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FAN: Flow Analysis Network
FEM: Finite Element Method

— —_— 77 . .
“E ROV (CEATIEASRY I DT ) FVM: Finite Volume Method
Numerical

Software Developer/Vendor Method Reference (URL)

Akro-Co-Twin Screw® University of Akron, USA FAN (2D) http://www.temarex.com/extrus.htm

WinTXS™ Poly Te?h’ Pol}fmer FAN (2D) http://www.b4uextrude.com/wintxssimulation.html
Processing Institute, USA

) Sciences Computers https://www.scconsultants.com/en/ludovic-twin-
®
Ludovie Consultants, France FAN (2D) screw-simulation-software.html
: University of Paderborn, https://ktp.uni-paderborn.de

Sigma Germany FAN (2D) /en/foerderverein/software/sigma
The Japan Steel, Works, Ltd., https://www.jsw.co.jp/ja/product/plastics_machinery/

TEX-FAN Japan FAN (2D) news/COPY-news6883460791915119466.html

Polyflow Ansys Tnc., USA FEM (3D) https://www.ansys.com/ja-jp/products/fluids/ansys-

polyflow
SCREWFLOW-MULTI i;?lw Corporation, Ltd., FVM (3D) http://www.rflow.co.jp/screwflow-multi.html
Twin Screw Simulator HASL Co., Ltd., Japan FEM (2.5D) | https://www.hasl.co.jp/indexn.html
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TSR Akro-co, Ludvic, HASL TSS Polyflow
TEX-FAN etc. particle works etc.
2.5D FEM DRAFE S &t

» Short computational time: X730 ~ZXFFEILAA (2D FANX U w N FAEE)

- Integrated simulation: =38 #F4T (2D FANX U w NEAEE)
* Detailed & User customized analysis: (close to 3D FEM, FVM)
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“Flow and Heat Transfer Along the Length of a Co-rotating Twin Screw Extruder”,
C. Teixeira, A. Gaspar-Cunha, and , J. A. Covas, Polymer-Plastics Technology and Engineering. 51, 1567-1577 (2012)
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. : 2 FIG. 7. Layout of the Leistritz LSM 30.34 co-rotating twin screw
Nemee extruder, with 12 sampling devices (SD1 to SD12) and & melt pressure
FIG. 1. Geometry and flow kinematics of a right-handed screw element.
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FIG. 8. Layout of the Leistritz LSM 30.34 co-rotating twin screw FIG. 9. Pressure and temperature evolution along the screws for run 1.
extruder, with 12 sampling devices (SD1 to SD12) and 6 melt pressure
transducers (P1 to P6).
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3D FEM & 2.5D FEMODiEL)
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second edition,

Zehev Tadmor, Costas G. Gogos,
Wiley-Interscience (2013), Fig.2.8.

ZZHA: “Principles of Polymer Processing” !
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EDEER PR 3 r ]

4

Laver division

3 } for estimation of
velocity, strain rate,
temperature and

viscosity etc.

Elemeﬁt-in cylindrical coordinate

computational coordinate system:

(&1 Lr)

@ Transformation from cylindrical to

EE
201D,
T 611D
HEEL 1D,

Z;- Left screw axis
2, =1 : Barrel surface

Zz right screw axis
£, =0:Screw surface

2.5D FEM Hele-Shaw flow elements Element in computational coordinate

2.5D FEM Hele-Shaw flow element for the twin screw extruder
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ZZHA: “Resin distribution along axial and circumferential directions of self-wiping co-rotating parallel twin-screw extruder”,
M. Ohara, S. Tanifuji, Y. Sasai, T. Sugiyama, S. Umemoto, J. Murata, 1. Tsujimura, S.Kihara, K. Taki, AIChE J. 66, 11, e17018 (2020)
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Screw Modeling Template of 2.5D Hele-Shaw FEM Mesh
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2.5D Hele-Shaw FEM Mesh

