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1. —#h ROV 1 HHEHEAZUERET OIS =
1.1 BIAEAEATHAMT (1D/2D FAN, 3D FEM/FVM) D454

FAN: Flow Analysis Network

Table. Commercially available simulation software for twin screw extruder FEM: Finite Element Method
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 Tech, Polymer FAN (2D) http://www.bduextrude.com/wintxssimulation.html

Processing Institute, USA

Sciences Computers https://www.scconsultants.com/en/ludovic-twin-

{®
Ludovic 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_machiner
TEX-FAN Japan FAN (2D) y/mews/COPY-news6883460791915119466.html
Polyflow Ansys Tnc., USA FEM (3D) https://www.ansys.com/ja-jp/products/fluids/ansys-
polyflow
SCREWFLOW-MULTI ii?lw Corporation, Lud., 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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TSk Akro-co, Ludvic, HASL TSS Polyflow
TEX-FAN etc. particle works etc.
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1.2 FhARAEMTHAIT(2.5D FEM)DRFE T &t

- Robust to use, Easy to use, User-friendly (2D FANX U NFAEE)

» Short computational time: #X77 ~ZXEFRILAAI (2D FANX U w ~NFSEE)
- Integrated simulation: =38k #F4T (2D FANX U w NEAEE)

* Detailed & User customized analysis: (close in on 3D FEM, FVM)
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1.3 A0V 1 NEile R EN DENEI R

ZZ 3K “Principles of Polymer Processing” second edition, Zehev Tadmor; Costas G. Gogos, Wiley-Interscience (2013)
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2. —ER ROV 1 HHEEAZUERET OIS =
2.1 “EW ROV 1 ETFT Y IRl

Self Wiping Twin Screw & Kneading disk™ v = COSILZCL ]
T
o=—=2Y,
n

i’(lS?):\/C2 sm *0 - R cos@

L6
7= P
27
C,: WRAEER 0y WA
. | A3 V4 lx sle
Rs . X7 ):l-:|:1i nt : %7;&
‘ . 9: “J 70 ﬁ . | 2\
SBE . L, :A7)aEvTF
M. L. Booy, Polym. Eng. Sci., 18,973(1978) 7 Ao E
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Screw Modeling Template of 2.5D Hele-Shaw FEM Mesh

o5l HASL/TwinScrewSimulator(Ver.4.0.0) = O >

File. Model Meodify Template Tool Option Help(H)

a! tor/\iz o = [=] | = stor Te o ==
| ~
E Twin Screw Modeling * Thermal Boundary Gondition set  Analysis  Melting model  Binary System Gondition Set

Thtermeshine Twpe o )
|Inter meshing co-rotating v| Block Mumber i5 |
[352 ]
Barrel radius{mm} Distance between fxis{mm) Clearancelmm) Tatal Sorewlensitmm] |—-I
20 | 32465 | [08 ! Lo [2s0000]
Sorew Configuration
Rey, Radius ¢ Dizk Fitch Tuths Divigion Mumber
T
Hlkehas Tvpe ot Moy Screw Tigs Anele or Dizk Thick _or Disk Mo Leneth Top FENk
1. W, Mor., 19.5, 2, 0, 30, b, 150, z, 10, 20
2, KD, Mor., 19.5, 2, 30, 8, b, 40, & 10, 20
3. KD, Rewv., 9.5, 2, i, 8. 4, iz, 2z, 10, 20
4, W, Rev., 19.5, 2, 0, 20, e 40, & 10, 20
5. W, Rew., 9.5, 2, 0. an, 3. a0, 2z, 10, 20
7, AY O —— K
A /47{/\7%—9@ SMEAT]
y — HZ 28
ENY A\Y
—_— I ~
Iput Parameters Screw Configuration Information File
Element Type
Self-wipine screw v| |dem0 Save
(® Mormal () Reverse Import
Screw radius{mm) Made| Selection
Tip number ® 250 #nalysis Model [ For analysis
Screw pitchi mm) l:l (O 2D Expanded Model Faor visualization
Turns l:l Editing Button
Lp Ihsert Delete
Divigion Mumber - all Thickness
Top |2 Flank |10 Down Modify Delete Plot
Yiew Plane 2
£ >

