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Introduction

A 3-dimensional transient multi-phase fluid flow modeused to simulate the filling and cooling process
of a complex open mold cavity with two dual injected slowrguipolymers which are heated during the
injection process and allowed to cool and cure. Ther®iasional multi-phase fluid flow model is used to
optimize the injection profiles and the initial moldmjgeratures to obtain, specific and controlled
homogeneous graduated material regions within the moity daw various sizes and shaped bodies.

The model assesses the interaction of the two slowgpolymers during the injection process, including
the change in density and viscosity due to thermal sffdtte multiphysics model was validated against
physical test data where the dynamic air-fluid boundagyi@ flow front), the dual-polymer boundary and
graduated region, and thermal profiles at specific iogatand time points were assessed for two injection
profiles on a single 3-dimension open cavity body.
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Figure 1: Model Geometry, Domains and Boundary
Conditions

Use of COMSOL Multiphysics

The problem was set up with three domains, a solid megipresenting the mold cavity walls, a liquid
region representing the two dual injected polymers agdsaregion representing the air within the cavity
prior to injection of the two polymer solutions. Dueth@ symmetry of the problem, only half the model
was assessed and symmetry enforced on the mid-plane.



Three transient COMSOL multi-physics application modesewilized and coupled in the study, namely,
two multiphase flow modules (a Two-Phase Flow (LamiR&rdse Field (chns) and a Phase Field (mmpf)
module), and a Convection & Conduction (cc) module.

The Two-Phase Flow (Laminar) Phase Field (chns) wag tessenodel the liquid flow front, the second
Phase Field (mmpf) module was used to model the two dueledj@olymer solutions in the fluid phase of
the Two-Phase Flow (Laminar) Phase Field (chns), whaeQonvection & Conduction (cc) module was
used to model the thermal changes in the model.

Velocity profiles of the Phase Field (mmpf) and Conwecti& Conduction (cc) modules were coupled to
the velocity profiles of the Two-Phase Flow (LaminanpB&e Field (chns), while the density and viscosity
profiles of the polymer region in the Two-Phase Flowngirzar) Phase Field (chns) were coupled to the
density and viscosity profiles of the Phase Field (mmpidule which was dependant on two temperature
dependant functions for viscosity and density and the tatye from the Convection & Conduction (cc)
module.

The thermal conductivity and heat capacity of the @otisn & Conduction (cc) module were coupled to
both the air and polymer regions through equations ingjithe phase field function (phi) in the Two-Phase
Flow (Laminar) Phase Field (chns) module.

Results

The model was partially validated against quantitativemthedata and sectional views of cured modeled
samples and qualitatively against captured video footatfeedfquid flow front during the filling process
of an open cavity mold. The validation work was done onfardifit complex three-dimensional body and
cavity which cannot be represented here.

Figure 1 below illustrates the comparison between tnpeeature profiles at 3 very different location with
time vs. the model results and a partial sectional vieswsig the boundary of the two distinct polymer
regions and the graduated region (NB: partial view only).

Figure 2 illustrates the interface surface profiles othB air-fluid boundary, 2) the graduated polymer
region with a volume fraction of 0.5 for thd%anjected polymer and 3) the flow front where tH& 2
injected polymers volume fraction is equal to 1 withie lilquid region, and thermal plots of the liquid and
air regions at various time points during the fillinggess.



Figure 2. Time Dependant Thermal Response of Figure 3. Isometric Views Illustrating Air-Fluid Boundat
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Conclusion



In conclusion COMSOL was successfully used to model dagled multiphysics problem of multiphase,
dual polymer injection molding and cooling of an open gawtform both distinct and graduated material
properties within a complex three-dimensional body.

The model was partially validated against quantitativeicsesl views of cured modeled samples and
thermal data collected at various locations in thedneality during injection and cooling, and qualitatively
against captured video footage of the liquid flow fromirdyithe filling process.

The coupled multiphysics model is now to be used to opgirtiiz injection profiles and the initial mold
temperature to obtain specific and controlled homogenepaduated regions to produce a cured molded
body with specific changing non-linear anisotropic ststssin material properties across the three-
dimensional body.
The model is to be developed further to include:

1. Two additional polymer injected solutions,

2. multiple inlet and outlet locations,

3. afunction to estimate the time dependant curing ofrttkéiple polymers over time, and

4

multi-parameter optimization of the injection profilesd mold temperatures, including injection
velocities, volume fractions and controlled mold tempeeatuith time.
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