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2D Flow Simulation and Analysis of the Filling in Thin Plate Injection
Molding

Students : Hung-Hsin Chen Advisor : Chang-Ping Chou

Department of Mechanical Engineering
National Chiao Tung University

Abstract

For now, the use of 3-dimentional (3D) simulation system in the analysis of
model injections is time-consuming and not efficient enough for industries. As
compared with 3D, 2-dimentional (2D) simulation could be much suitable for
the analysis of thin models with relatively simple structure. In this study, we
tried to develop a 2D simulatien system-for the filling of thin model injection to
shorten the time needed. for the! analysis. ‘This 2D simulation system is
theoretically based on simplifying the geometrical characteristics of 3D structure
via the setting of boundary conditions and parameters. The flow of melted
plastic in the thin model injection was considered as the heat flow in the heat
conduction. By converting the 3D flow condition of materials to major 2D flow
tendency, the time used in simulationcould be largely reduced.

To optimize boundary conditions and parameters, theoretical
computing was performed by the use of Mathematica software and the results
were compared with the analysis obtained from Fluent. Using the Fluent
software as a platform, the flow of melted plastic in the cavity was stimulated as
a heat flow. The results of stimulation for a 7cm x 8cm thin model were then
compared with the results collected by the use of Moldex3D eXplorer software
for the same model. The results obtained from both Fluent and Moldex3D
eXplorer are similar.

keywords : FLUENT -~ Hele-Shaw Flow -~ Pipe Flow ~ Stokes Flow
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B e B IR TR e BT R AR R 0 e A v 2 F)) [19] -
2-2-2 S = A iE AR

B A Al guEAeY AR 7T BRAE D~ Su (Filling)
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B (Packing) ~ 4 #r (Cooling) ~ 78} » r2 ™ = gF e I & 4] 9 3
[21]) [22] [23]) -

(1) i
1. AL e fufodp &

R B RO E R > e D - AR (REVER) - AR
SRR R G AR o IR SR o B S A el e
BRAL AN FEE R o 2 BPORE AR B F SRR N DR R R T

GRAG T RS

2. P& GRA

iﬁflE

|| [
v PTTF?}}E =
U7 R [

ZZ IO 227722 . I, % / L

B 2-1% i 7 & E [19]
(2) i FFE
Mg s B R b R AR E LR B 8 eE o S B R
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BT RS LEBERER A LERSE o ARHE PR ER > PR
wEBrA ArA S VAR - B ER R R R S
g ?“%?%ﬂ’ﬂi%&ﬁgénﬁgﬁ@Jwﬁ%<@
2-6)

Bl 2-2 L3 & B [19])

(3) ERRFFE .

BB SRR ERT o LR R (ERES ) K
FRRPNFRARA S PRI RGP PG A B - FFEAAERDS
MAE B 2 2% > S ASERE N S5 U AL PR A
%ﬂéiﬁ@ﬁﬁﬁ’k%?uﬁﬁ%iﬁ@%(%ﬁﬁﬁﬁmii
BEASHMT AL BT FRRLIE BB UE LA FfTig ) o
R AR KL T Ve PR R AM > A ERE AT
EEREZ G HE (B 2-7)
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B 2-3 =& 7 % B [19]

(4) & Frpg

G R AL P SRR AR A R 4 AR
P Wb frik B oo 395 ehif fre s KA B TR A 0 R MR

G2 g o TR 4 VE iR, (B 2-8) -

SRR R 2T SR P IR TS S
FRER O EAFBRCE A R T - s (R 2:9)
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2-2-3 By & 4| B AL

AP AEAEY o F AT - BREERL T T RS AL
o~ ERIVE L prA &z BREE RIS

(1) LHEFFE

RERL AARSF Cpindh) o LEBERER > F R
N A B - AR IR S AEST (short shot) o A F] A&
S 50 e A R PRS2 BT fEa s A 1 o R RAR UG R
VT ARE LGP F AR R B RS & s (Parting Lines) fr#
HoBERIAAEHHE BRI TR EEL - ¥ T4 e

RAREA 4 CRAL T EBRARN BT AL T o
(2) IE—F@F“WE;\ .

