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Relation Between Secondary Normal Stress Difference

and Die Swell in Gas-Assisted Coextrusion Process
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(1. Jiangxi Province Key Laboratory of Precision Drive & Control, Nanchang Institute
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Abstract: A 3D non-isothermal viscoelastic numerical model was found for a two-layer gas-assisted coextrusion through the
C-profiled channel with PTT model describing the viscoelastic flow behavior of molten polymer and the simulation was carried
out. The influence of melt inlet volumetric flow rate on die swell and secondary normal stress difference was researched and
the relation between dying swell and secondary normal stress difference was investigated. The study results show that the melt
swell ratio increases with its flow rate increasing and decreases with other melt flow rate increasing when two melts’ flow rate
is not equal. The melt flow rate has little influence on melt swell ratio when two melts’ flow rate is equal. But the whole die
swell ratio is always close to zero, whether the flow rate of the two melts is equal or not. In addition, the die swell ratio is
proportional to the second normal stress difference in a gas-assisted coextrusion process.

Key words ; secondary normal stress difference; gas-assisted coextrusion; die swell; viscoelastic flow; numerical simulation

Vol.38 No.5

1 B =5

R VRIS U B AR A SR B BOR N T
SRR R SN T T, EAMUAA

YKim A 2017-09-13 fEE B 2018-09-21

BEE&WE . WA AFETRE AR H (6161124, GlJ161
103) 5 VP64 SR A5 i 280 20 0 52 56 5 1 i3 4 70 H
(JXSR201603) ; VL7444 5 S AF A& 11305 H (20151BBE
50044)

F—1EH. BN, &£, 1977 F4E, RI#E, Email:
pearl617@ 163. com

DOI; 10.7502/j. issn. 1674-3962. 2019. 05. 14

RGP R R R 2k, RFE . PRERAEHE AL, BREA K
/N EC 28 9 5% 1 98 34 5% IR e AR v 35 A 7 Y B K
KU BEERT | R AR ED FNTEEGE, KA
BRI AR BT HH EVBEE Y A6 Je (A A AR T
[T TEAVERUE SN AR 2Rk ) SN A
PRE G YA SR AR (o T8 70 T A AE)
SRCT BYDIER R B LN AE | R IR R |
(ESTRSRE R RIS UE AT RN - | P
XN ARG T A% G S R S R v A A A 1 ]
FHIHMEE (r) X5 IR S RS E PR SEIE , B SE 4 R
R, r A C IR LB i (9 5 0O R R T
R P AT — s 5 SR WS T AR T A



518 Fh BB

% 38 &

SEARTE VRN (445 BE 6] [) S5 X055 13 ik R A S o LA,
FELE AR, Fab g 101 RS RE T BT S A A A A ALE 1A P 17
157 B IR [ 35 REAT 2000 /N T 1 i K %5 Karagiannis 25 B
R T REVAE LSRN, B, 2R R 22 =Xt
BRIk KRS, AETEEE SRR, A T2 R, 52
JRRARRE e ik R i s ma S & LSS SR A AR
MK, SR ;. Keawkanoksilp 251" SLEGAF Y T 46 1A
BT A AL X R 5 W) 7 AL B R i R rh o
BRI, AEFEAE SRR, 522 0 U0 55 U] 3 A8 %0
KR B2 MR LS 2 e (A S S B I, 3 2 4R e A
AR TN IR AT DB T AR T
ZEAEX < 1 v s UM B I ORI B2 e, B ST A AR R
B, nl7 SR rhas BB A B Hh K OR A< Bt S BE T T B8 22 8K
BOREATTRGC, BE A N RE T RS AR AR B TR R
1M, ARG YRS ik 1m ) 26 5 U 35 ik ok
Z[E] A R I AR H T A TTHGE

ASCLL CIERUZ LB DR PR A [ P 4 ) 58 T 0
(PP) FIERAR LM (PS) M A i shad B BIE SRS 5, B
TR AL A D, RS WA A R FR A X B
HH RIS vk ) 7 ) 25 B SE ), ()B4 A AR 2 — ik
8] I ) 26 55 N R R 38 2 ) i R IR AR

2 FEER

2.1 JL{&FnE R T MRl

ARWFFE R C TERUZ I TSRS R LA IR B A PR
TCRAR AN 1 s, Hor I 1a Sy CUBORE BT LA RoR
B, SNEK PP BT SIX (242 R BUE 15 mm), W
J2HN PS ISR S X (A% r BUHE 10 mm) |, FEBF ORI 15
PR WSl 7 18] (= 5 1w ) 23 R P U R 8 3 3l DRI
FREAME A A B IR OR X R 43, PR/ 24 B 35 mm;
[ 1b Ry C I BB A AT BT A &1, bl ol i X
Bk, MATETFRR IR, BRI 172 WiE K0T, R
FH/NTS R34S A B 0K SR Al DX RS e, 5 3/ BE 1 )23
Vi) S T AL XL 35 24 0%
2.2 EHIFEMAEEFE

HRAE SR A W AR AE RS N I 3 sh A i, AR SR ARE
PSRRI B h AN AT R4 1 42 SR 2, 2 I A5
Py, D KR K SRR, R AR AR T R] Y
HOZ W R A R 58 W B 3 B AR A (LR DL <2, 4 sl 2%

WE”), Hit, "SRG Y BT R S R 5
2N
BELTTE: V- v,=0 (1)
B AR, -p, +Ver, =0 (2)
fERTTH: p,C v VT, =a, V2T, 47, : Vu, (3)

PP

PS

B LB DB R LR () BAT FRITTFIA% 1A (b)

Fig. 1 Die cross-section geometry (a) and finite element mesh (b)
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Table 1 Material property and PTT model parameters''> #]
/ E/ Cc/ /
Materials P 3 As Mo/ (Pa - s) & e 7, » P «
(kg - m™) (kJ - mol™") (J/(kg - K)) (W/(m - K))
PP 910 0.1 1500 0.16 0.25 179 45 2800 0.142
PS 1030 0.2 2700 0.23 0.18 1/9 94 2040 0.167
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Fig. 2 Relation curves between PP (a), PS (b) and PP & PS (c) melt flow rate and die swell
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Fig. 3 Relation between PP melt flow rate and N, : N, on PP melt surface (a) and interface (b), N, on PS melt surface (c) and interface (d)
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Fig. 4 Relation between PS melt flow rate and N, : N, on PP melt surface (a) and interface (b), N, on PS melt surface (c) and interface (d)
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