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Abstract

Three-Dimensional Flow simulation of coextrusion Feedblock

with PTT viscoelastic model
Student : SHUN-HONG LUO Advisor : Professor Chain-Shu Hsu

Professor Jiann-Shing Wu

Institute of Applied Chemistry
National Chiao Tung University

Abstract

In this study, the 3D finite element simulation of bicomponent coextrusion
feedblock with Phan-Thien and Tanner viscoelastic model and slip boundary
condition impose at the polymer/polymer/wall contact line were discussed.
Results show that in contrast to no-slip boundary conditions, slip boundary
conditions would allow displacement of the contact line along the wall and have
a more precise predicition of interface distortion without discarding wall effects.
The development of secondary flow due to the second normal stress difference
is analyzed by varying the parameter & in the Phan-Thien and Tanner model,and
it is obvious that the second normal stress difference have an great influence on
the encapsulation phenomena. We also discuss the development of interface
shape by changing the parameter & which is concern in extensional
viscosity ,although it has less influence compaing with the parameter & on
development of interface shape .

This study shows that the difference of N, (DN,) has influence on the

development of interface shape.
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% o %8 #C 7] (generalized newtonian model) » £ 7 & & 2. 3 & F ZBsE M

%& o i 4 3 Fﬁg HDPE %2 LLDPE /ﬁ' i § a2 —2,‘?3 © f:':.HatZikiriakOS[Ge_m] ZS

Ramamurthype2- # 3 © 3t# o Giffordps P %’ﬁ“’ B RER kR 4T

14



fediz BB N R Rt g R ey o

PO itz BAE 0 A 2 K2 * The Phan-Thien and Tannerps &k 58 i
A FERFRM IR Z a3 VAR HER IR Y R E AR
o RERAFLAELT2 AEG HIRFZBEN T RE Y o R

@ﬁﬂﬁiﬁ@ﬂﬁﬁﬁaﬁﬁﬁiﬁﬁﬂiiﬂ’%ﬁi%¢%9ﬁ$

Iy
=
9
e
S
s
beits
(\'Sd\
\-‘-\
xﬂ»
™

?“
*L%

2R R s do 0 AN R G A
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LR B

4% i 7 polyflow F U5 2 040 % HCHEA 19 BER £ 43 A 5 R
A Bl F Bl (feedblock) ® 2 s 1§35 » 11 = MARsE #5073 (3D viscoelastic
mode) iR fF 3 A 88 P 2 B & ¢ % IR % (encapsulation phenomena) ~ J
w # 4% ¥ (interfacial instability)3R % (74 /X2j(wave) * 45 3)(zig-zag)) % it %
SUH P ETL R B e ABH e HN R AT PR s T A R RK
. & 7 ¥ R #5(incompressible){r 7 3 i3 (immiscible)2 k38 |4 /75 48 -
2. % F (isothermal) % 7% i (steady state)ii. & o
3. F1R A+ AR RS APRZTE L% £ 4 (gravity) ~ 124 (inertial

force) % B w 5k # (interfacial surface tesion)z. 82 5° o
2.1.1 %u{#> #£3% (Governingequation)

%}% 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
(I 7K P R)zmb 75 @%@ 252 86 2t B
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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~Vp+V.r, =0, k=111 (2-2)

HewiathzidRe®  us & k2 4 5% 2 (extra stress tensor) * p & &

<l
2
4
*‘_Eu\;
S
=
ETIRS
\m

B AR 2 SRR o Flpt A F S 42 3% (constitutive equation)
0B A AL R 2 R BRI R £ R A L A
= 423 & * The Phan-Thien and Tannerp; &3 3] » PTTARE /A ¢ 7 7 %
A% - & v B4 £ (second normal stress difference) B Senfy it 0 7+ K

TRP B A F AR AT & 2. - =0 #s (secondary flow) > ¥ F ¥ &

Ny

WA ¢ R 2 Y o PTTARE R T &40 3

£1+;—/11r7)7+ﬂ{(1—§j Z’+§§} =2n,D (2-3)