3D Visualized model 2.5D Hele-Shaw FEM meshes Thickness information
mapped on 2.5D Hele-Shaw
. . FEM meshes
Analysis Time of 2.5D FEM
OL/D=60 DAV ET IEREFR £93077, BRATEFR] 94093 /544%
—— Flow direction
S S SO DS D INNIE I S PSSO S
RRAT SSRGS S TR (C) o |
S S8 eS8 SS SENTE TS SRR RNY
Input: FRHE, 20U 1EER, /\LILRTEREE S 0o -SSR ERERnERERESat
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ZZ Mk “Resin distribution along axial and circumferential directions of self-wiping co-rotating parallel twin-screw extruder”,
M. Ohara, S. Tanifuji, Y. Sasai, T. Sugiyama, S. Umemoto, J. Murata, 1. Tsujimura, S.Kihara, K. Taki,
AIChE J. 66, 11, e17018 (2020)
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fiiES =L —> 3>

= B AR IEAZ AT E T )L (Surface renewal model )
BRSO BERFREZ T UL B DIET O A ZEE(LTDIETI/L

CHERUS TEHERE

A\DY” \\\\N\\\ o

RUIL CHRRSRE

HTEAA
INUIVBIZRE RSN S
BRIV L
s A A 15 A $E 28 fE] (R FE s pE i)
GBS abc ‘RS (Exposure surface) REIER K

X: RITEBLODRAY) 18T EH R ENDIKE

x ) 2 3CHk : George A. Latinen, ”Devolatilization of viscous polymer systems”,
Advances in Chemistry, American Chemical society, 19,235-246(1962)
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[FREESEH12] BiEtRaL AT

SEA:

“Experimental and Numerical Simulation Study of Devolatilization in a Self-Wiping Corotating Parallel Twin-Screw Extruder”,
M. Ohara, Y. Sasai, S. Umemoto, Y. Obata, T. Sugiyama, S. Tanifuji, S.Kihara, K. Taki, Polymers. 12, 11, 2728 (2020)

ORXRYalLA7I~ (026871, L/ID=64.6)

Liquid addition pump
T l PlOW
Feed : 0 ue,n e "
injection
30°C 60°C point  195°C Vent E
lele>ie — Vacuum pump
1 Feed
T KT X1 I N BN BN B N . a pOI’:
U Vent port
JNVVANNUY N SOV & W v T[] e
R R R R A NN N S A e R e LA T’:”LL Kegaciien Twin-screw extruder [ Resin outlet

OBFiZARE : RERUTOEL > (F-704NP, TS5+ LURU T —H)

OFEFERL ) . N)LI > (special-grade reagent, purity 99.5%, FUJIFILM Wako Pure Chemical Corporation)

Table 1. Diffusion coefficient of polypropylene-toluene.

= I > Table 2. Parameters used to calculate the diffusion coefficient.
Temperature (°C) Diffusion Coefficient (m%/s)
25 458 % 10~13 Initial Valati-le Concentration Equilibri!.un Vcllalile = 6 D, (m?/s) T, ¢C)
50 3.44 % 10-12 of Experiment (ppm) Concentration, C* (ppm)
80 1.16x 1071 30,000 4000 004 1 458x10°1 25
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Blue zone represents the exposed surface of the screw.
Red zone is the resin-filled part of the screw.
Devolatilization zone.

(d) N, P an

Flow

L]
Local degree of fill [-]

02

_80 ; ] 20
Clockwise circumference distance of barrel [mm]

(@) (b) (e) (e)
Figure 2. Devolatilization calculation section (z.—zs) and the exposed surface boundary length in a twin-
screw extruder. (a) Screw configuration. (b) Resin distribution: red and blue indicate the local degree
of fill 1 and zero, respectively. (c¢) Resin distribution on unwrapped screw geometry. (d) Cross-sectional
view of screw, barrel, and resin in the starved zone. (e) Local degree of fill distribution as a function of
clockwise circumference distance of the barrel.

L0

0.8 4

o ™ Hesmrptellie Devolatilization efficiency,

04 x Eq.(9)

02 !