R E L BRI RS fc-fr%?‘* A BTN
RPN BB (P L yRE P ARG R FER Y 5 H 7

é%ﬁﬁﬁiw’%ﬁgﬁﬁ%liﬁ’#gﬂmhﬁm%Wfkﬁ
(Shrinkage) ; /&4 i~ > FALR] § WML P & e A2 £ 3f
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(Flash) o mRpFREEE » L ¢ ndk il Bdlis doo g oA
# 3 R > fE= S4B (Product Sticking ) e

(3) #4krrg

BRELAERNS e E A 2 T o F39 3 s AT g s T

= ¢’%N%QE%@@ﬁﬁ%?%ﬁﬁﬁo@%ﬁgﬁﬁﬁﬁg
A4 & ¥ &+ (Residual Stress) » & Jis i € %284 (Warpage )
I HH -
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RE D AL R AT ROR A SR BRI 3R A

R LAPEARY o FEER R SRS B Fipagit 2 /”\';“Hﬁ-ﬁa

i

e R HN A RR TR A AR T
B [23)] [24)

(1) B gigfer > 4R 7

BB BE GRS TLE TR ‘gﬁl{;@};;ﬁﬁs g 44 fedbiF 4

Nez]
ETIRS
£
<
e
&
N
1]
13
s
el
=
el
(=1
e
W
-

;@JI&_O

(2) BomiRR B AR W 5 2R 67 RSk AR A
CARRRLE -5 5 A S
e J;}‘%,}g 4 4 ‘f‘-":é‘.

F_iE ° ‘:E'FF“?M R}a‘ % g )3 el BN
4 e iE B S ﬁi;\ ¢ p_j’jrrg,’ ;]“_}_IEE?:{“ 4 I8 ¥
£33 R R ARG BRI R - b ]

7 e KA XYl AghenE R ¥ Xy s B

(3) RHEPEERE g w Admelt front)& 4 £ % F &4 > 7 T EK

T T

(B b~ L G % &7 /f‘ﬁ”\%?‘l"r&’ﬁ‘gﬁ v,=v,=0 &
zth>@a h ZEHER -

(5) B EH2 EARNE » FR> w2 ERBT 3 F > T HE
PEER G e BEREMN O~ BAC v A Bk A YRR

¥
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0 Tl LR BR o 2 BT o

(6) “7F MR RER S o F HENS Fa o

dv, 0v, 6T_O 20
0z 0z 0z wZ=
HEPEE T AR

d A SF A A E g R e iR 0 FH R SR B

i

7
SRR GEGHE AL B NP R G R g

WEFERLEFLZ AL I TSR B EE N E AR e gk o

(1) & %= 425 (continuity equation)

dp ¢
E+(V-pv)—0

Fhet ER2) RYARE AV RS YRR S LE T
AR I b SR PR

ap , O0v, dv, O0v,
p = const E_O Vv—ax+ay+az—0

2Py &Te Ak
z 2 BRwRE

t PR

U
RN
(=i
W
9
g
>S
‘5
Nt!
TR
Ju
5
=
:_T‘F;
&
g
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(2) & & > 4254 (momentum equation )

X4 A4 2T # A ) N4 T

(ﬂﬁ ]
G

i £ 7

(i fad 2 iﬁ’ﬁijii#ﬁ_ﬁﬂlﬁ Ho W BITT g

gL
&

i
ov .
p[a+(v-V)v]=V-a+pg

fE st = &4 8 + & 4 33

B4 RET

I av,
—P + 20— 7x

v ov
(5

dy 0x

av, avx
(5 ")
.

