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of Coextrusion Feedblock
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Abstract

Three-Dimensional Finite Element Simulation of Coextrusion
Feedblock

Student : Shih-Hao Yang Advisor : Professor Jiann-Shing Wu

Institute of Applied Chemistry
National Chiao Tung University

Abstract

In coextrusion process, the encapsulation phonomena and interfacial
instabilities are the most impotrtant factors for the properties of multilayer films
and sheets. In this study; three-dimensional finite element simulation of
bicomponent coextrusion feedblock with Giesekus rheological model and slip
boundary conditions imposed on the'wall were discussed. Results show that in
contrast to no-slip boundary conditions; slip boundary conditions would allow
the displacement of contact line along the wall and have a more precise
prediction of interface distortion without neglecting the wall effects. The
formation of secondary flow due to the second normal stress difference was
analyzed by varying the parameter a in Giesekus rheological model.
Consequently, the simulation results show that the second normal stress
difference have an great influence on the encapsulation phenomena. Meanwhile,
first normal stress difference and shear stress at interface have a significant
influence on the interfacial instability. In this study, the interfacial instabilities
were investigated by analyzing the first normal stress difference and the shear
stress between both fluids. Results indicate that the flow ratio of the both fluids
and slip over the upper and lower wall of the feedblock have a crucial effect on
the interfacial instabilities.

Keywords: coextrusion, feedblock, contact line, finite element simulation, slip
boundary, interfacial instability, encapsulation phenomena
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KREE SRR CARREIrAT B

@ BB A riE 2 2o B BR T
Fofe P IR HSN 2 T AR andicd o Tanner[g,g])f B
2 ;% (finite element method, FEM)$4 % A 3 4r 1 2. g *

#is }

A y
s 2

ES AR
AP 233w - Advpd o

Karagiannisisy i 2 # %

LR 9 E
Wi g

xe‘\y;‘_‘% NS A

P ¥
B m 3 40§ 4 52 o Mitsoulisisg) ~ Mavridisse ~ Bindingss; ~ Dheurse; 14 %
4 ER TR G

IR Rm R L




>
>

4k )
D

I
i

2R KRR CER Y TS MR ARG 8
BRAR R W BREIR 2 ¢ B % - Karagiannisss s 5 & 427

MEERBEERAEZBEIESR 2 FRR o F

“IEI\‘\

i
=
(\x,
e
>z
B
(H}

W

S F A L g i R AL B A £ R 0 Ao S
VP *'E/f@f‘ﬁ ﬁv*ﬂ—i]-}i’ s KT R txﬁ: Fa > ¥ ?i-' %ﬁ$§‘1%§

2. @ | o Fd Jp L ARSE A (viscoelastic model) & o #-F A F 2o FEE
g

¥oobo gRal R oo >t EEG B s (contact ling)zo i B 2k T E P I ER
2R GER L 2L 0 YA R R R e 2 ARk

-

fi o Dheurg#t ' 223 T B P &% 2 B R b bR
(extrapolation method) ? @i A8 & BkEm 2 HfIRPE > By @ i@
O M R R LA A @Y BEwa o2 3§ 2k (contact point) o A
Karagiannisisz a2 3 @ A& * 7 qb BB R 0 R e & = 19 3R E R R G 5
SUNRL o hIBE AR 6 R A E Pk oh 2 o T 2 TR
B iR ez )% A A 0 N0 T ORI 6 2 B2
(wall effect) o Torresisg#k ) r4 i &+ i Fi 3% TR/ SR A2 18 - i i

i % 2 2 s k8 B3 (generalized newtonian model) » £k 1 £ & 2 3 A F

\\
o

RSB o 3§34 3 MHDPEZ LLDPE & :f i 2 f;_?‘ &Hatzikiriakos[g,g_m]
% Ramamurthyjeq2- #2 3 # 3136 © Giffordies 145 o 2 &6 ek i & 47
@iﬁHMJﬁﬁﬁﬁ¢iuﬁiHﬂmﬁﬁw%?£ﬁht§$§%wﬁﬂﬁo
FOEST iz AR A gt Giesekus AR A IE {7 B AL T B
PR RO XN RS %?&%éﬁ&i,%@$ﬁéi
AR E B W RN T RE Y > TR RGBSR R 2L E
E SICRBINE |15 M SRt R =N £ ﬁmiiﬂ’fgﬂaiﬁﬁﬁﬂua

N > Y
e iiv Z_

i
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42 & % Polyflow™ 'S A B A A 1A £ 4 08 A 5 g
¥ Bu(feedblock) ® z_7nds o % = FEsE #5073 (3D viscoelastic model) $i-
FAFT A 8¢ 2w ¢ % IR % (encapsulation phenomena) ~ Fr & 7 ££ %
(interfacial instability)3R % (& ;X3 (wave) % 4£# 75 (zig-zag)) % 7w % S Hc¥f
IR 2 P AT I F A F PR R R T R R K
1. % ¥ R Hg(incompressible)fr 7 7 73 (immiscible) 2 25814 7w 4
2. ¥ f (isothermal)# %% i (steady state)ii: &+ o
3.

