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Abstract: In the present study, the numerical
simulation of the melting process of a vertical
triple-tube heat exchanger in the presence of
multiple phase change materials and a middle
plate is studied. The numerical simulation was
modeled in ANSYS Fluent software, using the
enthalpy-porosity method. The temperature of the
hot fluid passing through the heat exchanger was
assumed to be 50 °C while the initial temperature
of the heat exchanger was set to 15 °C. The hot
fluid passing through the heat storage system flew
through the inner and outer tubes in a counter-
current manner. The flow regime was supposed to
be laminar. To assess the effect of multiple phase
change materials and the middle plate on
improving the thermal efficiency of the energy
storage system, the contours of liquid fraction and
PCM temperature were compared in different
cases. According to the reported numerical
results, the simultaneous use of multiple phase
change materials (phase change material with
lower melting temperature in the inner chamber
and phase change materials with higher melting
temperature in the outer chamber) as well as the
upper, the lower, and the middle plates increased
the thermal energy stored in the heat exchanger
by 158.41%.
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Introduction: The present study aims to
evaluate the effect of the middle plate on
improving the melting process of a vertical
triple-tube heat exchanger in the presence of
multiple phase change material and a middle
plate. To evaluate the efficacy of the middle
plate and multiple phase change material on
boosting the thermal performance of the heat
storage unit, the liquid fraction and PCM
temperature contours of various scenarios are
compared at miscellaneous times. Furthermore,
12 cases are defined in the current study to assess
the effects of the middle plate as well as the
multiple phase change material exclusively.
More details on the various scenarios studied in
the current research are presented in Table 1.

Table 1. Various scenarios studied in the current

research.
Inner Outer
chamber chamber
Case 1-1 RT-26 RT-26
Case 1 Case 1-2 RT-35 RT-35
Case 1-3 RT-26 RT-35
Case 1-4 RT-35 RT-26
Case 2-1 RT-26 RT-26
Case 2 Case 2-2 RT-35 RT-35
Case 2-3 RT-26 RT-35
Case 2-4 RT-35 RT-26
Case 3-1 RT-26 RT-26
Case 3-2 RT-35 RT-35
Case 3
Case 3-3 RT-26 RT-35
Case 3-4 RT-35 RT-26

Materials and Methods

In the present study, the enthalpy-porosity
methodology is used as the basis for the
numerical analysis of the PCM phase change
process. In order to simplify the modeling of
the melting mechanism in the thermal energy
storage unit, following assumptions have
been taken into account:

e The fluid in the liquid phase is assumed
to be Newtonian and incompressible.

e The flow regime is assumed to be
laminar.

e It is assumed that thermal equilibrium is
existed between phases.

e The PCM Volumetric changes during
phase change process are ignored in the
current study.

e Viscosity losses are supposed to be
negligible in the present study.

Research Results

In this section, the impacts of using multiple
PCM—in addition to the middle plate—on
improving the melting process of a triple-tube
thermal storage system was investigated
numerically. For this purpose, the liquid fraction
and temperature contours for various scenarios
studied were comprehensively compared.
According to these contours, in case 1 which was
the heat exchanger configuration in the absence
of the top, bottom, and middle plates, only did
the natural convection effect cause the PCM to
be melted in the chamber. In all scenarios
considered as cases 1, the bottom areas of the
heat exchange unit were not affected by the
natural convection effect and, thus, these areas
melted later than the other regions. Since RT-35
melting temperature was higher than that of RT-
26, some of PCM remained solid in the inner or
outer chamber of the heat storage unit at the end
of the melting phenomenon (t=8700s).
Furthermore, adding plates at the top and the
bottom of the heat exchanger improves the phase
change process in all cases. In case 2-2, where
the phase change material was the same in both
inner and outer chambers, a large amount of the
PCM remained solid at 5,400s due to the lower
heat transfer area compared to that of the outer
chamber. As in case 1, using multiple PCM (case
2-3) made the phase change process more
balanced in the inner and outer chambers of the
heat exchange unit and ultimately improved the
phase change process. In all scenarios in cases 2,
the PCM in the middle areas and away from the
upper and lower heat transfer surfaces
experienced the lowest temperatures. According
to liquid fraction and temperature contours in
case 3, adding a middle plate in addition to the
top and the bottom plates boosted the melting
process in all the studied cases considerably. At
5,400 s, all temperature contours in case 3
reached a steady state condition, while none of
temperature contours in case 2 experienced the
steady-state condition. Comparing the PCM
temperature contours at 5400 s in cases 2 and 3
revealed this fact.

Discussion and Conclusion
In the present study, the influence of multiple
PCM on improving the melting process of a
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vertical triple-tube heat exchanger in the
presence of a middle plate was explored. For this
purpose, the contours of PCM liquid fraction and
temperature were comprehensively compared for
various configurations at different times.
According to the reported results, the addition of
multiple  PCM  improved the thermal
performance of the energy storage system
compared to the corresponding cases in the
presence of RT-35. Furthermore, it was revealed
that this improvement in the thermal
performance of the heat storage unit was more
noticeable compared to the other scenarios in
which the inner and outer tubes were filled with
RT-26 and RT-35, respectively. Based on the
numerical data presented in the paper, adding

multiple PCM boosted the energy storage rate of
case 1-3 by 13.72% compared to that of case 1-2.
Furthermore, the simultaneous usage of upper
and lower plates in addition to multiple PCM
(case 2-3) increased the energy storage rate to
87.34% compared to that of case 1-2. Ultimately,
adding middle, upper, and lower plates to the
heat exchange unit in the presence of the
multiple PCM resulted in an increase of 158.41%
compared to case 1-2. The current research
showed that the simultaneous usage of multiple
PCM in addition to the geometry modification
resulted in a considerable increase in the energy
storage rate.
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