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Numerical Analysis of Shrinkage Cavity Formation
using the Modified Fluid Critical Solid Fraction Method

Jae-Kyung Lee, JeongKil Choi* and Chun-Pyo Hong**

Abstract

Modified fluid critical solid fraction method was utilized as a prediction parameter to describe the shrinkage formation
including the position, shape and amount of shrinkage cavities. A numerical scheme was implemented adapting this
method for the evaluation of solidification defects in various casting processes. In the present numerical code, the form of
shrinkage cavity can be simultaneously determined when an isolated loop is predicted to occur by the fluid critical solid
fraction method. An auxiliary parameter, shrinkage potential, was also used in order to calculate the amount of residual
liquid during solidification. Solidification analysis was carried out for the validation of the present scheme. It was shown
that the calculated results were in good agreement with those of practical casting runs in all of the casting processes
envolved in the present research. It may be concluded that the present program successfully predicts the detailed shrinkage

formation behavior without the consideration of interdendritic fluid flow analysis.
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Table 1. Thermal and physical properties used in the present calculations

Material Density Specific heat Heat T*, T*, Latent heat T*;
g/cm’ cal/g-°C conductivity °C °C cal/g °C
SC42 steel 7.3 0.15 0.076 1519 1412 66 1580
DCI 7.6 0.119 0.04 1160 1150 47 1260
AC4B Al alloy 2.74 0.23 0.25 582 520 93 720
Sand mold 1.52 0.25 0.0014 — - — 20
SKD61 Metal mold 7.85 0.115 0.079 — — - 200
Chill 8.2 0.2 0.5 — — — 20
Sleeve 2.0 0.5 0.00001 — — — 20

*Ty Liquidus temp., T,: Solidus temp., T;: Initial temp.
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Fig. 8. Comparison between experiment and calculation results; (a) cast iron model [10], (b) solidification time contour and (c)

fluid critical solid fraction.
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Fig. 10. Shrinkge defects (a) formed in cast structure of Al
alloy [12], (b) predicted solidification time contour
method and (c) predicted by fluid critical solid frac-
tion method.
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Table 2. Comparison of various numerical methods for the prediction of casting defects

Solidification
time method [4]

criteria [2, 7]

Present modified critical
fluid solid fraction method

Niyama

Position of defect

® Macro shrinkage

m Distributed porosity
m Centerline shrinkage

X X X O

Shape of shrinkage

VAN
X
O
X

O X O O

*O: Good, A: Normal, X: Bad
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