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Effect of gas temperature on gas-assisted extrusion processing of PP round tubes
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Abstract : This study investigated the influence mechanism of gas temperature on the gas-assisted extrusion molding process,
using polypropylene (PP) round tubes as an example. A numerical model for the gas-assisted extrusion of PP round tubes was devel-
oped to simulate the process at five different gas temperatures (413,433,453,473, and 493 K). The variations of melt temperature,
product dimensions, velocity distribution, first normal stress difference, and shear rate were systematically analyzed at different gas
temperatures. The results demonstrate that gas temperature significantly influences both the melt characteristics and the final product
quality. This influence is primarily attributed to the alteration of melt temperature. An increase in melt temperature reduces melt
viscosity to enhances fluidity , which consequently affects the velocity profile, the first normal stress difference, and shear rate distri-
bution within the melt. Furthermore, the wall thickness of the round tube decreases with increasing gas temperature, and the rate of
this thickness variation shows a positive correlation with the temperature difference between the gas and the melt. Another key
finding is the inherent cooling effect of the gas. Even when the initial gas and melt temperatures are equal, the gas actively cools the
melt, preventing it from maintaining a constant temperature within the die. Therefore, both experimental and simulation results
suggest that for optimal process performance, the gas temperature should be set slightly above the melt temperature.
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Tab.1 Parameters of PTT constitutive equation

n,/(Pa-s) Als £ 13 S
Value 4 688 0.1 0.15 0.44 0.12

Parameters

Notes: 7, is zero-shear viscosity; A is relaxation time; € is relevant
material tensile parameters; ¢ is shear parameters for related materials; S
is proportion of viscous component in zero—shear viscosity.
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Tab.2 Parameters of arrhenius equation

Parameters E/(k)-mol™)  K(W-m'-K") C/J-kg'-K™)
Value 20 0.35 2 800

Notes: £ is activation energy; k is thermal conductivity ; C, is specif-

ic heat capacity at constant pressure.
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Fig. 4 Effect of different gas temperatures on melt temperature in a circular tube
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