H ¥ )5 £L3 PF I (relaxation time) > 7% B 4~ &+ 2. F T 2 FAE R (zero-
shear rate viscosity) » £ #_¥% it w J§ 4 A (the second normal stress
difference)4# 13 B e % fic - & T2t ¥ 4k & (extensional viscosity)# 12 7

M eh%fic o Di %3, % % € (rate of deformation tensor) o %35 % 5k € 2. T_&

(2-4)

WA RE P22 AR AN LA T EH AR (T3 (lower convected time

derivative operator) > H T_& 4o
A Ot r
T=—+v-Vr+Vyv.7+7-VVv (2-5)
ot
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Wt EE 2 FZ A0V AL EE B R4 (T3 (upper convected

time derivative operator) » FTEKACT
V. Dt
r=—-WVW .1-7-Vy 2.6
Dt ( )

B vy R EPAR T &L ¥ (transpose) ° “EH (& f+ %) A 1%
(convected coordinates) ¥_& & ¢ & 1% € S ¥ /i # - 424+ ¥ (co-stretching) -
g & (co-rotation) # 7} % (co-deformation) > F]pt kg & Bhz R 4R E 7 € Flin
U-EuREE S R S

PTT #5873 ¢ » 2 % - & » Ji 4 % #ic(the second normal stress
coefficient)# 2 % » P Ap¥>t % - R4 Glcn e o £ NS
- w4 A B (xdik(second normal stréss difference or coefficient)$ % — i

W & * A B % # (first normal “stress difference or coefficient) 2

Wfﬁ@QM)ﬁiE?ﬁ%ﬁﬁiﬁ:i®%¥iﬁ?o
ey Bz }]?%Takase et al.ggq® P * 7 3 1 {SPTTH-3|(Modified PTT
model) » &3 # % § *» 2L & + £ (Newtonian shear viscosity component)~ §F

~ 7% 5 27 3L & (total shear viscosity)® > H & 77 40T

T=2n,sD+E (2-7)
8/1 5 \% g A A
[1+ZWE)E+/1{(1_EJE+EE}:2770(1_S)D (2-8)

# Y s &4 % #ic(material parameter) o i & %] PTT #-3](Modified PTT
mode)™ #-if & & 54 Fa B E 5 A A2 ori * an PTT 03] ol &5 ¥

R
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2.1.2 #Rigid

A2 @ 2 24 T B (feedblock) & A5k 2 18 B F 2 4o B2-147F o

N | A A I S} fg;‘;mg AR & I U R R D S S v

(channel)iE » B H 8 > FRE B A L - WA o o d 2 LA G HAE

Bro @R P LURERAS YT MR R R R SRR R R o B R iR
&2k T A-B2-1 -

H
Lin:Fluid I1-_ |

. l_‘Symmetry plane

_________ Flow direction
D i
Fi:Floid I--4, ¢+ &4 777

ra T~

B 2-1 ie# % Hi(feedblock) 3 fr 274

(1) Ty(% ABCDZ % EFGH) : » * # R %6— » v mQ,* BXE 5 2 B
& 3 (fully-developed flow) °

(2) Texit(® NOPQ) = v i F 73k 5 2B IR & - &g v s g 58 o

(3) T'symmetry plane(® BIOPJGFM) © 2 & ¥t d o

(4) Twai(®% AHLD ~ % ELKHZ & HNQK) © 7 7 »cBLZn 8 f o %% e >

R R NS 2 B g B g B3R 5 7 ¢ i R (slip boundary) 0 i

R8T B2 EEG 2 3% R (contact line)? € T T EEG oo AR R
2 REm Bl 2 e R o
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LS RS L R e A R HIK T 6 RN 5 -
AR S R R R LT R

