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Abstract—The flow of Newtonian fluids in a coextrusion sheet die was studied through numerical simulation.
Finite difference methods employing grid generation was used. The algorithms treating interface conditions
were developed and the effects of viscosity or the profile of channels on the pressure drop and the elongation
rate were analyzed. The pressure drop was strongly affected by the viscosity ratio. The elongation rate was
strongly affected by the viscosity ratio and the channel profiles. Among the various shaped channels, the conver-
ging channel of a trumpet type has the least elongation rate.
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Fig. 2. Channel boundary (upper half plane).
I=Is+Aolo (23)
Is= [ [Cvey-+ (v axay N

D

lo= [ [[(Ve- v laxdy 25)

$ AelA J& #E W& Jacobiano|™, A A
e PAME Hofahs o] Adolth $1 A
A-&317] s Me AA"ANA Azl et v
9] NeumannZ7(de/on=0 E, dn/dn=0)& =
oo} ghct,

T A9 35S 3] BAR gl 2 Al
Adell A Fdg A H(node) 7FAof Aibo] 0]
fxlch apebAl, Akl AMEE Azle ok HAH S
AX ek

D) Ads 71AF o8, HedA4(Fig 29 fluid 11
499 grids ek ojw, AW 2 A3
A9 xgh& Neumann %712 ARg-glc)

2) $lellM AR A A gridd-e wAF
A2 i Z [dH99] gridE =hEc) olum, A
FAA9] xzke Neumann =7 S

Aok 2ol Az vHE o, A o2
Azpdo] FAAE fAsIA| A% [d9e A
Hell 4] Dirichlet 2713 G+ 2L Ame) 4
< AREEH] w o, Al 2ol A9 A e] Fx

shch.

oy

rr

1]

>

3.2. XejeE M BA=A

INTERFACE

FLUID 1

(+1L, )

FLUID 11

Fig. 3. Grid system around the interface.

%(Aq)w —2Bden + Coyy) + Mo+ Noo, = Do (26)

A A o= ¢ = 0oF Hell®, D= oY W ~1,
oY o 0olck A= Hw|E-S FAJF) A B
9 Ce & 2t

A= an + Yn2 B=xy,tyx, C= X2+ Yez 27

26)22 A=7HA] A Y] 7 ES AHE-Ele
£ 7 vk 7| e ubEHE AM-ET AAE
of AL Hejsle] ARE s AE AAxAL
DA A=HoHAEE54, do/ox=0L dp/pe=00]
Heh. Ao 278 ofio] 34 Aest
dashy, o}gol ol& 7&dr)

3.3. AH| ML vorticitygt HlAt

AdE YA 328 F F49 58S 53
TARgel 9le] %41 AAHANAY vorticityZt-e 3=
A afofof gk o] & F317] $l5te] A gH el A
709 k& #e 1% AH(double node)2[6]
AHg-8tde. &, Fig 39 A (i, j)oll A vorticityzte)
A IF02= o'ola, fAl 2L '8 ety
A7t 2 AR ok o1F AAA F &
Aol A e} 7). 129, stream function-g

GRS FAHE I vl 2 Wi
=
=

HEE FE2A N AupgAe ohed ) Taylorg-4-5 #A/Msle] o}S 6719 Al d& 4
(15]. gtk
(Ax))? Ayy)?
0=VAx,—UAy,+ 21 ot Ayy o'yt AxAYI0)y, (28)

e Al6d 25, 1994



Coextrusion Dieo|A % 389 43 BA} 123

0=VAx,—UAy,+ (A;“)z ot (A;‘)Z o'+ AxiAyio™, 29)
0=—VAx+UAy, + (A;‘Z)z IO O 30)
0= —VAx,+UAy,+ (A;Z)Z oot (A;Z)z o'y + AxAy:0",, 31
0% 1= 0+ VAx;— UAy, + (A;“)Z Ot (A;‘S)z 0+ Ax:Ays0hy 32)
0% 1= ¢y~ VAx,— UAy, + (A;“)Z oot (A;“‘)Z oy + Ax,AYi0"y @33)

ul

gholm, Axy 5 3 Abole) Aelg vhehin),
& 0w 5 G, )AHAA 09 27 HAmEog
A2t e FLAAA FA 155, AHA e 54
Z4% vepdch (28)4]d) 4, (Pi =@ l‘ olmg #
°] 0°] =™, 29~@DE wha7bAlc). =3, (20)

A A, U, V, g G, Aol A1 o] Adde A
4

or [ g

L]

Ao 2HE of-g4e der)
(Plxy = “(P"xy 34
0y~ 0= no"y — ') (35)

(26)~(33)9] dFWAHAE E o\ 0 0
o'y E T oh, ool s AR A Q) vorti-
cityit 7% = gk

0'=— 0w 0y (36)

o''=—g" ‘DHyy 37

3.4. Solution procedure

TA ZAR] A4S ohg e oje) Ay

D A5l o3t 2 AW 9XF AP F, o}
oA Mg who g FF doddx AxE: A4
Lig=

2) ZAEAN A oits A4
e Fo oF A4t

3) Vorticity transport4}-2 Zo| ¢& A4k},

4) 2), 39 AL ool i 2347} AR o] 31
W7}z WhEZh).

