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Abstract: In the current paper, the effects of size and
direction of step fins on improving the melting process of a
vertical triple-tube heat exchange unit in the presence of a
middle plate and porous medium are studied. The phase
change process of the thermal energy storage unit is
simulated using the enthalpy-porosity approach, developed
in ANSYS FLUENT 2020 R2. The initial temperature and
the temperature of heat transfer fluid, passing through the
heat exchange unit, are supposed to be 15 and 50 C,
respectively. Furthermore, the Reynolds number of the heat
transfer fluid is assumed to be 1000. To evaluate the effects
of step fins size and direction on boosting the melting
process of the thermal unit, both liquid fraction and
temperature contours of the cases with pure and composite
PCM were compared. Based on the obtained numerical data,
the effects of step fins geometries and direction on
improving the thermal performance of the unit in the cases of
pure PCM were greater than those of composite PCM. It
should also be mentioned that energy storage values of the
case with composite PCM (Case 3) increases by 166.69 %
compared with that of the case with pure PCM.
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Introduction

numerically. To evaluate the efficacy of step fins,

In the current study, the effects of step fins size and  middle plate and porous medium in improving the
direction on boosting the melting process of a vertical ~ thermal performance of the unit, liquid fraction, and
triple-tube heat exchange unit in the presence of a  temperature contours of various cases with pure PCM
middle plate and porous medium are studied are compared with those of the cases with composite
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PCM. More details on the various cases studied in the
present study are illustrated in Table 1.

Table 1. More details on the various scenarios
considered in the current study.

A(mm) | B(mm) | C(mm) | D(mm)
Case 1 6 4 5 4
Case 2 2 7 3 7
Case 3 7 2 7 3
Case 4 6 4 5 4
Case 5 2 7 3 7
Case 6 7 2 7 3

As the last step, the effects of porous medium
characteristics, including porosity and pore density,
on improving the thermal performance of the unit are
numerically investigated.

Materials and Methods

To simulate the PCM melting process in the presence
of a middle plate and porous medium numerically, the
enthalpy-porosity methodology is applied and the
porosity of the porous medium is assumed to be equal
to the liquid fraction value in each cell. Due to the
presence of viscous and inertial losses in the
momentum equations, a pressure loss is also
considered in the numerical simulation in addition to
the pressure drop caused by the solid materials. The
assumptions considered in the present study to
simplify the numerical simulation of the LHTESS are
as follows:

e The liquid phase was assumed to be
Newtonian, laminar, and incompressible.

e The liquid phase density varied based on the
Boussinesq approximation since there was a
negligible temperature gradient in the liquid
domain.

e The energy equation was applied in the
simulation based on the thermal equilibrium
model.

e Anisotropic and homogenous porous
medium was applied in the current research.

e Volume expansion, during the PCM phase
change phenomenon was minor.

e Viscous dissipation effects were negligible
during the numerical modeling.

e 2D axisymmetric condition was assumed for
the fluid flow due to the geometry of the
problem and shortage of circumferential
gradient in the flow.

Results

In this section, the effects of step fin size and
direction on boosting the thermal performance of the
thermal unit are studied numerically. Both liquid
fraction and temperature contours are compared in the
cases of pure PCM and composite PCM. The effects
of the middle plate and step fins are minor at the
beginning of melting process. As time passes, these

effects become major. Based on the numerical data,
adding the middle plate and step fins can significantly
decrease the melting time of PCM. In case of pure
PCM, the effects of step fins size on boosting the
thermal performance of the heat storage unit are
greater than those of step fins direction. In the case of
composite PCM, the heat transfer rate intensifies due
to the higher conductivity of composite PCM.
Furthermore, the impacts of both step fin size and
direction in enhancing the melting process of the
PCM becomes minor. Furthermore, the lower and
interior region inside the PCM does not convert to
liquid totally. This can be due to the lower heat
transfer area and the lack of convection heat transfer.
Therefore, adding step fins to this region can
accelerate the melting process of PCM considerably.
To analyze the various scenarios considered in the
current research, melting time values and heat storage
rate of PCM in various cases are compared. Based on
the presented data, step fins with higher lengths in
case of pure PCM considerably improve the melting
process of PCM. It should be mentioned that the
melting time of case 6 decreases by 1.45 %, compared
with that of case 3, while the heat storage rate
increases by 1.05 %. It should be mentioned that the
melting time of case 6 decreases by 3.17 and 17.4 %,
compared with those of cases 4 and 5, respectively.
To illustrate the efficacy of the porous medium in
enhancing the melting process of the heat storage unit,
variations of both liquid fraction and PCM mean
temperature in cases of pure PCM and composite
PCM were compared. Based on these figures, gradient
of PCM temperature increases in case of composite
PCM due to a considerable increase in PCM
conductivity at the beginning of the melting process.
In other words, adding a porous medium to the PCM
accelerates the thermal response of the PCM.

The impacts of porous medium characteristics,
including porosity and pore density, in enhancing the
melting process of the PCM are also investigated.
Based on the obtained results, the effects of pore
density in boosting the thermal response of the PCM
are minor. Furthermore, thermal performance of the
heat storage unit improves as the porosity decreases.
In other words, the case with the lowest porosity
yields the best thermal performance.

Discussion and Conclusion

In the current study, the effects of step fins geometry
in enhancing the thermal response of the heat storage
unit were studied in the case of pure and composite
PCM. Firstly, the effects of step fin size and direction
in boosting the thermal performance of the heat
storage unit were compared in both pure and
composite PCM. Based on the numerical data, the
impacts of step fins size in improving the thermal
response of the unit were greater than those of step
fins direction in case of pure PCM. Furthermore,
increasing the step fins size resulted in decreasing the
melting time of the pure PCM. In case of composite
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PCM, both step fins size and direction in enhancing
the thermal response of the unit were negligible. Due
to domination of the conduction of heat transfer over
convective heat transfer at the beginning of the
melting process, adding porous medium to the PCM
resulted in higher temperature gradient. Furthermore,
it was proposed to add step fins in the lower and
interior region of the PCM container to enhance the
thermal performance of the unit considerably. Finally,

the effects of the porous characteristics, including
porosity and pore density, in boosting the thermal
performance of the unit were studied. It was
concluded that the impacts of pore density in
improving the thermal performance of the heat
storage unit were minor while decreasing the porosity
of the porous medium improved the thermal
performance of the unit.
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