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Numerical Analysis of Extrusion Processes of Particle Filled Palstic Materials
Subject to Slip at the Wall
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Abstract

Many particle filled materials like Poweder/Binder mixtures for poweder injection moldings,
have complicated rheological behaviors such as an yield stress and slip phenomena. In the present
study, numerical simulation programs via a finite element method and a finite difference method
were developed for the quasi-three-dimensional flows and the two-dimensional flow models,
respectively, with the slip phenomena taken into account in terms of a slip velocity. In order to
qualitatively understand the slip effects, typical numerical results such as vector plots, pressure
contours in the cross-channe! plane, and isovelocity controus for the down-channel direction were
discussed with respect to various slip coefficients. Slip velocities along the boudary surfaces were
also investigated to find the effects of the slip coefficient and processing conditions on the overall
flow behavior. Based on extensive numerical calculations varying the slip coefficients, pressure
gradient, aspect ratio, and power law index, the screw characteristics of the extrusion process
were studied in particular with comparisons between the slip model and non-slip model.

NEMY p DAESHE
D sl WA Q CANAEA (x, yyoF TLHALA, 1) A
Dy B Dy=1/2(vi;+ v5.:) olo] ¥
H D23 A Fgoll 1EA Qi 2ol F FEF
N 23 dAEE QI FE-3FAAe MY F
n : 3}9] ] 4 (power-law index) ¢2p D2l e FAYES 5 K%
) D7 A 42l whel g sp DE-3AYA A o FatdstEl F R
» I s f2af gy mA oA AFAHE weprt
*A3 Y, TFTANn oy s A2 w A upA)AeEko @ A2 Arclength