Aol o] Axke gleje) Ame 7pAste] Agya

g ool vorticity

omz, AR Qo] W $HE sFoiol P,
A Aol wrevha, ARl A wae) g
Auishs PE A4 ol .

oP' P!
os os

A7)A, sol e vl A HA wako
29 vES ovigch =3, AW 9k gk W
3H= vorticity Wslel e FAE zho)

JP! o' JpP! dal

ds on Js on

Aol A, nell it v Aol WAl whake)
vE-E ofuldith wleld, ol ohg WAl nbske]
ol Egko] ol Ao kol L&A E g ¥,
2A E A, L glo) A Hog AMG o]
FA7IE LR XE AT 5 9k oo Het
WA e wlEs 72 o, A [doxor
Arpde] Aldst Awslx] ko w2 W ib(inter-
polation) o2 WA Heke] 7HF AHelxe wits
FAstch Ade] BE o)F A Y7} 5
AEE (D~@2] AE whEsle], o) F (38)4¢]
=" w7l A 4d

kY

4. Azt

b=l

TR ZAe] AHEE Ad-e $3u) B(=HyH) 7}
05((£%, 0.1)]] sheet dieol™, =7} wel &4
[o] SA%E, HE7} e 54 7} Ad 9de

The Korean J. of Rheology, Vol. 6, No. 2, 1994



124 %23 - RK Gupta: ZdA

e A (30“)

—— B (45°)

- — C (two curve)
=== D (a=2.0)

1.0

_— .
0.9 ' :
6. . :

Fig. 6. Stream lines for two-fluids flow (=05, p=
2.0, Q/Q:=2/3).

(@

()

Fig. 5. Grid lines used in numerical simulation; (a)
B=0.5, %=500 (b) B=0.1, A=300.

] 3128 S8t £35u] 059 e £5 2
9]9] ke Fig 49 Zr}. 234, x7k 1.68, 2.18
(EE, 254)2 Fig 1014 X, X, A1A9 $1x)o]w,
Ad ZolE 352 FQith 2389 A BAde 72
30°, 45°9] AAF AAAE A glen, Ce ¢
8- AAbze] 45°, R0 AHAbzto] 6.85°Q
T +ERE o] Foix k. DE Aatzte] A
A3l FolEtr EAYY FEHAdE, I FAle)
e ™2 FA|Hc} 357} 019 W= A, B, DI
T2 RApell ARgsteloH, X, X,, X3 A9 xghe
7+7} 1.68, 2.54, 4.00]jc}

T3 BAabel] ARE AHzle meKDA )L Fig 5
¢} 2t} Fig 5} $&1]7} 0599, Fig. 5(b)
TEHlE 0.10]t} o] 27 A Ale] B Fo
Z7ke}] moolw, I elA AFFE(AEe] FAlAD)
ol Al Alztste] 6WlAl Ado] ¥ frale] Awoelch o
Aol 4] A538F uhe} zho] Alme] a4 JA(H-Al 1)
A AAE AT o wEolxl AW HYL
AHg3te] AR AR(HA DY AAE A7) wf o,
[l Azt Axpde} AMo] fAH=A]

3, A6A A23, 1994

©.00

(b)
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Fig. 8. y-directional profiles of vorticity and shear
stress (=0.5, u=2.0, Q:/Q:=2/3); (a) vorti-
city (b) shear stress.
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Fig. 9. Pressure drop along the centerline for two-
fluids flow (B=0.5, Q:/Q:=2/3); (a) effect of
viscosity ratio (D-channel), (b) effect of chan-
nel profiles (u=2.0).
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b . interface position
D . integration domain

. half of channel height

: smoothness integral

. orthogonality integral

 unit tensor

: Jacobian of coordinate transformation
. grid control function

> normal to the interface

> normal vector

. isotropic pressure

Q1, Q. : flow rate

Ry, R, : radius of curvature

S . tangential to the interface

U . x-directional velocity

Us . average inlet velocity

\Y% . y-directional velocity

\% . velocity vector

X,y . rectangular Cartesian coordinate

Greek letters

a . constant in exponent

B . contraction ratio

£ . elongation rate

e,n . computational coordinates

Ao . constant that determines mesh orthogo-
nality
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0 : stream function

s . stream function

u . viscosity ratio

M1, Mz Viscosity

p . density

o . surface tension

T . stress tensor

® . vorticity

XKL

* : non-dimensionalized quantity

LII  :fluid phase

SR}

B . solid boundary

ij : node index

X,y . partial derivatives in x,y directions

g,M : partial derivatives in g n direction
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