£
FF A HHAREAS HRAT AL ES S 2 Faskd 28
;o
2]

2.1.1 %u{#> #£3% (Governingequation)

%/@1 Ehod g e S o AER F B (feedblock) ¥ 2 i 0 @ SRR

RN Z (S BIN R NS AR E P 2 i de o ¥ L R ZRE A
([T RK M R)z b (75 @%@ 4258 2 862 250 o > Bk
o L AR E T P ek 488 4 (body force) :

i 4 2 423\ (equation of continuity) :
V’Vk:(), kzl,[[ (2_1)

i@ # > 4% ;% (equation of motion) :
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;45%3_}\ z E_r_r'i‘ = 2;_

Iy
Sl

~Vp+V.r, =0, k=111 (2-2)

HeP st k22 RBRwE 15 2 2 B+ 5% £ (extra stress tensor) » p & /B
4 o
B R L B AR 2 TR AR 0 T A B 42 3% (constitutive equation)
H@wg s+ oz ndhit 2 e iRk efRpy €8 - *mv 2 AF
= f73% % * GiesekusZbsBE 17| > GiesekusZEE A & 2 7 ¥ S - &+ e
J& * A (second normal stress difference) 2 ey i > ¥ 3 3P| B &+ FL
AR F g & 20 - =i (secondary flow) o T F I3t Am e Wi A 6 ¢

BRI % 2 F7 % o GiesekusZEHE A T &K 40T (46 -

T=7,+7, (2-3)

7, =2nD (2-4)
v A

rp+/llrp+an—l{rp-rp}=277pD (2-5)
p

H P A5 RL3 PE T (relaxation time) » 55~ g B B IR EIE B A F 2 FH 2 F
%k B (zero-shear rate viscosity) * o % #& %] =X /i # {4 F] 3+ (dimensionless
mobility factor) > D 5 %) I 5k & (rate of deformation tensor) o %35 5 & & 2_

e

(Vv+Vyh)
2

D= (2-6)

WA RE 2z £ BV AL gD A R4k T3 (upper convected

¥

time derivative operator) > H T_& 4
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Sl

Z=%—Vv T—7-Vv (2-7)
HP vy 5 RPR T 542 % (transpose) ° L # (& fL+ ) A
(convected coordinates) _& & »#* & 1% € S F /i # — A= 4 ¥ (co-stretching)
%4 (co-rotation) 2 7 & (co-deformation) > F]y* /i 4 & BL2 AR {E 2 € F]in
TN TIEIT - Lty

Giesekus #F3E 57 ¢ » H % - & w» J& # 1% #ic(second normal stress
coefficient) # 2 % » T 4p ¥ % - T o B4 Glcn st o o A

w i 4 £ & 2 #(second normal stress difference or coefficient)¥t % —

\?4

F_&

w &4 A & 2 #(first normal stress difference or coefficient)2 b o &i4r »

KT TP g=-2N,/N,=22Y,/¥, & a7 A& "2 51w R4 £

g (2-5:87 54 0§ a=0 %38 % = convected Jeffreys model » H
POt A5 F 0 rARDNZTER 7S The L O 7 B L A
PTRFFZ PR a>0 FFOITRRE L TR P R ot e B4 L7
5 F 0 A2 w72 - =t in# s (strong secondary flow effects) » @ 7 B A&
ARG A2 A EA L G E o Amp v BIE I B oo Sl

<l
D7
4y
i
E

A € 2B AL E Bl (feedblock) & A5k 2 1B I iE 2 Ao B 2-197 T o
[~I04 % 5 @ii%m%’$¢4f%ﬂ#ﬂ%¢¢1” e 3
(channel)i& » B H 8 > TR BN A L - WA o o d 2 kAL HAER
Bro @R P LURHERAS AT MR PR R R SRR o B R iR
%2k T ACRB]2-1 ¢
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H
Lin:Fluid II-_ |

. 1—‘Symmetry plane

Tl / Flow direction
D == M o T
F]n:Fluid I e R S S

Bl 2-1 &4 % H(feedblock) & i a5k

(1) Ty(% ABCD% % EFGH) : » v # % %— » v iR Q- Bk 2 5 2 Bin
M i (fully-developed flow).»