00 \ L L Volatile concentration,
] -40 20 0 20 40 60

( Start )

25D FEM analysis

Surface bour‘wlary length,
S

Diffusion ‘Coefficient,
D,, Eq.(11), (12)

9

C _Eq.(10)

End

Figure 3. Flow chart for calculating the volatile concentration.
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OfFATFER

Figure 7. Simulation results of toluene concentration
along the machine direction of twin-screw extruder.
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Figure 9. Effect of screw rotation speed on the resin
distribution of the experimental and simulation results.
The dotted lines show the simulation results

and the experimental results are filled with colors.
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EREnS =2 L —>3>

OF BB
y=| yd

Laminar mixing by shear flow

RIFIEBENINC
a2 IZEREED

ZZEHR: “Principles of Polymer Processing” second edition,

Zehev Tadmor, Costas G. Gogos, Wiley-Interscience (2013), Fig.7.3.

[ ] f —
T W
8 3 - F = o =
rJ./ =0 . } rl/ t=t, ’ }
I L] y -
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H | 400 <>
~ AR e ol ~r"' ey
WAL SR A A A A
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RS =3 L —=3 >
(Hihg/ 2« S5 —1ES™M)

Qualitative Influence of Fiber Length, PP/GF

1.0 %
D.s /
2 os / Impact
= /Strength
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o 0.4
eV A/
o
0.2
5’/
0 T=TTTTm TTTTTI T TTTTm
0 1.0 10 100

A 5 J
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Fiber Length, mm

Composite properties are shown to increase

with fiber-length

g JL. Thomason & M.A. Vlug, Composites,
T A27 (1996)
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Fiber attrition model™

MR ZEBUEETILTRIR . [ =iAl(i=1~imax,Al: HHERXHIE)

BAMMESDIZ D ([CEFNDMMER [ OM#E . N, (i=1~imax)

dN I max
-=—EN, + ZRika

dt T k=i+1 T

/ A3 . ul —
‘ ‘ 5l D Hf i = (k> 1) D BE B 12
10 i l@ l@ 4 =
%ggo’)@mz %gﬁl SHESH R B wsmm s oBEOEIE

*) 5% 3k : J.H. Phelps (2009). “Processing-Microstructural Models for Short- and Long-Fiber

Thermoplastic Composites,” PhD Thesis, University of Illinois at Urbana-Champaign, Urbana, IL 61801.

Copyright© 2010 Hyper Advanced Simulation Laboratory Co., Ltd. All Rights Reserved 3 6 E y

m:mww
Simulation Laboratory
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. dcn it
j den, il

P =C1-exp(1-7)| for 721

C,: SR ITHE BT SA B R K
(BRI NIZRE
N AR A
E it =

dy: fHE BT B 12

3
7zEf
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Segment 8 (Fiber length:4200~4800um)

Segment 1 (Fiber length:0~600um)
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=53] kAR AR EIE AE AT

BRI (CH U DR ET B DREREV I S Hele-Shaw> =2 L —> 3 2 (CE DS FHl
\EE, EIRIER, B, SE—8B, BEf@AER, RIS >7R=77'18 (C209,2018)

ORDJ) 1 LA77T D26, L/ID=64)

[mel -

MRV

{——= Flow direction

side feed
195°C 150°C 30°(

AR Y YO VAR T YN ARV A A ANV VA VAN NVANANA Y

OBSFERHRS : RERUTOEL > (F-704NP, TS+ LR —H)

OHNS Rk : FavI RIS R, fi#R 3 mm, f#i#ER13 um, BREHEFE)

OffiERAIE : ¥<172o0O0XI—7 (VHX-6000, +—T > RXH)

BERAFICDET 200D S AMltEDRZAE L. HELMERZEL

OFFAT ORI/ NS A =4 1 (C,, & S) = (0.002, 0.1, 0.05) , #HHEEE 3.0 wt.%
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Offtfrig SR
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Bt f ] 0 sim.
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Screw rotation speed [rpml]

Fig. 2 Effect of screw rotation speed on number—

3 averaged fiber length at feed rate of 10 kg/h.
€
= 15
up 2 SE 10 1 D@ Ll O m
# £.E Q O '
ﬁ =5 05 O exp.
& = %_f Desim.
1 2= 00 - .
B+ Eg 0 i 10 15
et Z = Fiber wight fraction [%]
0 | | . Fig.3 Effect of fiber weight fraction on number—averaged
0 200 400 600 fiber length n screw rotation speed of 40 rpm.