(I
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2.5D Hele-Shaw FEM Mesh

Co rotating intermeshing

If wine tvbe twi 2.5D Hele-Shaw FEM meshes Thickness information
SCll WIpe type twin SCrew mapped on 2.5D Hele-Shaw
FEM meshes
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UV mapping technology of 2.5D Hele-Shaw FEM Mesh

i il N

e e a o R e o ot o
ol Tl Dl 0L Ol

MCE> =F >0
TLA> b ZRRETDGES

2.5D Rt ES)LOUVERESTIL BREMNTRE (RIBRS) =R
(Unwound model)D-1 > 7/R— tmEEnlEE (HIBRZ2.5DFTETILICER)
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Velocity Distribution by 2.5D Hele-Shaw FEM Analysis

il o™ ™ \——e/\—i\—/\—f\—/\af\-—’ N e
bW o uaa

o o VAR S e o o ——~
mmx@nnnnnn-\@wx‘o .
Flow direction

_, _ RN n ll‘ll"i/_l
WO\ Uiriirtii T sDrYYZD D oD N

Velocity distribution in a twin screw extruder with pin mixing element

———> Flow direction

Stream hnes around pin mixing element
(Unwound display)

(I
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2.2 Hele-ShawsB RN OEAGICIZA U T B B E = iz

SZ LR “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, el7018 (2020)

Hele-Shaw>8 XAl CHE/EIT IR
SHENUESBEUVVEIRTH D.
- TRARDEBME D (FAEB AT (CEERTEIR TED.

- RECEERAMBIOTRADOEE FFRE (CFITHEE(C
LENTHERETED.

-BEETCTIEBIRLN.
F2:left to left flow

WAL DRESR M NPT N Feoron o
- /}lb% (j:g'F}_%rE |$T @ 5 ‘ <§ “".l \ 1: | QEX =0 onthe average estimation
\A Y s’J in the thickness direction
- TAK(IIENewtont G ERIA T H BD. "

L

F1:right to left flow

-MNSE RN (CER THD. ® -
St o) ]
_ 5ﬁ n (i;F%;ﬂ%T @ 5 . Self wipe intermeshing co-rotating twin screw

Hyper Advanced
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FIAEEEAR R CDEHDT
1 dv, N dv, _ 0 0
rd@ oz

MR R CTOEEN =R FE!
vV, <<Vy, V, ZRE

19 ,,z,,(%_v_ej _lop
r- or or r r o6

li(mavzjza_p

ror or

IRFREMA

v,=0 at r=R
v, =0 at r=R,

Self-wiping section

4)

v,=RQ at r=R,
v, =0 at r=R,

)
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FENewton# AR T (X, RESME

1(dp ror o ¢ 1 (C3x UTE U DTERLE(BRE)
vz=—(—j | —dr—=c| —dr 7 OBREARCED. BAMICHES
2 0z J\"kn - Bk r WL B,
E(OTHEENT i i
| Otc = R ;dr !
d(v 1 (0 1 1 [ Qr ! s !
7, E,»_(_e):_(_pj 1-— P 1 ® i |
or\ r 2n\ 00 r\ 7. nr-\ y i R, 1 .
v 1(d 1 B i
Ve = avz = ( pj(r——(a" } 9) i (12) ;
r 2n\oz r\ B. ! (k1 !
! V. = . 77r3dr !
TR T i 3 i
_[® __1op B, 2. B s =[""ar |
o=, ot _7%[%_ 7. +5[R” ) W e 5
R, 1 ap 0{2 CTTTTTTTTTTTT s I
= d = — 5 — <
q. IR v rdr BZ( A (11)
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~ (v,oT  oT 19( or o (v, ) (v Y
p p(r 86’+VZ azj {rar(rarﬂ_l_n (rar(rj]+(arj 4

BXTRIA AnEIA FETEFEZAIR

TRE, p BE, C, LB, 1 BUREER, . i BRlhE

IRFREMAE 14

T=T at z=0 X2Uzaind

n

a—T':O at r:RS APDV15RH
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oT .
T=T, or ﬂa—zh(Tb—T) at r =R, J\LILERE
r

T, AUIVEEELRE ., h: BMEE R
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SIEE2RE(2.5D FEM)(C K D BEE LS

—_

—_
— /.

