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BIERLD L AL (FSM)

n, =1000Pas,y, = —20Pals’,

Q, =2.5kg /h I:>

1, =5000Pa’s,y , = —40Pals’,
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15 =1000Pals,y, = —20Pals?,
Qs =2.5kg /h

1, =5000Pas,y, = —40Pals’,
Q, =10kg/h

15 =5000Pa’s,y, = —40Pals’,

Q, =2.5kg /h
N\, )

1, =1000Pals,y, = —20Pals?,

Q, =10kg /h
Q o FET B IR D L VA
MEENFREBARED FRFEER X, REMEEECEY, K
(ALE(Arbitrary Lagrangian Eulerian)iX) EcEg)d 2.
Copyright© 2010 Hyper Advanced Simulation Laboratory Co., Ltd. All Rights Reserved 6 ﬂﬂg[

Hyper Advanced
Simulation Laboratory



Y B 1 R = 4\
E*£,|$/E§$,|$E WE%\E 1&*5 |$M-&§E |$J§ WJ;H ﬁ

2 300
o F 1 ™ 250
sany L w
Z =
S ,ol 200
2" 2
o 'S .-
ks 3 15.0
o ©
1.0
> >
; 10.0
3 3
T o o
LL 5o
0.0 : 0.0 ;
0.0 1.0 2.0 3.0 40 50 0.0 1.0 20 3.0 40 5.0

Thickness [mm] Thickness [mm]

MM TRER HFAMUT HRES 1 FRIER
Copyright© 2010 Hyper Advanced Simulation Laboratory Co., Ltd. All Rights Reserved WALSZ[
7 Hyper Advanced

Simulation Laloratory




@ z2Oyka—Fq424
FATEAFE DALY

-Flat Simulator @ B& i K : mPa+sA—4 DIEFL 4 T AR~ D %t i
-Slot bead F24K, FRENIRR, a—TAV I BED TR, TO0XDREHEETEHE
0 :Slot Coating Simulator £73RBA%E

e

- I\
N S, Atom l o
Pyamm,, (PU HU PC HD PD Resississsss=sso o =SS =
. = - e e e e R e - :?j_-*?-;_-_;;-_?;*;:;_ﬁ;*.w-_v'v“ﬂ"'-""-'-"‘3”‘3"‘"“""""‘5— = =55 —W_T:I_\:’_‘i'
\ L, L, V
Drag

Slot \l{)ead
FS3D(Multi Profile Simulator)Z=FIFALf=ARyha—T1 2 J BT HE R

Hywer Advanced
Simulation Laloratory

I/
Copyright© 2010 Hyper Advanced Simulation Laboratory Co., Ltd. All Rights Reserved 8 Z Mjﬁ[



ERETEFRIAAN ORI (BENROZEE)Y
SIS
FEPEIS D =EH DR HEEIS = E N BE HIE S

BN B S
JF-1-bomEIEEHEER [ 10] SRR
i) =T

RERIEEER ® 3=
FAEH Bk

) EiT
(O

SLL
o
1

FREEINF-HFIVY
[] 8RS < RV IREFIVITHE
TEMMNEREZEE

SEHE DIF= 21— bYAKICE 2FH L EEATLANOEIEK - &1F
SE X AT R DBISE & AL

EHRHR, REIEE, WERAE, RYIES

Nihon Reoroji Gakkai, 39,5,189(2011)

Kt

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

9 Hyper Advanced
Simulation Laboratory



TANEHTETIL

Case study conditions

Case Viscosity [Pa-s] Inertia effect
1 Neglected
0.001 Neglected

3 0.001 Considered

Extrusion flow rate : 200 kg/h

|

0.4 mm

Die dimension

R:5.25 mm
W:800 mm
L:20 mm
H:0.4 mm
[
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Case 1

n:1 Pa-s (Inertia neglected) H Max : 0.474 MPa
Case 2

n:1 mPa-s (Inertia neglected) W Max : 0.000474 MPa
Case 3

n:1 mPa-s (Inertia considered) H Max : 0.000402MPa

Za—bURKRDGE, HEREX X BEELTAFETIZBLWTERSREZERT 5L,
EH BB ILFEEIZIE LA (Case 1,2).

BENEEETHEI=TH—IILRHERDE A LR (Case2,3).