(1) & # & & i (Kinematic condition) : E# &k i * Ky Ein4p d fr o 2

EE K o 3K A8t ik B (tangential velocities) e fr m b G i 4 W
SRR R AR B 0 & 45 B (relative slip) § ¥ ohiRHE A 335 R

w0 s A @ b 2002 E B (normal velocities) & E e

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

nVi=nv"=0

A P2 plinw i k2 LA e A5 g 2

Boteshwmtz2 H

>+ & £ (unit tangential vector)y ms H w + 2 H =2 A » £

{ﬂ
@q;

normal vector) °

(2) ¥ + £ 7% fi (Dynamic condition) = ¥ &% A 3 # AR B > ok
W 2_ % % 3% 4 (surface tension)?< /& 5 ¥ b @ AR 2
stress) % *7 » Ji& # (tangential stress) % T ik fx > H

VORI I B B

o,=—p.+7,, k=111
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Wa TR E PRI B4 % £ (total stress tensor) ° n

5 hwm b2 H 2% & (unit normal vector) ¢t 5 o F 2 H o MAw

B2 2 oM hwu

£ (unit tangential vector) °

2.1.3 wHp d R & 2 EEG 4&7F 3 (contact line) &I
Ak DR o R A —H G B A B R R T BISR
AEEG @ * A 5ﬁ“§%(no—slip)s‘§

- ,Er'

s e AT G B EER 2 LR e -
P TR | W, S )
F;E"EIJH%W ,__}_éf— )i

W EE RN TR AL i 17

# & & f (kinematic condition)» %2 4 > & E ¢
A BN (B ARG RIG L EE o doR22 0 o
oG R RS
2 3. % (bending) °

ERVEEBE > S ANE

/‘}fﬁﬁﬁﬁ.‘ %
«— B IR %

«— FEo

B 2-2 & * 7 /& (no-slip) o B3k 2 indd B &

LA LAY BB AR R N AL f

% 2 & f % ; Dheur - Karagiannisise ~ Giffordsy & * @& * ¢ & 2

(extrapolation method)Fg /B4 fd R =¥ > ot = 2 B EEE % ¢ 4R2 KB Y
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MR T LA TR 2EE B G (no-slip)#TiE & ePEE 1 T A PR A 0 e pF
s BAERIR 6 BfPAR B H Pag en 2 0 el T EEG (wall effects)id =
e e 2 R SURT B A 2 B o Ao RI2-3150 0 A RS

Bk o A'S R MR D2 BIPRE .

8

i

|
2 —————— ——|———
I

/‘i- .

+: ¥ 2L (contact point)

I
|
zA |
!
]

-

y Yo Ye Y Ya
B 2-3 1 % A bR E IR B G ] A s,
MM IEE o T ol

z.—z,=(2, =z )V, =y ) /(Y = V4) (2-9)

ABEIT T 2 fEhIRE o R FEZ T B C B BT R KRB R

ARG ZARPREE oM FEHRE AT
z,=ay’+by, +c (2-10)

S EETIB-CoDZBEFla~bcih#icts v iEa REBNHAEG &
REG 2 Fefi Bz, o RECE BB > ZEMEE B B REm B

(contact point) > ¥ o
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¥ 5 F b ERE giﬁl/ﬁ WA A RER 2B (T A AT Y ,ﬁﬁv
R K TAEG (D) 88 A 4 K & 279 R(contact line) ™ L&k + #
B o °OREG R E kS22 B (wall effect) 3 g?ﬁiﬂ“* °
FEBCA G fe R A EER pE 2 M T 0 A i % generalized
Navier’s lan]'éK Tié&‘i (rwall)j\ /ﬁ‘frv}ﬁ jll ’ ;Fl %’\, T ;\] L)
& l-p—l
f; = Fvlip (vwall - vt) |vt ~ Vyan Z (2-1 1)
H ﬁ =S ‘ Af 'ﬁi‘ﬁ% }.é:fﬁ— '7» @L%’?‘% ; Fslip; gslip%:“ /ﬁ"? b’;/hﬁ,’t(Shp

parameter) ; % Fy;, =0 FF > i fEm A& 2 = 2> F & (full slip) » 7™ & B
Bzt 5 ¥ Fap— oo FF o g 1§ i ABIT* 2 % (no slip)f i > 77 R &

