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Abstract

The aim of this work is to develop an algorithm which allows the use of the Fractional Step method to stabilize the numerical model of the mould filling process presented in [1, 2].

Nowadays, a computer simulation software has become an indispensable tool for supporting engineers in designing the optimum casting technology [3]. Among factors that have a significant impact on the final quality of the cast, the mould filling process is one of the most important and widely analysed numerically. Under real conditions a metal flow is accompanied by a number of additional processes, such as a heat transfer and crystallization, which can significantly affect the behaviour of the liquid alloy in the casting mould. This makes the problem of modelling mould filling a very complex one. Thus, simulation of a liquid metal movement usually requires complicated and time-consuming calculations. Therefore, scientist and engineers are searching for new efficient solutions in this domain. One of the newest approach in the Computational Fluid Dynamics (CFD) is called the Lattice Boltzmann Method (LBM). The available literature, including works published by the authors [1, 4], indicates, that this method can be successfully used to simulate mould filling processes. Among many advantages, such as simplicity of the calculation algorithm and the efficient use of modern multi-core CPUs, the LBM has a major drawback, which is a low numerical stability in the case of high Reynolds number flows.
Typically, the stability of free surface and multiphase flow models (widely used in the foundry industry) is increased with the Smagorinsky Subgrid Scale model [5]. This approach, however, raises some doubts because it involves interference in the process physical basis. In the present study the authors proposed the use of the Fractional Step method (FS) [6] to stabilize the Lattice Boltzmann model of the mould filling process. In this case, the numerical stability is improved by dividing the calculation procedure into two stages, called the predictor and corrector, respectively. In the predictor step calculations are done based on pre-established kinematic viscosity, which guarantee the stability of the numerical process. While in the corrector step, by solving the appropriate diffusion equation, a velocity field is corrected corresponding to the actual viscosity of the fluid:
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where:

u - fluid velocity, t - time.
Parameter b is defined as follows:
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where:
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 - fictitious viscosity which guarantee a numerical stability.
The study included the analysis of the stability of free surface and two-phase flow (liquid metal - air) models. The simulation results for the models without stabilization as well as stabilized with the Smagorinsky algorithm and Fractional Step method were compared. It was also demonstrated, that by using the FS the proposed free surface Lattice Boltzmann model can be applied to solve real problems in the foundry industry. For this purpose simulation results were compared with the data obtained experimentally.

The carried out analysis indicates that without the proper stabilization method, numerical modelling of the mould filling process may not be possible. In addition to the viscosity, a factor that significantly affects the stability of the LBM is the actual size of the analysed domain (this parameter is also directly reflected in the value of the Reynolds number). With the use of the Fractional Step method it is possible to simulate low-viscosity flows, two-phase flow (in which the viscosity of the two fluids is significantly different) or flows in large areas. Additionally, through the application of FS algorithm, local variation of the viscosity can be included in the model as shown in [7].
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