84 uidte] olE7 8 A4Y A1 20004

A FA9 IgE ¥ 9 FAY F2AL

AL, dsE, oA, olsF
Mgt 83ee
Sl 2224 s

Three-Dimensional Numerical Simulation of Viscoelastic Coextrusion Flow
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Introduction

In recent years coextrusion has gained wide recognition as an approach to achieving
unique product performance by combining the properties of different materials with lower
expenses. Experimental investigations of stratified flow in a side-by-side coextrusion have so
far identified the viscosity difference between the polymer melts to be the controlling factor
of the encapsulation phenomenon, i.e. the less viscous melt wraps around the more viscous
melt [1-4]. Southern and Ballman [3] investigated the relative importance of viscosity and
elasticity effects on interface shape. Takase et al. [5] performed a three-dimensional
numerical simulation with viscoelastic model on the encapsulation phenomena. They showed
that the encapsulation phenomena were affected not only by viscous properties but also by
elastic or non-linear properties, but the fully developed boundary conditions imposed at the
outlet of the analysis region were not correct.

This work focuses on the effects of the viscoelastic properties on the encapsulation
phenomena in coextrusion flow of two immiscible fluids through a rectangular channel by
three-dimensional finite element method. The viscosity and elasticity effects on the interface
shape were investigated as regards the upper convected Maxwell model. For the Phan-Thien
and Tanner model the effects of shear viscosity, elasticity, extensional viscosity, and the
second normal stress difference were considered. In addition, the open boundary condition
method [6] to viscoelastic simulations was implemented to remove the difficulty of

imposition of outlet boundary condition.

The three-dimensional continuity and momentum equations for the steady state flow of
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two viscoelastic fluids (I and II) are as follows,
V.v, =0, k=L, II )
PV Vv, =-Vp, +V.1,, k=I, II 2
and the boundary conditions at the interface are expressed as followings.

kinematic conditions :

n-vy=n-vy=0, (3)
v =t vy, 4)
t2 *Vp =t2 v (5)

dynamic conditions :

t, 0y =t, O, (6)
t2‘5l=t2‘°u, 0]
n2~01—-n2'cu=0 (8)

The upper convected Maxwell model and the Phan-Thien and Tanner model as

viscoelastic constitutive equations are used, which are written as,

v
t+At=n(Vv+VyT) 9)
v
(1+E’:m)r+X{(1—5>r+E—3}= m,D (10)
o 2 2

The elastic viscous stress splitting method [7] was adopted to treat the viscoelastic
stresses, and the streamline upwinding method [8-9] was applied to avoid the failure of
convergence at high elasticity. If the accurate solution at the boundary is not known a priori,
such as in the outflow boundary in the viscoelastic coextrusion flow, it is almost impossible
to impose a proper boundary condition. In the open boundary condition method [6],
boundary integral parts are treated as parts of unknown equations that have to be solved.
Thus the imposition of boundary condition along the outflow is not required at all

The flow domain is discretized into 27-node hexahedron elements as shown in Fig.1, and
the Galerkin finite element procedure is applied. The set of nonlinear algebraic equations is

then finally solved by means of Newton’s method and the frontal elimination technique.

Resul 1 Di .
The problem of adoption of ambiguous outlet boundary conditions in three-dimensional
simulation of viscoelastic coextrusion flow was escaped by introducing the open boundary

condition method. The abrupt changes of contact line positions near the outlet commonly
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occurred by using the fully developed outlet boundary conditions (fullybc) could be clearly
removed by using the open boundary condition method (nobc) as shown in Fig.2.

From the results by using the upper convected Maxwell model as a constitutive equation,
it was shown that the interface distortion increased as the elasticity ratio increased, although
it was not so large and the first normal stress difference alone had no effect on the gradual
increase of the degree of encapsulation along downstream direction,

From the results by using the Phan-Thien and Tanner model as a constitutive equation, it
was found that the elasticity and the shear viscosity could not be treated separately in the
flow simulations of viscoelastic fluid with shear thinning viscosity. When the elasticities of
both layers increased while keeping the elasticity ratios constant, the degrees of
encapsulation increased resulting from the increased viscosity ratios as shown in Figs. 3 and
4. The extensional viscosity had some effects on the interface curvature but little effects on
the degree of encapsulation along downstream direction.

When the ratio of the second normal stress differences (Ey/&;) increased, the curvature of
outlet interface increased resulting from the increased protruding effect of the upper fluid
with the higher second normal stress difference into the lower fluid with the lower second
normal stress difference in magnitude. The second normal stress difference was shown to
have a great influence on the gradual increase of the degree of encapsulation along

downstream direction.
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Fig.1. Finite element meshes

(a) Mesh1, (b) Mesh2.
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Fig.3. Outlet interface curves with different
elasticities at Mesh1l. Symbols L, X and E

represent A, § and g, respectively.
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Fig.2. Contact line position along

downstream direction with different

boundary conditions and meshes.
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Fig.4. Degree of encapsulation along

downstream direction with different

elasticities at Meshl.