A9V 2 KE [mm]

" ™ HASI
Hyper Advanced
Simulation Laboratory

Copyright© 2010 Hyper Advanced Simulation Laboratory Co., Ltd. All Rights Reserved



(B5%&) 1—Ykk&nDs

L[RIARET

Lt WebH A (https://www.hasl.co.jp/sub92.html) &Y ¥

HALAT S 21—

[SE7EIHASLI—Y2) 2017F11 85148 (N) =EHT5H

Ba fiE ] = HASL1—-Y$ 153k (20116~20234F) B30 R qAF 3 2
B 2023%118178(£) 13:00~17:50  $838£(18:00~20:00)
P 2F-3ay 1 IPL e Room 1 (128) (B10EHASL1-H¥®R]2023F118178(2) A7-332 20070 208
T | BRRHHASL e _—
. TR T [3B9EIHASLI—¥HR) 2019F115148(K) FFFHT5H
- ERE (BTAHH) [$B8EIHASLI—H&] 2018115158 (K) £FHT5H

13:00~13:20 | {7 (386EIHASL1—¥R) 2016F115258(8) =8Y T34
13:20~13:25 Ba0lEE HASLHIEE 8 E—8F
*EEE IWEAFRIFER =FHEFHTSt
13:25~14:10 |THRERRZELADS—, EUTDLOEERR] I AF 28 15:30~15:50 | & TWin Screw Simulator 1—6IC EEERTERTAR
AL CEA R i h AP BN REFTRENOEEREE] SomERRIIN—
BlER =B i
S EEFEIRGR BIRAF EBTHRS g0 i
14:10~14:40 |T8ERERLTIOCAOTS S IES T -3, JOSFPIFR & Twin Screw Simulator 1—EHE FIRILAL
5 — AR EAODXICANF B8] BiE 3 GARS 1% I e 3Rl — NIRRT
: £ YZal—Sa it g—
aE E— iR
14:40~-14:50 *3
#Twin Screw Simulator 1-HYSHIT) Wk{tZFIstriait #Single Screw Simulator 1—-H$#|E RITS2FvI 7T att
14:50~15:10 IBRFRERICEIRBRLOBEERS SHRETSAFYITANU I~ 16:10~16:30 | Single Screw Simulatorg ML V= R Li2AS HREAREAE
2 < Twin Screw SimulatorZBLEE2KES LY - SERNE £ERAG ’ ' D SRETERARIR ] ) ) R S M
SFHALOTH] IERIE FE BR# i @ %
16:30~-16:40 A
=ErhER S
15:10~15:30 | #TWin Screw Simulator 1—-HEH|2 LD HASL BRI RALERE SHHASL
. : [ RiB B C L3 RRIBT O AR R ] CELERNEREE 16:40~17:45 |HASLitEPERaEER 1 (2023) RHEEE(PDF) WITRE B A8
1B R iR HASL# ElReRaE Bl 11(2023) @ (PDF) (LREURE S8 B
Copyright© 2010 Hyper Advanced Simulation Laboratory Co., Ltd. All Rights Reserved | MSI
42 Hyger Advanced

Simulation Laboratory




el

1. Z8a R0 ) 2 AN ORR B EEAT
- 2.5D FEMDOERIE
- ZER RO 1 #ERA\DE
- SEERIREL S

—EAOVUa

2. Z[E D« )L LA EBERNOENRENEZAT
- ZIE T « )L LABRATA\DEFH & EERIREE S/

N

«/‘\

14— R OYIF1TZRETHA

. [/
Copyright© 2010 Hyper Advanced Simulation Laboratory Co., Ltd. All Rights Reserved 43 | M§l




2. %,

EJ 1 )LLAHHBEANDE

TR ENAEAT

VAN

3DfEEATH (EfE)

