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Abstract - The Sun is the source of solar energy. So, 

the solar energy from the sun at all times energy 

should be stored and used when needed. Solar energy 

is important one renewable energy resources. The solar 

water heater has an important place among solar 

heating collectors due to the fact that construction of 

the water heater requires less material than others. the 

solar water heater maybe used for space heating and 

drying. the main objective of this project is to increase 

the thermal efficiency of flat plate collector in solar 

water heater. to improve the efficiency of the flat plate 

collector, it is integrated with PCM to enhance the 

heating rate of the solar water heater the PCM is 

integrated and stored directly in flat plat collector. The 

solar water heater is fabricated. the performance of the 

flat plate collector is experimental analysis with and 

without using PCM. The efficiency of the solar 

collector is increased up to 7 to 10 % while compared 

with and without using PCM.As a result by comparing 

with and without using PCM.  Myristic acid and 

paraffin wax PCM has a very good thermal capacity 

and the heat discharge. The system can be reducing by 

different type of systems integrate with phase change 

materials into solar collector. This is for efficient way 

for storing and trapping solar energy. The application 

of phase change materials in cooling and heating 

systems is to improve overall efficiency, reduce 

electrical power consumption and greenhouse gas 

emission. The heat storage unit consisting of phase 

change. 

materials. This study helps to developing a new 

advancement experimental setup of solar water 

heating system with phase change materials. The 

results obtained from experimental analysis shows 

that there is an increase in efficiency of about 6-10 

% when we go for solar water heater rather than 

solar collector. 

Key Words: Solar energy,PCM,Heat storage,SWH system, 

performance improvement. 

1.INTRODUCTION  

As a renewable energy source, solar energy is 

free, environmentally friendly and available in 

abundant. The solar energy is the renewable 

energy it regenerated in day by day. So, the 

using solar energy initial cost only. The solar 

energy it used for heating, coking purpose and 

electricity generation. The recent days using for 

phase change materials for storage the thermal 

energy in solar water heaters for domestic 

purposes during night time. Solar energy can be 

converted into thermal energy using solar 

collectors. Solar collectors are used in many 

industrial, commercial and domestic 

applications such as solar water heating, solar 

space heating, solar drying, solar desalination. 

Solar radiation is an optional energy source for 

industrial and domestic applications. Phase 

change material is a substance with a high heat 

of fusion which melting & solidifying at a 

certain temperature. It is capable of storing & 

releasing large amount of energy. Thermal 

performance and efficiency of solar water 

heater depends on its thickness, design 

parameters, number and type of insulation and 
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glass covers, space between absorber and inner 

glass. Its performance also depends on climatic 

and operational parameters. The water 

circulation in solar water heater is natural due 

to the density differences between the hot water 

and cold water Collector panels are used solar 

water heating systems to collect the sun’s 

radiation and convert it into useful heat in the 

form of hot water. A solar collector conjugate 

with solar water storage reduces the fuel 

needed for house hold hot water. Solar thermal 

systems could make a share to space heating as 

well as furnishing hot water. Water flows 

through tubes and get in black metal absorber 

plate. The absorber plate is enclosed with an 

insulated box with a crystal-clear window to let 

in sunlight. The hot water is transferred to a 

tank from where we can use it for home or 

institutional use. 

 

                    Figure. 1.1: solar water heater 

  

2. Problem Statement  

This project is intended to design a water heating system 

by using solar technology. Improve the thermal 

performance of the solar collector by incorporating a 

phase change material to store and release thermal 

energy, which can lead to a more consistent and stable 

supply of hot water. The need to be analysed to 

determine the efficiency of the flat plate solar water 

heater with PCM in the solar collector. This would 

involve analysing parameters such as temperature 

distribution, heat transfer rate and phase change 

behaviours. 

2.1 OBJECTIVES OF THE PROJECT 

The objective of a project involving a solar water heater 

with a solar collector containing a phase change material 

can be to: Design and develop an efficient solar water 

heating system that utilizes a renewable energy source 

solar radiation to provide hot water. 

➢ Improve the thermal performance of the solar 

collector by incorporating a phase change 

material to store and release thermal energy, 

which can lead to a more consistent and stable 

supply of hot water. 

➢ Analyse the thermal performance of the solar 

water heater with and without the PCM to 

determine the effectiveness of the PCM in 

enhancing the efficiency and performance of the 

system. 

