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Table 1. The constants and functions in the constitutive equation.
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Fig. 1. Schematic representation of the meeting point.
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Fig. 3. 2D deformation test at different time: (a) t = 4; (b) t = 8 (solid line: exact solution; dotted line:

numerical solution).
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#2 ABST780 MIMES I Cross-WLF 854

Table 2. Cross-WLF viscosity model and thermal
properties parameters of ABS780.

Parameters Values Parameters  Values
n 0.2890 D3(K/Pa) 0.0
7*(Pa) 3.480* 104 Ay 24.96
D; (Pa-s) 8.62%1010 Ay (K) 51.6
D> (K) 373.15 k(W/m-°C)  0.192
Cp(J kg™t .°C™1) 1847
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# 3 XRT ABS780 [XUH Tait IRZ TR H A B4
Table 3. Tait state equation parameters of ABS780.

Parameters Values Parameters Values Parameters Values
B1m(m3/kg) 9.748 x 1074 B1s(m3 /kg) 9.748 x 10~ B5(K) 3.6175 x 102
Bom (m? /kg-K) 6.274 x 1077 Bas(m3 /kg-K) 3.102 x 10~7 B6(K/Pa) 2.881 x 1077
Bam (Pa) 1.764 x 108 Bss(Pa) 2.417 x 108
Bam (1/K) 4.556 x 1073 Bas(1/K) 4.575 x 1073

B4 iR A b ¢ = O WG v i
Fig. 4. The melt front in mold with square inset at
t=0.

(c)
K5 (BTG A FE 2SR i & (e, SKRa R A, BESER)
(d)t=1.3
Fig. 5. (color online) The melt front interface at different time (left, experimental result; right, numerical result):
(a) t=10.4; (b) t=0.5; (c) t =0.8; (d) t =1.3.

5.2 BEZREHEPTFRFERIEN

N 8 — A A U R B R B, dn
B6(a) fTn. BRI 580 v 16 f 115, H
U A I R B2 35 2 3.4, M E N2 N 1T
M. i fE S 2 T BBE R FE 25 43 3 Dk 4.8 A
4.05. JEPRFIRLEIR B 40 5 563 K #1323 K, #1EH

BT 5 45 7 A e S Ik R ) B A 0L 4 SRR
SRR AR EE. MBI 5 W LA ), 1 CLSVOF J5i%
BLAAS B 25 R 5 SLI0 85 AT BRI, UESk T AR
FIrR H PR N IL S5 38 6 level-set J5 12 1 IEAf 4 A0
HRE. AN, B gt TIBRELE RIS Y
& AR IR 2 R A F5 23 1P I A2 2 ) 8 1) ot AR s 7
MLl (B 5 (a)). 7] 3 R 0 A 7 i oA T st Ak
AHAE, BRI AR R (K5 (b)), SR 5 M He 2 5
WMEKERHERG (B 5 (). B5d)%H T
SER ISR IO AT B, 5 TR [15) B S I I R 4R
K BT ERUT.

(d)
(a) t =0.4; (b) t = 0.5; (c) t = 0.8;

LA SR 51795, 64 1 2 Al A Fe s
TR AN R 220 (R A A BT ST A ER ) 5
B A—ANEE (B6(a). BRI, 15
A I S 15 B FREE. o A 20 MR A 2 PR B
PREVRT SRS (6 (c)), X7 AR PR A B R AR 11T 1 —
SE B RS AL AT, HLAE ST I8 R [ 0 22 T
AR (B 6 (d)). AHIE G B A — 7 T 5]
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AR 7 [ QR BERLEN, 55— J7 M, 53— E MR B 7(a) 5 T A 2RISR AL B N
FIAIE AL e R AF U 5 RS0, R 22 X XA 73 A5 0L, B 7 (b) 25 T RN AL
T (K6 (e)). T Jm P IBCAA 1A 52 A 5 R 4k ] R R R B N A2k, LT (b) FRRT LR
il b A I 7 A B B 2 T A (K6 (f)). £ SANVSECE Vit PNER RN Sl VAR EES T ON
R B B AR I B B B R AR {8, RJE HU T F 2 R R i

(El6(e), (f)).

(c)
E €3]

6 (MTIR ) MR R AR WA I 2B S ARTIY ST (a) t = 0; (b) t = 0.36; (c) t = 0.64; (d) ¢t = 1.48;
(e) t =1.72; (f) t = 2.41

Fig. 6. (color online) The melt front interface in mold with the circular notched inset at different time:
(a) t=0; (b) t =0.36; (c) t = 0.64; (d) t = 1.48; (e) t = 1.72; () t = 2.41.

The stress birefringence distribution
S

7 8 é 16 1‘1 ll2 1‘3 1‘4 15 16
xT
K7 (MTRG) ¢ = 2.41 2GR BRI (a) itk I 1H Ak 2 20 i A 7 75 32 AL B 22 ()
Fig. 7. (color online) The flow-induced birefringence (a) and the stress birefringence change from the tail of
the insert until the end of the mold (b) at ¢ = 2.41.
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‘ ‘ S FE1 O 245t T 5 g o A [ B 2
5.2.1 AAAIE PR 7 AR BB AL g e s o 0 T, B I D AL,

S 4t T BRI R A R R T R IR ) R R RN, T AL IEE AP BUSIR Ui
AW AR S50 A, S T, E AN OB A RLELIERE. T B, SRS
KGR VRIR, B R R RIORIEIR S R — IR IR I, 08 5 A R T
A, FEREASFORE TR e 5 1A FE 9 k. BRI L.

