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Abstract— A numerical algorithm to simulate the mold filling process of short fiber filled (generalized Newtonian)
composite systems was developed in the case of planar channel and cylindrical tube geometries. The transient move-
ment of the frontal free surface and the fountain flow phenomena could be well simulated for those geometries. The
distribution and orientation of fibers in the Newtonian fluid medium during the filling process were also calculated
solving the Jeffery’s eq'n, and the results showed that the fibers near the wall and the moving front allign parallel to
those surfaces.
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Fig. 1. Geometries studied in this work.
(a) planar channel, (b) cylindrical tube.
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Fig. 2. Standard mesh and typical real mesh
after coordinate transformation.
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Table 1. Conditions used in the visualization
experiment and corresponding numeri-
cal simulation

Average velocity 0.645 cm/s

Viscosity 9750 cp

Density 0.975 glem3

Diarneter 1.24 ecm

Gravitational 980 cm/s?
constant

Re 0.008

St 23.36

Fig. 14. Two dimensional fiber orientations in
the planar channel filling process, r,
=1000, ¢,=90°.
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Fig. 15. Two dimensional fiber orientations in
the planar channel filling process, rp=
1000, ¢,: random.

Fig. 16. Three dimensional fiber orientations
in the planar channel filling process,
r,=1000, ¢,=90°, 6,=45"°.
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NOMENCLATURE

(<Y

: material constant in eq'n (8)

Ca : capillary number, viscous force/surface tension
ratio

: diameter of the tube or channel gap thickness

. ij component of fluid dilatation

: body force per unit volume

. gravitational constant

: length defined in Fig. 1

: power-law index in eq'n (8)

: pressure

: aspect ratio of fiber

: D/2

: arclength along the surface

: Stokes number, viscous/gravity force ratio

: time

: unit tangent vector

U : axial velocity in planar channel or radial veloci-

“ty in cylindrical tube
V : transverse velocity in planar channel or axial
velocity in cylindrical tube
V ° velocity vector
Z; : icomponent of fluid rotation

TV DRI OO

-~ o
<2

Greek Letters
a : a parameter defined in Fig. 1
y : shear rate

yy : nominal shear rate

n . viscosity

no - zero-shear viscosity

1, : infinite-shear viscosity

¢ : coordinate variable in the spherical polar coor-
dinate system

A : time constant in eq'n (8)

# : density of the fluid

o : surface tension coefficient

T @ extra stress tensor

¢ . coordinate variable in the spherical polar coor-
dinate system

¢ . stream function

Subscripts

o : initial condition

n : number of time step
Superscripts

p : predicted value
» : dimensionless quantities

10.

11.
12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24,

s Aol B AT s05
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