AV a1ETIL
(1/26F"EFIL)

[ HNZ‘X" l" y, 4‘7;% o

42)"’ VN ‘V’ i‘ “4"} “vf\:,
Mny g

EDD0

2.5Df#Ef (ZE)

AV aEFT)IL
2.5D Hele-Shaw
FEM meshes

3D Visualized
model

RES T
3092E (10%3)

EH 1

thiE/E

Copyright© 2010 Hyper Advanced Simulation Laboratory Co., Ltd. All Rights Reserved

44

Simulation Laboratory



(&%) 3DE#FH

BN R A AT

* Ut 3IDEARENERATY D b
Flow Simulator 3D &Z4{5I

A2 2 BO0APF D7 S

JL—b

AREIFTAWYVD
=FH

SRR

FBEtE 40mm
DB 8
BB REER
EEEE 360mm

DEE 36

7 NEFEAT (S KO T8
SNIEREEDERFEAZA

5 FFERCLOTFREN

=5 A A EDRERAR < P

Copyright© 2010 Hyper Advanced Simulation Laboratory Co., Ltd. All Rights Reserved

; o aust

Advanced
Simulation Laboratory



W

ERENFFMTAD2.5D FEMEF:

[REIRT

=

\ :tE

( BIEARTZCAEDBES AR (since 1970’~)\
Cornell University (CK[E) THHH

Q =9 o, p:EIEES
?a aﬂ pﬂ S op FRENADH DI R

?
EHARRLOES

—jg{E = | | MIREDFHHICERL,

fETEE D FRZE —%(b

(ZHUL—ROFEEN ) [ 2ERDRN A
Qa:Sa,Bp,b’_l_Da Q —Slﬁpﬂ+F1—O forl=1~n
\_ ﬁ%'umh@#% ) ]EFEEM:E_'EL{’F n: )=3751

a’ a . _)ﬂn'ﬂﬁ'f__”]l]lﬁ

ﬂ
Copyright© 2010 Hyper Advanced Simulation Laboratory Co., Ltd. All Rights Reserved MI5 L/
46 Hyper Advanced

Simulation Laboratory



Copyright© 2010 Hyper Advanced Simulation Laboratory Co., Ltd. All Rights Reserved

Governing equations

( Momentum equation for creep flow h
Veag=0
CEF (Criminale Ericksen Filbey) model”
v
T=2nD -y, D+4y,DeD
e A
Steady state
u>>v,w ar ér.
Uniformity in machine direction a; = =
Viscoelastic momentum equations
’/MD: Machine Direction _ )
i ér, +8r1.3. L6, _ @ (n7. )+ 8. Equivalent to
x o v & ey w E(W“J viscous fluid equation  u
Thickness Direction Y
ép &, E‘IJ:I. ETJ,__ g . a8 ™ e
5= a; - @J - & =5LW2?U]_E[W:?U?E] G-enerates ?E=E
TD: Transverse Direction ~ pressure gradient
ép ot Ot or. @ (Woie) 8 (1i2) in each direction
e & o e ey YEEIT gV VE
\ i 2 J

*) Criminale, Jr. W.O., Ericksen, J.L. and Filbey, Jr. G. L. :
Arch. Rat. Mech. Anal., 1,410(1985)
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Derivation of PEM (Pseudo Encapsulation Model)
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Representation of the encapsulation by using PEM

W W
) oy,
¥ RS
N
H z (TD)
x (MD)
4/ o
% T2
., 9
2[_1+h_2)ua—hl:pl_p2+('//2,2<7é/2> '//21<7x24/1>)gf(2)
h 2 XA>(_/ N Y
L [imT T
—~ Yoo| —== — | 5L 0;
p1>p2%ax>0 E%z 7 ox >, n ox > |
% LIS Nt AU Nt B
ahl 1 sz : 1 apl ]/L1
— — —— —<0
\pl<p2% <0 V>, n, % <V, m I —>ax<

