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A New Control Volume Finite Element Method for
Three Dimensional Analysis of Polymer Flow

S. W. Lee and J. R. Youn

Abstract

A new control volume finite element method is proposed for three dimensional analysis of polymer
flow. Tetrahedral finite element is employed and co-located interpolation procedure for pressure and
velocity is implemented. Inclusion of pressure gradient term in the velocity shape functions prevents the
checkerboard pressure field from being developed. Vectorial nature of pressure gradient is considered in
the velocity shape function so that velocity profile in the limit of very small Reynolds number becomes
physically meaningful. The proposed method was verified through three dimensional simulation of pipe
flow problem for Newtonian and power-law fluid. Calculated pressure and velocity field showed an
excellent agreement with analytic solutions for pressure and velocity. Driven-cavity problem, which is
reported to yield checkerboard pressure filed when conventional finite element method is applied, could be
solved without vielding checkerboard pressure field when the proposed control volume finite element
method was applied. The proposed method could be successfully applied to the three dimensional mold

filling problem.
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Fig. 1. Tetrahedral finite element and definition of the
sub-control volume.
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Fig. 2. Calculated (a) pressure distribution and velocity

Fig. 3.

vectors, and comparison between analytic
solution and numerical solution of (b) pressure
with respect to the axial distance and (c) axial
velocity with respect to the radial distance for
power-law fluid of #=0.6.
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(a) TFinite element meshes and boundary
conditions for driven-cavity problem, and
calculated pressure and velocity vectors in the
cross-section (b) at Z=50 c¢m and (&) at Z=25
em of the cavity for power-law fluid of #=0.6.

{a)

(b)

Fig. 4. Predicted filling pattern with respect fo time (a)
for the complex shaped cavity and (b) for the
cavity confracting with an angle.
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