0z ox

1

0V,

O-X X

Tyx

Tay
Oyy

Tzx  Tzy

0V,

(5

+
ax
—P + 2u——

d

av,
0z ¢

[avx

p +vxa +vyay+vza

v,

v,

1=

[avx

,D Xax

NN VR T SE) L A N

-

v,
oy
dv
dy

v,
dy

y

_> (2

(12
0" v,

(52

v,
0x
vy,
dy

2
0°v,

+az

av,
0z
dv,

dv,
— —P + 2y Fp

02

)

v- [
=| + p2

-+'Uy a},-+ v, F +-pg5j

v,

ry

avx+ N c')vz
ot ”"a oyt

ol 2| =
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F¢ o AR ERE

£ 45

gal

P iR

s = R4 0+ 3FFE + 2455

d PRF gt B RA B {odbiF 4 rie b m A o

i@ 4 #237% (Continuity Equation) 226 € = #2:% ( Momentum
Equation) + fNavier-Stokes Equations » Navier-Stokes Equations&_—

AR B EE R R Dl s AR

(3) &> 4850 ¢

oT ) P |
pCP<—t+v-VT)=kV2T+m/2+,BT<E+v-VP)
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Lovk N e g aeg e ngngfi‘m*i%isbﬂ%wi Z 2w 2 ¥ g
W o PTGV e

Y2

oT aT 6T> _k 0°T N
922 Hy

pCp (E‘vaaﬁ'vyﬁ

R PR 475N

i

SRR SRR 7R SRR RS 7 0 A A

PRI T REE CRBLEROR hakk p(T,P) Tl i

BN V- V=0 ¢ 2% Ra 57 d B Z FRDYSPAGR SIS o
(1) 1.4 425% (continuity equation)

R ARNY > FIRRERA ZERAE LA R Sl @y E
A EE RAEG R RN T

p oP pdT

PPtk GHPERERSEREK
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(2) &

LV XEBY w2 BAPFR2ZPELE FEIT A 4N

ap (aT+ 6T+ 6T+ OT)_I_ avx+6vy av,
ot =P \ar T ax T ay T Y2az) T\ ax Tay T oz

l—?—@féf‘\:l VN nil z§ 2 /”f,v r{p 'ng. ,I»:}_.;E«)r‘r-—gf:zl b7 N
#é & > 4255 (momentum equation )
% @ VP + V20 +
=— v
at pE

[ay; v, A %]_ oF 'azvx+azvx+azvx'+ .
3t Tox  Tay —cazl ox. x> 9yt 9z pes

B = R4 IE + AFE ¢ £

v 0v,, o0vy, 0y, oP 0°v, 0°v, 0°v, .
,suH—ﬁ-v%—y-wy—y—‘—vz—y}=——+u 2+ —2+—2| + 5y

8t &% 8y oz dy.~" [ox® ay" 0z°

vy It 8y, 8 0P _62v2+02vz+02vz +oor>
ﬁ[a%'b*aae"’yay”*a%] “oz M T o2 a2 |

A RPEFEXRzZHT LI ER v,=0 2 Vi, =V, =0

# & > 4235 (momentum equation) ¥ it {5
6P_6(6vx> oP_2 (0 L
ox  9z\" oz oy 9z\" oz 9z

TR AR L R R A TR R T

BT AL o BB AT A AL 0 B LE 2R T 1
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Mot AR B - Rk eniT w0 G 8F R T 02 (creep flow
approximation) - =r

VP = V%9

AP R 7 AR B ARSI 2 R i 2

(3) & 7 VB A+ o] &~ 47 (order of magnitude analysis) 75 B
w FE? Lt de T

oT oT 6T> 9°T

aP
Co (T + Ve + Uy o) = ke 72 + BT =
pp<at+vxax vyay 352 uy? +p

AT RE B AR5

WE A AP $720 Parn A B bl s A 2 4 A2 fRT o
B3 ¥ 462 T8RS G ,I‘lii';' T84 40 =0 A Su i 28 (R iR AR A
i B R EE . TN EmEREA G ORI AT
AR o Fle T R R R IR RS AR

or _ (0°T 9T 7T
ot~ “\ax2 " gy " 822

RN SR i AUE E S

1

g3 b SN G - R i A B AR 0 T R SRR P 3
BLEFYHTHRIL > LR E RN Y A A

WA BRI @
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(1) P-V-TjR = f2.5

PRl A bt iEARY o FE AREERES A BRET I RS
WA R & PV-T e it P o x Tait ficst by * 12
BT Ot bs R

