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Abstract.  The paper presents a case study on a aluminium part obtained by three different casting 

methods: die casting, investment casting and sand casting. The article analyzes the mold filling 

method, solidification time and crystal structure type obtained for each casting process. The purpose 

was to obtain more homogenous  crystalline  structure of the cast parts, with   better  mechanical 

properties.  The mold filling method with molten metal and heat transfer method influences the 

mechanical properties of the cast parts. 

Introduction 

Mold is an important device during the casting process. The molding process should be properly 

controled because the quality of casting parts is closely related with liquid metal flow in the mold 

[1]. 

For the numerical simulation of the casting process, several mathematical models have been 

developed and applied widely in the past years. Many researchers have significantly improved and 

refined the models by incorporating more realistic phenomena, such as [2] and [3] modeled the 

transient flow phenomena in the mold for the casting process and well investigated the effects of 

various factors on the turbulence flow state of liquid metal [1]. 

Knowing the temperature field from part and mold walls, is a great practical importance because 

it allows intervening for correcting and guiding the fused material solidification and cooling process 

in a molded models quality favorably sense. In addition, knowing the temperature field helps to 

optimize casted part extraction time from the mold and prepare the mold for a new casting. 

Casting part quality depends on crystal structure homogeneity and on grain size of the casted 

metal structural constituents [4] [5]. Cooling speed control influences both homogeneity and size of 

structural constituencies. 

The aim of this article was to study the crystal structure of an aluminum alloy part 

(ATSi12CuMgNi) obtained by three molding processes (sand casting, investment casting and die 

casting) trying to determine whether there is a connection between the method and time of the  

mold filling, the cooling method of the liquid metal in mold and the non-homogeneous material 

structure. 

The following hypothesis are assumed: although there is a laminar flow mold filling, yet in some 

areas turbulent vortexes appear that stores additional energy in comparison to other part areas. 

These areas will cool more slowly than other area which causes structural modifications in the 

solidified parts, which will become less homogenous. 

Governing equations for filling and cooling 

1. Filling up with liquid metal 

Considering that the liquid metal for casting is a viscous fluid, in the simulation stage occur a series 

of more complex problems in describing physical phenomena that accompany the flow process and 

filler a mold. The flow of liquid metal as the mold fills is represented as a Newtonian fluid by the 

Navier – Stokes equations: 
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a) for mass conservation 
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where ρ  is the density, v is the velocity, t  is the time, ∇  is the Nabla operator. 

b) for equations of motion 
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where p  is the pressure, f are exterior forces for unit of volume, τ  is the viscous stress tensor and 

it is equal with (3)[6]: 
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where η  is the dynamics viscosity, d  is the velocity of deformation tensor and I  is the united 

second order tensor. 

Mold filling is usually accompanied by heat transfer and the solidification process in governed 

by the energy equation: 
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where E is the total energy, H is the total enthalpy, 
v

q  are heat sources for unit of mass, T  is the 

absolute temperature. 

The term τ  in the relation (3) and (4) is a source term which is zero when there is no internal 

heat generation and d  can be neglected as it does not influence the evolution of the solidification 

front for medium sized casting [7] whose scales is of few centimeters. 

 

2. The heat transfer  

From the moment when the liquid metal fills the mold, a thermic interaction between mold and 

metal starts, which is a heat transfer process. The heat transfer process is complex and takes place 

by conductivity, convection and radiation, governed by the following equations: 

a) for conductivity: 
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where Q  is heat flux, λ  is thermal conductivity, S  is exchange thermal surface and T  temperature 

gradient. 

b) for convection: 

( )c p fdQ T T dSα= −                                                                                                     (6) 

where cα  is thermic diffusivity coefficient, pT  is temperature of part, fT  is temperature of mold. 

c) for radiation 
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where −p fε  is emissivity coefficient between part and mold, C  is the Stefan-Boltzmann constant. 
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Temperature field equation that is formed has the form given by relation (8) and the equation 

allows temperatures repartition determination at any point within a body (part) [8]. 
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where α  is thermic diffusivity coefficient. 

Dependent variable 
xT  is called solidified volume fraction that advances according to figure 1 

and is defined as: 
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where ST
 
represents cooled metal temperature, cT  represents liquid metal temperature. 

 
Fig. 1 Solidified volume fraction advancement mode 

 

Calculation domain and boundary conditions  

Solving Navier-Stokes equation gives the speed, not the position of a fluid particle. A solution of 

the Navier - Stokes equations is called velocity field that represents fluid velocity at a point in space 

and time. Once the velocity field is known, we can obtain other sizes of interest. When the liquid 

metal is a viscous fluid, due to the complexity and high degree of nonlinearity in motion equations 

solving, it is useful the simplification quest of these equations and thereof boundary conditions.   
 

For three-dimensional computation, a computational domain is shown in Fig. 2(b). Boundary 

conditions are as follows: 

1. Inlet: The flow velocity v at the inlet is calculated by the mass conservation according to the 

casting speed, u = w = 0. 