[/
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Za—bURADEE, HEREZHBEETIEZHTICEVLWTESEMREZERT DL,
HEZZLSETURER S D HIEEILLEL (Casel,2).

-BHENEEETDE, Y274 —ILNIHEBANDRER 72 HMENNT B (Casel,3).
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Slot Coating Simulator -3
Yae
1) MemscusﬁAktSlot bead Wuu. \Z‘ﬁd)% Al

85! Slot Coating Simulator - o %

Model definition Downstream meniscus Upstream meniscus Pressure distribution Viscocapillary coating window Low Flow Limit . . . e e . . . . .
Model definition Downstream meniscus Upstream meniscus Pressure distribution Viscocapillary coating window Low Flow Limit

" =

Result information Calculation condition Result information

® Drag velocity set Layer division number Film thickness [mm] Conatct angle [*] Curveture radius [mm] APed [kPa]
0.044 , 27.69927 , 0.08274108 ,1.05

Curveture radius [mm] : 0.2121321
O Volumetric flow rate / unit length set

APvc[kPa] : 0.833333267105954 v 5000 /s
Umin[mm/s] : -166.25 Q mm2/s

Qmm?2/s:21.03242--->100

Umax[mm/s] : 500
(mm/s] Xmin ‘70.5 ‘ Xmax |0‘5 mm

Umin[mm/s] : -34.40001

heo of Low Flow Limit [mm]: 0.04200835 Automatic set Umax[mm/s] : 500

748 Meniscus & FRIES D FRIFER T Ffl Meniscus & FiER 7% O F AIHER

%%‘}'{fﬁk 2) ‘A Review of Operating Limits in Slot Die Coating Process’ X. Ding, J. Liu and T. A. L. Haris, , AIChE J., 2508-2524(2017)
) WHEVvba—T U DERE, WA AN, REHAT, Wol. 60, No.7, 2-7(2009)
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Model definition Downstream meniscus Upstream meniscus Pressure distribution Viscocapillary coating window Low Flow Limit
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Pressure infoamation
Atomsphere pressure [kPa] : 101.325 at Ld [mm] : 1
Vacuum pressure [kPa] : 98.48381 at Lu [mm] : -1
Limit Vacuum pressure [kPa] : 98.06715 at Ldu [mm]: -1.5
Down stream : 100.7207 at Ld [mm]: 1
Fluid pressure [kPa] Center: 99.6707at 0
Up Stream : 98.83736at Lu [mm] : -1

Vacuum pressure [kPa] =99.6707 — Air finger
Vacuum pressure [kPa] €<98.06715 — Swell

0.5

Graph control

L min. P min.

L max. P max.

0z

Plot

= | [=
=)

>t
i
H

R5IE 7

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

14

HAS!
Hyper Advanced
Simulation Laboratory



3) TAtRADEKE 45T

(Visco Capillary Coating Window, LFL : Low Flow Limit)

a5 Slot Coating Simulator
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o
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(Air ﬁnger)

:apillary coating window  Low Flow Limit
‘iR
(Swell)

”&Ellj_:jﬂi(ﬂ&glﬁ:bﬁ‘l:)z

1 2 3 4
Gap ratio (Hd/heo) [-]

=
Visco capillary coating window information
heo of Low Flow Limit [mm]: 0.04200835 % | I 1t ( IL E 1‘EIP;E0“)I'01
Gap ratio of Low Flow Limit [-] :4.760959 Gapmin. |1
[ Stable condition seach

Gap max.

Gap ratio [-]: Flux [mm2/s] :
Pres. Dif. [kPa] : nx

Condition: Status
Pvalue

VCW min.
VCW max.

X

85! Slot Coating Simulater - o %

Model definition Downstream meniscus Upstream meniscus Pressure distribution Viscocapillary coating window Low Flow Limit

=
_4-'/

\ Un-stable

TR E— MR
(Rivulet)

Capillary number (nV/a) [-]
T
[T

N
TTTT

Stable
3 | 1 1 |
0 10 20 30 40 50
Gap ratio (Hd/hee) [-]
Capillary number UV Present Condition :
C = Capillary number : 0.25
a Gap ratio (Hd/heo) : 4.545455

Visco Capillary Coating Window

REIEAICITEEELNHS.
REIEANE N (ENLF
R5IE DAL (EAAVELY) E&iFL.

LY) EEREIE—RARRIEE.

