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Summary: The physics of shrinkage porosity formation involves interactions among many physical phenomena such as heat transfer, fluid flow in the liquid stage including natural convection, flow in the mushy zone, solidification shrinkage, deformation of the solid skin due to the formation of underpessure and so on.

As the existing softwares do not include the possibility to calculate pressure drop as a result of shrinkage, a lot of shrinkage defects cannot be predicted at this moment. These defects are: the surface shrinkage defects that occur in the sidewalls of risers; the internal shrinkage defect in the castings occurring at the moment that the outer layers of the thermally correct blind risers start to solidify (especially the top layers), creating an underpressure in the riser that stops any further feeding possibility of that riser, resulting in a small shrinkage defect in the riser and a big shrinkage defect in the casting.

The ultimate goal of this research is to develop a model capable of simulating the pressure distribution during the solidification and to couple this pressure distribution to the deformation of the solid skin as well as take into account the eventual gas generation, so that the simulation can show the dynamic shrinkage geometry in the casting and in the feeding system.
1 Introdution 

In recent years, the increasing demands for producing rapid prototyping aluminum castings require to make a casting right at the first time due to a short delivery date. The traditional trial and error way cannot satisfy the demand [1]. The computer simulation technique offers a more effective method to aid the design of castings [2]. The casting can be cast on the computer and design can be modified until a satisfied result is obtained so it is very important to predict all defects so real design or process improvement can be reached.

Most software packages claiming to be for foundry use can now simulate and represent macro-shrinkage and primary pipe but  when the shrinkage manifest itself as sink, the problem becomes more difficult to predict [3]. 

The main goal of this work is to find a suitable model that takes in to account the physic aspect occurring during solidification, pressure develop and strength, in order to combine internal and external “porosity” mechanisms and represent both internal micro-porosity and surface sink. This paper proposes a solidification simulation that is capable of predicting the pressure drop due to shrinkage. By coupling this pressure calculation from solidification simulation with a model for the deformation of solid skin an improved algorithm can be obtained for predication of castings defects, that are not predicated by simple thermal calculations of solidification. This new model will be integrated in a finite volume based three-dimensional computer code, ViewCast.. This code is a commercial code and is being developed in WTCM Foundry Centre, Belgium. 

2 Numerical model 
For pressure calculations during solidification we propose a model that considers the material movement that occurs due to shrinkage. In this model we coupled the momentum conservation equation (1) with mass conservation equation (2).
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Neglecting the convection and diffusion terms and considering the pressure gradient as a part of the source term the momentum equation can be written as(3): 


[image: image3.wmf]i

i

i

U

P

ρρg

tX

¶

¶

=-+

¶¶

                                                             MACROBUTTON MTPlaceRef \* MERGEFORMAT (3)

Were the pressure field is indirectly specified via continuity equation here in a scalar form (4): 
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3 Numerical implementation

In this work an implicit control volume based finite difference scheme is used to discretize the conservation equations. The velocity-pressure coupling in the momentum equations was handled using the simpler algorithm [4].

4 Experimental validation

A Basic Test Case, Figure 1, was designed to check the efficiency of the new model to be developed. The performance of the new model will be compared to experimental results and with numerical ones. This basic test consists on a simple shape casting, a solid block with a riser. In Figure 1 we can observe a sink defect.
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Figure 1: basic test case

5 Conclusions 

The mathematical model and the numerical code presented can be useful to determine the dynamic shrinkage of geometry occurring during solidification. The idea is now to couple this model, velocity-pressure during solidification, with the plastic deformation of solid skin induced by this pressure evolution.
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