B ABITH UL g =1 BF 0 (201585 SN ’0<<gﬂw<:1ﬂ$ s (2-11)7 5
¥ =2 B3] (power law model)ss v, 2788 & BEG 2 7 i R > H i R EEK

Bl 5 Vi » BER 7 BGE R (R B R, s F) e

g3 érﬁ},‘%’%“‘ ARG MR B BRI E 0 AR R A
VLR PR Ae e i licZ BV T el T B I R ok KRB aE oy 2 B ik
Fip -

Y

() BEEER B4 Br a2 BT > R4 0 2 AT s 2
FREOETEER>DN %2+ 0 MEFERED D E A 2
0 i

3&1’(

=

2Q)d (D)2 BXK > &P F RN ATITE 23R T FITRLFH
ol FIM BRI T B A SRR R R
RCRES - ST 3 T

A2 B b EROA AR 28 R N5 1%L THER) d 3

At Gl g ARG B A kA R TG ER G o f2 {5
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3PP S IB"’? T #KF, sllpj‘*; =7 f‘?/ﬁ"ﬁv GECEEATE o B

e E2ZPE -

2.1.4 Z5E ;540 2_ & F]=x 4 #(Dimensionless numbers)

&)X Y Rt FRE2 B o 3% #KReynolds
number) T & & 1f 114 AR A 2 v R HETRAER B ] G 2 dp ik o R eh
RSB F R F % We(Weissenberg number)#c k 45 it > We #c & /i 18 £lse pr Y
¥4 T4 B pF R (specific process time) 2z t* » We @ & 4™ !

We=A<v>/H (2-12)

H ¥ N i R PR (relaxationdtime) e, <v> 5 T35 B 0 H 2 F ik &

(characteristic length) » T 338 Fe Bt i & p IniE 2 B B o
We ficds it d 255838 S 2 2L 8 AR A 2 E s M o F gl ks M We

e 0 22 3 7 (generalized Newtonian model) ¥ &_33 $5 3 /s 48 2_ Jn % 4
Mo E s B We #pF > P 3 & AL5E 7 (viscoelastic model) & iy i /i 48 2_ 58
M3z R (elastic effect) o = PF > 5 We #icr &7 255 3 RZ2EAM > AliciE

1R RG TRE R

\“

2.1.5 7 & # 3§ T (Interfacial instability) 4+ 47

Bd 2 TR E L2 NEARY LEBLAT PR T2 7 RPR
%o $REASEPAREGE S F L2 R G A ARTIR % & F L3 (wave)
Z 4E A (zigzag) o AR G A LI G 0 FARITE P LI RF 2 2
aﬁiﬁﬂ’&@ézpféﬁﬂ, FpdinTagT gL e 2R

TR F
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A. BRI % Merging area)

R RN AL B2 A ETIR G AN AT 3 A F R D

IS e wEd A i i~ B R Bl(feedblock) 0 @ B A G L AL B
G XIS AT R > F R HAL PR A tEr B e
xR IGE R FAFERFEY B g AR RS 22 W

R FRR A S 0 R AL R e

Fluid I1 e 1 G 6.97E-002
in- 1]
mE -6.2{}E—002

W e v
PR
bl

- v N = 5 42E-002
& ~ A 5 / 4. G5E-002
R : : = 3.87E-002

N : = 3 10E-002

: 3 Z 2.32E-002

Y S 1.55E-002
.?.?SE—OOB

DODE+000

= e
= e = =
= . g ; R

- 7

Fluid I

Eﬁfl 2-4 3@7}"‘1_@ = - )f@"r & E](/n # L QI QH_13 2: 1) [61]