16780.00
13051.10
9322.22
5593.33
1864.44

10500.00
8166.67
5833.33
3500.00
1166.47

34681.00 44813.00
26974.10 34854.60
19267.20 24896.10
11560.30 14937.70
3853.44 4979.22

K8 (MTIEMG) AR 2B ENFESHA  (a) t=0.12; (b) t = 0.42; (c) t = 1.48; (d) t = 2.41
Fig. 8. (color online) The pressure contour distributions at different time: (a) t = 0.12; (b) t = 0.42;
(c) t =1.48; (d) t = 2.41.
r

563
515
467
419
371
323
563 563
515 515
467 467
419 419
371 371
323 323

Bl (MTIRE) A 2R ERER R ZE  (a) t =0.12; (b) t = 0.42; (c) t = 1.48; (d) ¢t = 2.41
Fig. 9. (color online) The temperature contour distributions at different time: (a) ¢t = 0.12; (b) t = 0.42;
(c) t = 1.48; (d) t = 2.41.
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5.2.2 IEARRBAZ BB B STIRIEAT A 69 %R

FEFMERL R b, FEm I e I R R IR 2,
RS R T U A RS L R I 4 AT 9
SO

B 10 25 T 7o A8 2 TR 20 Y Js P F it )25
Ai (Tyan = 323 K, Tinere = 563 K). M 10 HF AT LA
A, LR BB g SO A MR AR AE B
JE PR ] J22, T AE S 4 X 3 — T2 AR T A )2
PN A 3 B TP K.

1145 7 I AR IR EE 70 59l 9 533 K A1593 K
IS (0 2 40 A . MNP 1L m] a8 s A I R T
i 4 DX AR T L A K IRz, BRI AR
A 52 R v K BBELE, AL ASBEE 2 RIS N, KRB
BINIE . H ARG XM B TR B
7, SO AL ISR 2 B S 21 D) A TR RE.

1245t T REEIRE 4 0 9 293 K #1353 K
I PR 8 [ 25 20 AT, B2 s A5 EL TG R, A 5 28 e o4 [
JEAR U, HARSE AR X 38 %A H B A S 11 v ]
F. Rz, BEARAEER AR E R, 5K
A AR AT B 25 SR 2.

10 (FITUR ) BLE 21 6 PUBER 2 990
Fig. 10. (color online) Frozen layer at the end of the

mold-filling process.

(b)

Bl11  (RTERE) SRR R Z 0 (a) Tmet = 533 K; (b) Tmers = 593 K

Fig. 11. (color online) Influence of melt temperature on frozen layer: (a) Tineit = 533 K; (b) Timerr = 593 K.

2

(b)

12 (WITR ) 2l it BT BRE I )22 ISR

(a) Twan = 293 K; (b) Tyan = 353 K

Fig. 12. (color online) Influence of mold temperature on frozen layer: (a) Tywan = 293 K; (b) Twan = 353 K.

6 % #

ARSCEEH T TR AR N IL T level-set
THERS P A IRAR Y AR H level-set B8 0K
IR AL PR 2 Al a S e @, CLSVOF J5 k42

KERTTIY . R, RAT B 38 B R B 1%
LB B RE. FE R A b, S8 s N
XU AR 25 1 E TR R4 AR AR B S g 73 A
fHoL. #5330 7 se Bl R b S ) AR EE I 20 A, R
B AR T R RV L i JRE ] s 2 X 5 8 R 52
WEFUR W 1) ASCHR 1 J7 9 m] LA 05 {8 3 Ak AT
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Abstract

A gas-liquid two-phase model for a viscoelastic fluid is proposed and used to simulate and predict the behavior
of melt welding in injection molding process, in which the extended pom-pom (XPP) 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 in this paper, respectively. Meanwhile, the coupled level-set and volume-of-fluid (CLSVOF) method is
employed to capture the melt front, and the immersed boundary method is applied to the simulation of the polymer melt
flows with the aid of a shaped level-set function to describe and treat the irregular mold cavities. A finite volume method
on non-staggered grid is used to solve the mass, momentum, and energy conservation equations. Firstly, the benchmark
problem of the single shear flow is simulated to verify the validity of the CLSVOF method. Then, the non-isothermal
filling process of the viscoelastic fluid based on the XPP model in a mold with square inset is simulated, and the behavior
of the weld line devolopment in the filling process is shown and compared with the experimental result. Finally, it is
to simulate the evolution processes of the melt front interface and weld line in a mold with the circular notched inset;
and the linear stress-optical rule is adopted to calculate the flow-induced birefringence. Numerical results show that the
numerical model proposed in this paper can be employed to simulate the non-isothermal filling process in complex mold
cavity and to capture the weld line automatically. Because of the complexity of polymer melt flows, the flow-induced
stress increases quickly near the weld line region and then decreases gradually until reaching the mold cavity wall. The
maximum value of the flow-induced stress appears at some point after the insert. The distributions of physical quantities,
such as pressure and temperature in the mold, are given during the mold filling process. Moreover, it is also discussed
the influence of melt and mold temperatures on the solidified layer thickness. The higher the melt or mold temperature,
the thinner the solidified layer is. Thus, raising the melt or the mold temperature will improve or remove the weld line

in melt filling process.

Keywords: immersed boundary method, CLSVOF method, finite volume method, weld line
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