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Fig. 1. (color online) Four basic geometries and the

U

combination of ring mold cavity: (a) 21; (b) 22;

(c) —923; (d) —$24; (e) £2.
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Fig. 2. (color online) Molecular conformation and stretch tensor in flow past a cylinder: (a) The results in
this paper; (b) the results in Ref. [5].
2
1t |
X
3 of— | _ —
-1t ‘
\
-2 s
-6 -4 6
]
~
=
) 0 6

z/R or u/U+ X\ z/R or 7/10+ X}

(b)
K3 (TR 0) NEA BRI u NIRRT 72y (a) ASCEER; (b) SCHR [6] ISR SR

Fig. 3. (color online) The velocity u and the extra stress force 7,y at different positions: (a) The results in
this paper; (b) the results in Ref. [6].
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FEAB 4K 9 ABST780.  Cross-WLF 2 Ji # 7 2 %
JWIE, Tait IR TR RBNFR LAL 2, Hep
Bz (m®/kg), Bs(1/K) Fl Bo(1/Pa) 0. {EFRM
PR, SETARE R0 R 2 Al fEBEAN T
SR DX A5 0F Gt — PR IRt A 42 1) 7 R EAT SR A%, HH Cross-
WLF BHY 0] 1, AT 58 6 W) 33 A e A0 UL B 1 s
PR AROK, SO PR3 8 4348 A R A [ .

Bl A 25 T AN IR 21 70 480 78 o 1 Jei 4 TR
G SR Ay AG . I A TS, SR AR RE DL K T U

NS BRI PN V) PR N B VR S Vi i iV i
RS2 . R T IR A A8 AL B AR K,
TG 4 A0 38 A7 KT 150° Wi 2k D100 AR AR 1% B4,
T2 B2 DX AR B 5 v SR U IR, A58
24| i B 1 A R RE R

K1 ABST80 S H M Cross-WLF 1M 24

Table 1.
properties parameters of ABS780.

Cross-WLF viscosity model and thermal

LT TR P G, 24 P R 22— A Parameters Values Parameters  Values
WIS 53 LRGP Ak 52 T BT 50, WA T 7E 7 4 " 0890 DafKPeT 0
ik P 2 i B — AR A AR (S R X 35K (4 (). TP T o 290
4(d) 4 th T A HELE SRAT ORI A . M 4 () Di/Pas 86271010 Ak s
AR, AE SR R R A R A S TR R BT AR Da/K 37315 k/Wm™!-°CT! 0.192
X2k, Dy 1 S I T e ik A A v e AR PR iR AR AL Cp/Ikg™'-oC™1 1847
5 25 1 70 A5 S AN AN TR I 220 F [l J2 70 A
F 2 XRT ABST780 XUk Tait PR 77 h A1k 24
Table 2. Tait state equation parameters of ABS780.
Parameters Values Parameters Values Parameters Values
Bim/m3 kg1 9.748 x 10~4 Bis/m>-kg ™1 9.748 x 104 Bs5/K 3.6175 x 102
Bom/m3 kg~ 1. K~1  6.274 x 10~7 Bos/m3 kg~ 1K~ 3.102 x 107 Bs/K-Pa~1 2881 x 107
B3m/Pa 1.764 x 108 B3s/Pa 2.417 x 108
Bam /K1 4.556 x 1073 Bas /K1 4.575 x 10~3
/K TELE /K

533
512
491
470
449
428

407
386

533
512
491
470
449
428
407
386
365
344

()
Bl (PITUR ) BRARTY i P FE Ao A oo S IR B 220 FR) L JSE 20 A
(d)t=045s

E /K

533
512
491
470
449
428
407
386
365
344

(d)
(a) t =0.14s; (b) t =0.25s; (c) t = 0.43 s;

Fig. 4. (color online) Polymer temperature during filling process in ring cavity at different times: (a) ¢t =

0.14 s; (b) t=0.25s; (c) t =0.43 s; (d) t =0.45 s.
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/K /K
426.6 A 426.6
415.2 415.2
403.8 403.8
392.4 392.4
381.0 381.0
36.6 36.6
358.2 358.2
346.8 346.8
335.4 335.4

(b)
K5  (MTIZG) FRARELE N R R R OIS IIBEZ (a) t =0.43's; (b) t =045 s

Fig. 5. (color online) Frozen layer in ring cavity during filling process at different times: (a) t = 0.43 s; (b) t = 0.45 s.