➢ Optimize the design of the solar water heater to 

achieve maximum efficiency and performance.  

➢ Study the effects of various factors such as solar 

radiation intensity, absorptivity of the collector, 

overall heat transfer coefficient, mass flow rate 

of the water, and inlet and outlet temperatures of 

the water on the performance of the solar water 

heater with and without the PCM.  

http://www.ijsrem.com/
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➢ Compare the performance and efficiency of the 

solar water heater with PCM to those of 

conventional solar water heaters to demonstrate 

the benefits and advantages of using a PCM in 

solar collectors. 

Present the results of the analysis and optimization in the 

form of performance curves, efficiency calculations, and 

recommendations for further improvements to the 

design and operation of the solar water heater. 

3. Literature review   

[1] Rout et al-performed a detailed economic analysis 

using Monte Carlo simulation and net present value 

(NPV) tool. The NPV based on eight dynamic variables 

assures the competence of domestic SWH as a viable 

option irrespective of its high initial investment cost.  

[2] Peres-experimentally investigated the long-term 

performance of an FPC and an ETC based SWH system 

under the meteorological conditions of Sweden. The 

reported findings suggest that the ETC had better  

performance in comparison with that of the FPC based 

SWH system.  

[3] Zambian and Col-presented a theoretical and 

experimental analysis to determine the daily efficiency 

of a flat-plate and an ETC based SWH. The observed 

findings suggest that ETC based SWH has higher 

efficiency over wide operating conditions with limited 

heat losses.  

[3] Sokhansefata et al-reported a thermo-economic 

analysis performed on a flat-plate and an ETC based 

SWH system. The TRNSYS-16 software predicted the 

annual collector energy output and the outlet 

temperature. The ETC based SWH system was 

economical and outperformed the FPC system by 41% 

.[4] Budihardjo and Morrison-presented an 

experimental and numerical analysis to determine the 

optical and heat loss characteristics of evacuated tube 

SWH.  

[5] M. E. El-Agouz et al- studied the performance of a 

flat plate solar water heater with a PCM layer placed 

between the absorber plate and the water flow channel. 

The PCM also helped to maintain the temperature of the 

water at a more constant level during periods of low 

solar radiation. 

4. Methodology  

Conducting an experimental investigation in a 

solar water heater with Phase Change Material 

(PCM) involves a systematic methodology to 

gather data and draw meaningful conclusions. 

Here's a general outline of the methodology for 

such an experiment:  

 

      

 

 

 

 

 

 

 

 
                                

                     

 

                            Fig 4.1 Methodology 

5.MATERIAL SELECTION                                                     

5.1.PCM SELECTION:  

               The select a suitable PCM that can store the 

thermal energy collected by the solar collector during 

the day and release it at night or when the demand for 

hot water is high. The PCM should have a melting point 

that is close to the operating temperature of the solar 

collector and a high latent heat of fusion to maximize 

the amount of energy stored.  

      LITERATURE SURVAY AND PROBLEM    

IDENTIFICATION 

                   DETAILED STUDY ABOUT SOLAR 

WATER HEATER AND PROPERTIEES OF PCM 

MATERIAL 

     DESIGNING OF THE SOLAR WATER HEATER 

AND PREPARATION OF PCM 

         CONSTRUCTION OF THE EXPERIMENTAL 

SETUP 

                   PERFORMANCE ANALYSIS OF THE 

SWH WITH AND WITHOUT PCM 

                  RESULT AND DISCUSSIONS 

     CONCLUSION 
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5.2. PCM INTEGRATION: 

             The PCM is then integrated into the solar 

collector by placing it in direct contact with the absorber 

plate. When the solar radiation is absorbed by the 

absorber plate, it heats up the PCM, causing it to melt 

and store the thermal energy. When the demand for hot 

water arises, the water is circulated through the 

collector, and the heat stored in the PCM is transferred 

to the water. 

          When selecting materials for a phase change 

material (PCM) in a solar water heater project, several 

factors should be considered, including the thermal 

properties of the material, its compatibility with the 

surrounding materials, and its cost and availability. 

              Paraffin wax and myristic acid are two 

commonly used PCMs in solar water heaters. Paraffin 

wax has a melting point in the range of 50-70°C and a 

specific heat capacity of around 2.0-2.5 kJ/kg-K. 

