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ABSTRACT

This study numerically analyzed the icing process in a U-shaped pipe exposed to the outside by
considering the mushy zone of freezing water. Numerical results showed that the flow was pulled outward
due to the U-shaped bend in the freezing section exposed to the outside, which resulted in the ice wave
formation on the wall of the bended pipe behind. At the same time, the formation of a corrugated ice layer
became apparent due to the venturi effect caused by the ice. The factors affecting the freezing were
investigated, including the change of the pipe wall temperature, the water inflow velocity, and the pipe bend
spacing. It was found that, as a whole, the thickness of the freezing layer increased as the pipe wall
temperature decreased. It was also found that the freezing layer became relatively thin when the inflow rate
of water was increased, and that the spacing of the pipe bends did not significantly impact the change in the
freezing layer.
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Fig. 1 Schematic diagram of the U-shape pipe
installed into the wall of plant system
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Fig. 2 Schematic diagram of the freezing

phenomena of water in a U-shape pipe
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Table 1 Configuration reference conditions for a
U-shape pipe with water freezing

Specification Physical Values

Pipe Diameter (D) 20mm

Inside Pipe Length (Lm side) 300mm

Outside Pipe Length (L, 4i70) 100mm

Gap Pipe Length (Lg”p) 70mm
Radius of Rounded Pipe (R) 10mm
Inlet Velocity ( Vm)

0.05m/s

Outside Wall Temperature ( 1),,,;4;40) 263k

Inside Wall Temperature ( 1}, g;40) 275k
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Fig. 3 Timewise variation of ice thickness of water
in the U-shape pipe (A-A section in Fig. 4)
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