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Figure 1. Geometry of the blown film,
annular die and the boundary conditions
The die length is 20 mm. The traction-free
conditions are applied on free film surfaces
Γ8 and Γ10. No-slip boundary condition is
applied on the die walls; Γ1, Γ5, Γ3 and Γ7.
The constant temperature boundary is
applied on the die walls and robin type of
boundary condition is applied on free film
surfaces and on boundary Γ9 insulation
boundary condition is applied. The
convection heat transfer coefficients, hinner
and houter, the traction force t and the cooling
air temperature Tair, are modified for the 3-D
axisymmetric case.
The mass and momentum balance is
given by
(1)
(2)
where u is the velocity vector, p is the
pressure, τ is the polymer extra stress tensor.
eXtendend Pom-Pom (XPP) model is
adopted as the constitutive relation for the
polymer
stresses.
This
viscoelastic
constitutive model is successfully used to
model fiber spinning, which is an
extensional deformation process as well12.
In terms of confirmation tensor c, the XPP
model reads:
(3)
with
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(4)
where Λ is the tube stretch
, λb is
the relaxation time of the backbone tube
orientation, λs is the relaxation time of the
backbone tube stretch and the parameter ν is
defined as
where q is the number
of the arms at both ends of the backbone. In
this study, we set λb/λs=2, and q=5.
Polymer extra stress tensor, for the XPP
model, is given by
(5)
Where modulus defined as
η is
the zero shear rate viscosity and I is the unit
tensor. Logarithm of conformation tensor
transformation is used to improve the
numerical stability of the problem thus the
constitutive relation in equation (3) has the
following form:
(6)

where log conformation equation
and back substitution
.
For more details about the Log Conformation Representation please see
Van der Walt12. The movement of the free
film surfaces are described by a height
function H(z,t), which is initially defined by
Keunings14 and later applied to extrudate
swell model by Choi15 and fiber spinning
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RESULTS
In this section the results of the 3-D model
is presented. First the temperature and
crystallinity effects are investigated and the
results are compared with the results in the
literature under similar process conditions.

In Figure 3, the temperature and space
filling distributions are shown for advancing
time. The corresponding bubble shape is
shown in Figure 4. The freeze line for this
case is observed around z=65mm. The
changes along the thickness around freeze
line z=65, is shown in Figures 5.

a

Increasing
time

Figure 4. Bubble shape, DR=10, ΔP=0.0015
XPP model

b

Increasing
time

Figure 3. (a) Temperature distribution
evolution along the outer film surface (b)
space filling distribution evolution along the
outer film surface, DR=10, ΔP=0.0015 XPP
model
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Figure 5. Dimensionless stresses and space
filling distributions along the thickness at
z=65mm, DR=10, ΔP=0.0015 XPP model
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