V(T,P) = V,(T) [1 —Cln (1 + L)]
B(T)

BOER AR ERERR
Vo(T) =aq + az ’ B(T) = age_a4T ’ V(T, P) =0

FORAR B EEE R

Vo(T) = as + a;T * B(T) =ase 2T > V(T,P) = age(®0T-11P)
MY otag~ C B R S
(2) *§ =423
rICross Hol ki b AL ARRE S B R R4 B H 5 Rl ko

Ho
1+ Cupy)t™

’uo = Be(%-l-AP)

#:

*P CACBAC T, ¥R LK

2-3 Hele-Shaw

2-3-1 Hele-Shaw Cell

F 460 Hele-Shaw Cell #2034 @) 2-10 » £ 5 je3 0.02 & v gt
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ﬁ}rm:é]‘é =4 E‘?&__‘@J «)lf‘_—vl;ffha}»g_—\. °

/.

B 2-6 Hele-Shaw Cell #-3] [25])

2-3-2 Hele-Shaw Flow

Hele-Shaw Flow: & & 5 ji#l s B2t 70T F TP ] 3
g o # e Stokes Flow(B] 2-11) > il 4 & 9 (% 5 B 48 % 1T
Hele-Shaw Flow » F]ptsadg it 5= 5 A (%€ & o0 u| 4 fonds o
IO 1Y H—:'F'?”&.is'ﬁ_ PRI aR 0 3RF 2 224 &
-
12

2 é%,g( Re/«-‘ l'{ m/n ’E*I'FIW °

injection/suction of fluid

I

@] 2-7 Hele-Shaw Flow 7+ 3, B [25])
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— 4 ¢ Hele-Shaw Flow :

R AT MY - I RN 4Bl 2-1297 7 0 AT & B e d T

FondlR 4L SR F O MR R BIRPATFFRERMTIF

¥R G R FEE R (no-slip boundary condition) - ]t Jiiig
o385 [25)

Vxl-pn = vyl—h.h =0

h2 _ ZZ
v(z) = —VP( )
2u

\'j __': ’4} ;\"\;’ f"-"/u 1&— _L A },\}T—i 3 *9"’& _VP ’ p F Pl %,\/” ;é(!:’)i
poo R v(z) #A K,f "R TR 0 AR T I D A
/}i EL mﬁ)}f” )i \—"7:

1 h h2 _ZZ h2
7= | VP dz = ——VP
2hJ_, < 2u ) 3u

+ 3 PR G - s Navier-Stokes Equations e

A
h ]
—_—
01 &> V()
s
-h ! > X

B 2-8 7 i foif Boik 2
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= 4 Hele-Shaw Flow :

Z e AeB 2-13 A7r 0 S FA W 0 RERG R4 B BB IR
FonROR R o S R4 LR 0 L7 423 - % Navier-Stokes Equations >
APALBT = gad £ 2 4250 (momentum equation ) Frid 2 A% 50

(continuity equation) - I ® &4 £ 4 38 [25])

aﬁ - - = >
p[a+(v-V)v]=—VP+V2v and V-v=0

B 2-9 & 4 > Hele-Shaw Flow 7+ %, B8]

EALF) 5 BRI E i REE p=const o ARG S
V-o=0 7 > pRFEXME ARS8 R T 2R3 Z2#D @

v
@R



5—0 dv,=0
5 = 0 and v, =

d PN HER TR Ny G

pox p
( 6+ 6) _1oP pu_,
Tox T ay) T Tpay T Y
1op _
p 0z

~ BRERZF ) o TF R Ak E T g Navier-Stokes
Equation :

oP 02w, 9P 9%v, 9P

—_ , =

— ’

dy =1 0z2

0x —H 0z%

REITE Uy, V) m Ze3 BTG G

OP (h?* — z* 0P (h? — z*
”x(z)=—$< 2 ) , vy(z)=——< )

- RAEFRBTEG R T @I R

1 ("opP(h*-2z? iy = OP h*
T T on _p 0x 2u Z= d0x 3u
1 ("oP(h*-2z? iy = dP h?
YT o) e\ T2 )T oy



