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Effect of Natural Convection on the Heat Transfer in a
Latent Heat Storage System
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ABSTRACT

Heat transfer charactenistics of a low temperature latent heat storage system during the heat
storage stage was examined for the circular finned tubes using fatty acid which shows the big
density difference during melting as phase change materials. The heat storage vessel has the
dimension of 530 mm height, 74 mm inside diameter and inner heat transfer tube is 480 mm in
height and 135 mm outside diameter. Hot water was employed as the heat transfer flud. Dunng
the heat storage stage, it was found that both conduction and natural convection were the major
heat transfer mechanism. It was also found that the effect of natural convection on the heat
transfer was more significant for the unfinned tube system than that for the finned tube system.
The experimentally determined overall heat transfer coefficients were in the range of 50~250
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W/m’K and the correlation for natural convection heat transfer as a function of Nusselt and

Rayleigh number was proposed.

Nu : Nusselt number [-]

Ra : Rayleigh number ( Gr x Pr) [-]
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1. TES vesyel

2. heat transfer tube

3. A/D converter

4. computer

A. insulater

6. temperature controller

7. rotameter

8. heating band

9. water bath

10. electric heater

11. water pump

12. cosler

T : thermocouple

Fig. 1. Schematic diagram of test facllity.
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(a) inner tube  (b) outer tube (c) vessel (d) TEL vessel

o : thermocouple on the heat transfer tube wall
o : thermocouple in the PCM
Fig. 2. Details of heat transfer tubes.
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Table 1. Thermophysical Properties of Myristic

acid
Melting point (C) 548
Heat of Fusion (KJ/kg) 198.0
Density, (g/cm’) |
liqud 0.861
solid 0.990
Specific Heat (J/g C)
hiqud 159
solid | 2.26
Thermal conductivity (W/m C)
liqud 0.15
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Fig. 3. The time history of heat transfer
coefficient during melting stage in the
finned and unfinned tube systems.
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Fig. 4. Effect of inlet temperature on the heat
transfer coefficient in the finned tube
system.
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Fig. 5. Effect of inlet temperature on the heat
transfer coefficient in the unfinned tube
system.
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Fig. 6. The comparison of theoretical heat
transfer coefficient for conduction only
with  experimental “ data for conduction
and natural convection.
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Fig. 7. The comparison of predicted heat
tfransfer coefficient  with  experimental
data for finned tube system.
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Fig. 8. The comparison of predicted heat |
transfer coefficient with  experimental
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