(2) Texif(® NOPQ) © v i TR 5 R B IR & > 2o v s g 58 o

(3) Tsymmety pranc( # BIOPTGEM) * A fe 4t fit i -

(4) Twai(% AHLD ~ % ELKHZ 5 HNQK) * & 7 »cp 2/t Jr & %% 50 >

WA TR RS 2 B BE G B & i 0 3F B (slip boundary) 0 i

R8T o 2 EEG 2 3 S (contact line)? € F T ARG b oo R R W
2 BEm Bl 2 FEER o
RO PSR B FREE S R STHIKT 6 BR8] % -

g A Koo o BTG T B

(1) ¥ &k i (Kinematic condition) : @& F R it * kgt d Ko 2

Ehosk i o Bk TR Mk B (tangential velocities) e b & b R 4 o

1‘“‘

Bk B R R & b A ¥ # (relative slip) s Y MR FE R

k=1

v o8 R m b 202 AR R (normal velocities) 5 o

t,Vi=t-v"
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t, Vi=t, - v"

nV'i=nv"=0

He P apinw i k2 P e Re 828R ¢ 5 ho b 2 ¥
=+ R % & (unit tangential vector) > n 5 K & + 2 ¥ =2 & % £ (unit
normal vector) °

(2) ¥ # F it (Dynamic condition) : & ** 3 & F ¥RARE S 0 LR
W 2. % % 5% 4 (surface tension)»< /& 5 F & h @ Find82 2w &4 (normal
stress) % *7 w J& * (tangential stress) » TR L HEA 12w Kt 2 e

YTRANERY o S I

o,=—-p,+t,, k=11

1
B 2 o aun TR E KAz 4 5k (total stress tensor) * n
5o 2 H /% A% £ (unit normal vector) > ¢ & Ao 2 H i ae

¥ (unit tangential vector) °
213 i p 4 R o &2 EEe £ A (contact line) &JZ

i DR o BN LR — ARG BRI F R R T BR
THELERE A G HEG 2 AR Mo - HAEG Y 3 F B (no-slip)if
Bro @B a2 T2 R4 > AR R L > FE
# & 1 ik (kinematic condition)s S£2 i % > & F T AEIERI D A o ARG A

LRGN (B aR e ¢ R R - oR2-2 0 R 2R
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BRI REG ERRE S 0 @ AR G ARG HITA 44
LR

-8 R

/fg‘i“\i

Bl 2-2 & * % /f¥ (no-slip) B2 B3k 2 /4 b &

G e A Y O RN BT M AST R B ¢
ERFEER o A R TR 2 R R L HE T4
R I BE
A. *} 3% (Extrapolation method)

L P B G B SRR 48 4 > Dheurse ~ Karagiannissy -
Giffordys & * & * ¢t 4%;2 (extrapolation method) pl&ffsmi= % » ot = 2 4

PIF: o R fE B3 H Pk e 2 > e Fr gk T ERag (wall effects)id = en
ol 2 H R AT R T2 B o Ao B2-3;s7 0 AS B R Y
Bhiz ¥ oA MR EF D2 PR o
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B8
i -
1 NA
ZA-————————-———|——|—- —— A
. AN
| | : +: ¥ 2k (contact point)
|
z4 P
b
: I !
- 1
Y Yo Ye YB Ya

B 2-3 @ * MM FEE RILEEG *%—ﬁaff'ﬂ[sﬂ

R S SR T RE SR BT POLE S
A FRE Ao

z, =z, =(25 =z, )V, — %) LYF=V5) (2-8)

AREIT LT 2 D PR ERE o R IEE T BC A BT E R A
B REG 2 ARPEETE o A Z FF N RIE AT

z,=ayy+by, +c (2-9)

N EEFIB-CoD BT a~brciidkis o ikm KBS A &
BEG 2 Fff Bbza o BECHF BB o D PPN A BRI A2 BB
(contact point) > & o
B. /f # i# J (Slip boundary)

ChARE R g WO ARG 2 B T R o R R R R K TR

(Twa) > @ o8 p o B 5 2 % (contact line)¥ A fEd F # % > F BEg ¥
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;4\]7%3_}\ z E_r_t;L‘ = 2{

[
el

s

N

iz BB (wall effect)? § AL LvE o« T A A @ 2 E 0 2
HiEE gk
1. 7 ¥ #-3] (Slip model)

FEBCA G fe R A EER pE 2 M T 0 A i % generalized
Navier’s lawgy 3k TAER (Dyan)2- FHE R > B £ 57 35 40T

