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Extended Abstract
The increasing demand for energy, coupled with growing risk of climate change, highlights the urgent need for a

transition toward sustainable energy. Approximately 80% of total primary energy consumption is still derived from fossil
fuels [1], emphasizing the importance of integrating renewable energy. Nevertheless, the intermittence of renewable energy
sources presents challenges in maintaining the stability and reliability of energy supply. To address these challenges, the
deployment of thermal energy storage (TES) systems is essential for buffering supply fluctuations and ensuring consistent
energy availability. Among the various TES technologies, phase change material (PCM) TES is receiving attention owing to
its ability to store and release large amounts of thermal energy within a relatively narrow temperature range. However, low
thermal conductivity of PCM limits the heat transfer rate and increases charging and discharging time.

To enhance the thermal conductivity of PCM, many methods, such as advanced heat exchanger [2], nanoparticles [3],
and metal foam [4], have been investigated. Moreover, various studies have been conducted on the full-scale PCM TES to
experimentally verify the temperature profile of PCM. Palkalka et al. [5] experimentally confirmed dead volume regions in
PCM TES owing to the unpredictable temperature gradient. Dogkas et al. [6] experimentally investigated PCM TES and
reported that small areas of PCM remained unmelted during the discharging process. Mahdi et al. [7] performed charging
and discharging experiments for latent heat helical coil thermal energy storage. Despite these findings, experimental studies
quantitatively analyzing the internal thermal behavior of PCM TES are still limited.

In this study, charging and discharging experiments were conducted for the PCM TES to quantify the temperature
gradient. A 30 L scale fin-tube heat exchanger-based PCM TES system was constructed, and the experiments were conducted
under varying inlet temperatures and flow rates. Several thermocouples were used in PCM TES along vertical and horizontal
directions to capture detailed temperature profiles across the storage. Experimental results showed that maximum
temperature differences in PCM TES were 12.6 and 15.8 °C for the charging and discharging processes, respectively. These
temperature gradients resulted in spatially non-uniform phase change of PCM, such as partial melting or solidification in
certain regions. During the discharging process, a sudden temperature drop followed by a slight temperature increase was
observed because of subcooling of PCM, and this behavior varied depending on location. Although the magnitude of the
temperature gradient increased with an increase in flow rate, a specific transient trend was maintained. The local minimum
values of the temperature difference changed to 5.5, 4.1, and 3.7 °C, as the flow rate varied from 10 to 8 and 6 L min-1,
respectively.
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