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. . In this study, the effect of using phase change materials (PCMs) on the performance
Article type: of an evacuated tube solar collector for domestic heating applications under the
Research Paper climatic conditions of Tehran was investigated numerically. To solve the governing
system of equations, the forward difference numerical method was employed. The
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equations were solved in such a way that the final temperature of the system at the
end of each complete cycle would be equal to the initial temperature at the beginning
of the next cycle. The results indicate that adding a phase change material improves
the system’s efficiency under various weather conditions; however, this
improvement depends on several parameters such as ambient temperature and solar
radiation intensity. For example, in the system analyzed in this study, during the
month of August, incorporating a phase change material led to 4.1% increase in
overall efficiency. Furthermore, comparing the temperature variations of the system
with and without the phase change material shows that adding the PCM allows for
energy storage and temperature regulation during peak solar radiation and the release
of stored latent heat when the radiation intensity decreases. This process ultimately
leads to an improvement in the overall performance of the system.

Domestic water heating systems.
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Introduction

Solar energy, as one of the clean and renewable energy sources, has gained significant attention as an
environmentally friendly and economically viable solution to meet global energy demands.
This energy source, through technologies that convert sunlight into usable energy, is utilized in various
forms such as electricity generation, water heating and cooling, and even industrial processes.

With technological advancements, solar energy conversion systems have become one of the main
energy sources worldwide, and the costs of installation and operation have decreased significantly.
Moreover, the use of solar energy contributes to sustainable development, reduces dependence on
fossil fuels, and lowers greenhouse gas emissions.

Solar energy utilization and storage have numerous applications in both domestic and industrial
fields, including desalination units and industrial furnaces. For this reason, researchers have focused
on developing solutions to enhance the efficiency of such systems.

One of these areas of study involves solar water heating systems using heat pipes. Solar domestic
water heating systems, through solar thermal collectors, heat water by absorbing solar radiation. The
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collectors capture sunlight and convert it into heat, which is then absorbed by the working fluid
passing through them. This thermal energy may be stored or directly used as needed.

Since solar collectors are the most critical components of solar water heating systems, this study
focuses on investigating the use of phase change materials (PCMs) and their impact on improving
system efficiency for evacuated solar collectors in residential applications.

Materials and Methods

This study employs real environmental data from Tehran, such as temperature and solar radiation
variations combined with the governing mathematical equations of evacuated tube solar collector
systems. Using a set of appropriate simplifying assumptions, the system is analyzed under various
operating conditions to compare its performance both with and without the incorporation of a phase
change material (PCM). In addition, the study investigates how different PCM types, varying water
demand levels, and ambient conditions influence the overall efficiency and performance of the system.

Results and Conclusion

This paper investigates the effect of using a storage tank containing phase change material (PCM) on
the performance of an evacuated solar collector under the climatic conditions of Tehran. An analysis
of the collector temperature variations during August revealed that incorporating Myristic Acid as the
PCM in the storage tank allowed the system temperature to remain constant for 36 minutes,
corresponding to the energy absorption phase of the material. During the cooling process, the system
temperature remained constant for 51 minutes, representing the release phase of the stored energy as
the PCM transitioned from liquid to solid. This controlled storage and release of thermal energy
ultimately resulted in a 4.1% improvement in system efficiency. Further analysis conducted for
different months and varying climatic conditions showed that the use of PCM led to an average
efficiency increase between 2.7% and 4.1%, with slightly higher improvements observed during
warmer months.

In addition, the comparison of different phase change materials indicated that the type and thermo-
physical properties of the PCM significantly influence system performance. For instance, using
Rubitherm-RT20, which has a relatively lower melting point compared to Myristic Acid, reduced
system efficiency by 7.9%. Additionally, the results demonstrated that the water consumption rate, or
more specifically, the ratio of PCM mass to water volume in the storage tank, has a considerable
impact on system efficiency. Therefore, the amount of PCM incorporated into the tank should be
carefully determined to ensure an optimal balance between the PCM and the water volume.

As a result, it is recommended that future research expand upon the current work by incorporating
a layered temperature model capable of simulating thermal stratification effects. Additionally,
performing a thermo-economic analysis to simultaneously evaluate both thermal and economic
impacts is advised. Adopting such an approach can provide a deeper understanding of the system’s
actual performance and play a significant role in optimizing its design and improving its cost-
effectiveness. Also, Studying the optimal PCM mass fraction in the storage tank can serve as a
valuable direction for future research on integrating phase change materials into evacuated solar
collector systems.
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1. Flat plate solar collector (FPSC)
2. Phase change material (PCM)
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1. Evacuated flat plate (EFP)
2. Computational fluid dynamics (CFD)
3. Simulated annealing (SA)
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