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Effect of the Height Change on the Melting Heat Transfer
in a Rectangular Enclosure
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ABSTRACT

A rectangular test section is devised by assuming two dimensional melting of a solid phase
change material heated from two sides which are maintained at constant temperature and allowing
a free expansion due to density difference between solid and liquid.

The timewise melting shape is recorded photographically by the shadow graph method for
several experimental conditions. The analysis shows that the melting process consists of four
regimes. At first, the pure conduction heat transfer is dominant, and as time goes by natural
convection grows and plays a role greatly.

Experiments are carried out varying not only the wall temperature but height of the wall.
Each effect of them on the melting process is obtained in the form of combination of dimension-
less parameters, Ste®8 FoRa%2. An algebraic correlation is suggested, which predicts the melted
fraction well.
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Table 1. Experimental Condition

e Gy | No. | Ra Mo
case 1 52.5 2 [0.0466] 1.54 x 108
case 2 56.7 2 10,1000} 3.24 x 10°
case 3 59.7 2 1014521471 x10°
case 4 52.5 4 |0.0466(1.21 x10°
case 56.7 4 10.1014|2.70x10°
case 6 59.7 4 10.1452|3.77 x 10°
case 7 52.5 5 10.0466] 2.36 x 10¢
case 8 56.7 5 [0.1014)5.28 x 10¢
case 9 57.9 5 ]0.1452| 7.36 x 10°
casel0 52.5 10 |0.0466]1.89x107
casell 56.7 10 |0.1014) 4.20 x 107
case 12 59.7 10 | 0.1452|5.90x107
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Table2. Thermophysical Properties

Properties
Liquid density o1 (ke/m®) 720
Solid density g, (kg/m®) 820

Liquid specific heat Cykd/kg0)|2.11
Solid specific heat Co(kd/kgC) |2.18

Latent heat Ly(kd/kg) 154

Thermal conductivity £#(W/m °K)| 0.336

Thermal expansion coefficient 8.249x10™*
BC°K™

Viscosity ¢(kg/ms) 4.85x1078

Melting temperature 7,, (°C) 491 |
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(e) 135 min (f) 187 min

Fig.4 Timewise change of melting front for the case of T,=5.7°C
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