ERU -0 o T B o S S f2E T W - M
WA A R FIROR 2 3 AR A L R PR EIR 0 F o R
g 2 SRR TR o A B
oo F]ER 2 s (elasticity) 2B % el 0 K € FI&
LIRSS PR NES I Ty R S I W)
KA w A2 Aol i3 (wavelike) 2. # £ T IR % o
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B. e % (Die land)

ARCE AT w2 frii R (die land) > W K A G £ A2 BB T xR T
PR 2 e W2 2. F Ao E 4 & IR % (sharkskin phonemena) T §_F] it i F]

FA o R pAF I RBRE 2 ERY > PR AR FED AR
PRAGHFIESI BT LRIV ERERFZ e T k4 5
PHh @ v p? R AR TR T Tt TR £ 4

BT e

2.1.6 # % 3R % (Encapsulation phonemena) 4 +5

AR A F RO D Angd 2 FingE s B RA o AR
JeA d i p A R o FIRARAS S 2 R T A e R G A A
40 RMh o BERG 2B BB 2 T Y 0 AR K2 N ¢ A

s
\\ \
2T

BALR B 2 ik > 28— 50 2R w o S s AT R d 2
iEFF -

Everageng 2. # 3 # dp e BRI ¥ 4 53 BH 3 N WAL

|

o B8 e T 48 £ B (fluid rearrangement) & 4 2 A de o ¢ BRI % S %

S hH BRI EEF IR E A B e BA B M E LTI

ES
AR RSB AT TS Fn ol B AR B
@@ﬁ°&%ﬁﬁﬁé%ﬂ$ﬁiﬁﬁaﬁﬁ%%%’béﬁimﬁﬁ%
WA AL > F R T hA IR BE S R-3F s 3 4EH moodp3 Mg
SRR RO E UM I SRR AL BNl SR R
Wi o A FAEE RE - RIS A TR TSR Y 2 TR o
@é%m@%ﬁﬁWéiﬁ¥iﬁé@¥’ﬂﬂ%—ﬁ@@J i (Ny)

N

T

oF SR

!

Y
=)

e
V2 ETZL R F(4e 2,15 &) @ Fle - ke it (V)2 B8

R NS :
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i A 2 =
4 i’ I %ﬁgi\r‘}

F ik

E{ig v o Z X nd
iﬁg EE) —Qr'g] 2-6 o ,__Whltei Debbaut[51

=X ;i # (secondary flow)z 3 jin IR % >
BT B ¥ v i
SEHLRE T @

TR RA ez BT

PR Ry - 1

:—»/n%ﬁ"&‘—"rﬁ;j 2-5 -

— R

ﬂ ’—‘2

R*ﬂ’\w

/ ;7/”77\

AT
]
2T
- 2T
A ST

(I
TR R =
AN
NN
VAN R

F\\\\“\‘R
NSO R w

- T.GIBE-005
4 G00E-00%
2 165E-D0%

—2.705E-006

—Z706E-005
—8,141E-005
-7.577E-003

1.GO1E-004

. —1.245E-004

—1.48BE-004

] 2-5 2L k8 = =X /i # (secondary flow)3R % [61)
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Fluid IT

Fluid I

B 2-6 R H BRI %7 & Bley

BRI L AU A E A > S R e T
YRR U i

BT gL R4 o AR RFIPTT AR B 2 o D R L2
B0 PTT AR3EHA ¢ s HBEPE R T2t > 25 - 2w 4 £7 5

GriE R Ak F i v i E et R L2 e

ForXmpeFe AR ERIE 7 € Lv R 2 B 8 (wall effect) » Fpt 7
3B C SRR R T PRI AR B 6 B2 e o

¥

BT T EREZIMZ f BARR > ME 2 % ¢ f R (degree of

encapsulation, DE)A 47 & B % > ¢ B R T xR4T

DE - LA
2L

x100% (2-4)