FENZEER/ R ER 3 A ]

1Rl B K

4

P=)D ®,Dgys

6

[ 3

1

|
I

4
¢a9a’ Z:Z¢aza’ rz(Rb_Rs)§L+Rs
a=1

1 1
] :Z(l_é:L)(l_ﬂL)’ @, :Z(1+§L)(1_77L)’

1

1
¢3 :Z(1+§L)(1+77L)’ ¢4 :Z(l—ﬁ)(ﬁ‘m)

Z;: Left screw axis

Zg: right screw axis

2.5D FEM Hele-Sh.aw flow elements

Laver division
for estimation of

} velocity, strain rate,
temperature and
wviscosity etc.

Element in cylindrical coordinate

Transformation from cvlindrical to
computational coordinate system:

(&-151)

1:(-1-1 1,
2:(1,41, 1),
3:(1 1D,
4:(-11,1)

£, =1 : Barrel surface
&, =0: Screw surface

Element in computational coordinate

2.5D FEM Hele-Shaw flow element for the twin screw extruder

Copyright© 2010 Hyper Advanced Simulation Laboratory Co., Ltd. All Rights Reserved
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Theoretical Verification for a Concentric Annular Flow

Calculated velocity and pressure distribution for
a corotating twin screw extruder

3 Transformation of
-~ an uniform thickness for
the theoretical verification

10.0

Pressure (MPa)

Calculated velocity and pressure distribution for
a parallel corotating cylinder

330.0
3000 | _0 1 B 1 1 B 1
o Vo =3l — R? R R?
D 2500 } r s b s
£ .
200.0 .I:I
E o v _La_p( 2 _ RZ)
15300 | . z s
‘%] D" O Vv, :Calculation 477 aZ
= w00 f o v, : Theory 1o ., ,, (logr—logR)
= i O v.:Calculation iy Ty Uy Ty
500 | sy 4n o0z (logR, —logR,)
0.0 LF ]
15.0 16.0 170 18.0 190 200

Radius (mm)
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FlowSimulator3D Single Screw

n o Twin Screw
l. .\_“’\ RS- Flat Simulator
ﬂ?{—-
[ ] W

Video Tutorial | 55>

P Spiral Simulator
HyperBlow
Materialfit

£5 LAOS—FET I I49TATI—I

'\IU’ . [
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Materialfit D55 - M
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Power law model: Cross model:

JO—Hh—J = —ELRDOBEHR TR, J0O—H—J DRz RIRATEE,
%IJJEH/,J_._I_.I (/ \

- B . ! HASL/Materia| 2
s HASL/Materiaifit(Ver1.0.0) BT Y-
®T - S 30— RUBRIEES LT v b =G
A e T E = ey
= FHEAEET) EFNRILISTIO NG
PSR BRSSO SCross <
Pomer law E; i
= 7“, T T T T
1+[E°,_
n=aexp(-b(T~T,))7 T
=15 eXD(~B(T ~T,)) %
Ty = o, 7, €XPA ). m 7“@[ L
29500 J
3 ISR 3
TSR € | AN >
Power lanEF )l g CrossEF Il E
[ 1177838 Pa :, i SERGHTIE-1 Pas 2l N J
Py s /o L EEIEHT [OEED K = B
atte [Frs | i t5as2903
HERET 20 ¢ Rt AMEN T 2033308 Pass
POt ARRE 0y 1000000 ps . . . , 1 - - - -
o i 2 3 4 o i B 3 v s
LoStrainrata (1/6) | Log(Strain rato (175
#59905k3 Mo — P o
BT B v motuan (WOTCIGIE T 571 s (ST B i
G¥Usars¥Ton N Deskiopb201 HASLSimultar gie e Dhmoy | RREER e ¥ Users¥TanifWDeskiop¥20 HASLSimLltor b . Emmm/r Brpieh, L _eeRRl
R T R ¢ @ sty WRFESME 000001 [ IMEe - BXfE A S 5 RRIEEISE 00001 [ MRS
M :;:m = B BEEE 74%0033%
T We/nd) (TS g tagi?vamv‘a‘e(:fs)))) Bl | P T the/mil (FRREEIT 18 Log(Strain rate (1/5) n JE«EEQ(
— celViscosity (Para) 8 Los(Visoosity (Par )
B 2600 L/ke/K (FHRFE 77 MRTE < o 22500 Lrke/ K [FRER L7 T MR 0 Ve REs) i wE nnxsxznausxznm
BEEE 0% twm/ : s o %5 Vil =
kel 1000 o (Fezeet e U

