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A study on heat transfer during solidification of phase change
material on a finned vertical cooling tube
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ABSTRACT

Experiments were performed to study solidification of phase change material on a finned vertical tube
when either conduction in the solid or natural convection in a liquid controls the heat transfer.

The liquid was housed in a cylindrical containment vessel whose surface was maintained at a uniform,
time-invariment temperature during a data run, and the solidification occurred at a finned and unfinned
vertical tube positioned along the axis of the vassel.

The phase change material(PCM) employed in this experiment is 99 percent pure n-Octacosan
paraffin(CygHsg).

For conduction-controlled and convection-controlled solidification, the enhancement of the solidified
mass rate due to finning is great when the solidified layer is thin and decreases as the layer grows
thicker.

It is studied that the latent energy(E, ) is the largest contributor to the total extracted energy(Ex +Eq;
+Eg) and the total extracted energy rate at a finned vertical tube is greater than that at a unfinned
vertical tube.
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1. Heating Chamber 11. Constant Water Bath

2. Temperature Controller 12. Heater

3. Heater 13. Temperature Controller
4. Pump 14. Cooling Chamber

5. By-Pass Line 15. By-Pass Line

6. Valve 16. Mixing Chamber

7. Unfinned Tube 17. Cylindrical Containment
8. Finned Tube Vessel

9. Pump 18. Flow Meter

10. Paraffin 19. Data Logger

Fig. 1 Schematic diagram of experimental apparatus
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Fig. 2 Schematic diagram of experimental apparatus
Left hand side ; preparatory stage an
experiment
Right hand side ; a data run in progress
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A ! Surface area of finned tube
Ay . Surface area of unfinned tube
Cp : Specific heat of PCM at the liquid
phase
Cs . Specific heat of PCM at the solid phase
Ei . Latent energy extracted
Eimax - Maximum latent energy extracted
Eq . Sensible energy extracted from sub-
cooled solid
E;z  : Sensible energy extracted from liquid
which solidified
Er : Total energy extracted, EimntEq+
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H . Height of containment

K, . Thermal conductivity of solid phase

M Solidified mass

M; . Solidified mass on finned tube

Mt : Maxium solidified mass
(Conduction-controlled solidification)

M1 Maxium solidified mass
(Convection-controlled solidification)

My - Solidified mass on unfinned tube

Ry : Radius of tube

T, . Temperature of solid

T, . Temperature of liquid

t . Time

T; . Initial temperature

Ta . Melting temperature

Tw . Wall temperature

[Bl&=XH

a, : Thermal diffusivity of solid phase

A . Latent heat per unit mass

o . Density of solid

[f O]

PCM : Phase Change Material

[BAHEIS]

Ste;. : Stefan number(Liquid), Cp(T;—Tg)/
A

Steg  : Stefan number(Solid), Cs(Tm—Ty)/ A

Fo : Fourier number, @.t/Ry?
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