTRODUCTION 

 

Solar energy is one of the most important renewable and alternative energy sources for several domestic 

and industrial applications. The simple and most direct application of this solar energy is the conversion of solar 

radiation into heat. The use of solar energy for thermal applications represents one of the most popular 

engineering applications in the world now. Over the last few years a wide range of solar energy technologies 

have been developed through research and development. One of the most common uses of solar thermal 

technology is solar water heating. India is blessed with good sunshine. The country receives solar radiation 

amounting to over 5 x1015 kWh per annum with the daily average incident energy varying between 4-7 kWh per 

m2 depending on the location [1].  

Conventional natural circulation flat plate solar water heaters are the most economical and large scale use of 

solar energy all over the world. To utilize the solar energy from the sun throughout the day energy should be 

stored and used when needed. Latent heat storage is one of the most efficient ways of storing thermal energy. 
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Unlike the sensible heat storage method, the latent heat storage method gives much higher storage density, with 

a smaller temperature difference between storing and releasing heat.  

Phase Change Material (PCM) is a possible option for storing thermal energy in solar water heating 

systems. It has the advantages of its isothermal behaviour during the charging and discharging processes and 

high energy storage density. Solar water heater by using a phase change material (PCMs) in storage tank is the 

efficient way of storing the thermal energy and this energy can be utilized to heat water for domestic purposes 

during the night time.  The system consists of two absorbing units. One of them is solar water heater and other a 

heat storage unit consisting of PCM. During the day time the solar collector absorb the heat from sun and the 

water is heated with the help of solar radiation. The heated water transfer it heat to phase change materials 

(PCMs). The phase change material absorbed the sensible heat and the excess heat is stored in the form of latent 

heat. PCM as absorbing heat unit the hot water is available during night, with increase in the performance of 

solar collector. Latent heat thermal energy storage is mainly attractive technique because it provides a high-

energy storage density.  

 

2 Phase Change Material (Pcm): 

Organic and inorganic compounds are the two most common groups of PCMs. Most organic PCMs are 

non-corrosive and chemically stable, exhibit little or no subcooling, are compatible with most building materials 

and have a high latent heat per unit weight and low vapor pressure. Their disadvantages are low thermal 

conductivity, high changes in volume on phase change and flammability. Inorganic compounds have a high 

latent heat per unit volume and high thermal conductivity and are non-flammable and low in cost in comparison 

to organic compounds. However, they are corrosive to most metals and suffer from decomposition and 

subcooling, which can affect their phase change properties. The applications of inorganic PCMs require the use 

of nucleating and thickening agents to minimize subcooling and phase segregation. Significant efforts are 

continuing to discover those agents by commercial companies. The applications in which PCMs can be applied 

are vast, ranging from heat and coolness storage in buildings to thermal storage in satellites and protective 

clothing. 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 [2].  

Phase Change Materials (PCMs) can be classified as shown in Figure 1. PCM can be broadly classified into 

four types namely solid–solid, solid–liquid, solid–gas and liquid–gas types [3]. Among all PCM solid–solid type 

are fairly good to use because of its small volume change property, no gas or liquid formation, negligible sub-

cooling, non-toxicity, corrosion resistance, high thermal efficiency and fair service life. It also has some 

drawbacks like its high cost and poor thermal conductivity [4-5]. Solid–solid type PCM can be divided into 

cross-linked high density polyethylene, layered calcium titanium and polyatomic alcohol [6]. Solid–liquid [7-8] 

can be divided into three subcategories namely inorganic, organic and composite. Further on the basis of 

chemical and thermal properties inorganic and organic PCM can be divided into hydrous salt, metal paraffin, 

fatty acid respectively.  

 
 

Fig. 1: Classification of PCMs 

 

Kumar [9] designed a latent heat storage setup. Further, development and evaluation of the performance 

have been done by using a box type solar collector for the hot water requirements during evening and morning. 

System was consisting of three finned heat exchangers. In the system paraffin wax having melting temperature 

of 54C was used as a heat storage material. The performance of paraffin wax for desirable temperature range of 

hot water (15 litres and 20 litres) found to be very good.  

Paraffin based two water heating system have been designed by Shukla [10]. Among two systems one had 

tank in tank type storage and the second has been done with two systems on the basis of 24h cycle and systems 

are found to be 45% and 60% efficient respectively. Canbazoglu et al. [11] were developed water heating 

system with and without (conventional) PCM. Further both systems compared with each other and found that 

outlet temperature of the heat storage tank with the PCM was greater, by 6C, than the system without a PCM. 

The total mass of PCM filled in three rows of polyethylene bottles used in the heat storage tank was 

approximately 180 kg.   

A wide range of PCMs can be used for latent heat storage applications, including salt hydrates, paraffin 

waxes, fatty acids, and sugar alcohols [12]. For use in domestic solar water heating applications, paraffin waxes 
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represent the most suitable option due to their congruent melting temperatures, availability, low cost, and non-

corrosiveness. However, they usually suffer from relatively high volumetric expansion ratios and low thermal 

conductivity values. The poor thermal conductivity can be overcome by using the PCM through geometries with 

large surface area to volume ratios.  

