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Abstract. The authors present the capabilitics of the authorial software in the ficld of engi-
neering simulation, This system uses the finite clement method. [t enables the performance
of simulations of phenomena described by partial differential equations. Currently the Nus-
ca8 system consists of: a library of finite clements. a finite clements mesh generator as well
as modules for performing simulations of heat transfer and solidification. The module of
solidification cnables one to conduct simulations of cquilibrium solidification of two-
component alloys for three-dimensional problems. This paper presents the results of exem-
plar simulations that illustrate the capabilitics of the described tool. These results consist of
cooling curves, charts of part of the solid phasce in the cast, ficlds of temperature in the cast
and casting mould. The paper concludes with remarks and discussion of the obtained
results.

Introduction

This article presents the capabilitics ({unctionality) of the authorial software in
the field of cast solidification simulations. The issuc of cast simulation has been
discussed in numerous scientific works |1, 2|, however, this topic also attracts the
attiention of commercial firms [3, 4]. The work on this soltware was started at the
Czestochowa University of lTechnology in 1996 by N. Sczygiol. At the same time,
it was decided that this software would be named the Nusca$S system |5].

The NuscaS system is dedicated 1o conducting numerical simulations ol the
casting process. This software is based on the Finite Element Method (FEM). At
the present time, it enables one to conduct simulations tor two- and three-
dimensional arcas.

The Nusca$S system is divided into three main parts: pre-processor (preparation
of simulation tasks that are to be solved), processor (computational part) and post-
processor (graphical presentation of the obtained results). Currently, the NuscaS
software is constantly being developed. There are scientific works concentrated on
the improvement ol existing solvers and developing new solvers for the NuscaS
software.

Presently, the NuscaS system is being developed by PhD students and scientists
from the Department of Applicd Computer Science and Software Engincering
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which belongs to the Institute of Computer and Information Sciences of the
Crestochowa University ol Technology.

1. Description of approach, assumptions and work methodology

The solvers of the NuscaS system are based on the finite element method. The
solidilication solver that is presented in this work is based on the heat transfer
equation with the term of heat source. The term of the heat source is associated
with the phenomena of latent heat evolution |6]:
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where 4 is the thermal conductivity cocflicient, T is the temperature, ¢ is the spe-
cilic heal, p is the density, ¢ is the time and ¢ is the heat source term, which in the
case of solidification. is related to the phase change phenomena.

Solution of the heat transfer cquation with the source term uses not only the fi-
nite element method | 7], but also the apparent heat formulation (AHC) |8]:
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where ¢ is the effective heat capacily, which can be obtained with the use of spe-
cific approximation formulas [9].

In the case presented in this paper, the effective heat capacity is obtained direct-
ly from the differentiating enthalpy formula with respect to the temperature. The
system of lincar cquations, which emerges {rom semi-discretization over space
with the finite element method and discretization over time with the Euler back-
ward scheme, is solved with use of the conjugate gradients method [10]. To con-
duct the simulations presented in this paper, it was assumed that the casting solidi-
fies in a way that can be modelled with the equilibrium model [11]:
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where & is the partition coefficient. 7} is the liquidus temperature and 7y is the
melting lemperature of purc metal.

All of the solvers that belong (o the NuscaS system are developed with the use
of C++ programming language. Advanced features of this language. such as tem-
plates or exeeptions, arc uscd.

At present, visualization of the obtained solution is performed with the use of
GiD software [12]. GiD software has been chosen because it is a very configurable
ool that provides a wide spectrum of possibilitics to adapt 1o the needs of a given
user.
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Conclusions

The paper presents the capabilities ol the NuscaS soltware in the ficld of engi-
ncering computations. As could be observed [rom the presented results, currently
NuscaS software enables one to perform a simulation of equilibrium solidification
lor a 3D model.

The modular design of the NuscaS software allows for the independent
development of various solvers designed for heat exchange or solidification
simulations. All the solvers use one library that contains classes intended lor file
operations or helping with complex calculations (for example solving huge linear
equations systems). ‘T'his library also reduces the time required for work related to
assembling the global system of equations in the finite clement method.

The presented example, despite the fact that it has very a simple shape, allows
thorough testing of the develaped soltware. Analysis ol the obtained results, espe-
cially cooling curves, enables us (o conclude that the results obtained {rom NuscaS
are correct at least from the physical nature of the simulated process.
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