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Change Material : Part I Prediction of Heat Transfer
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Abstract—A mathematical model has been developed to describe heat transfer phenomena in a PCM
(phase change material) module for development of an energy recovery system. The PCM module, melting
point of which is around 1673 K, consists of silicon(96.8%), aluminium(2.7%) and marginal amounts of
impurities such as Ca, Fe and Ti. The module is covered by a capsule that consists of SiC(58%) and
graphite(42%). Physical properties that are required for model predictions were cited from the references.
The apparent capacity method and the postiterative method were used in the mathematical model to
describe the phase changing mechanism. Temperature and velocity of fluid are the major variables in
the model calculation. For the gas temperature of 1773 K that simulates real operating conditions, the
prediction shows that PCM is rapidly melted to axial direction. Howerver, for the gas temperature of
3000 K that is higher than the real conditions, PCM is melted rapidly to the radial direction. The gas
velocity has no influence on the melting phenomena of the PCM except when the gas velocity is relatively
low. At the low gas velocity asymmetry of the temperature profiles in PCM is obtained.
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Fig. 1. Dimension of PCM module.
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Component | Si Al | Ca | Fe | Ti
Weight%* |96.79| 2.65 | 0.12 | 0.34 | 0.08
PCM
+3 1673 K
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Capsule
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Table 2. £=X]2Af 0|EE SEAHX=

W 4R -

A4

gas

Density, psKg/m*]

Heat Capacity, C,,[J/Kg-K1
Viscosity, ug[Pa-sec]

Thermal Conductivity, K,[W/m-K]

35148/T

[3.355+0.575X 107 °T —0.016 X 10°T?]-R

2.84X107%T+1.48%x107°
4.75X10 5T+ 1.925X 10 2

PCM

Thermal

Conductivity, K,{W/m-K]
Heat Capacity, Cp,

[J/K- mol]

138.5 : solid
1385 ! liquid
4.1816(5.79+5.6 X 10~ *T
—1.09X10°/T?) : solid

2.83 : solid
3.328X1072T+62.99 : liquid
4.1816(4.94+2.96 X 107°T) : solid
4.1816X7.0 : liquid

4.1816X6.12 . lipuid

Density, p,[kg/m®]

2767—022T : solid
2640—0.275 T : liquid

Latent Heat, ALkJ/kg-K] 1420 386.6
Meiting temp., T.,[K] Ti1=1673, T,=1683
Graphite
Th |
erma —5687X1072T+116.4 —0.0108 T+63.7158

Conductivity, K,LW/m-X]
Heat Capacity, C;,[J/K-mol]
Density, p,[Kg/m®]

Melting temp., T,[K]

3170
2973.15

4.1816(8.93+3X1073T —

4.1816(2.673+0.002617 T— 116900/T?%)
1500~2250
3923

3.07X 105/T?%

*R ! gas constant
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Fig. 2. Schematic diagram of a heat exchange system
for one PCM module.
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ALB7|1Z

Dbt B2 wEke 29 sladiwid [mf]

. Apparent Heat Capacity [J/kg-K]

: Heat Capacity [J/kg-K]

. Hydraulic Diameter [m]

LA RS

3RS

. View Factor

Dz Al SA" ovx) F3F [k]/ke K]

: Convective Heat-Transfer Coefficient [W/m?
K]

: Thermal Conductivity [W/m-K]

. Prandtl Number (=p-Cy/k)

D bsiAztel] A AG FdE 3 [Wke:
K]

&4 2Ee w4 [m]

: Reynolds Number (=Dy-v-p/u)

27 WA [m]

Cdagt A|l~"e] w7 [m]

: Temperature [K]

P &AL 4§37 AAsle 2% (K]

D&y} b3 48 due &= [K]

: Inlet Gas Temperature [K]

. . Outlet Gas Temperature [K]

T T.-T, [K]

* Time [sec]

: Velosity [m/sec]

ek letters
: Stefan-Boltzmann Constant (=5.669X107%)
[W/m?-K*]
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p : Density [kg/m®]

u : Viscosity [Pa/sec]

A . Latent Heat [kJ/kg-K]
€ . Emissivity

Subscripts

g . Gas

3 — v o

. PCM

. Capsule

. Solid

. Liquid

: Mushy Region
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