 

Experimental Setup: 

The thermosyphon solar water heating system is installed at Government College of Engineering, Salem, 

Tamilnadu, India (23.7° N) where the average solar radiation is in the range of 5-5.5 kWh/m2/day. After 

construction, the flat-plate collector held at a tilted angle of 22 degree (on 06th March 2017) facing south on a 

supporting structure. The schematic diagram of the solar water heating system is shown in Fig. 2.  

The performance of a SWHS mainly depends on the temperature distribution in the collector (absorber 

plate, cover and water in the riser tubes) and the flow of water in the riser tubes and connecting pipe of a solar 

water heating system. Due to the density difference, water in the riser tubes get heated and flows to the storage 

tank. This flow depends on the thermosyphon head due to the buoyancy force, which is due to the change in 

density of water caused by water temperature rise in the solar collector. 

The Experimental setup is basically similar to conventional, commercially available, solar water heating 

systems with a small amount of differences. The setup consists of a cylindrical water tank which holds the PCM 

inside the inner square tank and the solar flat plate collector. The stainless steel water tank has a capacity of 

about 75 litres. It houses the PCM inside the square tank having length 40 cm & width 28cm and allows for heat 

transfer between the surface and the water. The tank is insulated with 5 cm of glass wool and is provided with 

an aluminium cladding. The PCM storage tank contains 27 kg of paraffin wax. We added 27 kg PCM (wax) in 

PCM tank as 100 liter water requires 36kg of PCM [13].  

 

 
Fig. 2: Schematic diagram of Experimental Set up  

 
Table 1: Properties and dimensions of the collectors 

Properties and dimensions of the collectors Single phase 

Length 1.60 m 

Width 0.85 m 

Depth 0.14 m 

Transparent cover Glass 

Thickness 0.04 m 

Air gap 0.05 m 

Collector effective area, (AColl) 1.15 m2 

Absorber plate painted with dull black paint Copper 

Length 1.40 m 

Width 0.80 m 

Thickness 0.001 m 

Insulation Material glass wool 

Glass wool back and side thickness 0.05 m, 0.02 m 

Casing Material Aluminium profile 

Back cover Galvanized iron sheet 

Thermosyphon tubes Copper 

Number of pipes 9 

Length 1.38 m 

Outside diameter 0.012 m 

Inner diameter 0.011 m 

Working fluid pure water 

Total weight of the working fluid 15 kg 
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Filling ratio total volume 1 

Filling ratio total height of the collector 1 

Heat exchangers area at the condenser 0.4m2 

Hot water storage tank volume 0.075m3 

 

During the charging process the water is circulated through the tank and the solar collector unit 

continuously. The water absorbs solar energy sensibly, and exchanges this heat with the PCM in the PCM 

storage tank, which is initially at room temperature. The PCM slowly gets heated, sensibly at first, until it 

reaches its melting point temperature. As the charging proceeds, energy storage as Latent heat is achieved as the 

Paraffin wax melts at constant temperature (62±2°C). After complete melting is achieved, further heat addition 

from the water causes the PCM to superheat, thereby again storing heat sensibly. The charging process 

continues till the PCM and the water attain thermal equilibrium. Temperatures of the PCM and water at the 

outlet are recorded at intervals of 3 hours. The PCM is charged through the day, whenever hot water is not 

demanded by the user. The discharging process used is termed as batch wise process. In this method, a certain 

quantity of hot water is withdrawn from the water tank and readings are taken. This is then repeated for intervals 

of 3 hours, in which time transfer of energy from the PCM would have occurred. This procedure is continued till 

PCM reaches a temperature of 56C.    

The temperature distributions of water and the PCM in the water tank for different time intervals are 

recorded during charging and discharging processes. The cumulative heat stored and system efficiency of 

process is studied in detail during the discharging process. 

 
Table 2: Temperature distributions of water in the water tank with and without PCM (Charging Process)  

Charging without PCM Charging with PCM 

Time elapsed (hrs) Temperature of water (C) Time elapsed (hrs) Temperature of water  (C) 

0 26 0 30 

1 32 1 34 

2 39 2 39 

3 45 3 45 

4 53 4 52 

5 61 5 60 

6 66 6 64 

7 71 7 66 

8 75 8 68 

 
Table 3: Cooling rates of water in the water tank with and without PCM (Discharging Process)  

Cooling rates of Water in SWH without PCM  Cooling rates of Water in SWH with PCM 

Time elapsed (hrs) Temperature (C) Time elapsed (hrs) Temperature of water (C) 

0 75 0 68 

3 71 3 66 

6 67 6 64 

9 63 9 62 

12 59 12 60 

15 56 15 59 

18 54 18 57 

21 52 21 56 

 

RESULTS AND DISCUSSION 

 

4.1 Temperature Distributions (Charging and Discharging Process): 

The temperature distributions of water and the PCM in the water tank for different time intervals are 

recorded during charging and discharging processes. The cumulative heat stored and system efficiency of 

process is studied in detail during the discharging process. 