@3], TYFAAGw 7A T3} s olmasE wae) eue



o I W W W W W TP R o T
w#rm = ! N w K N I P ) ~ o X ook T ouo 2 QY o o 2o
we Mo ow LD R = 3 Moy oju ol o} wy X r it m < W <0 T o o] of or M oF o
i o K zm D A gu O F 8 Ay R R ) o ui -
iﬂi%il%onﬂ%%% %#ﬂﬂiéwem%#naécﬂﬁm%.o_ﬂmav o R
R A S oW Z2 g [ Foek I S W
- I ~ —
o oo Mgt iy o .mW o ® N g S 8 m = al | mqw "N 4 — ke
o ® R w A ol T = 4 S — % uE ? S o =g of 75 ool Mok L g S |
IR TR BN e T Egoy EE wT T gy T % 5 oAl
Gl B e B % T ™o T X g B EE LR 5 Vgl o &
e O ot 2o o A TR S 4o S - BCEN T o g S = &
VR R AR T R @4@“&aﬂ%@ﬂ@@%%mm%% T =)
iy _ N e nt o 7 o Ly & = -~ — ~g M
x © ,Mﬂmﬂmﬂmlumﬂﬂﬂ in_ﬁr%,marghuoo%w@a%tdJEE%H&M# a g F T
ZT»T._tquﬂ _auwu.m._wwtﬂ_‘ao m_ﬁgomald.zwwve_ﬁd. ﬂﬁm.ﬂiomwmmﬁ\ﬂﬁ ) Te o4 R
o F e WL Ao B KT i Y .oTwﬂ,‘oﬂa_a%mEimrmggmmua W W e
FarIERITEge e FXdELne PERITdeS iy W 4oz
o 7 < X g 5 K X o —
Juurom,.ixomloﬂl:]ﬂ%ov]>o_a W J:mel‘ldﬂ .Mufmeo e iur_ . Rou\_ﬁr
AN —_ o GS 5 & o o —_ s w7 ® T zr i i o~ - il
FE o P BT A Lwe FET T ErT  THTT S R
mﬂmuﬂa%%a’.ﬂnarwm,%imwruowoﬁaﬁﬁ.wme>Mo%Hﬁﬂ g T Mo 2 0k 4 oz ™
o oo o o AR H.ai%l1%ﬂ% 5 == oL%%.zmﬂowL:_adaﬂAé T =
AN 5 K ._A Ho B 2 4 ® NS - H w8 W o N
For oo o wd S Teaown ® TP awhy s w ety wxtES Yy = S
7 ovﬂn%ém%lw%%wﬂ%ﬁimﬂo_a%; ,%Louw.w\&%yhﬂﬂﬁﬁﬂ%mﬁnﬂm% K 5oy
~ ~ Jvippp— — KT Q O N o w~ ~ =
> ﬂa%énllz,ﬁaq.ar@aﬂy%gu L R O X R A R e
i X ® o +E = ) or 1773 E T e ER T
s i G I ol I _ T E 52 g oo M =g M o= 2 o
‘ o= W E T SR D N o BT - B oo o
,% g x Wy ok u W R o W T ~ i ,_m_
- e o K
G
) o — an
g GO :
3} i <+ REREMRAT KB
<° = 5y o T oo A e e oy - e
C.* rl \mu 1Er Bl < = lﬂ% o) <° = E~a oy 3 Ml =
o 5w = 7 % TRV eT LT W
4 o T = =0 o — ' X w
X © = ~ i
~ a0 U] . " L3 e naw o= T a0 o a3
o 1 = e X m G- o o Al
WL e 4 4 63 A 0) oo B o T T oA
A ou 5 T = . TN R T )
4 ¢ = “W.ﬂ o o g =) _.5 | o ™ T o Mo 7% Mo to e
- B %° 70 2 = w © ° T N Ry = o o
Mo do ® = =0 e Mo S ! ——
" 70 3o F o~ ol Ko oA o OF X 9 FF "R N o
BOLO\ﬂ Mﬂz.b — — = e = :1 ‘mﬂv_ il 7.z_.o|_.1
AT N > g o - g T =% 2w R e A
Exzaa%uhv,.n,“_mﬂp i I - g X%WXWMM% M%zﬂ
E3 ! - 2 o X T w —y = W RC o oR
- o a_.mu = t,_i ™ T T AV.o@l*um ;W m._ - _.M w9 u_A.lio = - a3
™ORN o R M ﬂM oo N - =g | e w ool M_#. w1 ﬂ% T o ° o o M._ Iy I o
N B O i i RS ANC X6 T J T L X=X
rETrAyrrsdzgz  BE2e Zezder afgrEereIesd
2 5 CoL o T TR RN o %MP&QOL_LWA.%%J;A
w = S 8 NN oK o Se e R oMo T P A_WE__.
N ook .3 I R <l o T A e N S A
S S S R v R ﬁoﬁaax%rmﬁ;ﬂ%%%ﬂ
S 3 8 N — d R
] G w M &8 | N o n._mn <n uo = Ly X o— o o -
®oxE R0 I SR
5 S o M T Mo = T



vl A A dAed SetaEAas Y 404 2587

Barrel Surface (u=Vpx =-Vpztan 9,v=0, w=V . )

Screw Root ( u=v=w=0.)

Fig. 1 Coordinate system and boundary conditions
with a no-slip model for quasi-3-dimensional
flow model
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with slip model for quasi-three-dimensional
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4, curve 5 for gp*/3z*=0.516, o*=0.8, curve 6
for gp*/9z*=0.516, a*=0.4,
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Fig. 10 Slip velocities along the down-channel direc-
tion for Newtonian fluids; n=1.0, §=10°, W/
H=25, curve -1 for gp*/5z*=-0.688, a*=0.8,
curve 2 for gp*/oz*=-0.688, ¢*=0.4, curve 3
for gp*/9z*=0, a*=0.8, curve 4 for gp*/9z*=
0, a*=0.4, curve 5 for 9p*/3z*=0.516, g*=0.8,
curve 6 for gp*/oz*=0.516, o*=04,
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Fig. 11 Slip velocities along the down-channel direc-
tion for non-Newtonian fluids; n=0.4, §=10°,
W/H=225, curve 1 for gp*/9z*=-0.688, o*=0.
8, curve 2 for dp*/3z*=-0.688, o*=0.4, curve 3
for gp*/6z*=0, a*=0.8, curve 4 for gp*/dz* =
0, @*=0.4, curve 5 for 9p*/9z*=0.516, ¢*=0.8,
curve 6 for gp*/9z*=0.516, o*=0.4,
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