
 

 

 
 
 
 
 

 
 
  
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Introduction 

The industrial process of continuous and 
semi-continuous casting of lightweight alloys 
including their process optimizations and final 
product quality are all related to quantification of 
thermal evolution and resulted mechanical 
status during the production process. The nu-
merical prediction of these thermally-induced 
effects is totally depending on clear and sound 
numerical techniques based on rigorous physi-
cal\mathematical bases. These numerical tools 
reflect the essence of whole scientific\knowledge 
and engineering experiences, which have been 
gathered in the last couple of decades to handle 
the accurate simulation of industrial process 
phenomena. Although, some limited care-fully-
setup experimental measurement works might 
still be needed to have a comprehensive verifi-
cation of numerical models, the extent of these 
works would not be comparable to traditional 
trial and error design method. 
 

Evolving domain & dynamic mesh 
The scientific concept of evolving domain 

and dynamic mesh (time varying discretisation) 
has been applied herein to the industrial semi-
continuous electromagnetic casting of aluminium 
alloys. Numerical treatment of continuously 
moving boundaries and internal evolution of 
numerical simulation domains are still a hot topic 
among researchers and no general best practice 
has been developed for industrial applications. 
Several approaches have been presented for 
different meshing\discretization types and differ-
ent application domains. For the simulation of 
continuous and semi-continuous casting applica-
tion in Amoree project, a novel approach of 
moving boundary with thermal energy equilibri-
um has been employed. As the casting pro-
ceeds by initially filling the mould and then 
moving the mould down (with the con-
stant\variable casting speed), top boundary of 
melt in the simulation domain is evolving by 
adding layers of melt materials (see fig. 1). 

The approach that is taken in Amoree project is 
the most straightforward way by directly generat-
ing new mesh at the evolving geometry and then 
balancing the energy source and capacity. The 

 

Evolving domain for casting process simulation 

An evolving domain is developed for the efficient simulation of thermomechanical industrial 
processes by considering the balance of energy. It is the basis for the simulation of several 
applications as continuous casting, extrusion and additive manufacturing.  
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advantage of this method is that it fits well into 
the complete picture of the directional evolving 
boundary framework, by incorporating new 
meshes into the top level of the grid and not 
interfering with details of the solver implementa-
tion. So, this approach minimizes the necessary 
changes\coding on commercial solvers while it 
retains the parallel processing aspect of the 
solutions, and it can be adapted to various 
solvers or may even work with them instantly. 
The results of the dynamic mesh technique for 
the electromagnetic casting of 7xxx aluminium 
alloys show that the dynamic mesh technique 
can produce reasonable thermal results while 
overcoming almost all numerical and computa-
tional problems. 

 
Fig. 1: Temperature contours at different time 
steps during casting 

 

Impact and effects 

The concept of evolving domains and dynamic 
mesh technique uses a very natural and elegant 
formulation to control domain changes. The 
numerical solution to an ever changing domain 

(with varying matrix sizes) and its discretization 
structure are both obtained by a mathematical 
process closely associated with imposed 
boundary values and equi-distribution principal. 
Different type of evolutional regimes can be 
identified for simulation of industrial applications, 
namely; 

 Internal evolving domains (for micro and 
macro event during solidification…)  

 Boundary evolving domains (continuous 
and semi continuous casting, extru-
sion…)  

 Full evolving domains (multi-scale do-
main for atomistic to macro scales…)  

 Targeted evolving domains (for bottom 
up design of complex systems…)   

 

In the Amoree project, the numerical technique 
is proposed to simulate time-varying industrial 
applications (with rap-idly changing domains) by 
generating a new mesh at appropriate time 
steps and balancing the input\output energies. In 
this technique the mesh is generated using the 
position and shape of boundaries as well as 
criteria based on energy and compatibilities.  

The industrial applications of this numerical 
technique (when fully developed) are substantial 
where many of dynamic changes during the 
industrial processes can be captured numerical-
ly in a stable and accurate way.  
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