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Abstract — Butt-fusion welding process is used to join the polymeric pipes. Recently, some researchers suggest the
curved surface to enhance a welding quality. We investigated how curved welding surface affects heat and flow behaviors
of polymer melt during the process in 2D axisymmetric domain with finite element method, and discussed the effect to
the welding quality. In this study, we considered HDPE pipes. In heat soak stage, curved phase interface between the
melt and solid is shown along the shape of welding surface. In jointing stage, squeezing flow is generated between
curved welding surface and phase interface. The low shear rate in fusion domain reduces the alignment of polymer to the
perpendicular direction of pipes, and then this phenomenon is expected to help to enhance the welding quality.
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Fig. 1. Schematic sketches of the butt-fusion welding on a 2D axisym-
metric domain; (a) heat soak and (b) jointing stage.
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Fig. 2. Boundary conditions (a) for the heat transfer on the pipe domain
and (b) for the momentum transfer on the melt domain in the
heat soak stage.
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Fig. 3. Boundary conditions (a) for the heat transfer on the pipe domain
and (b) for the momentum transfer on the melt domain in the
jointing stage.
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Fig. 4. Pipe domain with curved welding surface; (a) convex and
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Nomenclature

: constant for Carreau-Yasuda model. 314 Pa-s

: constant for Carreau-Yasuda model. 2,050 K

: effective heat capacity

: substantial derivative

: end point of pipe in the axial direction used for heat equations
: heat transfer coefficient

: thermal conductivity

: normal vector

: coefficient of shear thinning effects for Carreau-Yasuda model

: pressure

: inner radius of pipe

: outer radius of pipe

: parameter to define curved surface

: tangential vector

: temperature

: reference temperature for Carreau-Yasuda viscosity model
: temperature of hot plate

: room temperature (20 °C)

: temperature distribution at the end of thermal soak process
: end time of thermal soak process

Goining © JOINting time

: time increment used for numerical simulation

: velocity field of melt

: squeezing speed of pipe

: shear rate

Korean Chem. Eng. Res., Vol. 55, No. 4, August, 2017
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n : viscosity, depending on temperature and shear rate
Moo : viscosity at infinite shear rate of arbitrary temperature
Mo : viscosity at zero shear rate of arbitrary temperature
k : average curvature of free surface
r : surface tension of melt
A : constant for Carreau-Yasuda model
Ay : parameter for curved surface
[T : infinite shear viscosity at temperature Ta
Lo : zero shear viscosity at temperature Ta
p : density
c : stress of melt
T : stress minus isotropic pressure
z A

O] =2 2016 % -2 Ao ® el A 7]s8 7k 9

A5 wrol S8 A9 (No. 20131510200400).
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