The Korean Journal of Rheology,
Vol. 5, No. 1, June 1993 pp.49-64

(A7)

EEETH0IMel TS BiEe] SX(ZAL

A=Ay )ed ALy
(19934 494 74 #H)

Simulation of Short Fiber Orientation in Fountain Flow Field

Jin Ko and Jae Ryoun Youn

Department of Precision Engineering & Mechatronics, KAIST
373-1, Kusong-dong, Yusong-gu, Taejon 305-701, Korea

(Received April 7, 1993)

2 o
FE4HA s FARYS SgH MBS FARAsE7] $ste] Navier-Stokes WAL, oAb A,
A5, Aol R ol AR FA S Lagrangian 7]E olgste] AABeAT Usawa 7 e o83

HA g5 o]4sle] E¢ir)h Elliptic mesh generatorZ o83 AEAzF AFAuES A isle] o]falgion
parametric inversionel] 2]t mesh rezoning 71*§-& =i}tk widke] FHRALE o]xke] kel AE o]-4-3F
EH A A o] &3le] sl a ale) wAE Bg2Ale) os) Hgslgdon chdg wieke HXA, A
FHo g st BFHEA vldk i AL mRely] fste] dwle] Hapzteel 23 3] 4
Wl g e stdch dwbAQl FE PeAe] FARE gL $l8te] EHQ JlEEA Fee 23
33"0}3 "45—‘33}@ v el -S4 3}93‘4

)
of
o

£

o
e 2 B do Hu
z o o

a®

2]

[0 rl

:|

é

Hu

A

£ N B

Hade] Qs Awnglon 53] AlRelM & 4TS Yeplisich

Abstract—Navier-Stokes equation, energy equation, continuity equation, and equation for orientation change
of orientation tensor were formulated by Lagrangian scheme and solved simultaneously by using penalty method
with Uzawa’s scheme in order to simulate short fiber orientation in thickness direction during flow molding
of short fiber reinforced plastics. Automatic mesh generation using elliptic mesh generator was developed and
mesh rezoning scheme by parametric inversion was introduced. Numerical orientation simulations were perform-
ed by using equation for orientation change of second order orientation tensor higher order terms of which
were approximated by hybrid closure and orientation of short fibers in flow field was analyzed qualitatively
and quantitatively. In order to find the effect of fountain flow field on orientation, mold filling and orientation
analyses were performed for rectangular shape cross-section. To determine orientation state in the flow field
through cross-section of typical shape, analysis was performed for typical cross-section of mold cavity.
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Short fiber orientation state in the thickness plane can be classified into different regions; flow inlet region,
flow front region, and steady state region between two previous regions. In thickness direction, surface region,
core region, and transition region have different states of orientation. Orientation of the short fiber was highly
influenced by elongational flow and shear flow. Mainly, elongational flow has dominant effects on flow front
and shear flow has dominant effects on surface layer region but the orientation in the surface layer region
was lower than that in the elongational flow region. Critical values in the degree of orientation were present
for specific flow conditions. Some critical degree of orientation were determined for given conditions. Effects
of initial orientation at the inlet on the orientation field were studied and significant effects were identified
especially at the core region.

Keywords: short fiber reinforced plastics, flow molding, fountain flow field, automatic mesh generation, mesh
rezoning, parametric inversion, fiber orientation, orientation tensor
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Fig. 3. Instantaneous velocity vectors representing
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Front# Time Front# Time
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7 0.3350 21 1.3883
8 0.4153 22 1.4691

9 0.4917 23 1.5454 (b)
10 0.5602 24 1.5879
11 0.6348 25 1.8075
12 0.7116 26 1.6163
13 0.7838 27 1.6256
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Fig. 6. Results of the flow simulation in the thick-
ness direction at 1.6236 sec.

Fig. 4. Flow front advancement at various each time @ FEM. mesh
step and initial and final mesh generated. (b) velocity vectors

(a) advancing melt front (¢) pressure contour
(b) initial mesh (d) temperature contour (K)

(c) final mesh
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(@) t=0.0000, (b) t=0.1400, (c) t=0.4153, (d) t=1.2371, (e) t=1.5879, () t=1.6236

o2 Q3 fEAe WiE A3% 5 ek
Fig. 7l A A% 2 3] AR Fue 1
3 W FAEE ehlis HUE °1%'}°1 52
A3 W2 A vk X5 EAIF A,
%27)Ae) 9] w}7A}e] v 3Krandom orientation) o2
BE 5] Rzt FAX|zle] Adel] wiE &
Fedo e Agtel o] wizke] HA FUIES
BAFAR, &, 47 A FHAt "1]7““]7]' 7}
T e e R H3dhe HedFy, fEAdedAe
gl o AR5 dge= %7—".3] ulj 3F
7} Fdstn e ARk &, 5ol
A £ F¥H™ Yl f-54d F
Fo) wigzrl Ao FAEW wide] dojur=z
o2 Sy} 2 wige] dojve AE &
gk sARE fEAlcke] F¥HAn FA3=
S2HRE fEwede] iR wA] wiEEs)l "ol
23 W gest Fobshe F ol A7l Eikg
v ek o] Wbyl wAYsA Aok wpebA G334
718kt e, wix7) fEaE ) freAdte
HEshe Al 2A FFE 93-S QA3 "ok
Fig. 8, 9ol A% AArateiel 24 A4l wjapat
g F o 23S Jehlisic) Fig 8ellAe B
el MREs ehile el Algu)et

(@)

()

©

@

S aavecoaori 1)

" Yreccraet?
I, i
o

Fig. 8. Results of short fiber orientation simulation

at 1.5454 sec assuming random fibers at the
inlet.

