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Abstract

The mold filling process has been a central issue in the development of numerical methods to
solve the casting processes. A mold filling which is inherently transient free surface fluid flow, is
important because the quality of casting highly depends on such phenomenon. Most of the existing

numerical schemes to solve mold filling process have severe limitations in time step restrictions

or Courant criteria since explicit time integration is used. Therefore, a large computation time is
required to analyze casting processes. In this study, the well known SOLA-VOF method has been
modified implicitly to simulate the mold filling process. Solutions to example filling problems
show that the proposed method is more efficient in computation time than the original SOLA

-VOF method.
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Table 1 Calculation times and number of time

steps of the two methods on the thin
plate casting.

Courant | No. of time | Computation
Method .
No. steps times (sec)
Explicit |6.0%x107* 4706 370
0.48 451 304
T 1.20 181 212
Implicit 4.80 46 142
'_A
9.60 24 178
14.4 16 243

(a) t=0.12 sec (¢) t=0.6sec

Fig. 5 Predicted front position in the casting system considered by Dhatt et al.®



FAH P o8 FH Fmelel A 109

L=2

(a) t=0.12sec

(b) t==0.6sec

() t=0.3sec

Fig. 6 Prediction of the velocity fields.

\ ://
i
Wi
Fig. 7 Problem specification of a three-spoke wheel
casting. (R,=0.0254 m, R,=0.0635 m, R;=

0.1270 m, R,;=0.1778 m, L.=0.1905 m, W=
0.00635 m and W,=0.03175 m)

Foll A aredgh whulol A A&l A zbEde] a7
ol 2 AYE oF 5 glew ol Al FxiA
o sl a A4 ZEE Yol FU 4 ot
Table 1o &A1= wulal 2 odola] lats 9
AlA ublel] o gl st Al FEURE oF B0%AHE
FAA 7= FakR] A7 45702 8] Al 4R 233} o)
AR Alzkel EEEE o) sbale]l F A7) whAlsE
el el s A2 Pentium-133 CPUE  #ztgl
PColl 4 fdsigdch, kAl wbule] 7% Courant
Fol FrHAIZESRe] avle] Fohel wheh A zkel
gk abRs o 2 A hasisiow] & AlAbAIZbE
ZFolgadeg o 4+ vk el Courant 47}
4.8%vf 2 Aol Al4bA|Zbe] 258 Foldhe
A B g e ol & ASEE ARl
abe} il el B ubEslgrp ey wi-
ojet, et Courant 47} 14.431 % ol &4
A o] WsiAd s AlARA 7kl ol EUSE B
5 Ak
3.2 F= Al(system)oll chst alj4d

B (runner) S8 25Hg g FTxAle o
B ool Aotz wlg A 2elr] 9] e

[} =4
Fig 45 70-& sl 4o Adelo] 22442



110 ol o d -7

t=13.0

Fig. 8
Aatgleh, 25 Aol Felel ofs) f-Sid 3l
t ootele] Wl o w wWake] iyl ¥
FYPNHE Fxich, Fig 4ol vebd Fgol o
sl 4] = Dhatt® Z-o] VOF w}AA S o]-&3 3
2 4We Apgate] AR At el A= o
9lon] ® offolla] Agksl okAlF ulul-g 83}
of FaAde A4S H]Lz}gitlr_ Fig. 5
(a), (b), (c)ell Dhatt® S stz eyl

o}, 0.12 secoll Al Fal= #HE Fubol A el
A wvoz §Euksko] uly e (down sprueOH/ﬂ
A] 2} ol) 0.3 secol| 4] = 1

4
HolE o BXo| ¥
2

Aﬂ

runner & 9 % 7]
FAZE 2 2H FYo| do|

{o

T

DY oA Aeh melm 0.6 secol 2%

|
A ZE Fae) efitPo) A ofef wUd A
7kl 0.12, 0.3, 2&lat 0.6 secoll g ® o9

t=17.0

Filling patterns of the wheel casting with dimensionless time using the proposed implicit method.