ail HASL/Materialft(Ver1.0.0)
BT Y-

| =z romeEErT 0

RIEET )L EFMFETTIO NI

2Careau -

_noexp(=b(T-T,)

Carreau model: e E 3

TINEAR g
N ISy wiE A CarreauE Al 3
] I:I J— jj J— O) l 2 I:I I :_’ /\JI—J* I TJE vovAEE TS e s
z s IEFERRA A 004795917 sec 3
2 3 REERED omssamst /C
E megET W ©
e 03556720 L 3 ; > - i
% j’ LG Log(Strain rate (1/5))
iﬁl D Hb o B57I08 kIR T
P51 e TR Flovkige  REPOTOUIGIIERE
G¥lUsers¥Tanifuji¥Deskiop¥20 14 HASLSimulator BME -1 ﬁ“f ! s, | BAEER oo w’sjn;::;; Eﬂﬁw%
FREFNT N AT 4 RAME pEEERE 0000001 (1] TIEAELS
b
T temd) (BT NTrfaian | BH Lorluan rate (1/6) R
= fiteh  Loe(Viscosity (Pars))
H 22600 Kke/K] (HIET D21 IMEE wE nﬂmﬁsxzﬁmaﬁs
FZEFE 025 L/m/KY == =
Newerti 10001 (pa)

Materialfitx FA UTZIEMFRZFMEETIL I 14 v &
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Comparison of Predicted Pressure Distribution between Filled and Unfilled Analysis
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Flowcharts of Hele-Shaw flow 2.5D FEM analysis
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ZZMh: “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, el7018 (2020)
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o
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bulk lquId and a small amount of a dye :_ﬁh"“:“““"“-j- :> r_ :._r.‘_-___,___._ B
®

ZZ A “Principles of Polymer Processing” second edition,

Zehev Tadmor, Costas G. Gogos, Wiley-Interscience (2013), Fig.7.3.
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Qualitative Influence of Fiber Length, PP/GF
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Composite properties are shown to increase
with fiber-length
g J.L. Thomason & M.A. Vlug, Composites,
A27 (1996)
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Fiber attrition model™
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*) &2 3CHk : 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.
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x ) 2 3CHk : George A. Latinen, ”Devolatilization of viscous polymer systems”,
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SR “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)
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Table 1. Diffusion coefficient of polypropylene-toluene.

AN - Table 2. Parameters used to calculate the diffusion coefficient.
Temperature (°C) Diffusion Coefficient (m?/s)

25 458 % 10713 Initial Volatile Concentration Equilibrium Volatile 5 .
50 3.44 % 1012 of Experiment (ppm) Concentration, C* (ppm) B Dy (m/s) T, O
80 Li6x 1074 30,000 4000 004 1 458x10°13 25
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Blue zone represents the exposed surface of the screw.

Red zone is the resin-filled part of the screw.
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Figure 2. Devolatilization calculation section (ze—zs) and the exposed surface boundary length in a twin- Figure 3. Flow chart for calculating the volatile concentration.
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.
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Figure 7. Simulation results of toluene concentration Figure8. Comparison of simulation results and experimental

along the machine direction of twin-screw extruder. results of screw rotation speed and toluene concentration
(starved zone length = 1024 mm). The volatile concentration
at each screw rotation speed was measured three times.
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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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% The deviation was treated as an artifact of the experiment
i because the resin tends to remain in the valley of the two
o i _— screws when the barrel is open at slow screw speeds.
;f' Hence, the short-exposed surface length of the simulation
ol | overestimated the volatile concentration.
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