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Abstract
The Differential Quadrature [1] method is high rank numerical method. It can be applicable in building numerical models for Partial Differential Equations (PDE) [2]. However for dense grids, especially for the equally-distanced nodes, method loses its accuracy[3]. 
The aim of the project was to construct such modification of DQ that can improve its accuracy for problems that appears in foundry engineering. Presented in the work Rank Controlled Differential Quadrature (RCDQ) [4-6] is searched adjustment of DQ that make it applicable it in the foundry processes numerical analysis.
During numerical modelling with RCDQ the critical is to define the function that linking nodes with intended approximation rank. With this function computational domain decomposes into a sets of nodes. Sets are numbered and the index connects them with a point for value in which numerical scheme is applied[4-6]. In such limited numerical domains classical DQ [7,8] scheme is adopted. 

Analyse of the numerous numerical experiments proves that the solution quality is improved with RCDQ. Experiments focused on three main subjects:

- accuracy of derivative approximation;

Introduced method improves accuracy of numerical solution. Problems with accuracy near to domain borders that can be observed for DQ are no longer crucial for RCDQ. Distribution of an error in domain is similar (in shape) as in the case of Finite Differences (FD) method, but some ranks of order lower (in value).

- comparison of numerical and exact solution for mathematical model of simplified heat transfer problem;

The RCDQ method was also applied to solve the problem of infinite steel plate cooling from 450 C that was cooled in ambient temperature of 23 C with 3rd type of boundary condition. The numerical results shows very high agreement to exact ones.

- application of RCDQ in magnesium based solidification problem.

The RCDQ method was applied to solve real life problem: solidification of magnesium based alloy. After several simplifications mathematical model was created. This model was solved with analyzed numerical method. The results compared with experimental data show that RCDQ may be successively used to solving foundry engineering problems including the solidification phenomenon. 

Conclusions

The assumed goal of the work was fulfilled:
- modification of DQ method leads to new numerical method RCDQ that can be applied in foundry technology;
- RCDQ method has high accuracy even for dense grids in comparison to FD and DQ methods;
- effective macro-model of solidification was introduced that with RCDQ builds numerical model for alloy solidification analysis.  
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