-1

(2-10)

f; sllp (vwall v ) |V vwall

PO ARAT R BIIAER A2 2 B 1 Fy % oy 5 i 8 % 8 (slip
parameter) ; § Fy;, =0 FF > 0 A8 kg & 2 = 20 & (full slip) » 7 7 & £
Bzt 5 ¥ Fap— oo FF o g 1§ i ABIT* 2 % (no slip)f i > 77 R &
Bt ABIT R U4 5 g1 0 (2400505 ML > 0<ey, <1FE 0 (2-10)7 &
¥ = #°2] (power law model)ss v, = 88 & BEm 2 7 Rk R o0 Hig R B EK S
Wl 5 Ve & BER 7 SR R (B B R, R R ) e
2. &E # § ¢ i (Line kinematic condition)jes

BrAFHEE R ITEEAF LA I LT 2Zpd B o =28 >R
EHE KRGS h e 2 e (mesh)» 2 S cBRE - & - FRE YT
FREReE T3 RAIRNEMARZBE 0 AR 2-4 77 o

Direction of flow

Bl 2-4 #Hi& #> £k f (line kinematic condition) T &, ]
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BIR RS A EL R

38 B 5 K ik (line kinematic condition) ™ /¥ # (contact force)B~ * i &
KB EHS R ARG ZRERTESRAS 2 2 2k o 4o
25160 0 B BRKAEER A FEER R ARERF LS DS LM R
ER S L

BiEedg L

‘ﬁ.\

LR L ARG M 2 RS F e b g

o

e

WALL

Contact line

B 2-5 $§ s -T 47 £ F 4 (contact force) 2. *» 4 & & Fyes

2.1.4 ZSE ;40 2. & F]=x 4 ¥(Dimensionless numbers)

£ F S EE Y R B R B 40 F 3 Bk (Reynolds
number) T & & 1 144 A4 200 > R AETIRE B A G 2 dp itk o T en
FESE A F R T * We(Weissenberg number)#c K 45 it > We #ic i it £ pr
¥ T A2 B PF R (specific process time)2_ b > We He 2 & 4 ¢

We=A<v>/H (2-11)
H¢ A i B3 pF R (relaxation time) » <v> 3 T 35% B - H 5 #F ik B
(characteristic length) » ¥ 5 B F R BN & P IRE 2 B R o

We #icdp it d R332 228w 2R 2 e o 3 g8 % 505 M We
BepF > 22 3 07 (generalized Newtonian model) TF &_33 47 it v 48 2_ i b 3%
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Yo% MRENEEL 3

Mo #= 5% We #icpF - P F & B384 (viscoelastic model) % $ i /48 2_ 58
M3 s (elastic effect) o B PF > 3 We #icr 277 43 RZERMME > AlcE
B EETRG FRE B

2.1.5 B & # 38 < (Interfacial instability) 4 47

>a

BAAEETIRE SR NEAEY FEABATENESS FRL 7 RAR
o ¢RTASEPRE SR ¥ L2 R e 2 ETIR % g 354175 (wave)
4R A (zig-zag) o A AT R R A AEE IS 0 FAAE AR TIRLF L 2
#ﬁaﬁﬂai@éipféﬁﬂ’?ﬁ@ﬂUTﬁﬁ?ﬁ%iﬂﬁlﬁ
IR @\ 7 {

A. BER i kd Merging area)

AR R S F 2 AR TOR R R AT R AT R P
(6 wEd 2 ingal s B8R R Bl(feedblock) > @ F A4 F LA L B
e 2T et g Atk 2 R A S B e fFR
R 2R o AR A F R EEA H o g BRIRR Rk A A2 %

FrRfp A EES o e AL R Ty
Fluid 11 Sh ol A 6.97E-002
: i ; N = 5. 42E-0032
: i.: ’ / 4.65E-002
: : - 37E-002
: : - 3.10E-002
N E = 2.32E-002
Y 5 Z 1.55E-002
.?.?SE—OOB
0.00E +000
= ?2
===
%’ / = = =
= = . SIS B )
= Fluid I

Bl 2-6 el & R B ot LBGRE 1 Q:Qu=13.2:1)
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CER N E Y SRR

LRI o PR FPEED 3 ApRRE P A 2
PR MR R, FIHHEZ T AAAFAE L R A FEER O fe 2
Bl 2B RETIRLIAe o REEF AT ERER
2 {838 > ABAGIRIE o FR A 2 sE A (elasticity) |2 B & e 0 AL € Flk
wd oa F T RELREMAL 2 e B A AR 0 F

RAE® A AT dop 35 (wavelike)2. # FE T IR % o
AT 8 * % - w4 & (first normal stress difference)z. £ #DN; &k