Myristic acid, on the other hand, has a melting point of 

around 55°C and a specific heat capacity of around 2.3 

kJ/kg-K. 

          Both paraffin wax and myristic acid have good 

thermal properties for use as PCMs in solar water 

heaters, but they have different advantages and 

disadvantages. Paraffin wax is widely available and 

relatively low cost, but it can degrade over time and 

release volatile organic compounds into the 

environment. Myristic acid is more stable and has a 

higher heat of fusion than paraffin wax, but it is more 

expensive and less readily available. 

                                                                               

                                                        Fig5.2: paraffin wax                                                      

Fig 5.1: Myristic acid 

        In addition to these factors, it is also important to 

consider the compatibility of the PCM with the materials 

used in the solar water heater, such as the piping, storage 

tank, and collector. The PCM should not react with these 

materials or cause any degradation or corrosion. 

        Ultimately, the choice of PCM will depend on the 

specific requirements and constraints of the solar water 

heater project. It may be beneficial to perform 

simulations and experiments to evaluate the 

performance and compatibility of different PCMs under 

different conditions. 

6.   DESIGN OF SOLAR WATER HEATER: 

The design of a solar collector with PCM involves the 

selection of appropriate materials and the configuration 

of the collector. The following factors should be 

considered in the design of a solar collector with PCM: 

➢ The type of PCM: The PCM should have a high 

latent heat of fusion and should be able to 

withstand repeated phase change cycles. 

➢ The melting temperature of the PCM: The 

melting temperature of the PCM should be 

selected based on the operating temperature 

range of the solar collector. 

➢ The thermal conductivity of the PCM: The 

thermal conductivity of the PCM should be high 

enough to facilitate rapid heat transfer. 

➢ The configuration of the collector: The collector 

should be designed to ensure good contact 

between the PCM and the absorbing surface. 

 

7.Experimental Procedure: 

The thermal and analysis determines temperatures and 

other thermal quantities that vary over time. Engineers 

commonly use temperatures that a transient thermal 

analysis calculates as input to structural analyses for 

thermal stress evaluations. Many heat transfer 

application sheet treatment problems, nozzles, engine 

blocks, piping systems, pressure vessels, etc., involve 

transient thermal analyses.  

Solar energy collectors work in a similar manner to 

heat exchangers in that they transform one form of 

energy, solar radiation to another in the form of hot 

water. The component that allows this exchange of 

energy is a solar collector. The solar collector absorbs 

radiation and converts it into heat. The collectors will 

then remain fixed to this tilt angle all year round and 

for the lifespan of the system. In a tracking position the 

collector’s inclination will change as the sun’s angle in 

the sky changes hour to hour and day to day in order to 

receive the optimum amount of radiation 

Heat Transfer to Water: As the hot water is needed, it 

flows through or around the PCM. The stored thermal 

energy in the PCM is released to heat the water. During 

this phase, the PCM gradually solidifies, releasing heat 

in the process. The PCM inside the interior of the 

capsules take in latent heat and melts. The dissimilarity 

http://www.ijsrem.com/
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among mean temperature PCM have to be adequate to 

attain an affordable charge of heat transfer. The deliver 

water temperature to the flat plate collector is about 

32°C. however, whilst the experimentation is executed 

on dissimilar days, the consequence of inlet temperature 

to flat plate collector an impact on at the experimental is 

supplied via the flat plate solar collector at some stage in 

charging process.   

 

Fig -6.1: Solar water heater setup 

7. 2 Results and Discussion  

Static For this study, the use of PCM (phase 

change material) in solar collectors is a promising 

approach to improve the efficiency of solar water 

heaters.  

                   Additionally, the use of PCM leads to a 

delayed melting process, which helps to maintain the 

temperature of the water at a relatively constant level. 

This delayed melting process is beneficial because it 

enables the solar collector to provide hot water for a 

longer period of time, even after the solar radiation 

stops. 

              The experimental also showed that the heat 

transfer coefficient increased as a result of using PCM in 

the solar collector. This increase in heat transfer 

coefficient is due to the higher thermal conductivity of 

the PCM compared to the water. 

In summary, the experimental results show that the use 

of paraffin wax as a PCM in solar collectors can 

significantly improve the efficiency of solar water 

heaters by reducing the temperature difference between 

the inlet and outlet, maintaining a constant temperature, 

and increasing the heat transfer coefficient.  Experiment 

provides various tools to visualize and analyse the heat 

transfer, temperature distribution, and other relevant 

parameters. The results can be used to optimize the 

design of the solar collector and the PCM layer for 

improved performance. 