(@) FEM mesh

(b) orientation ellipses

(c) contour plot of maximum eigenvalue of
orientation tensor

(d) contour plot of tensor component (ay) of
orientation tensor
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Fig. 9. Results of short fiber orientation simulation
at 1.6236 sec assuming random fibers at the
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(@) FEM mesh

(b) orientation ellipses

(c) contour plot of maximum eigenvalue of
orientation tensor

(d) contour plot of tensor component (ar;) of
orientation tensor
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Fig. 10. Results of short fiber orientation simulation
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(a) FEM mesh

(b) velocity vectors

(c) orientation ellipses

(d) contour plot of maximum eigenvalue of
orientation tensor
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Results of short fiber orientation simulation
at 1.6236 sec assuming aligned fibers in the
direction of flow at the inlet. -

(@ FEM mesh )

(b) velocity vectors

(c) orientation ellipses

(d) contour plot of maximum eigenvalue of
orientation tensor
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Results of short fiber orientation simulation at 3.1872 sec.
(a) FEM mesh, (b) contour plot of maximum eigenvalue of orientation tensor assuming random fibers
at the inlet, (c) contour plot of maximum eigenvalue of orientation tensor assuming aligned fibers

in the direction of flow at the inlet
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Fig. 13. Results of short fiber orientation simulation at 3.4220 sec.
(a) FEM mesh, (b) contour plot of maximum eigenvalue of orientation tensor assuming random fibers
at the inlet, (c) contour plot of maximum eigenvalue of orientation tensor assuming aligned fibers
in the direction of flow at the inlet
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Fig. 14. Results of the flow analysis for L-crank shape cross-section.
(@) FEM mesh, (b) velocity vectors, (c) pressure contour, (d) temperature contour
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Fig. 16. Results of the short fiber orientation simulation for Z-crank shape cross-section.
(@) FEM mesh, (b) velocity vectors, (c) orientation ellipses, (d) contour plot of maximum eigenvalue

of orientation tensor
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(a)

Fig. 17. Results of the short fiber orientation simulation for T1l-crank shape cross-section.
(@) FEM mesh, (b) velocity vectors, (c) orientation ellipses, (d) contour plot of maximum eigenvalue

of orientation tensor
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7 A

2 A7 HareA SAATAel 2stel A
aggen], 1 AR A=y

o -

a . parameter of elliptic grid generator

az : second order orientation tensor

aj; : component of second order orientation te-
nsor

a;z . component of 4th order orientation ten-
sor

a . linear closure of 4th order orientation te-
nsor

azm . quadratic closure of 4th order orientation
tensor

ag - hybrid closure of 4th order orientation te-
nsor

b : parameter of elliptic grid generator

B . curve fitting constant of 4-constant model
of viscosity

c . parameter of elliptic grid generator

G . interaction coefficient representing stre-

ngth of interaction

C;  : component of mass matrix of orientation
field formulation

C, : heat capacitance of constant pressure

[C] : mass matrix of flow field formulation

[D] : stiffness matrix of flow field formulation

F . scalar measure of orientation

{F} . force vector of flow field formulation

H . half thickness of cavity

Ki; . component of stiffness matrix of orienta-
tion field formulation

Ki; © component of stiffness matrix of orienta-
tion field formulation

Kui; - component of stiffness matrix of orienta-
tion field formulation

Ki;  component of stiffness matrix of orienta-
tion field formulation

n . power law index

P . pressure

PP ' polyprooylene

{Q} . force vector of flow field formulation

{Q:} : component of force vector of orientation
field formulation

I, > equivalent aspect ratio

{R;} . component of force vector of orientation
field formulation

t . time

T . temperature

T, : curve fitting constant of 4-constant model
of viscosity

\% . velocity vector

Ve - average inlet velocity
V.(y) ©inlet velocity of fully developed flow

K . thermal conductivity constant
Y . strain rate tensor
Ya . apparent strain rate
Y; . component of strain rate tensor
A . parameter related to the shape of parti-
cle
13 . coordinate of computational domain in el-
liptic grid generator
e . coordinate of computational domain in el-
liptic grid generator
n . viscosity
Mo . zero-shear rate viscosity
X . penalty constant
T . deviatoric stress tensor
.t . curve fitting constant of 4-constant model
of viscosity
S . Cronecker delta
. density
. total stress tensor
w; . component of vorticity tensor
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