2. Outlet: Only the pressure that there is in this zone is defined. It is considering that it is not 

viscous stress in this zone; 

3. Mold wall: At the mold wall, the velocity and the current density components, normal to the 

wall, are set to zero, but the velocity components parallel to the wall are set to non-slip boundary 

condition, namely the viscosity is assumed infinity. 

 
                                       a)                                                                 b) 

Fig. 2 Computational domains: a) meshing, b) boundary condition 
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Meshing 

For meshing we used free tetrahedral (figure 2. a) with element size fine (8mm maximum 

element size and 1 mm minimum element size). This is as it says [9],[10] a cell-centered finite 

volume methods, typical of most commercial CFD tools (Computational Fluid Dynamic tools), are 

computationally efficient, but can lead to convergence problems on meshes that feature cells with 

highly non-orthogonal shapes. Problems are often encountered when generating a mesh suitable for 

the computational modeling of a ‘real life’ casting process because of aspects of the geometry 

which might be rather complex [9]. 

The resulting mesh may contain regions where some aspects of it are badly distorted and it is 

often not possible to have a good quality mesh over the entire domain. 

Computational results and discussion 

When designing the condition for the case study, the idea has been to reproduce a real casting 

condition, while maintaining the geometry as simple as possible.  

The physical properties required in equations (1), (3), (5), (6) and (7) used by Comsol are 

presented in table 1.  

Table 1: Parameters used in the simulation 

Name Value Description 

D 5e-8 [m^2/s] Diffusion coefficient 

Kl_matr 44.5 [W/(m*K)] Mold thermal conductivity 

rho_matr 7850 [kg/m^3] Mold density 

Cpl_Al 475 [J/(kg*K)] Mold specific heat capacity 

p_atm 0 [Pa] Ambient pressure 

T_atm 298.2 [K] Ambient temperature 

E_matr 0.8 Mold surface emissivity 

T_meltAl 963.2 [K] Al mold temperature 

Ks_Al 160 [W/(m*K)] Al thermal conductivity 

Cps_Al 900 [J/(kg*K)] Al specific heat capacity 

rho_Al 2700 [kg/m^3] Al density 

E_Al 0.2 Al surface emissivity 

mu_Al 10^-1 [Pa*s] liquid Al viscosity 

sigma 0.9 [N*m] Surface tension coefficient 

V_mean 2.5 [m/s] Normal inflow velocity 

Figure 3 presents the simulation results for liquid metal flow mode in the mold and heat transfer 

that is made between mold and liquid metal. In figure 3.a) is observed the existence of areas where 

vortices appear during mold filling with liquid metal.   

      
 a) b)    

Fig. 3 Simulations results a) for flowing, b) for heat transfer 
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The results of Comsol simulation for liquid metal flow in mold and cooling mold, it is presented 

in table 2. 

 

Tabel 2 The results of simulation 

Process casting 
Time filling Time cooling to 323 (K) 

(s) (min) 

Sand casting 6 372 

Investment casting 5 331 

Die casting 2 228 

 

After  cooling down the parts, from each part a sample was prevailed from the area where 

vortexes  were predicted to appear and a microstructure analysis was made using metallographic 

microscope Optika XDS-3MET.  

 
Fig. 4 ATSi12CuMgNi microstructure for sand casting 

Figure 4 presents metalographic microstructure at 50X magnification, respectively 200X. The 

structure consists of dendric solid solution α specific to solidification under equilibrium conditions. 

Are identified the following structural constituents: 1-solid solution  α , 2-pure silicon crystal and 

3- lamellar eutectic formed by α +Si and alloying elements. 

 
Fig. 5 ATSi12CuMgNi microstructure for die casting 

Figure 5 presents the structure correspoding to die casted alloy. In this case we have a 

homogenous structure where can be identified the following structural components: 1- eutectic, 2- 

solid solution. 

 
Fig. 6 ATSi12CuMgNi microstructure for investment casting  

The structure presented in figure 6 is formed by echiacsi granes that due to ceramic shape are 

larger than those formed in die casting. The following structural constituents are identified: 1- 

globular eutectic smoother than in sand casting and 2- solid solution. 
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Conclusions 

The vortexes areas would cool down more slowly than other area which causes a structural 

modification in homogeneities of the solidified part. 

The following conclusions have been drawn, after the microstructure analyzes: 

a) From the grain size point of view, it is observed that the smoother structure appears in the case 

of die casting followed by the one obtained by investment casting, and the coarser structure is 

obtained from the sand casting; 

b) The parts obtained by die casting have the best mechanical properties, followed by the ones 

obtained by investment casting, and the worst properties have the parts obtained by sand casting; 

c) In the case of sand casting, after solidification, a dendritic microstructure is obtained, with 

segregations at the grain boundary which adversely affects the mechanical properties of the piece 

obtained by this process; 

d) At investment casting and die casting, silicon crystals are missing from microstructure; 

By simulating the mold filling method with liquid metal, areas where vortexes appear can be 

determined, and by appropriate technological methods can be prevented their formation resulting in 

higher quality casted pieces. 
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