El6 (MTIRE) HRBY I N ABOI R P AR ZIF 5 73 (a) t =0.25s; (b) t =0.29s; (c) t =0.43 5; (d) t =0.45 s
Fig. 6. (color online) Molecular conformation during filling process in ring mold at different times: (a) t = 0.25 s;
(b) t=0.29s; (c) t =0.43 s; (d) t = 0.45 s.
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Fig. 7. (color online) Stress and first normal stress difference at the end of mold filling: (a) Tzz; (b) Tzy; (¢) Tyy;
(d) the first normal stress difference.
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Fig. 8. (color online) Molecular conformation for different injection velocities at the end of mold filling:

(a) u=0.3 m/s; (b) u=0.1 m/s.
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Fig. 9. (color online) Frozen layer for different injection velocities at the end of mold filling: (a) v = 0.3 m/s;

(b) u=0.1 m/s.
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Fig. 10. (color online) Molecular conformation for different polymer temperatures at the end of mold filling:

() Tiett = 513 K; (b) Timert = 563 K.
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Fig. 11. (color online) Frozen layer for different polymer temperatures at the end of mold filling: (a) Tineiy =

513 K; (b) Thert = 563 K.
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Fig. 12. (color online) Molecular conformation for different mold temperatures at the end of mold filling:

(a‘) Tyan = 303 K; (b) Tywan =343 K.
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Fig. 13. (color online) Frozen layer for different mold temperatures at the end of mold filling: (a) Twan =

303 K; (b) Thwan = 343 K.
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Abstract

In the mold filling process, polymer melt will suffer the shear stress and stretch, which has important influences
on the mechanical properties and surface quality of the final plastic products. In this paper a gas-liquid two-phase flow
model for a viscoelastic fluid is proposed and used to simulate the mold filling process, in which the finitely extensible
nonlinear elastic dumbbell with Peterlin closure (FENE-P) model and cross-WLF viscosity model combined with Tait
state equation are used to describe the constitutive relationship and viscosity change of the viscoelastic melt, respectively.
Meanwhile, the improved coupled level-set and volume-of-fluid method is used to trace the melt front, and the finite
volume method on non-staggered grid is used to solve the mass, momentum, and energy conservation equations. Firstly,
the R-function, an excellent implicit modeling tool of constructive solid geometry, is employed to establish the shape
level-set function to describe the complex mold cavities based on the signed distance functions that represent basic
geometries. And the immersed boundary method is applied to dealing with the complex mold cavities by using the
shape level-set function. The benchmark problem of the flow past a cylinder is simulated to verify the validity of
the FENE-P model, where the orientational ellipses are used to describe the molecular orientation and deformation.
Moreover, the visualization of polymer molecular deformation is achieved. Then, the non-isothermal filling process of
the viscoelastic fluid is simulated in an annular mold cavity with two circular insets, and the behaviors of the molecular
orientation, temperature and stress in the filling process are shown and analyzed in detail. Finally, the problems are
also discussed that how the injection velocity, melt and mold temperatures influences on the molecular conformation
and solidified layer thickness. Numerical results show that the computational framework proposed in this paper can be
successfully used to simulate the non-isothermal mold filling process in the complex mold cavity. Increasing properly
the injection velocity can reduce the heat loss and improve the strength of the weld line. The higher the melt or mold
temperature, the thinner the solidified layer is. Thus, increasing the injection velocity, as well as raising the melt and

the mold temperatures will improve or remove the weld line in melt filling process.

Keywords: shape level-set function, coupled level-set and volume-of-fluid method, weld line, molecular

conformation
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