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Abstract — Numerical simulation of free surface flow phenomena is presented for the system where a polymeric
melt flows into a vertical rectangular cavity which has an inlet gate. The numerical technique combines a modified
version of marker and cell method with DuFort-Frankel finite difference approximation to the equations of motion. The
Leonov model is introduced for the viscoelastic fiuid and compared with the Carreau model analysis for inelastic fluid.
The low density polyethylene is used as sample material and the free surface profiles of the flow are simulated with
time. The jet-like behavior in the flow front of the polymeric melt appears when both the Gravity number and the
Weissenberg number are small. The ratio of gravitational to viscous force plays prevailing role than the elastic force
itself. Thus the overall flow pattern is mainly a function of the Gravity number than the Froude number as speculated.
The numerical predictions of surface profiles and the velocities of the advancing front are in good agreement with the
experimental data.
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Fig. 1. Schematic diagram of the liquid injection
into an empty cavity.
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Fig. 2. Fully developed velocity profiles for dif-
ferent average velocity U in a straight
channel.
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Fig. 3.Normalized normal stress difference (a)
and shear stress profiles (b) for different
flow rates in a channel.
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Table 1. Computation of velocity field in surface
cells

\Q‘ﬂ I II IH IV V VI VI VIII

Cell \

i, j+i - - - +

-+ + +
i+1,] - - + - + - + +
i, j-1 - + - - 4+ o+ - +
i-1, j + o+ 4+ + 0+ o+ + +

+: Full or Surface cell

—: Empty cell

Case I, III: Vl’n’l++‘0-5=V:‘—+1§J+0.s. V:l_;tlo‘s:vﬁi.lr-as
u?lys, is computed from continuity eg-

uation
Case I  :viias=vEis
Ufes; is computed from continuity eq-
uation
. n ——
Case IV vl =vIil,
Ulse,, is computed from continuity eq-
uation
Case V. : u}),, is computed from F.D.E.
viihs is computed from continuity eq-
uation
Case VI : v}/, is computed from F.D.E.

u?iys, is computed from continuity eq-

uation
Case VII : v{‘;‘u s is computed from F.D.E.

Vid os vi.j+os
u% s, is computed from continuity eq-
uation

Case VIIT : uly;, and vi},; are computed from
F.D.E.
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Table 2. Rheological properties of the two different fluid models used in the calculation

Leonov model Carreau model

No. Material o(glem3) 7, (poise)
S 7, (poise) 8 (sec) A(sec) n
1 LDPE-724 0.761 3.30x 103 0.2 1.68x103 1.90x101 0.455 0.716
at 200°C 9.81x102 1.84x 102
2 LDPE-724 0.744 2.40x 103 0.21 9.76x102 5.70x101  0.816 0.764
at 220°C 8.92x102 2.28x102
3 LDPE-722 0.754 6.90x 103 0.16 2.49x103 6.60x101 0.90 0.699
at 200°C 2.80x103 8.32x102
4 LDPE-722 0.736 4.40x103 0.19 1.37x108 1.52x100  0.74 0.715
at 220°C 2.13x103  4.90x102
Table 3. Cases of numerical simulation
Condition\Material LDPE-724 LDPE-722
Average inlet velocity, 0.05 0.1 0.2 0.4 0.05 0.1 0.2 0.4
U (cm/s)
Stability criterion 7.868 7.868 7.868 7.868 11.917 11.917 11.917 11.917
parameter, Ay
Re 2%x105  5x10%  9x105  2x104 | 2x105  3x105  6x105  1x104
Fr 6x106  3x105 1x104 4x10%4 | 6x106 3x105  1x104  4x104
Re/Fr =Gv 3.591 1.776 0.898 0.449 2.371 1.185 0.593 0.296
Ws 0.129 0.245 0.422 0.6 0.298 0.433 0.525 0.603
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