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A Study of a Simultaneous Filling and Solidification
During Casting Process
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Abstract

An algorithm for modeling the filling of metal into a mold and solidification has been developed.
This algorithm uses the implicit VOF method for a filling and a general implicit source-based method
for solidification. The model for simultaneous filling and solidification is applied to the two-dimensional
filling and solidification of a square cavity. The effects of the wall temperature and gate position on
the solidification are examined. The mixed natural convection flow and residual flow resulting from the
completion of a filling are included in this study to investigate the coupled effects of the filling and
natural convection on solidification. Two different filling configurations (assisting flow and opposite
flow due to the gate position) are analysed to study the effects of residual flow on solidification. The
results clearly show the necessity to carry out a coupled filling and solidification analysis including the

effect of natural convection.
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Table 1 Thermophysical properties of an aluminum
alloy.
Conductivity, & 100.0 Wm'
Specific heat, ¢ 1000.0 J/kg
Density, p 2500.0 kg/m3
Latent heat, L 400.0 kl/kg
Viscosity, u 0.0025 kg/m s
Coefficient of thermal -
. 4.0x 10

expansion, f
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Fig. 1 Problem specification of a solidification of
an aluminum alloy.

Fig. 2& ool o8 #HHdmzA (@
Swaminathan¥} Voller'"2] Hitolw )% (o)
2+2} 20,0, 30.0 secd W B G749 #ylolt}
F&Ma & 25Cod T,9 T nGAdG
A& 1}eEbAT} Swaminathan® Voller'"9] &
B Azhe] thek AFol flv] WEe] £ AT
Hue} AFAoz AY wayg Fe AT A
el e F YAEE & & Aok

42 XD AHAL Hotel BBy

£ AP AgH SAANAMRE EHdaF
o] $uAA7A Y Bt N4 dueF& Fig
33 g2 Al #eEo] oiE Hegich o
T HEL F Fxo] ofojxH ARUE
Adgtae 2T @d Hol ki 73T
2N e ANIFEL o) A EA A
o @ FANE FUE @& AU
Fig. 49 (a), (b), (c)o Algte] wd AR A&
Uehiich 94&¥e 2EE 500CE RAHA
79 BAHEZE 0.1msecEA YTI7IR 712
o2 ¥ ReynoldsT= 10000]t} 2709 F2A&
Ztz nAA T e fEC HE3e 55T
s} 650CE vebdrk Ao ojFoA & Ft
F719 A oA Gehte A3 44
& dalgde Lx7 olvn AEFHY Fv]9Y
exojnz ASE YA E feTh €4%9
W 252 fAHE Holl RH]Y] Hole Pl
£ A4 28 Ydo] ojRojxz] 7] WE
o 4 =2 fAH 22 (0)9 =1.0 sec

Flg. 2 Solidification of an aluminum alloy in the
presence of natural convection, (a) by
Swaminathan and Voller,'” (b) present

study at t = 20 sec, and (c) present study
at t = 30 sec.

} 1.0cm
W
Vin l

NANNAN \\:‘

T+

50 ecm

Ay
X

A

5.0 cm —

Fig. 3 Schematics of a problem for filling and
solidification. '
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Fig. 4 Results for the simultaneous filling and solidification at T.,=500°C and vi,=0.1m/s,

t = 2.5 sec t = 50 sec t =75 sec
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Fig. 5 Results for the simultaneous filling and solidification after the mold was completely filled, in the
case of the wall temperature of 500°C and inlet velocity of 0.1 m/s, (a) streamlines at t=2.5, 5.0
and 7.5 sec and (b) progress of the liquidus and solidus lines at t=2.5, 5.0 and 7.5 sec.
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Fig. 6 Results for the simultaneous filling and solidification after the mold was completely filled, in the case
of the wall temperature of 400 and inlet velocity of 0.1 m/s, (a) streamlines at =2.5, 5.0 and 7.5
sec and (b) progress of the liquidus and solidus lines at t=2.5, 5.0 and 7.5 sec.
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Fig. 7 Results for the simultaneous filling and solidification after the mold was completely filled, in the case of the
bottom filling and wall temperature of 500 C, (a) streamlines at =2.5, 5.0 and 7.5 sec and (b) progress of
the liquidus and solidus lines at t=2.5, 5.0 and 7.5 sec.
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Fig. 8 Solidus and liquidus lines for three different
cases with the gate located at the right
corner of the bottom wall (nc : natural
convection only, filling filling only,
‘ne+filling : considering both filling and
natural convection).
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—--— top, 500 C

---- bottom, 500 T

Fig. 9 Solidified volume fraction with time for the
different gate position and wall temperature.
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