Assumption: p, = p,,

! ah1 ! Co .
192 i Low-viscosity fluid always
am v DA <A

Ox | encapsulates high-viscosity fluid !!!
T Vi el .
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[ A Generalized 2.5D FEM Formulation
for Steady Non-Newtonian Viscous Multi Flow : Part 1 & 2 |

Surface layer : LDPE (L.C720),4 kg/h,215°C
Mid layer : LDPE (LF405M),16 kg/h,215°C

6
_______ A B Flat clearance
| View .
(a) flat
Feed
4 w »
" v v
= ‘o',‘ =H
i et |
1 < : f Variated clearance
¢ al :
L' - |
Coat hanger § o = °
s 15 3 A 3 13
die

4 pe b L] - »

(b) variated

—»|<— Lip clearance 1

Scale unit : [mm]

Fig. 1 Feed block type coat hanger die used in the experimental verification
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o =

- Flat clearance
(a) flat
. o
A AL - -
ﬂﬂﬂﬂﬂ ---- - c'—l_ =
| View Y b lE Variated clearance
v . i
=] [~] o
15 "3" =M e 15
(b) variated

(b) variated !

Fig. 2 Snapshots of the extruded multilayer film

((a) flat and (b) variated)
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2.5D FEM model

Inlet
Ao T o)
(a) > 1) Monolayer flow channel
Developing
flow region & PEM Flow junction A- A’<
> 2) Multilayer flow channel
) SR Model junction B -
eao -
Fully deYeloped > 3) Coat hanger die
flow region
| A i oy
¢ Outlet - .
- 600 . Scale unit : [mm)]
Fig. 3 Multi layer flow analysis model
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Material properties

(a) LC720
Surface layer

(b) LF405M
Mid layer

100000

10000

1000

Shear viscosity [Pa * s]:1og;o(N.:)

100

— 160°C(Cross)

----- 180°C(Cross)

— - =200°C(Cross)
O 160°C(Exp.)

¢ 180°C(Exp.)
A 200°C(Exp.)

0.01

100000

10000

* s]:logo(Myie)

1000

Shear viscosity [Pa

100
0.

0.1 1 10 100 1000

Shear strain rate [s1]:log ()

——160°C(Cross)
== =180°C(Cross)
— - =200°C(Cross)
o 160°C(Exp.)

< 180°C(Exp.)
A 200°C(Exp.)

r—

01 0.1 1 10 100 1000

Shear strain rate [s] : log,, ()

Table 1 Second normal coefficients of PEM

Case

Second normal stress difference coefficient : ¥/>[Pa - s?]

Layer 1 Layer 2 Layer 3
0 0 0 0
1 0 -60 0
2 -8 -60 -8
3 -10 -60 -10
4 -18 -60 -18

LDPE (LC720,LF405M)

supplied by Japan Polyethylene Corp.

Fig.4 Flow curve fitted by using the Cross model
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Surface layer thickness [mm|

-30 =20 -10 0 10 20 30

TD position [mm]

Fig. 5 Predicted surface layer thickness at the outlet
position (B-B’) of the feed block channel
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1.000

Flat clearance

Flow junction A-A’ Flow junction A-A’

9.044
1.000 9.000 2.000 122 11,00
I e ] [ﬂ]ﬂl} I @4 = _ mm]
(a) surface layer (layer 1) : flat (b) mid layer (layer 2) : flat

]

1.070

' & T
4.500 e . f Variated clearance

3.860 e

3 S 13
e L

(b) variated
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4.000 - . 12.00
ssmmm [0M]
(c) surface layer (layer 1) : variated (d) mid layer (layer 2) : variated
Fig. 6 Predicted layer thickness ((a) surface layer, (b) mid layer : flat
and (c) surface layer, (d) mid layer : variated)
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0.203 1.237 0.161 0.564
I 0 0 - ——ae - = B ae |
(a) flat (b) variated
1.4 1.4
12
——Flat clearance % 1.0 ——Flat clearance
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(c) inlet (d) outlet

Fig. 7 Predicted flux ratio y,,(= q,/q, = x;,) : contour plot of (a) flat and (b) variated ,
graph plot of (c) inlet (B-B’) and (d) outlet (C-C’)