Bl ypon B h o G 23R FE Ao 25ME paintlhe 8
PHAER DB R TR e BB R 2 FREAE > TR ERZE
AiRiE B R AoB) 2-7 o
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|
Yw

+Y
2L -~

B 2-7 = % & (degree of encapsulation) T_s

22 EF

% ¢ * Polyflow"F "~ 2 B A 45 5k £ 3 I %
% B (feedblock) ¥ 2 ks ) o e P YA & 2 3

/.

e RIS T A Polyflow” @ #rig * 2§ FTAF AR 2 LR

%ﬁiﬁwa%;ﬂ%ﬁéﬂmyz,ég&?ﬁﬁ&~%ﬁﬁﬁ~
PR KMEE R TIeERES 2 Ah 2 Y Gambit 7 R
? , ¥ ¢ * 48354 5 (quadrilateral mesh) 4 $7iEFL R B2 B A s how 7

REERd e RIR% o 50 Brgippl o 8 2 4 R0 2352 4
BB B R et 4o 2-8
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Bl 2-8 il F T 3B

2.2.2 H$ £ 7F *T~ %2 (Galerkin finite element method)

4

@A ARt 2 o e f F AR R T Galerkin TR %
i# Rz o (2-1)% (22 58 Galerkin 3 " %%

jV(v Vv NL =0, k=11 (2-5)

IV(_VP+V'Tk)Ni=O, k=111 (2-6)

v

HY NN & T & AESEF2Z -2 MRMEP IS #(quadratic and linear

interpolation function) » @ & B b 2 B ~ B4 A ITWET £ AT

Vv, = Z N'v, 2-7)
p=2.N.p (2-8)
7= Z Nt (2-9)

B v, p T ARSI 2R SR A
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dONARSEAR) 2 AT AR S R R RAME S RSN 2 Bl 4 R 2

RLRE B AL B T R LR A

v

EVSS(elastic viscous stress splitting) > /2 #-J& 4 5& & & 5 878 2 FpM4 58 >
B A F 2P o AR B AL MIX 3672 0 EVSS & B R fE T 2 T A2
i3 » EVSS %k 40T 9

r=S+2nD (2-10)

HeY S 581 R4 % E (modified extra stress tensor) > D 7 %35 5 5k & (rate

of deformation tensor) °

223 = et

PR
&
=0
HY

<Az VA F L AS TR ;sa BE SERZRNT R ¢ IEL
i= 7 (construction) ~ % Z(assembly) ~ 2t 3 4+ % ui2 % (nonlinear system

iteration) "2 2 FfZ(solve) B 2 R FJEEIL o F] M » 5 7 {8 I L A4F iR AT

i

v O B fR2 b oRE A RJERETTIRGE S o

BoRfRgd 3 U F AT D EMP S iRl AR R T g
& 7% (couple method) - ¥ fji# 2 ¥% e % e > I ] * Newton-RaphsoniZ i j2
fo Rjz2ba s & s o 4p ¥t Picardi: % > Newton-Raphsoniz 2 1 % #i
U RS BTV E Pl T agiE o FH o AP $R>Yi9 4872 (uncouple method) i@ *
WEEFTHEIIS NT TR ©F S % Newton-Raphsoni ¥ 18 5| fi -
e deil 5 (2 B fo e 52 D g Bl A RRGEL (2 T

d

hw Bt~ E B 2 R4 EE)K 10.40
2.2.4 i&42 7 ;= (Evolution method),,,,

dOT ARSI 2 AR R S 3 SRS N A R e BT
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W2 A5 4pd £ & 0 A#%h Y #j (relaxation time)=0 (T 7 £ ¢
B We=0)iF B +c T ik F i 9 S BB > @ 19 A AL ARSE L T 18 b AE
(% We) » & > 423" (governing equation) ™ B 4% B A& 2L o B4R
FEs B - BTN 23 VA FITWMERS T - H A E TS
TR PR 2 A A B R R R =R

