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Fig.1  Schematic representation of the computational domain:  

(a) final ingot size=50 mm; (b) mesh size=10 mm;      

(c) initial domain=50 mm 
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Table 1  Physical properties and parameters of Ti-Zr alloy 

system
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Parameter Value 

Density/kg·m

-3

 3636 

Thermal conductivity/W·(m·K)

-1

 11 

Latent heat/J·kg
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3.77×10

5

 

Heat capacity/J·(kg·K)

-1

 727 

Dynamic viscosity/kg·(m
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·s)
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Solid temperature/K 1933 

Liquid temperature/K 1936 

Liquidus slope/K·(mass fraction%)
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Fig.2  Schematic plot of the solidification problem 
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Fig.3  Relative Pb mass fraction variation for Sn-5%Pb alloy at 400 s: 

(a) present prediction and (b) results of Ahmad et al

[18]
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Fig.4  Relative concentration distribution of Pb for Sn-5%Pb 

alloy at the end of solidification correspond to various 

heights from the bottom of the cavity: (a) 25 mm and   

(b) 55 mm 
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Fig.5  Evolution of temperature field plus fluid flow (left side) and concentration field (right side): (a) 200 s, (b) 500 s, (c) 800 s,  

(d) 950 s, and (e) 1100 s 
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Fig.6  Relative concentration distribution along radial direction 

at the end of solidification (these profiles correspond to 

various heights from the bottom of the ingot) 
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Fig.7  Distribution of temperature (a), temperature gradient (b) and concentration (c) combined with fluid near the melting pool 
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Fig.8  Concentration distribution under various buoyancy forces: 

(a) without buoyancy force, (b) only thermal buoyancy,  

(c) thermal buoyancy coincides with solutal buoyancy, 

and (d) thermal buoyancy contradicts solutal buoyancy 
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Fig.9  Final macrosegregation with different buoyancy forces:  

(a) without  buoyancy force, (b) only thermal buoyancy, 

(c) thermal buoyancy coincides with solutal buoyancy, 

and (d) thermal buoyancy contradicts solutal buoyancy 
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Fig.10  Final macrosegregation with different solute partition 

coefficients k 
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Numerical Simulation of Macrosegregation Caused by Buoyancy Driven Flow During 

VAR Process for Titanium Alloys 
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Abstract: A continuum model for alloy solidification was used to simulate the temperature evolution, solute distribution and liquid flow. 

The segregation patterns obtained in simulations are consistent with the observations in experiments. The development of segregation in 

the conditions with different thermal and solute buoyancy forces was analyzed. It is shown that the inhibition of flow can minimize the 

macrosegregation to the greatest extent. It is also found that the solute partition coefficient determines the segregation pattern and severity 

in the same fluid flow conditions. 

Key words: macrosegregation; vacuum arc remelting; titanium alloys; buoyancy driven flow  
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