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A Study on the Characteristic of Heat Transfer of PCM(Phase Change Material) at
the Simultaneous Charging and Discharging Condition
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Abstract A thermal storage systems was designed to correspond to the temporal or quantitative variation in the thermal
energy demand, and most of its heat is stored using the latent and sensible heat of the heat storage material. The heat
storage method using latent heat has a very complex phenomenon for heat transfer and thermal behavior because it is
accompanied by a phase change in the course of heating/cooling of the heat storage material. Therefore, many studies have
been conducted to produce an experimentally accessible as well as numerical approach to confirm the heat transfer and
thermal behavior of phase change materials.

The purpose of this study was to investigate the problems encountered during the actual heat transfer from an internal storage
tank through simulation of the process of storing and utilizing thermal energy from the thermal storage tank containing
charged PCM. This study used analysis methods to investigate the heat transfer characteristics of the PCM with simultaneous
heating/cooling conditions in the rectangular space simulating the thermal storage tank. A numerical analysis was carried
out in a state considering natural convection using the ANSYS FLUENT® program. The result indicates that the slope of
the liquid-solid interface in the analysis field changed according to the temperature difference between the heating surface

and cooling surface.

Key words Phase change material(“dH 8}= %), Natural convection(A}$1t+), Simultaneous(s+]2]), Charging and
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71eMY © * viscosity

T : temperature [C]

H : enthalpy [kJ/kg] SHE Xt

g : gravitational acceleration [m/s2] c : cooling

h : sensible enthalpy [kl/kg] h : heating

L : latent heat [kJ/kg] in > inside

k : thermal conductivity [W/m - K] / : liquid

0] * liquid fraction s - solid

p : density [ms/kg] ref : reference

v, U > velocity [m/s] PCM  :phase change material
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Schematic diagram of the analysis model, counter
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Table 1 Thermal properties of PCM
Item value
Density(kg/ms) 2,180(1,950)
Specific heat(kJ/kg + C) 2.25(3.77)
Thermal conductivity(W/m - C) 1.3(0.657)
Latent heat(kJ/kg) 301
Viscosity(kg/m - s) 3.9x107
Melting temp.(C) 78
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Table 2 Boundary condition

Test No. Tin[ C] T[TC] Tu[C]
1 80 63 adiabatic
2 80 73 93
3 80 63 93
4 80 63 83
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Table 3 The effective of mesh size about analysis results

Mesh size Total Solidification time(min)  error(%)
50%50 1,875 -
100x100 1,956 4.14
200%200 2,000 2.2
300%300 2,015 0.7
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Fig. 2 The liquid fraction and temp. distribution of PCM

on simultaneous charging and discharging condition
(the elapse 1 hour after analysis start).

(b) liquid fraction
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Fig. 3 The liquid fraction and temperature distribution of PCM layer during analysis process according to elapsed time

(at the test No. 1).
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Fig. 4 The liquid fraction and stream function of PCM layer at the each analysis condition(the elapse 1 hour after

analysis start).
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