Low Flow Limit

Ca#lICIGLTERIEDRFENZEILT S.
CafiMMELMFEERIELHZL.
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FS3D(Multi Profile Simulator)
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1) [BFR LRI R (KRR ERIEE)

- FIAF(CO2)REDETICH > TRARERBR/ITTRAIZSTH.
FAF| (CO)RENDETICH - TRBAKRERBELET.

Number density [mm-3s-1]
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oK

I
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1600
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1050.000 >\ 1000 -y
. (&]
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o
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450.000 -100 -80 -60 -40 -20 0 20 40 60 80 100
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PCOZ(O)::;MPaOD%ﬁ%[i10~32mm'35'1—6‘§§ﬁ( 0.000

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

23 Hyper Advanced
Simulation Laboratory



180

:: y l,_sh\l e - OE' 160
2) SUABE E 7 s s
COBREAHTTRREGME BloSA% 7 —o
B A RDEEYIEL g "
FAKI(COQREMETICHTRAFEE § °
L GEHERMID) BT OXUMMEATIES £
R S A BB R T DRI N

Max : 167 mm-3 -100 0 100 200 300 400 500

MD position [mm]
_—1 | 2 AN e S

~ \ :|:
Peop(0): 6MPa N RAISaMBZES T T RFER

180

. -3
Max : 97 mm 160 STy,
140 — 4MPa
— 5MPa
120 Y

Poy(0): 5MPa

100

Max : 31 mm3

NEAR) T —FREDE 03 BHZRNTEE7.5 mm?3

80

60

MBI T — K iE 9 E:0.05, EZ R SE51.5 mm3
PCOZ(O): 4MPa

20
Max : 3 mm3 . ]
-100 0 100 200 300 400 500

MD positi
Pco(0): 3MPa position [mm]

b B ERUAREES T RIRER

Foam number density [1/mm?3]

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

24 Hyper Advanced
Simulation Laboratory



w
=
L=

" Experimental and numerical studies on the effects of

.
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—0=—0.33 —0—0.58
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pressure release rate on number density of bubbles

Eo
300r ¢ |

200 -

Number density of bubbles [1/mm’]
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~ Pressure release rate [MPa/s]
&
&
|
7

| WMXA
wor 7 | § _
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o + fl i 1 P00y s N T NS Y

and bubble growth in a polymeric foaming process ',
2 | Taki, K. ,Chem. Eng. Sci. 63 3643-53(2008) & V) 3| F8

Time [s]

Fig. 2-10  Effect of pressure release rate on bubble nucleation (PP/COs, 11MPa, 200°C).
Arrows indicate the rise time of bubble nucleation, 7y, defined by Eq. (2.3).
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Gas volume fraction [-]

4) 18 PRz Ik

0.965

A E R IR FaWEYiin 0999
AR / MRET R T AR
3E S IRIMH S b
ETE 2K F RIS R 0,543
-\\ o
eed E‘iii
EAREEERFHEARRERERIED RO FAER
<A ) # R E690mol - m3(6MPatd 2)
FS3D(Multi Profile Simulator, ALEX)fr#ER
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RERIL(BITOERAEEODHAREIES)

A1) —A|
A% E 6 MPax 1.15 x 10 mol-m2- Pa?=690 mol-m3 = C,
R ESE ﬁ ~C\V,R T
PV, =nR,T —C,V,
R, : SAATE$(8.314 JKmol?)
P: K&JE(1013 X 102 Pa)
T: 200+273.15 K Ry .
X _ _ Vi, +Vg p = CoR,T
Fi;a{E 5% (Foaming ratio))  F, = = =1+
v, v, P
MEIE: 2alb—Ia U FRIFER: 4 =0.965
F -1+ 69O><8.314><(2002+ 273.15) 738 3 I S T 286
1013x10 ¢ 1-¢, 1-0.965
HEXTER5E: (28.6-27.8)/27.8x100 =[2.89%| THHIFABEEHEN
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1) BRERZEBREER DX EMM L(FSM,SSM)

2) BER D FLRIE(FSM)

ARyba—T1 T BRE

3) IEARTETRIRA~ D F& YL K(FS)

4) Slot Coating Simulator(SCS) D ¥ #3 BA F

F 0 1 H B &

5) F ;80 H A2 T #RE 0D F#R 32 4% (FS3D(Multi Profile Simulator))

S1RDRRE
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