ﬁﬁi“@%%%ﬁéfﬂi¥~ﬂé%4iM%*%ﬂ%*%iﬁ%i

DN] = (Nl)Fluid I (Nl)Fluidl (2'12)

d\/

"‘E"“:INI;"/”%ﬁ7 LL"- ?’)@47}; ﬂ‘ Qﬁz_kbﬁi‘aﬁgﬁ—/n %EE';‘PT}%]
+ 2 DN, F ARG ARG B -
B. e % (Die land)

ARCE v w2 iR (die land) > K A € A2 B F P2 T

A

PR 2 e W83 2.8 F AeE 4 A IR % (sharkskin phonemena) T §_F] it F
FAoRG pASIRFRE 2ERY > T AR &

-

PRAGHFLES TR L FHRR M ERIETERZ e T4 ;
PHh @ v p? YR AR TR T 6 Tt TR £ 4
CRES RN R ST R - I 8 & L NV sl AL

- 3t

2.1.6 # % R % (Encapsulation phonemena) % +5
RS N B R T s e R ST
s i

B FIEER B AT PR R A Rk 7
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£ ELACOR R A N E

el

e A% BER w23 I 27 Y IR M Z ¢ A
BRALEF 2 nH o A5 - 8 2 R g 0 S ARG A Ee R 2
iEFF -

Everageg2- A7 ? dpdi e BRI GE7T A 55 BHI - § - HhAIAF

BRI %

O™

|
F_k

]

o8 N e T 48 £ & (fluid rearrangement) & 4 2 47 4o B o @

-

& F AW A BN WA 2B E R
s /TLE ol @R B AT R TR B a 4o B AR BR

BEFR R F AL EFZ v RS > HY 5 - 1w R4
AWNDT 2322 FEE 2 A F)(4c 215 &) A Flea - 2w g4 £ (V)
2B R A 4 - =i #s(secondary flow) 2o i SR IR % o U PEHFEG ROK R
St A2 e AR SR B Y - 2w B4 L2000 4o R 2-
Tem"TFmEERA A 0o SRR HER L e 2 PR S R EF R
B 7R A2 3 4 0 4o] 2-8% A White 2 Debbautys, 457 7 ¢ A 1 F - L ow
7@4 ?,‘_ ﬁs\?‘m?{ﬁifﬂ"t—i}ﬁﬂ°

—\

>

- FGIGE-005
4.800E-00%

T R A 7

= n A0 T 7 2 5 jzzzzz

/ AN RN \ -
=2 ST TAR |

VA NN

P E RN
ﬁ/”/’//‘f‘ l\‘\\\\'&

B 2-7 AL ;48 - =X 65 (secondary flow)IR %
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R SR SR ARRE

Bl 2-8 FEA e B %o LB

B OYEBIE L ARSI E R e e TR T
G R A > iy B2 AR R L2 AR R 0 B e ¢
BT €L MR A o AR ¥ Giesekus AR L P SR F B
2 jn#s o Giesekus ZBEHCA ¢ ZHIVHEM B T2 fyit o B 5 - 1w i 4
RO TREFBFER R TR LT § LG 2 B F(wall effect) -
i L

RG22 T P BRI A S ¢ B2 M

a2
N
k'l

ﬂ]}h ¥ 4 7“/{%3—*;’5(”" R‘V = ’,k -

X R RH PRI SRR 0 AT ®F ¢ F B (degree of

DE =

LV<L)“ x100% (2-13)

Bly,e Mo cBBd 23R T hd 2 &My ntlha &8
PHAER PR A TE R G L BB L AL R TP RAL T
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id
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%3_}\.;: Eg';i = gk

Ajip B R 0 he@ 2-9 -

—

a PSSk Y A

MY

B 2-9 ¢ % & (degree of encapsulation) ¥_

22 23
e Polyﬂ0w®”ﬁ RIS EA SR NG AT PR A
% Hu(feedblock)® 2 jid A, VO EHEFT A A F 2R RS

Z e B A o 1T A Polyflow™? #rid ¥ 24 TTA & BECE 2 2L

FRbF U FEY BEEL R o F P AERE CFEFT
LT RME S P e RE S 2o A= @ * Gambit TR A
¥ (quadrilateral mesh) 4 47 &4 ® B2 Jn #5735 ~ K o 7

e
%%fiiﬁ‘%@é%fi%wé?ﬁ EIERIA G B R SN RALRIR S AH2 b
7 o
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% \ S Emm_
o e iy
ST T e
= =,
T ] e o e e e '--..'-..-_ i
e
e e MR e e—————— e
e I S, e e e
== e e
s

B 2-10 &4 F e a7 2 R
2.2.2 H$£ &7 "1~ % 2 (Galerkin finite element method)