el
\-J

|2 Fig.62] (a), (b), (c)oll vieplidet &
7o A3 4] 0.12 secOJlH G2 ol 4] bk
ahgko] uly)i= Fio] mEdbe] 0.3 secell A
Fu -z Fodd FH7E 2 gl ¥l 4
of wlal YA Folyt F2AS F

0.12 secs} 0.3 sec oA £ o 713} 7} Dhatt®
5o Azl wah Fale zAAL 2k g
Blstel, 0.6 secolld 2 B% AlpEdel dfiud
ZH4A 71 A W oo Aztel Dhatt™ %
Zzbe} olxlge), FAAAelx] walshE Al
A7 e zbol gelld elFatdsl dAA 2
FAol A dlshs A ke 23 Aoz 3
chEich Yo Fasbgol FYo AL

L Azkell elFolxly FHuUj Rl fFAle FE
wher}, webd Fyel FaAaAde A A v

a8

ot fu

B Ao
noR

do et

T AUrh

44
o

o
o
ol

ZRL
eH



AH W ol 8T FA dwelFe AU 111

4] AuH Bgoln wd sfel P47
Wol Wa g Azl FHI FoixA @l W
of HFEINE FAT F Uek® olol web 2 <l
FolME HFEAE mefsha Wtk

P

¢

33 8 £x
2o oA Aekd Wy
Aol Habgl Aol oig HEsbEeAs otetr
a4 Fig. 73 e 39 A2xas Ze & F
248 A4 EAE A ech skt 0.00635

me| 'FE 53 FAHe| o]Foixn HH-
E FA0) o]FojAE Ft AXY WEFTE 5

WEsme FaRe gt A gle
714 sk<d vk, 13
43t e vi ﬁk%—‘ﬂrsl B
£

of wHal 4

2
s -2
m
do o

> onu fm
of
Ol

o
ol
o
a2
)
r_'TL
ottt
|o
}m
2
Au)
ol
ol
2 32

o
é

3
2z
ot
>

kel &4 WA shdeh Fig 8ol A 7kel
FAYNE ebdodel, z7]o sH5-2 Al
53 Zgdo] ¢ dASE oFH
A 9] 7}9d] 223y 79 2~
Fadceh wlx FHo| o]Fo] vk, Fdo| stud
@ 7hx] vl A Ao] A o] Fo] AL & 4
214. % Odﬂ‘LOM Aokl shAA FAd Ao

- ok %—ft}tz Aol el x &2t
° HolFot,

2
o
s
£

N

A4 ERE T3 FATEEAN ol 85

]2 SOLA-VOF® w8 |7kl diall kA= al

ol gato} Ao o] F FamsAol

ahol ehbal AAAE Qoleh e P
[]

a4 s
DH \l' Zzﬂ]rz-l‘*“ 0}-143]— ‘%E.v _:.‘L_‘B;J—ﬁ‘l—
2+ 99

_ZJ_“
& e o
™ it
oo njo

de o 2
o

o o

= g
=
L 2

)
39 o ox b
2

vl e

Rl
R=A :ﬂa] aa]- _/}: 01041;}.. X_noL}E] wl
=
°

cE oflt

2tol Courant §-74#| A 7}ZEH-2o] =2.7]9

o] glomz wlf mgHolet, 2t Cour-

ant §7F & 7$ole A3 shake] cddgFez @

o Haxst 7L/L°}U-1 PE'G”} 74]4}47‘} :

Zhgbeh, ulebA 3R A

off 4] AlAEA 2R z}i% 7%14.%;— HqAg 2719
g o

AzkEel Agel 87

k!
o 3 HHE
ol
[=2]

