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Abstract

A three dimensional numerical model was developed to analyze the mold filling and solidification

processes straightforwardly in a casting processes.

On the basis of the SIMPLER algorithm, the VOF

method and the Equivalent Specific Heat method were adopted to deal with the free surface behavior
and the latent heat evolution. The complete model has been validated using exact solutions and
experimenial results. The importance of three-dimensional effects has been highlighted by comparing
the results from the three-dimensional analysis with those given by a two-dimensional analysis.
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Table 1 Material properties used in the present study

Material Specifi . .
atend Conductivity pectiic Density | Viscosity
(Latent Heat : (e W/mK) Heat (o ke/md| ¢ 2
. m. . m s
Vike) (cal/ig| poms
Liquid
Pure |29 g0 10800 | 25610 | 0.092
Phase
Aluminum
Solid
(293820)/kg) 2100 1202.0 2571.0 1E30
Phase
No Bake Sand 0.586 993.0 1520.0 1E30

<

|[thickness)

405

>

Fig. 1 Physical model used in the present study
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Table 2 Definitions of ¢ , [' , and S in Eq. (1)

Variable
) o\ r S
Equation
Volume
. F 0 0
‘Fraction
Continuity 1 0 0
u| u -dp/ dx
Moment 9p ) gy +
v _ .
(Velocity) # P LA
wl| x -dp/ dz
Ener
& N1k / c| o/ (8H/ 00
(Temperature)

Velocity

(a) Unit vectors on free surface

w-.. N
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‘ss

(b) Grid system with one example of free surface

Fig. 2 Unit vectors and control volume at free
surface
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Table 3 Property values used for verification

Region
Mold Part | Cast Part
Property name
lari
Conductivity (J/m s K) ge 419
enough
Specific Heat (J/kg K) - 6279
Density (kg/m®) - 7000
Initial Temperature / 203 / - 1753 /
Liquidus Temperature (K) 1753
Latent Heat (J/kg) - 27209.3
Contact Heat Transfer
.. 2 - 2093.0
Coefficient (J/m” s K)
0 Mold Part | Cast Part ©

(a) Model for verification
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(b) Phase front tracking

Fig. 3 Phase front tracking in the semi-infinite mold
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(ii) Numerical results
(Left:Ohnaka, Middle:2D analysis, Right:3D analysis)
(a) After 0.75 s

(ii) Numerical results
(Left:Ohnaka, Middle:2D analysis, Right:3D analysis)
(c) After 150 s
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(ii) Numerical results
(Left:Ohnaka, Middle:2D analysis, Right:3D analysis)
(b) After 1.0 s

(i1} Numerical results
(Left:Ohnaka, Middle:2D analysis, Right:3D analysis)
(d) After 1.75 s

Fig. 4 Sequence of filling process
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2D analysis 3D analysis

(a) Just after completion of filling

373——

2D analysis 3D analysis

(b) At 5% solidification fraction

U —
—

2D analysis N "IJ 3D analysis

(c) At 20% solidification fraction

2D analysis

3D analysis

(d) At 70% solidification fraction

Fig. 5 Sequence of solidification process
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