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Abstract

In this study, a three-dimensional gravity casting problem has been examined to investigate a
coupled phenomenon of the filling and solidification process, This work simultaneously considers the
two key phenomena of metal casting : the fluid flow during mold filling, and solidification process.
The VOF method is used to analyze the free surface flow during filling and the equivalent specific
heat method is employed to model the latent heat release during solidification. The time-implicit filling
algorithm is applied to save the computational time for analyzing the mold filling process. The
three-dimensional benchmark problem used in the MCWASP VII has been solved using both the
implicit and explicit algorithm, and the present results are compared with the benchmark experimental
results and the other numerical results.
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Table 1 Properties of aluminum and silica sand

solid liquid sand mold
o [kg/m’] 2570 2400 1500
k [WimT] 220 110 0.65
¢y kgl 1100 1100 987
 [kg/m - 5] 1.3x 107
h [Wim*C] 1500
L [Vkg) 397500
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Fig. 1 Schematics of the benchmark test problem

(unit : mm)

Fig. 2 The geometry model for the vertical plate
casting problem
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Fig. 3 Three experimental results of Sirrell et al” showing the progressive filling of the mold.
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Fig. 4 The primary flow patterns predicted by the
computer models (a) highly viscous
laminar flow, (b) low-viscosity laminar flow

and (c) turbulent mixing flow

Fig, § Calculated mold filling sequence of the benchmark problem.
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Fig. 7 Calculated mold filling sequence of the benchmark problem by the implicit method. :
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A%

FAMA L 71 €771 gebsiAct 28w implicit
2 vehd gAE e AFEE ASE A

el WE FAde] wMEA JAH=H olAL
& Wl AZrFE Fokel AH S vE o

g Ae] FAlY FAFHE 4 dugsy 54
gZeoldk & gAY e 3 A AgA
£T 8 JEL2 FA42 AHLE BEAF|EA §
He] A7FEE ot FAVE o7 AL FA
AN 7] d2e AAA Wl nish A7
me} Walals dle AFS Fe 209 AjE
T2 AHEEE @AY Wy s o] AREA T
e AL Ay e Ay FXH eAE
a4 "ok Fig. 704 E7d &%e 34
o] A4 dAxo v|d A ol FAXT}rt FA
o] Z&EA %M’—'l wian w2A £34o|
o] FojA & AL o wWForh oZFE FH Al
7re 2.1 siﬁ @‘ﬁ Al 2,0 s T IAF
o},

AN A el 9% FH dueEeyd AF
FHe Ao HaF ANz d@Foidt §
AAH BHR dAH P g sAolA &=
7b 74 whe Ao® q4EHE g A9

\

(a) t=05 s,



AAH VOFHZ ol &% FHFZAMY 34 & g3 dg 4+ 109

Table 2 Comparisons of the calculation time for
the filling process
Cal.

. Computer No. of
References Time W Cells
(hr)
a -CPU PC
Explicit 16.8 ’ 54912
Present 256 Mb
study . a -CPU PC,
Implicit 0.8 256 Mb 54912
Barkhudarov 14.0 17{&/?5)0110 58905
(1) ]
and Hirt (CPU) o
Xu and 415 SCI Indigo2
Mampaey®™  (cpuy 4400 31537
32 Mb
Layton 12.0  SGI Crimson, approx.
et al*® (CPU) 64 Mb 2x 10°
. 200 1 B M
Ruiz
an dFIDAP (CPU) RS56000/340 13632 FEM
Khand
LS-DY 9.0 I B M
hia"” 13652 FEM
NA3D (CPU) RS6000/390
Lewis SUN 2-D,
et al.™® 120 Sparc1Q 3225 FEM
Ohnaka HP
and zhe*™® 20 9000720 17200
Sant and
Backertt® 55 HP7IS 57780
Rigaut 1 SUN
et al*!? Sparct0

* ! including solidification analysis.
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A FHA wixjebA #@Akabze] Alatazia Al
Aol AHEE FFE ool Al R A4t
bR ARd) £E YEhidd ¥ AT 3
7 256Mb RAM, DEC-10alpha-CPUS  #H&H3H
Windows-NTE-4 2] pCollA  A4kA|Zke] HA|H
WS AL A 16847, GAH WHE A
2% AT 084 7Hde)L 7 e whaka
HAE HHE HAIY ol v)E] 208 o4 Al
MAHE BEA e e ey, wxola
#A2}2HE & Layton 5”7, Ohnaka$t Zhu!'® Sant
9} Backer''® ¥ 1L Rigaut 59"9] AW 113
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L] or - w -
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dimensionless time

Fig. 8 Temporal variations of the fluid volume
fraction in the mold according to the

time integration method.
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Table 3 A comparison of the present and experi-
mental results® for the solidification time

Solidification Times

References .
Shortest Longest Ratio
Sirrell et al'* 11.7 63.3 5.41
Present study 45 82 1.82
Layton et al.”’ 25 80 3.20
Barkhudarov and
i1 5 35 7.00
Xu and
Mampaey(u) 50 92 1.84
h d
gh:ﬁ]f)a an 45 65 1.44
Rigaut et al.!'” 13 53 4.08
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Fig. 11 Calculated cooling curves by implicit
method for seven positions
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