2

Wskrh 83k B dAdolma B ool A
otxl 2% wulg o] gste] FAFEFFH A A
%ol 4ol zax s meldyo] A ol
7} 425k

k=3 7|

BT m&8e 1996l % ) A gEdTF

zAu 24 (A s ME96-A-15)0 3] 43
ol e ololdis] ZhAtE

Hnes

(1) Muttin, F., Coupez, T., Bellet, M. and Chenot,
J. L., 1993, “Lagrangian Finite-Element Analysis
of Time-Dependent Viscous Free-Surface Flow
Using an Automatic Remeshing Technique :
Application to Metal Casting Flow,” Int. J. for
Numer. Methods in Eng., Vol. 36, pp. 2001 ~2015

(2) Hwang, W. S. and Stoehr, R. A., 1983, “Fluid
Flow Modeling for Computer-Aided Design of
Castings,” J. of Metals, Oct., pp. 22~29

(3) Stoehr, R. A., Wang, C., Hwang, W. S. and
Ingerslev, P., 1986, “Modeling the Filling of
Complex Foundry Molds,” Modeling and Control
of Casting and Welding Process, Ed. by Kou, S.
and Mehrabian, R., pp. 303~313

{4) Nichols, B. D, Hirt, C. W. and Hotchkiss, R.
S., 1980, “SOLA-VOF : A Solution Algorithm
for Transient Fluid Flow with Multiple Free
Boundaries,”
-8355

(5) Minaie, B., Stelson, K. A. and Voller, V. R,
1991, “Analysis of Flow Patterns and Solidifica-
tion Phenomena in the Die Casting Process,” /.

Los Alamos Scientific Report, LA

of Eng. Materials and Technology, Trans, of the
ASME, Vol. 113, pp. 296~ 302

(6) Chan, K. S., Pericleous, K. and Cross, M., 1991,
“Numerical Simulation of Flows Encountered
During Mold Filling,” Appl. Math. Modelling,
Vol. 15, pp. 624~631

(7) van Leer, B., 1991, “Towards the Ultimate
Conservative Difference Scheme, IV : A New

Approach to Numerical Convection,” J. Comput.



112 o) o) ¢ -

Y,

o 2
T [

Phys., Vol. 23, pp. 276

(8) Dhatt, G, Gao, D. M. and Ben Cheikh, A., 1990,
“A Finite Element Simulation of Metal Flow in
Moulds,” Int. J. for Numer. Methods in Eng.,
Vol. 30, pp. 821~831

(9) Stoehr, R. A. and Wang, C,, 1991, “Advances in

(11) Swaminathan, C. R. and Voller, V. R., 1994,
“A Time Implicit Filling Algorithm,” Appl.
Math. Modelling, Vol. 18, pp. 101~108

(12) Mampaey, F. and Xu, Z. A., 1995, “Simulation
and Experimental Validation of Mould Filling,”
Modeling of Casting, Welding and Advanced

Fluid Flow, Heat Transfer, and Solidification
Modeling and Application to Actual Foundry
Problems,” Modeling of Casting, Welding and
Advanced Solidification Process V, Ed. by
Rappaz, M., Ozgu, M. R. and Mahin, K. W., pp.
725~732

(10) Al4Z, o], 1996, “vl<rstsl VOF wb
of oJgh ol Fxriigle] Ealdhw vIghEA #
o) FAMA, " Ao Ass FA s =

B, pp.- 390~395

4

o ol

Solidification Process VII, Ed. by Cross, M. and
Campbell, J., pp. 3~14

(13) Hirt, C. W. and Sicilian, J. M., 1985, “A

Porosity Technique for the Definition of Obsta-
cles in Rectangular Cell Meshes,” Proc. Fourth
Int. Conf. Ship. Hydro., National Academy of
Science, Washington, D. C., Sept.

(14) Issa, R. A., 1985, “Solution of the Implicitly

Discretized Fluid Flow Equations by Operator-
Splitting,” J. of Comput. Phys. Vol. 62, pp. 40~ 65



