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Abstract. The low thermal conductivity of phase change material (PCM) is the main resistance of
heat transfer in latent storage system. Characterization of melting process in a PCM-based heat sink
with plate fin type thermal conductivity enhancers is numerically studied in this paper. Detailed
parametric investigations of plate fins are performed to find the effect on melting time. The results
showed that decreasing the pitch of fins resulted in an appreciable increase in overall thermal
performance. Increasing the fin thickness and conductivity only gave a slight improvement.

1. Introduction

Thermal energy storage plays an important role in some industrial applications, such as, solar
thermal storage[1,2], air conditioning, energy-saving building [3,4]and waste heat recovery systems.
Thermal energy storage systems are crucial for reducing dependency on fossil fuels and also for
minimizing CO, emissions. Thermal energy storage can be accomplished either by using sensible
heat storage or latent heat storage. Sensible heat storage has been used for centuries by builders to
store/release passively thermal energy, but a much larger volume of material is required to store the
same amount of energy in comparison to latent heat storage[5]. Latent heat storage is more attractive
than sensible heat storage because of its high storage density with smaller temperature swing [6].
During melting or solidification processes, a PCM (phase change material) can effectively release or
store a significant amount of latent heat. The temperature of a PCM can also be stably maintained
during the latent heat transfer process. Therefore, a PCM is a very promising material choice in
energy storage and thermal environmental control applications. However, nearly all organic PCMs
have unacceptably low thermal conductivity which makes it difficult to utilize the heat storage
capacity completely [7,8]. The rate of heat transfer can be enhanced by incorporating high thermal
conductivity materials, known as thermal conductivity enhancer (TCE) into the PCM. TCE is
distributed in the PCM in the form of metal matrix, fins and uniformly dispersed high thermal
conductivity particles [9,10].

In the present paper, characterization of melting process in a plate fine type PCM-based heat
storage heated uniformly from the bottom is presented. The enclosure is the space enclosed by two
fins and the base plate of the heat sink. The objective is to investigate the effect of fin parameters (fin
pitch, fin thickness,fin conductivity) in heat storage on the melting time.

2. Description of the physical problem

A typical thermal storage unit (TSU) is shown schematically in Fig. 1 it consists of plate-fin type
TCE of uniform thickness (6) and PCM is filled in the space (D) between fins. A constant temperature,
T is distributed uniformly at the bottom of the TSU. Fig.2 shows an elemental TSU which represents
a symmetrical domain chosen for the analysis. The ratio of 6/H defined as a, which is the ratio of
thickness of fin and height of fin. The ratio of D/H is defined as 3, which is the ratio of the spacing
between two fins and height of fin. In this study, the height of fin (H) of is taken as 20 mm. Fin
thickness (6) and the spacing between two fins (D) are varied to obtain different 3 (0.2/0.6/1/1.4/1.8)
and a (0.04/0.06/0.08/0.1/0.14/0.2). RT50 is used as the PCM material in the present study. The
thermo physical properties of RT50 and aluminum are given in Table 1.
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Fig.1 Physical model of a thermal storage unit Fig.2 Computational domain

Table 1 Thermo physical properties of PCM and fins

Materials p(kg/m?) k(W/m-K) Cp(J/kg-K) Twn(°C) L(kJ/kg)
RT50 780 0.2 2000 50 168
Fin 2732.1 200 960 — -

3. Mathematical model

3.1 Governing equations

A two-dimensional analysis is adopted for the plate fin type PCM-based heat storage. The fin
always remains in the solid state and absorbs only sensible heat. The liquid PCM is assumed to be
Newtonian and incompressible, and subjected to the Boussinesq approximation. Local thermal
equilibrium between the PCM and the aluminum fins is assumed. Thermo physical properties of solid
and liquid PCM remain constant over a range of temperature. The volume change of the PCM during
melting/ solidification is neglected in the numerical modeling. A common set of governing
conservation equations for the domain comprising of PCM and fin is given by the following:

Conservation of mass:

The mass conservation equation can be written as,

d(pu;)
Conservation of momentum:
The momentum conservation equation is given by:
d(py;)  0(puy) apP
=——+V-:-(uy) + S; T—T, 2

WhereSiis a flow resistance source term which is a function of solid fraction of the PCM. This
source term ensures zero velocity in the fully solid region and permits normal viscous liquid flow in
the fully molten region.

Energy conservation:

d(pu;)  I(pusy;) apP

WhereSyis the energysource term representing latent heat storagedue to melting. The conservation
equations for the above transient problem are solved using a pressure-based finite volume method
according to the SIMPLER algorithm.
3.2 Boundary and initial conditions

The temperature of the heat wall is fixed at a constant value during the melting process. The
symmetry boundaries are all assumed to be adiabatic. The temperature of PCM and fin is initially set
to Tini.
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4. Results and discussion
4.1 Effect of fin thickness and pitch on melting
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Fig.3 the effect of fin thickness and Fig.4 The liquid fraction versus time
pitch on melting process for different fin pitches

Figure 3 shows the effect of fin thickness and pitch on melting process. In this figure, the melting
time decreases with increasing a in a certain range and decreases slightly with increasing
occontinually. The total heat flux from the base can be subdividedto the flux transferred into the PCM
directly from the base, and the flux transferred into the PCM through the fins. For the thicker fins
meltingis almost uniform along the fin surface, while for the thinner ones melting takes place mostly
close to the base, which will considerably retard melting.

Figure 4 shows the case liquid fractionversus time for different fin pitches.As expected, larger
pitches results in a longer melting time.Firstly, it is important to notice that the PCM RT50 has a
thermalconductivity of 0.2 W/m-K while the aluminum fin has a thermal conductivity of 200W/m-K.
This makes the fins good heat conductors while the PCM behaves almost like an insulator. Due to the
low thermal conductivity of the PCM, heat is only absorbed by PCM where adjacent to heat walls.
Certainly with larger pitch of two fins, the PCM away from the fin is affected little by fins.

4.2 Effect of fin thermal conductivities on melting
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Fig.5 the liquid fractionversus time for variousfin thermal conductivities
Figure 5 shows the liquid fractionversus time for variousfin thermal conductivities. As expected,
the performance of the heat storage increases with increasing fin thermal conductivity. However, it
can be seen that the 160w and 200w fin thermal conductivity give slightlybetter results. This is
because of that the thermal resistance of fins reduces with largerfin thermal conductivity, which
causes an increase in temperature of fins and rate of heat releases to PCM and so the overall melting
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time of heat storage decreases. It is noted that fin thermal conductivity than 160w do not further
improve the performance of the heat storage. In other words, the fin thermal conductivity reaches it
maximum performance capability at a 160w fin thermal conductivity.

5. Conclusion

In the present work, melting of a phase change material PCM) in a heat storage with a constant
heat temperature horizontal base and vertical internal plate fins has been studied numerically. The
objective is to investigate the effect of fin parameters (fin pitch, fin thickness,fin conductivity) in heat
storage on the melting time. It has been shown that the melting time decreases with increasing an in a
certain range and decreases slightly with increasing a continually. Also, the larger fins pitches have a
shorter melting period. It is observed that the performance of the heat storage increases with
increasing fin thermal conductivity.
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