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An Experimental Study on Freezing of Phase
Change Material in a Cooled Vertical Tube

J-M-.Lee, C-M-+Lee and ]-S-:-Yhim

ABSTRACT

Experiments were performed for freezing of an initially superheated or nonsuperheated li-
quid phase in a cooled vertical tube. The liquid was placed in a copper tube whose surface main-
tained a uniform temperature during the data run and the freezing occurred in a copper tube.
The phase change medium was n- odtadecane, a paraffin which freezes at about 61 C. Measureme-
nts were made which yielded information about the time dependence of the freezing front,of the
amount of frozen mass, and of the various energy components extracted from the tube. The time-

wise decay of the initial liquid superheat was also measured.

Initial superheat of the liquid tends to moderately diminish the frozen mass and associated
latent energy extraction at small times but has little effect on these quantities at large times.
Natural convection in the liquid plays a modest role only at small times and disappears when the
superheat decay to zero, Although the latent energy constitutes the largest contributor to the
total extracted enmergy,the sensible energy components can make a significant contribution, espe-

cially at large tube wall subcoolings, large initial liquid superheating and short freezing time.
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Nomenclature

Ciig : liguid phase specific heat (k] /kgC)

G. : solid phase specific heat (k] kgC)

E,, : energy extracted from subcooled solid
(kJ)D

E,, : energy extracted from liquid which so-
lidifies (kJ)

E.; : energy extracted from liquid which re-

: mains unfrozen ( k])

E,,. : total energy extracted, equation( 2-4)
and (2-7) (kJ)

E; :energy liberated by treezing ( kJ)

E.: .. energy liberated if total mass freezes
(kJ), equation(2-8)

Fo :Fourier mimber ,equation (2-9)

K. : solid-phase thermal conductivity
wWM°C)

M : frozen mass (kg)

Mm‘ : total mass of phase - change material
(kg) .

r . radial coordinate in solid(m)

r, . radius of tube wall (m)

r* - radius of solid-liquid interface (m)

Ste - solid-phase Stefan number,equation
(2-10)

- liquid bulk temperature(Q)

. initial temperature of solid ( °C)

o o B

. mean temperature of frozen mass (°C)
equation (2-3)

T* . phase change temperature (°C)

T(r) : temperature distribution in solid

t . time (sec)

Qo * solid;phase thermal dif fusivity
(m?,sec)

J . frozen layer thickness (m)

2+ latent heat of fusion (KJ, kg°C)

Pso @ solid - phase density (kg /m®)
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Figl. Schematic Diagram of the

Experimental Apparatus.
1. COPPER TUBE 2. INSULATION PLUG
3. LIQUID PARAFFIN 4. COOLED WATER BATH
5. COOLING DEVICE 6. WATER CONTROL BATH
7. HEATER
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Fig 2. Representative Pattern of Freezing :
Ti-T*=20C, T*-Tw=10C
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Fig 4. Decay of the Liquid Superheat
with Time.
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