BF AN EFR AN ER R ER T ¥ Galerkin 7 T F

A

& RKfE oo (2-1)% (2-2)5% 5 d Galerkin 3 U7 & 2 3agis 3T 5o

[ (Vv =0, k=41 (2-14)

[ (-Vp+V-r N'=0,"k = LI (2-15)

B NN G EHEESELF 2 -2 AP S B(quadratic and linear
interpolation function) > @ & 8Lt 2 i@ & ~ B4 ~ KA ITWNEFT £ 74T
b= SN (2-16)
p=2N,p (2-17)
r=) N7 (2-18)
B v, p T AR e L ER RS RS B

dOSARIERCA 2 A F 2 AR S B R EM S 2N TR O B g

BB L A B 5 B kAT E LB Ao R
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$o% RSz

EVSS(elastic viscous stress splitting) > /2 #-J& 4 5& & 4 5 I 7E 2 FEp4 58
BF A AR o AP e MIX 8404 > EVSS & B RAEE S T A2

f# > EVSS @ & 4T #7571 -
T=8+2nD (2-19)

He § 721 K4 5%k E (modified extra stress tensor) > D & %) 5 5k & (rate

of deformation tensor) °

223 = BAERP kKE

)
—

|z VA F AR ArPEEFPAT IFT 2 2%T R ¢ pEL

i

hH

i= = (construction) ~ 2 % (assembly) ~ #4114 % L i% % (nonlinear system

iteration) '/ % & (solve) B f& 2. S AR o Flpt o 50 {7 I 4 i

—é, A

(4
NS

FAfiz & raf 2 RERF TRGER o

zh‘ﬂ

Rfrigd 3 VA FAHPAQUEE 2 2 RM > oo s AH2 R 48
& ;% (couple method) fe P F f# N FWETs Hic » & F| * Newton-Raphsoni i j*
K FofE2ban il kAL o 4p 3t Picard i

U N TV E DT RTE o Ft o 4p 3T 194872 (uncouple method) @ *

;2 » Newton-Raphsoni% % /2 F Z &

A

WMEZZAFTRS OT TR wfe & @ * Newton-Raphsoniz 7 {7 3] i
ST AT F(Z et )2 D i Rl e MH T R aGEL E(F A
Mpd ho it~k R4 2 R4 %i)fﬂii‘ilo“‘o

i kad 2 il e 5 - Arpd Fe oo FlaRe BT
EE%%'FJ BREER B E F ed pd B2 # 4 &R A (dynamic

condition) # I A & F 2 F B 2 B4 F {6 > £ 0iFH F K i (kinematic
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condition)™ B F| 3T h o =8 At o Fo =8 BEEERE SRS Z R4 ERE
fa® =i Hit B pF Y 4 Newton-Raphson 32 %2 b pFffz » @ ikl p o
A&+ 1238427 (evolution method)iZ o se i@ H F s 2 FF» T o =
Bl ok o

A N E S E K - A B (- kit * - B2 B
MKRhe) FE2S T EDNIEAE R R AE FNAARA 2R &
i BEAPI ® 3L R ~ B4 2 4 @3 |2t 3 A8
B R ARITLR A ERGTT - 2 A o FATIAEE A e B AR
Z‘”‘Qé%‘if’.ﬁ ;L_’fg‘—ll?' ’ Z\ d ;LU#*” IJ‘]}B’B{ f_'}i“ :’l:’\—"/zz)f?k"l’

2.3 \=: —:ET/HL%E_

N

gAY @ 2 AF RS AR R R 2 FEERCR] 0 R R

BRTE P R B AT £ 48EAR S 2 (evolution method) %2 Newton-

Raphson i A% » 3+ 5 i fede@) 2-11 #rn e 4 & 32 5 4240 T

(@) Bk 2 Eidlr o

D)k A2 RS I FERFERZ 2z Sl 8 o

(c) 14 Galerkin 3 'R~ & /% 3+ 5 /i 48 Sufr 423 (governing equation) ©

(d) ™2 Newton-Raphson ;2 :& {7 /i 3-% frm =% 2 ¥ 3-8 o

@ WHAMMEHE A =8 LI IR XL FLEP (40 107 Fjcach|ie
- HEE o BRI RE L v (b)) AL AT H A

O RAREFRFLALT SR T PRERPEBERE SRR+
TR e v (D) B E AT B AR

o

m
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Shear rate(1/s)

B 3-2 Polystyrenez. k& =327 & M % B(220°C )(sq)

% 3-1 GiesekusficZ) i % 5 Hepeo)