Overall, a flat plate solar water heater with a 

PCM in the solar collector can provide valuable insights 

into the performance of the system and help in the 

design and optimization of the system for optimal 

energy efficiency. 

7.1. COMPARING THE RESULTS OF SWH 

WITHOUT PCM AND WITH PCM IN SOLAR 

COLLECTOR: 

           An experimental set-up of SWH with a rough 

surface has shown in figs. 7.1. Fabrication of 

investigation set-up . In a flat plate solar water heater 

without PCM, the rate of heating is primarily determined 

by the heat transfer coefficient between the absorber 

coating and the fluid circulating through the collector. 

This coefficient depends on factors such as the fluid 

flow rate, the material properties of the absorber coating, 

and the surface area of the collector. The higher the heat 

transfer coefficient, the faster the fluid will heat up as it 

flows through the collector. In a flat plate solar water 

heater with PCM, the rate of heating can be affected by 

the phase change properties of the PCM. When solar 

radiation is absorbed by the collector, the PCM can 

undergo a phase change from solid to liquid. During this 

phase change, the PCM can store a large amount of 

energy, which can slow down the rate of temperature 

rise in the collector. However, once the PCM has fully 

melted, it can continue to absorb heat and raise the 

temperature of the fluid more rapidly than a collector 

without PCM. Therefore, the rate of heating in a flat 

plate solar water heater with PCM can be slower initially 

but faster later on, compared to a system without PCM. 

After giving all the necessary inputs properties of 

various volumes of the collector to the software as 

shown in table and figure was performed the 

calculations inside it and gives the related output in the 

form of contours for distribution of parameters, reports 

which include data at various faces and graphs.  
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Figure. 7.1: Temperature difference of solar water 

heater with and without PCM in solar collector 

 

Overall, the rate of heating in a flat plate solar water 

heater with or without PCM can vary depending on the 

specific design and operating conditions of the system. It 

is important to consider the performance and efficiency 

of the system as a whole, rather than just the rate of 

heating. Additionally, the design and configuration of 

the PCM-based solar water heater can significantly 

affect the system's performance. The selection of 

appropriate PCM material, its quantity and location, and 

the design of the heat exchanger can all influence the 

system's efficiency and overall performance. 

7.3 COMPARING THE RESULTS OF SWH WITHOUT 

PCM AND WITH PCM IN SOLAR COLLECTOR: 

 

 

 

 

 

Experimental Reading of the solar water 

heater without using PCM 
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Experimental Reading of the solar water 

heater with using PCM in solar collector 
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GRAPH 7.1 WITHOUT Vs WITH PCM IN SOLAR 

WATER HEATER 

 

8. CONCLUSIONS 

 

The SWH system absorbs solar energy and converts into 

thermal energy in the form of heat which further utilized 

to produce hot water. Since solar energy is free available 

and environmentally friendly which having significant 

potential for the use to hot water through SWH system. 

Thermal energy materials are available in the 

temperature range of 50-70°C temperature ranges which 

can integrate with the SWH system to store energy 

during daytime and recovered it during night time to 

produce hot water. This manuscript offers an outline of 

the latest investigations for SWS system and its 

performance by the integrating different solar collectors 

with the PCM unit. This type of new innovative systems 

has vast possibilities for domestic and industrial sector 

to reduce energy consumption for hot water production. 

A solar collector-storage water heating system is 

extremely endorsed for low/medium temperature 

applications as they can solar energy in the form of 

latent heat during daytime hot water. Flat plate solar 

water heaters with PCM integrated into the solar 

collector can provide an effective and efficient way to 

utilize solar energy for water heating. The results have 

shown that the integration of PCM in the solar collector 

can significantly improve the performance of the 

system, increasing the overall efficiency. The results 

obtained from Experimental analysis shows that there is 

an increase in efficiency of about 6-10 % when we go 

for solar water heater rather than solar collector. It was 

found that the PCM’s based Solar Water Heating 

systems having high potential to replace existing system 

to enhancing the thermal efficiency of SWH system. 

Future research should focus on optimizing the design 

and configuration of PCM-based solar water heaters to 

further improve their performance and increase their 

adoption in residential and commercial applications. 
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