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An experimental study on heat transfer of finned vertical cooling tube
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ABSTRACT

Experiments were performed to study freezing on a finned vertical tube when either conduc-
tion in the solid or natural convection in a liquid controls the heat transfer. Conduction is the
controlling mode when the liquid is at its fusion temperature, whereas natural convection
controls when the liquid temperature is above the fusion value. The liquid was housed in a
cylinderical containment vessel whose surface was maintained at a uniform, time-invariment
temperature during a data run, and the freezing occurred on a finned vertical tube positioned along
the axis of the vessel. The phase change medium was n-octacosan, a paraffin which freezes at
about 61°C. For conduction-controlled freezing, the enhancement of the frozen mass due to
~finning is greatest when the frozen layer is thin and decrease as the layer grows thicker. The

degree of enhancement is generally less than the surface area ratio of the finned' and unfinned

tube.

NOMENCLATURE

: surface area;

surface area of finned tube;

thermal conductivity of solidified
material;

frozen mass;

frozen mass on finned tube;

frozen mass on unfinned tube;
temperature of cooled tube;

: inner temperature difference, T*-Ti;

surface temperature of containment
vessel and initial temperature of liquid;
outer temperature difference, ToT*;
fusion temperature;
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t time

X coordinate normal to surface;
i) thickness of frozen layer;

A latent heat of fusion,

4 density of solid;
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Fig.1. Schematic Diagram of Experimental
Apparatus.
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Fig.2 Schematic diagrams of the ex-
perimertal appratus. left- hand
diagram preparatory stage of zn
experment: right-hand diagram:
a deta run in progress.
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Fig.3 Coordinates for the derivation of

the boundary condition at the
solid- liquid interface
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Fig.4 Correlations of the frozen
mass on finned and unf inned
tubes for conduction—contro-

lled freezing
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Fig.5 Axial distributions of the
frozen layer thickness at a
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Fig.6 Axial distributions of the frozen
- layer thickness at unfinned tube

and finned tube. ATi=30T A To=15C.
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Fig.7 Timewise variations of frozen mass
for natual—convection— controlled

freezing. ATi=15C. ATo = 15C.
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