T % (FluidI) % (Fluid IT)

o 0.4 0.1
ns(Pa-s) 48.4 22.0
np(Pa-s) 1383.1 536.0
Ai(s) 0.020 0.019
Giesekus Model :

r=tr,+7, 7,=2nD

v A
z, +/112'p+a—771 {rp -rp} =2n,D
p

F2E BEoEE
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% 3-2 EEo FAe D2 AT

Mesh 3a Mesh 3b Mesh 3¢
Convergence No Yes Yes
CPU time (sec) X 51713 52524
Outlet Encapsulation (%) X 31.3 31.3
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Mesh 4a Mesh 4b Mesh 4c¢ (F¢ 3c)
Convergence Yes Yes Yes
CPU time (sec) 63215 52413 52524
Outlet Encapsulation (%) 30.5 31.5 31.3
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331 #HFEEE LR
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2 B GoAR 6 o JHETT A 5'\?/,?“ 2 e T TR EY SRR E
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Experiments;; Numerical Karagiannisiszp  Takasesy

Outlet Encapsulation (%) 53.6 38.5 8.5 21.2
0.50
Numerical result
at6.71L
0.25 - /
Experiment result at 3.37L
3 ya
Xes
o Experiment result at 6.71L
© 0.00
=
=
o
o
@)
> -0.25 —
-0.50

-0.50 -0.25 0.00 0.25 0.50
Z Coordinate (z/L)

B 3-5 RRE R @ A5k s

332 2 FREG E AR T2 VR
R RN T L AR RS S S B S
AR TR D AR G A0 g2 2 R E A E R T
cigpt R D RATR A AR NREREY A e e ER
(contact line)2 K T4 5 £ & o 5 fEA40EG BRI > Ak @
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R R R d R G R AR R IR %
AR A @ b E Glicid R SRR BRSPS R TG oW
Fom e gk i 2 MR R A R 2B RN TR R
BRI TS LR R
1. *} 3% ;% (Extrapolation method)

iF 2 @;};Je:* WRER E R R 2 FE(noslip)E AR T R w AR 2
¥ /8 A (contact line) & = #H & » Am pF L HEAEY F AT RARADF
B0 Fptipd v lf’r" i bR RN R 2 R R B 3-6 &
% 2 e g R TR A F s (feedblock) i T A @ =B 0 T F FIF] 2
AR EES2Z N HERG o A E R HFEZIFRIMp I F a2

EEG ¥ ff 2h(contact point) = ¥ » @ * 2 MMM IR 40T
yc_yA:(yB_yA)(Zc_ZA)/(ZB_ZA) (3-1)

AECE BB o @ B PR AR R PR B e 2 kEo £ 7§ 2k(contact
point) > % > g A2 r i WD FH IR AR IRZ VL o PR ERE Ao

L

yA:azj+bZA+c (3-2)

B 3-752kEEz e o B Bl 20 A'Z A"A U] L MMEHE
EE SR SRR PP L1

B ’?'J—F% S r ]‘fﬁé/z"’t"]xb 't R E T
FzZBF%EZRE 2 x> v Rae BRARE T

& 0 Ao 3-5 9757 o

Y
[U—
X
i

# 3-5 2 B2 R R VR

Numerical Results Extrapolation Methods

(Q/Qu=13.2, m/m=2.5)  Linear Extrapolation  2-order Extrapolation

Outlet Encapsulation (%) 9.84 11.02
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Z coordinate (z/L)
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B 3-8 5 i * M2 - probdEiE 2 B e ¢ & A& (degree of encapsulation)
LR ¢ RR R AT
pE=Pe=2d 100 (3-3)
L
d R 38 F i S bR g RIS he BRI FR AR I
% fdmerging area) 1R ¢ R AL F 2 MG o dERIEES T AR
AR o @ AR AR AT AP AR RS AL D7 R
mRERS T TR RS WEERFAR S BHAR IR 0
"EE L R REPH A > & [ K AR MALR ¢ BB AR o
12_- — Linear Extrapolation
i | —— Second-order Extrapolation
107 (Q/Q,= 13.2, n/n = 2.5)
S
c
e
T
S
%]
Q.
]
(&]
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w
IS
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o
(@)}
QO
a
-6 -
-8 — 1t r I1r - r r r 1t 1 - 1 1 ' 1
0 1 2 3 4 5 6 7 8 9
Flow Distance (x/L)
B 3-8 4k Higdz Bha o BA " RE
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2. /¥ 18 B 3% % (Slip boundary condition)

AR CRA N ¥ 8 o Al e oL B R ol B O AR LR S
Z2 R GER CHTY RS BT S REw - SR 2 R
AP R o

Bl13-95% 7 i & 8™ 858 % B (feedblock) 2 v ot ¢ B AR
Bl g W e A ] - R e § RRAR] > A2 R G
SRV RS FIF e GEAR] g TG Bk ARLZ