_O;Fl.‘ EE‘}:F?& %4(7 —”;7\“‘&?.1-

=
-t

?‘““‘m*ﬁ

A =AS, = A(S,_, +dS) (2-11)

He Qo # RN 2 el SaFtgidig* 2 ef4kE

(evolution parameter) » 0=<S,<1; S, 2 " x & Rz 2 4¥E ; dSs: F =<
Btz e FHH A E o o B R (A =AS ) ca o dSTE § ] £ 3
o NGRS 3 B (dSen = 15dS) 0 B AT NELS R B A, = A (S, +dS)
AR E > EEASEE R RAB g R F A )RR CASE
(dSyex=0.5dS) 18 Tl | 2 AR £ F73 8 2% e

=

?,\J‘{

A kR 2 e i- Advpd Koo FprilAe g re

3E%}§E’ BAEED o B Fgd pd B2 4 F R (dynamic

condition) # I A & F 2 F R 2 4 F {6 0 £ 0iFHHF K i (kinematic
condition)¥ ¥ h o E AE - Ao R A EERRE SR 2 B4 %RE
A-F =gt B pF Y 1 Newton-Raphson 2 N2 pFffz » @ ikl p o

i
B m + 12384872 (evolution method)iZ B 4 i@ H F R e 2 FF > 1 o @

F_\.
B
(v
Ny

W
-
\
\_,
g
g

E
.r-:n\
)
)
i~
)
>
=
=

~
|

N
et
s
|
E)
sd~
(w
V-
_"?J\
N

NV
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i hi Bk Ap e F KSR B S R4 Z R4 FHE TR B TR
R RERFLIAEEFTT - AT o AT A G R AR
i bt R AR R o v pd B B REA U - &2 3 R
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=~ BEEHG

AREBREEPEFTER AT R AEE R GFT L 0 M HEY PTT
AE538 73] (The Phan-Thien and Tanner model):& {7 :&3#2 % #.(feedblock) ® B &
AR N AFERZ =BG VR IR A T o M ARERA T 3 AR
B A AR B i 2 2 - K v (secondary flow)IR % 0 Flpt g H 3k

ALY § 1100 A %2 SHEMA G ¢ R R 2L o W 31 5 k% R

P2 ERFHRBPAGRERRE  d T AR EERSE 0 e E R

B @B L g S maj iz ot o

3.68L

A @ 2T kB A F HH L polystyrene(Dow Styron 678E, Fluid
Do»at kB A~F ¥4 5 polystyrene(Dow Styron 472, Fluid II) » &) 3-2 5 &

W

Ak R (viscosity) ¥ 5 *7 5 (shear rate)*t 220C & Bl 2- M % Blisp © % 3-3 5

hud
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10000 ¢

1000

100 F e Fluid | (Exp.)

0  Fluid I1{Exp.)

shear viscosity (Pa-s)

10 [N ATl Lo tauasyl N WE T ] 11 ) aRife
1 10 100 1000 10000

shear rate {1/s)

Bl 3-2 Polystyrene 2. $kBi=d~7 & B % B(220°C ;s

% 3-1 PTT #-3)in %8 S-dc,

T & (FluidI) & (Fluid IT)

'3 0.45 0.25

3 1.5 1.5
1o(Pa-s) 1210 440
M) 0.02 0.01
PTT Model :

\% A
£l+ﬂtrz')r+/l{(l—éjr+éz’} =2n,D
7, 2 2
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32 ek A4

ENEEL A o I A L L B B e R B (feedblock)® A 2 2. f

=K

& % IR % (encapsulation phenomena)® #F 34/ & :f Kk 2~ in gt ~ ik

/4

~

R

»

%‘L\ﬁ,’t—fj— :}'ﬂ 4' ?\lf‘l—ﬁi B2 291‘5 ‘# __f_ Hb %ﬁ 1}“ 3 )?t!:rg L F - 'ﬁ 1};';‘, '}-'.

i)

\

P
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