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Abstract. The calibre of low pressure casting (LPC) process in meeting the demands for improved 

quality and aesthetics for thin walled components has been widely accepted in casting industries. In 

spite of numerous advantages, the process is still being used very less to its potential. The basic 

reason has been the difficulty in determining various processing parameters associated which can be 

circumvented effectively by numerical simulation. In the present work, the commercial CFD code 

FLOW 3D™, has been used to simulate the mould filling and solidification during the LPC process.  

Introduction 

 The LPC process is a specialized method for making thin walled and hollow components 

[1]. The process is basically an application of Pascal's law wherein, the melt inside a hermetic 

furnace is pressurized to rise through a tube to fill the cavity in the mold which is kept vertically 

above [2]. Since the melt flow is against the gravity, the mold filling can be easily controlled to 

avoid turbulence. Moreover, the pressure applied to the melt during solidification avoids shrinkage, 

reduces porosity and results in better heat transfer. Thus, the components made are good with both 

surface finish and mechanical attributes [3]. However, like any other pressure-assisted casting 

methods, the LPC process is mainly controlled by the input pressure sequence. 

 Among the various parameters governing the LPC process, melt temperature, mold 

temperature, applied pressure and its duration are of great importance [4]. Such variables can be 

easily optimized using simulation techniques. The present study uses FLOW 3D™, which is a finite 

difference method (FDM) based commercial computational fluid dynamics (CFD) code for 

analysing fluid flow and heat transfer occurring throughout the LPC process. The basic structure of 

the furnace is modelled as per the real LPC machine available with the group and the pressure ramp  

used is the one which gave the defect free component during experimental trials.   

Mathematical Model   

 The flow of liquid metal  is assumed to be incompressible Newtonian fluid and the 

governing equations for fluid flow and heat transfer during mold filling and solidification are given 

by  

Conservation of mass 
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Conservation of momentum 
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where, ρ is the density of the fluid, P is the pressure, 	
� is the velocity vector, Fb is the body force 

vector which is descriptive of the gravitational force. 

 The liquid flow during mold filling falls under the category of free surface flows and  

FLOW 3D™ uses the fractional area/ volume obstacle representation (FAVOR) method for 

geometry representation and volume of fluid (VOF) method for free surface tracking [5].The energy 

equation during mold filling is governed by the equation 
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��, � are the specific heat and thermal conductivity of the molten metal,   is the latent heat and $% is 

the solid fraction during solidification stage. 

Geometry Details 

 The computational model of the LPC machine is shown in Figure 1(a). The furnace is 

modelled as a hollow cylinder with pressure entering through the small vent on the side. The riser 

tube takes the melt from the furnace to the mould cavity.  

 

Fig 1: Showing a) Computational model of the LPC setup and b) Pressure ramp used 

The computational geometry is discretized into a FDM computational mesh using 3 mesh blocks. 

The meshing is verified using the FAVOR option in FLOW 3D™. The total number of voxels are 

1.6 million with a mesh size 3.5 mm which is the optimum mesh size for the current simulation.  

Initial and Boundary conditions  

 The pressure sequence used for the simulation is depicted in Figure 1(b). This sequence is 

given as the boundary condition at the inlet of the small vent shown in Figure 1(a). The initial 

pressure inside the furnace above the melt is considered to be atmospheric pressure. The casting 

component is made of Aluminum LM6 alloy and the mold material used is H13 Steel. The initial 

melt temperature was assumed to be 760 °C and the mold temperature is set to 350 °C.  At the 

metal-mold interface, a value of 1430 W/m
2
K is taken for  heat transfer coefficient which takes care 

of the heat flux at the interface. The thermo-physical data used is taken from FLOW 3D™ database. 

Results and Discussions 
 The mold filling sequence based on the given pressure ramps at different times is shown in 

Figure 2.  

 
Fig 2: 2D Plots on X-Z Plane 
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 It can be clearly observed from the fill sequence that for the given pressure profile the filling 

is laminar and hence there are no fill related defects like gas entrapment in the casting component. 

The temperature  profile at the end of mold filling  shown in Figure 2 clearly shows the cooling 

pattern as the molten metal as fills the cavity. When the molten metal enters the cavity the 

temperature is around 687 °C. The time taken for completely filling the cavity was around 6.5 s.  

 
Fig 3: Temperature distribution and solid fraction during solidification at different time steps. 

 

 Once the mold filling is completed, those results are taken as the input for simulating 

solidification of the melt inside the mold. For solidification simulation only the energy equation is 

solved  including phase change. The solid fraction values between the liquidus and solidus 

temperature is assumed to vary in a linear manner. The solidification is completed in 103.5 seconds. 

Figure  3 shows the temperature profile and solid fraction values at different time intervals during 

solidification. Figure 4 shows the experimentally obtained casting component using the same 

pressure profile used in the simulation 

 
Fig 4: Photograph of the completely filled low pressure cast component. 

. 

Conclusions 

The mold filling and the solidification simulation of the entire LPC process is done using FLOW 

3D™. The filling and solidification stages were numerically analyzed and the following 

conclusions can be drawn from the simulation    

1. FLOW 3D™ is capable of predicting the LPC casting process. 

2. The applied pressure-time profile produces a laminar mold filling sequence and hence, fill 

related defects like gas entrapment gets minimized. 

3. The temperature distribution at the end of mold filling is above the solidus temperature of 

the alloy. Therefore, the given melt temperature and the mold temperature are sufficient 

enough for obtaining completely filled component. 
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