)= ——VP

v 3
L

7 = —DVP

2P D R BEGEDED SN E R AZER p o ERRER

FRERA LRy Sk (x/féh{;p{ﬁ‘,’,grsg LT R ) S

B4R APV RERS a5

E=(V'l7)

o (V-DVP)
ot
AHESEEERG ®E > D=const’ F ¥t

AR R RPN P RS B AR
TABEFEHA D R ERERIA FEAEBE GHOR TE LR N
(D(xy) » @ kD 5 28> 5 xy dddc) PFahiloR T
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B b

N =

h(x,y)

Dix.y)

B 2-10 2.5D Hjtvr &, B

9B E T L 0 B AR R L R R
d S e B ER B ORGSR o RS e d RS DR
S AR ES o B R R R R A 26 S EET
BEF N B G K 23

% 2-6 Hele-Shaw #g 24~ 1. % [26])

Darcy’s law Fourier’s law Fick’s law Ohm’s law
Flux of Groundwater, q (m/s) Heat, q, (W/m?) Solute, f (g/m*s) Charge, | [A/m?)
Potential Head, h (m) Temperature, T (K) Concentration, C(g/m?  Voltage, V (V)
Medium Hydraulic Thermal conductivity, «  Diffusion coefficient, Electrical conductivity, o
property conductivity, K (m/s) (W/K-m) D, (m%/s) (1/92-m)
q= -KVh qu= —k VT f=-D,vC j=-ovv

b opw fidEd 2 (Darcy’s Law ) ~ & = #4118 2 = (Fourier’s
Law) ~ 25 = #_& (Fick’s Law) ~ %% %_= (Ohm’s Law)
FuRpldo a2 LB HENE TORANIIHPN BESRE > A
TR ERX P RALT FE R, 2

s 2L AR 0 4 ol Ria e REiA T % L A 4p i o

e EAE R 0 T E o Tk

2-4 25D Hojm A 5 HiE

WA Mg A RIPFT AL Z BE & & - HEFFie
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Fo— R A AT Fokrhe 3t 1970 £ 8¢ g o d AT U R eiE
Az g oHFraTa ERN s By A RE IR A
TRLpENER YA R RS R ERA R o 1Y
TRRIE A AR N gt (75 0 - X ARG Layflat iz o gt g < el
S SIS SR R 1 -V I PR N e VAR L

S
FILEL BB 0@ 411%%?;@,5%;;1@? A g * o

%:Awmw$ﬁﬁﬁﬁmm*1%031é#&£ﬁéﬂ@ﬁamd
plane) » ¥ 25D fin A 45 4 o § A %= e CAD H3) f 1+ 0 R
B2 37 A 50 R A R4 CAD HEA] - 5K & 5 A &g
Yoo LS B § IR SR i a8 % 442 < % 2 (Finite element method)

R & 3 "UAL 4~ 2 (Finitedifference method)ie 7 Hdg st & o iofd 8 -7
VO B B Rl 2 AR R 41 AR 2 R (Viscous heating) ~
L ;

% 1“ (PVT relationship) ~ 225 JE 4 F ~ SO g4 .5 > F]pt @
" IR A&#Eﬂlﬂ—g‘ FEFERIE i B R T S T R4 L

X2

“P

-
1€

BES

= o

25D Hprts o 8 g A D e U 3 s (dual-domain
25D WA WA T Iz > w R E g g
5t 25D HopiFerh X 3 v o
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FE 3D FRB LA T HMEA s -3 L 25D A 492

Ne
E:D
p
ol
|l
3
bt

AR Y R B 7| CAE i 3| B R > 7
FHRFE AT BRI E BRI IARFOTNL R o BiELEE R

R B R OR R R b S A R R R £ R A

2.5D A AT HEE ¥ Fl e B BT oA BRI
FRGEEFLARRIAL > B A DRRT IR LR A0

AETARE: A BERR RS B B U A Bk R AR R
Sk {6 L B 2-15 47 25 D e
N A REHRERES S N TR > AR ERTER S BB
oo F2AE Depit A TR o RATT FRME RS e B
* PR S el R g o

