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Abstract: In this research, the effects of a sinusoidal middle
plate with variable wavelength on the melting process of a
vertical triple-tube heat storage unit were investigated. The
middle enclosure was filled with the phase change material
(PCM) while the heat transfer fluids (HTFs) passed through the
inner and outer tubes. The enthalpy-porosity approach was
applied in order to simulate the PCM phase change process,
using ANSYS FLUENT 2020 R2 software. The flow regime
was supposed to be laminar while the velocity and pressure
fields were coupled using the SIMPLE approach. For the
evaluation of the efficacy of the heat exchange unit with wavy
middle plate, the outcomes of various scenarios were compared
with those cases in the absence of the middle plate. Therefore,
the performance of the thermal energy unit was assessed via
comparing the liquid fraction and temperature contours as well
as the melting times and heat storage values of various
scenarios. The numerical results showed that the sinusoidal
middle plate with variable wavelength decreased the melting
time by 67.59%, while the heat storage rate increased by 200%
compared with the cases in the absence of the middle plate.
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Introduction

In this paper, the effects of the wavy middle plate
with variable wavelength on intensifying the
melting process of a triple-tube heat storage unit
were numerically investigated. To pursue this
objective, various scenarios were considered in
the present study. Firstly, the efficacy of the
applied numerical approach in predicting the

Ol

numerical results available in the literature was
examined. Then, the influences of the sinusoidal
middle plate on expediting the melting process of
the thermal energy storage (TES) unit were
evaluated. Various scenarios, having been
considered in the present research, are shown in
Table 1.
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Table (1): Various Scenarios Considered in the Present Research

Minimum wavelength (mm)

Increment size (mm)

Case 1 (without the middle plate)

20.5

Case 2 (with wavy middle plate) 1
Case 3 (with wavy middle plate) 16 2
Case 4 (with wavy middle plate) 11.5 3
Case 5 (with wavy middle plate) 7 4

Materials and Methods

In the present research, the enthalpy-porosity
methodology was applied in order to simulate the
phase change process of the TES unit.
Furthermore, the following assumptions were
considered in the present study to simplify the
simulation process:

1. In the simulation process, the liquid phase
was modeled as  Newtonian and
incompressible liquid.

2. The viscous dissipation was ignored during
the phase change process.

3. The problem was simulated as the 2D
axisymmetric due to the symmetry that
existed in the problem geometry.

4. The expansion effects were ignored during
the phase change process.

5. The regime of the flow was supposed to be
laminar.

6. The Boussinesq approximation was applied
to predict the liquid density.

Results

In this section, the effects of various parameters,
namely wavelength and the amplitude of the middle
plate, the temperature, and the Re number of the
inlet flow on the thermal performance of the TES
were studied.

Firstly, the effects of the sinusoidal wavy middle
plate with variable wavelength on improving the
thermal performance of the TES unit was studied
via comparing the liquid fraction and temperature
contours of various cases with those cases in the
absence of the middle plate. The numerical
outcomes showed that the middle plate influence on
enhancing the melting process of the TES unit was
minor upto t=600s, while its role in expediting the
PCM  melting process become prominent
afterwards. Based on the obtained numerical data,
the sinusoidal middle plate with variable
wavelength can considerably shorten the melting
time, especially in case 3. However, increasing the
aggregation of the waves near the bottom of the
TES unit can worsen the thermal performance of
the TES unit compared with case 3. At t=3900 s,
99.49 and 99.04% of the PCM converted to liquid
in cases 3 and 5, respectively. The temperature
contours showed that the PCM temperature was not
homogenous in case 1, while adding a wavy middle
plate caused the temperature contours to become
homogenous. On the whole, the best thermal

performance was observed in case 3 (with
amplitude of 5 mm) since the melting time
increased by 67.59% compared with case 1.

Next, the influence of the wave amplitude on
improving the performance of the TES unit was
studied. Various amplitudes of 2.5, 5, 7.5, and 10
mm were considered in the study. Although
increasing the wave amplitude could improve the
thermal performance of the unit via increasing the
heat transfer area, the thermal performance of the
TES unit was the best for the case with amplitude
of 5 mm. In other words, the thermal characteristics
of the TES unit deteriorated for amplitude values
higher than 5 mm. It could be due to hindering the
natural convection generated within the unit.

As the last step, the influences of the
temperature, of the Re number of the inlet flow, as
well as of the PCM type on the melting process of
the TES unit were examined. Based on the
simulation data  obtained, increasing the
temperature and the Re number of the inlet flow
could considerably enhance the thermal
performance of the unit.

Discussion and Conclusion

In this research, the efficacy of the sinusoidal
middle plate with variable wavelength on
enhancing the melting process of the TES unit was
numerically studied. To pursue this goal, the
influence of wavelength and amplitude of the wave,
temperature, and the Re number of the inlet flow on
the PCM phase change process were analyzed. The
numerical results showed that increasing the wave
aggregation near the bottom part of the TES unit
could considerably improve the thermal
characteristic of the unit, especially in case 3. It was
concluded that the melting time decreased by
67.59%, while the heat storage unit increased by
200% compared with the case in the absence of the
middle plate. It was also deduced that although the
thermal performance of the unit could be enhanced
by increasing the wave aggregation via increasing
the natural convection, the higher wave aggregation
worsened the TES performance. Finally, the effects
of the PCM type on the phase change process of the
thermal energy storage unit were studied. The
numerical results showed that the unit with RT-35,
as the PCM, exhibited the best thermal performance
compared with those of the units with RT-35HC
and n-eicosane, as the PCM.
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