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A Study on Heat Transfer Phenomena during Solidification in a Circular Tube
Containing Phase Change Material (Effect of Inclination)
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Abstract

This paper focuses on the investigation of the heat transfer phenomena that occur inside the cylindri-
cal tube. The inclination of the tube is adopted as a principal parameter varying from vertical to

horizontal. The phase change material employed in this experiment is 99 percent pure n-docosane

paraffin(Cz Hs).

It is found that the amount of solidified mass during a prescribed solidifying period is not sensitive
to the inclination of the tube but to the local layer thickness.
It is studied that the latent energy is the largest contributor to the total extracted energy. The

sensible energy(E,, E., E) may not be negligible at the large wall-subcooling and initial-liquid-supe-

rheating, also at the first step of solidifying
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C. . Specific heat of PCM at liquid phase

C. . Specific heat of PCM at solid phase

E: ! Latent energy extracted

Eine . Maximum latent energy extracted

E, : Sensible energy extracted from subcooled
solid

Egne * Maximum E,

E; : Sensible energy extracted from liquid which
solidified

Eona - Maximum Eg

+ AT e
JatAgtm 717 F

: Sensible energy extracted from liquid which

remains unsolidified

. Total energy extracted, Es+E, +Ee+Egs
. Maximum energy extracted, EimaT Esma

+ EsZmax

- Height of tube

. Thermal conductivity of solid phase

* Solidified mass

. Total mass of PCM at solidifying process
. Radius of tube

: Temperature of solid

. Temperature of liquid

: Time
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T.  : Bulk temperature of solid
T . Initial temperature

T. . Melting temperature

Tw  ° Wall temperature

B EA

: Thermal diffusivity of solid phase
: Mean thickness of solidified layer

> R

. Latent heat per unit mass

o

- Density of solid
o o
PCM ' Phase Change Material
SR

Ste, . Stefan number(Liquid), C.{Ti—T.)/A
Ste, : Stefan number(Solid), C.(Tn—Tw/A
Fo  : Fourier number, o, ¢/R#
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1. Heating Chamber

2. Heater
3. Thermostat Sensor 7. Cooling Chamber  13. Test Section

4. Thermostat
5. Magnetic Switch

6. Slidac

Fig.1
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8. Sensor
9. Heater
10. Pump

11. Pump
12. Flow Meter

14. Data Logger
15. IBM pc.
16. Printer

Schematic diagram of experimental appara-
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