' [/
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Fig. 8 Comparison of the measured and the predicted flux rate
at the die outlet position (C-C’), ((a) flat and (b) variated)

Copyright© 2010 Hyper Advanced Simulation Laboratory Co., Ltd. All Rights Reserved

56

O wASI
Simaiton tagoratory



\

2)

3)

4)

5)

Copyright© 2010 Hyper Advanced Simulation Laboratory Co., Ltd. All Rights Reserved

SZ 3k

Ohara, M., Tanifuji, S., Sasai, Y., Sugiyama, T., Umemoto, S.,
Murata, J., Tsujimura, 1., Kihara, S. and Taki, K.
lResin Distribution along Axial and Circumferential Directions of
Self-Wiping Co-Rotating Parallel Twin-Screw Extruder |
AIChE J.,66,11,e17018(2020)

Ohara, M., Sasai, Y., Umemoto, S., Tanifuji, S., Kihara, S. and Taki, K.
lExperimental and Numerical Simulation Study of Devolatilization

in a Self-Wiping Corotating Parallel Twin-Screw Extruder)
Polymers, 12,11,2728(2020)

Tanifuji, S., Yorifuji, D., Kibou, T. and Tatsumi, M.
[ A Generalized 2.5D FEM Formulation for Steady Non-Newtonian Viscous Multi Flow Myl Layer Die
Part 1: Formulation and Theoretical Verification J
Seikei-Kakou, 33,2,60(2021)

Twin Screw

Twin Screw

Tanifuji, S., Yorifuji, D., Kibou, T. and Tatsumi, M.
l'A Generalized 2.5D FEM Formulation for Steady Non-Newtonian Viscous Multi Flow Multi Layer Die

Part 2: Implementation of Pseudo Encapsulation Model and Experimental Verification |
Seikei-Kakou, 33,12,447(2021)

Liu, C., Mikoshiba, S., Kobayashi, Y., Ishigami, A., Yorifuji, D.,
Tanifuji, S. and Ito, H.
lExperimental Investigation and Numerical Simulation
of a Self-Wiping Corotating Parallel Octa-Screw Extruder ]

Polymers, 14,6,1201(2022)

Octa Screw

57




mEBEDOFEESD

FXR
Hele-ShawSBRIRNICIIBIL /= 2.5D FEM EREICKD, BEXRREAMBICH T DR
R IEE NN, BEEIICEUDRELARNRELRZERE I DCHICERERT

REALEICBEIEIESND. €Ds, ECESNDIREREDM(L, #amE, &F
AmE, SXOCAEAMEDIDERE U TEEL=ND,

ROV 21 BER(ICHRWRE T DES| NZER U ZERAD ) 2 fET T, RITHIRRS

DFHIENPIEE T D Z E(CHR T, sTEEAMNNS UV ZHIREE IO RIEE T
D. SRt EENEAERN TRIRSNDIIEET )L Z2HAT D2 LT, BiFltEE, BEM
OOfigFERI, RRFEIERE, RRICIRH/AEE, RAMDOGEVGHMIIER Of#FR (CXITEIRETH B.

ZIED « )L LFEATCE, ZIERABI CTREIDIHE/ERDDOZBR(CKD, SREZLD
FEIRRE(CHD MBS (CDLVT2.5D FEMOERALZILE U, IlX T, CEF
(Criminale Ericksen Filber) #55# 448k A2 ZFIAIT D ET, T )LAFED
BDHAAHIRRZE RN (CRIRT DEAEETILZEAL, %%ﬁ*ﬁ%ﬁ‘@ﬁ MEZRUTZ.

SROIE

REPORELEDEEZETD, FEITEROZ IR IR ESLETILD
WBERQEZBRE UTEHEAFR (RERIRELEFT) Z#HET D.

Nywer Advanced
Simufation Laboratory

ﬂ
Copyright© 2010 Hyper Advanced Simulation Laboratory Co., Ltd. All Rights Reserved 5 8 2 Mj Zl