SR I ey S ey IS
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GARER G Y V- BERATE L HBU (heat transfer) o g4 &
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FRAAEGRTE) TFAEBAF WA HE R 2 FCRME SR T
AIA-BA 8T & A 2 & > ot BRIk E ) 5 Lt
WEATHEREZRETLZER 5P MIEIATHEFR > APHLS
PEFRROER S F 2 é&&lkﬁ’%%iﬁiﬁﬁoﬁﬁﬁﬁ
EZEARAL BE RN BRI d HY 2 - &
FEAEETM c BDEIHAS] FWSF L RMEFHR DGR D HIT A

PRBEERE I AEHT A Z Qﬁf A R EEEE

HE TR SIS (TR I o

1. % (conduction) : %4~ &2 F giE & (bulk velocity) %3t % 2
TRT S IPRF AT E - BEF T AR EETIERT R B
d B R At I MR R FER TR d FELE R ’?ﬁnjﬁr‘ HRAT A
FROREFRLELZ AR L3 BE AN S - BRAVAR
e BEREF he g A S EBE L JRE S S S g it

A3 A

_J

HiE & B ’%ié‘iﬁ?;ﬁ“g] 4 3 vk o

2.4+ (convection): # A ¥ B A AER A GIFF K e ik F R
BB FERLR > BEINEAR (FAPSRA) A B0 F AR
PR RBEFZRL > BTG R AT AR e Sk T A R
¥t/ (forced convection) £ p X #tix (free convection) = # > a.s——g d
dF AR 4 BRI TR BB ERER pIVER R
BRI ANBAERC  FIRAE LA FA b RF BREBET
F - o

3.45 &+ (radiation) : &3 G HF R DI P FIHE D T RER



(electromagnetic wave) » & 2k B 7 ¢ kg @R F I TR € 30
RS IR T AT e BIR AR T REMA 0 HING A &

SEE Y BEEEVINEY 38 R TV R T T
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v SLEB 3-1(F) e

2. % T Fehz mnd (e b)) LE 3-1(T) -
e A g o RLURI3-2 o

4, 3 P B

M A e g1 o L] 3-3

VAR AT Melt Front

B % im 8 Tube Flow

FAR PR B
Flow between Plates
G ELE
fa v (da 4120 iy
Radial Flow
YE RSk AT Melt Front
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] 3-3 BAE ek o B0 A R

r

3-1-1 H-74) B

3
1. 5%
2.

{ T el R 1 i T
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3-1-2 ZbR 3

ApT i g R ) 5 R 200 1 (Pseudoplastic Fluid) -

pu=—=ky"1! n<i1
)4

1R RECF ¢ i polystyrene(PS) & i s B s S 40 & 31T

RRF L }ﬁ AAFERT K frniE > HALAE T 2 BB L B34 (1T e
B2,k T8 R 2225C)

£3-1 RF e AR Rk

BERTC k n
190 4.47x104 0.22
210 2.38x104 0.25
225 1.56x104 0.28
o
200
T R T T R A

Bl 3-4 s AL 7 3B



FERBA D Rl AT RY S RRALRARIT R U
LT RS RS PEARR BIARIT I E L) > Aot B S AR g i R
Hehgdd > il F € AR P RTT BRFER > TR TE S Efodk |
B (4-F13-5% MI3-6) > #h ] T RELE T REFFNLE > 5t
B3] d % 4 R 5 100 ~5000(s™) o B I {5 e

k100™1, ¥y <100

u=ky™!, 100 <y <5000
k5000™1, ¥ >5000

4i(Pa.s)
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50

40 \

30+ N

s s L s s e
3000 4000 5000 6000 7000 8000 9000  10000°°

B 3-6 % ¥ BHILAY LT (5| @)

T=uy > AP RS B0 84T > d B3-7 B3-8F UFHEZ T
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Navier-Stokes Equation
¥ + f A & Navier-Stokes Equation :
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T T ox P9 TR gy dy? = 0z2
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