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Abstract: This research focuses on the enhancement of the heat transfer in the concentric tube type
of thermal energy storage (TES). The collective influence of the aspect ratio and number of fins is
investigated. First, an optimal aspect ratio of the concentric tube TES is found. Additionally, then, the
optimal number of fins is found. This combined optimal configuration of TES is then compared with
concentric tube TES without. Liquid fraction of the combined optimal configuration was increased
by 100% for case of charging as compared to TES without fins.
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1. Introduction

Owing to the importance of thermal energy, engineers and scientists have worked
tirelessly for centuries, trying to optimize the methods of producing thermal energy. How-
ever, the methods of producing thermal energy are not without drawbacks. In certain
cases, external factors such as geography and climate also restrict the development of
heating or thermal energy systems for use in practical situations, so novel methods need
to be explored. One of the solutions to many challenges related to thermal energy and its
management is TES. It is of two types—sensible heat storage (SHS) and latent heat thermal
energy storage (LHTES) [1-3]. LHTES or phase-change materials (PCMs) can store more
energy as compared to SHS. TES based on concentric tube is one of the most common TES
configurations [4]. The most common problem of the LHTES is inefficient heat transfer
between HTF and PCM. This poor heat transfer was showed by A. Trp (2005) [5], which
in shell and tube type TES a big portion of the heat was carried with heat transfer fluid
without transferring it to the phase change material. To overcome this challenge, various
heat transfer methods have been proposed, and amongst them, the addition of fins is the
most common method.

Rabbi and Asif [6] numerically investigated the influence of various heat transfer
fluids and fins made up of copper mesh on the charging/discharging time. The results
revealed that HTF with higher values of thermal diffusivity causes less charging and
discharging time and that mesh type fins also decreased the charging time. Recently,
Al-Mudhafar et al. [7] numerically investigated the effects of tee-shaped fins in shell and
tube heat exchanger TES, various configurations were studied while total heat transfer
area of fins was kept constant. Results indicated that tee-shaped fins reduced the charging
time by 33% as compared to longitudinal fins. Similarly, Yang et al. [8] experimentally
and numerically studied the thermal performance of concentric tube TES. Results showed
that non-uniform arrangement of annular fins reduced inhomogeneity of melting process,
and the charging time was decreased by 62.8% as compared to the TES with uniform
fins. Eslamnezhad and Rahimi [9] numerically studied the effect of fins on heat transfer
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in triplex tube heat exchanger, they suggested the best type of arrangement to increase
efficiency of heat exchanger and reduce the time of melting of the phase-change material in
the form of different proposed models.

After the literature review, it is obvious that the collective impact of aspect ratio and
optimal number of fins in concentric tube on the TES has not been investigated. Therefore,
investigating the impact of aspect ratio and the addition of fins together is important. The
main objective of this study is to analyze the influence of aspect ratio and fins in concentric-
tube-type TESs on the liquid fraction of PCM. A concentric tube TES with paraffin as a PCM
was mathematically modeled. TES was charged and discharged with water as the HTF
of constant temperature. First, the optimal aspect ratio is determined, and then optimal
number of fins is found; next, this combined optimal TES configuration is compared with
the TES without fins.

2. Model Description

The design consists of a simple concentric tube heat exchanger. The length of heat
exchanger tube is 1 m, and the inner mean diameter and outer mean diameter of tube is
0.06 m and 0.16 m, respectively. Hot water flows inside the inner tube at 0.01 m3/s, and
PCM is kept between inner and outer tube. The heat transfer simulation is performed for
both simple concentric tube heat exchanger and finned type heat exchanger using ANSYS
Fluent 18.1, and the liquid fraction is noted down after the 120 min.

3. Results and Discussion
3.1. Effect of Aspect Ratio on TES Performance

To improve the heat transfer, the aspect ratio of TES is studied. After performing
the simulations for 120 min, the resulting liquid fractions is noticed. Initially, the rate of
increase of the liquid fraction is higher, but as the aspect ratio increases beyond 11, the rate
of increase of the liquid fraction decreases. Therefore, optimal aspect ratio for TES is found
to be 11. Results are shown in Figure 1.
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Figure 1. Effect of aspect ratio on liquid fraction for time = 120 min.

3.2. Influence of Number of Fins on TES Performance

Fins are incorporated to enhance heat transfer by conduction. Optimized number of
fins is found by performing simulations with varying number of fins. The resulting liquid
fraction in 120 min is observed. Figure 2 indicates that as the number of fins is increased,
the liquid fraction increase, which means that heat transfer increases. However, it is visible
from the Figure 2 that as the number of fins is increased beyond eight, the increase of the
liquid fraction is not significant. Therefore, eight fins are considered optimal for enhancing
the heat transfer.
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Figure 2. Effect of number of fins on liquid fraction at time = 120 min.

3.3. Comparison of Charging between Optimal Configuration and TES without Fins

Inlet temperature of water is kept constant at 330 K to maximize the heat transfer. The
mass flow rate of the water is kept at 0.01 m/s. The PCM temperature for concentric-tube
TES without fins reached about 312.5 k after 120 min. Similarly, for an optimal configuration,
the aspect ratio is 11 and the number of fins is eight: the PCM temperature reached about
315 K after 120 min. This comparison at point (a) is shown in Figure 3. The average
liquid fraction for concentric tube TES without fins reached about 0.4, which indicates that
40 percent of the PCM melted after 120 min. Similarly, for an optimal configuration, the
aspect ratio is 11 and the number of fins is eight. The average liquid fraction reached about
0.8, which indicates that 80% of the PCM melted after 120 min. In 120 min, 100% more
PCM was melted by using optimal TES configuration. Figure 4 shows phase of PCM in
TES with and without fins at 120 min, respectively.
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Figure 3. (A) Location of point (a) in thermal energy storage (TES). (B) Comparison between temperature of paraffin in TES
with and without fins at point (a) for charging.
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Figure 4. (a) Contour of liquid fraction of TES with fins. (b) Contour of liquid fraction of TES without fins.

4. Conclusions

In this research, the design of a concentric tube heat exchanger based on PCM was
investigated numerically. Several configurations to improve heat transfer such as various
aspect ratios and fins were investigated and compared. Simulation results prove that the
application of finned heat exchanger was more effective in utilizing the latent heat energy.
It was found that at eight fins and an aspect ratio of 11, liquid fraction was at its maximum.
Charging of this optimal configuration caused 100 percent more liquid fraction in 120.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.
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