FoATE A pEp NEEY o MAERTHEET KRBT IR

oo AR L R 2 AR R ELMA G 2 BR ¥ o BI3-10
PP EFEGETERIREEZER PRS0 T g AT
BERREE 2 G P4 TR o
(A) s # #-3] (Linear slipsmodel)

] & @& * Sl generalized Navier's lawper ik T A=t (Dyay) 2- i 18

B o # M generalized Naviet’s law# o1 3% 478 !
f;f = Fvlip (vwall - vt) (3'4)

% 3-6 SHIREEFIL > ¥ o5 NEFFE GBS A 0 B B LR E
FER R BRIEBITE > oA e ¢ HARES A o d B 3-11 3 3-13 ¥ VP
AR A s R GEE SN ST RPRRL A By ¢ BAER R
BB e s BARRARE > ¥ EEo 3§ Z-(contact point) i B A% 4 o

# 3-6 e RBHCGK TL AT R
Wall Boundary Condition (Slip coeft.)
0.9x10"  1.5x10’ 5%x10’ No-slip
Wall velocity (% <v>) 6.63 2.86 0.797 0

Outlet Encapsulation(%) -2.49 30.74 36.62 11.02
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Interface Position (y/L)

0.8 -

0.6 1

——F_=0.9x10’
slip
40| - == F = 1.5x10
- _ 7
I F,,,= 5%10

Degree of Encapsulation (%)
o
|

il --- Quadratic Extrapolation
(Q/Q,= 13.2,n/n = 2.5)

Flow Distance (x/L)

B 3-1L A ks ts ¢

R a8

02| —=—F_=0.9x10’
—e—F_=1.5x10
_04 . S|Ip
{|——F,,=5x10'
-0.64|—¥— Quadratic Extrapolation
1/(Q/Q= 13.2, n/n= 2.5)
0.8 v T T T T T v T T 1
0 1 2 3 4 5 6 8
Flow Distance (x/L)
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—=—F_ =0.9x10’
0109]—e—F_ =15x10’
005 | —A—F_ =5x10’

—w— Quadratic Extrapolation
(Q/Q,= 13.2, n/n= 2.5)

Y Coordinate (y/L)

L) L) I L) I L) L)
0.0 0.1 0.2 0.3 0.4 0.5
Zcoordinate (z/L)

Bl 3-13 2 P AR AT dc ho izt KEF

dBI3-1177 5 AP ROTECHEZ (b E 0 hdple kB E R TR

T FEER R E L 2087 B (wall effect) > w8 I g 0k o
s HRAE ¥ d B3-137 'ﬁ D B Gl B A 2 B F (lubrication) 7T

RGN R T A RE eT R LB EAP A R @A RS &
BEd A4 ALY hAshifty, aF Ra ¢ BA S E aERE S o
(B) %=t 7% i # #°3] (Power law slip model)

Aol EL ROV R Y R RO U B B TR (D)

B2 28 B4Ag7:84eT

& in —1

slip

ft slzp (Vwall v ) |V vwall

Ao TR A2 gy, R EF060 d B3-147 F 8 fdp e f B 04
B APl BEG T 4 P R RS SRS A R 2 B SR B
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1.6x10°<4 | —=— Linear slip model
—e— power law slip model

14x10'4 | F_ =1.5x10", ¢, = 0.6

sli

Wall Shear Stress (kPa)

L) L) I L) I L) L)
0.0 0.2 0.4 0.6 0.8 1.0
Slip velocity (m/s)

%37 2 B EAER 2 447
Linear Slip Model Power Law Slip Model
1.5%107 5%10’ 1.2x10° 2.5%10°

Wall Velocity (% <v>) 2.86 0.797 2.89 0.798
Outlet Encapsulation (%) 30.74 36.62 31.10 36.17
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Wall Shear Stress (kPa)
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/ /,/ 7777777 _ 6 .
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Flow Distance (x/L)
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—e—F_ =1.2x10° (power law slip model)
slip
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Interface Position (y/L)

—v— Fslip: 2.5x10° (power law slip model)
(Q/Q,= 13.2, n/n = 2.5)
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Flow_Distance (x/L)
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o Ratio  Numerical Results (Q/Qu=13.2, ni/nu=2.5, Fgi,=4.5x10°

(our/o) Outlet Encapsulation (%) Recirculation Velocity (m/s)
1/1 15.4 ~4.71x10”
1/2 28.7 ~1.6x10"
1/3 36.6 -2.35x10"
2/3 33.8 -2.02x10™
3/3 28.6 -1.51x10™
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