It is observed from the graphs, while the charging process, the temperature of water in the tank is increased 

due to the increase of time. But in the discharging process, the temperature of water in the storage tank 

containing PCM is reduced slowly. At the regular time interval the temperature was measured. At the final 

stage, the temperature of the water storage tank containing PCM was greater than ordinary system.  

Fig. 3 shows the temperature distributions of water in the water tank with and without PCM for Charging 

Process.   
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Fig. 3: Temperature distributions of water in the water tank with and without PCM (Charging Process) 

 

Fig. 4 shows the Cooling rates of water in the water tank with and without PCM for Discharging Process.  

 

 
Fig. 4: Cooling rates of water in the water tank with and without PCM (Discharging Process)  

 

4.2 Efficiency Calculations: 

4.2.1 Efficiency of Solar Water Heater without PCM : 

The parameters for calculating the efficiency of solar water heater without PCM are shown in Table4.  

 
Table 4: Parameters for solar water heater without PCM 

Parameters for solar water heater without PCM 

Parameters  Symbol  Value  

Volume of water  V  75litres  

Initial Temperature of water  Ti 26C  

Heat radiated in day  Pin  5000 Watts  

Time elapsed  t  6hrs  

Final Temperature of water  Tf  75C  

 

We know the standard formula for efficiency calculation  

Efficiency, 

in

out

Q

Q

InputEnergyHeat

OutputEnergyHeat
  

Qout = Heat energy absorbed by water  

 
ifPwout TTCVQ   

Heat supplied by solar radiation Average heat radiated in a day, Qin  = 5000 W/m2  

Hence, Qin = Pin × Area of panel × Δ t  

The absorption of radiated heat is only 96% effective. So, effective heat radiated on panel  

Q in,effective = 0.96 Qin  

Now, the efficiency of general solar water heater without using phase change material 

effectivein

out

Q

Q

,

  

Therefore the heat energy stored in the solar water heating system without using the Phase Change 

Materials becomes 11682 kJ and the efficiency becomes 36.52%.  
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4.2.1 Efficiency of Solar Water Heater with PCM  

The parameters for calculating the efficiency of solar water heater with PCM are shown in Table 5.  

 
Table 5: Parameters for solar water heater with PCM 

Parameters for solar water heater with PCM 

Parameters  Symbol  Value  

Volume of water  V  75litres  

Initial Temperature of water  Ti 30C  

Heat radiated in day  Pin  5000 Watts  

Time elapsed  t  6hrs  

Final Temperature of water  Tf  68C  

 

Now, calculate the efficiency of the solar water heater by adding PCM (Wax). We added 27 kg PCM 

(Paraffin Wax) in PCM tank as 100 liter water requires 36kg of PCM. We calculated the cooling rate of water in 

the water tank by adding PCM and heating water for 6 Hrs. The specifications of PCM (Paraffin Wax) are given 

below.  

Initial temperature of PCM = 36C  

Temperature of fusion = 60C  

Final temperature of PCM = 65C  

Specific heat of solid PCM = 2.5 kJ/kg K  

Specific heat of molten PCM =2.15 kJ/kgK  

Heat of Fusion = 209 kJ/kg   

Now, calculating efficiency of solar water heater,  

Efficiency, 

in

out

Q

Q

InputEnergyHeat

OutputEnergyHeat
  

Now, calculating heat accumulated in the solar collector, which is the sum of energy gained by water and 

same by the PCM.  

Energy gained by water = ρ × V × Cpw × (Tf – Ti)   

Energy gained by PCM = Energy accumulated by solid PCM + Heat of fusion + Energy accumulated by 

molten PCM  

Qout = Energy gained by water + Energy gained by PCM  

effectivein

out

Q

Q

,

   

Therefore the heat energy stored in the solar water heating system with using the Phase Change Materials 

becomes 15042 kJ and the efficiency becomes 47.02%.   

Fig. 5 shows the Heat energy stored in kJ without using PCM and also With PCM. From Fig. 4 it is clearly 

shown that by using PCM heat energy stored is greater than without using PCM in solar water heater. 

 

 
Fig. 5: Heat Energy stored in kJ  

   

Fig. 6 shows the Efficiency of the solar water heater in % without using PCM and also With PCM. From 

Fig. 5 it is clearly shown that by using PCM the efficieny is greater than without using PCM in solar water 

heater.  
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Fig. 6: Efficiency (%)  

 

Conclusions: 

The use of PCM in solar water heater helps to reduce cooling rate of water, also it enhances the maximum 

utilization of solar energy and hence improves efficiency of system. In this research with use of PCM, efficiency 

of solar water heater is increased from 36.52% to 47.02%. Also the heat energy stored is increased from 

11682kJ to 15042kJ. Hence with using PCM material efficiency and heat capacity of solar water heater 

increases at reduced initial heating rate because PCM takes heat to get heated. As PCM based solar water heater 

store maximum solar energy, it reduces the size of tank and hence can reduce cost of Solar Water Heater. In 

future this project will also help to find the suitable PCM and provide the various designs for solar water heating 

systems to store the solar thermal energy very effectively.  
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