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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”G’17I
Parameter Value
Density/kg-m™ 3636
Thermal conductivity/W-m-K)™ 11
Latent heat/J kg™ 3.77x10°
Heat capacity/J-kg-K)™ 727
Dynamic viscosity/kg-m™s)’ 3.6x107
Solid temperature/K 1933
Liquid temperature/K 1936
Liquidus slope/K-(mass fraction%)™! -2.364
Thermal expansion coefficient/K™' 6.5x107
Solute expansion coefficient -0.4
Diffusion coefficient/m>s™ 3.0x107
Partition coefficient 0.85
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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'"®
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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)

JEAE RN AREE R, A A5 s AR % T
(7] IR by it [0 o R A 2B P G W Zr DG ER A
AN R Hh A /9 S R T, A I A
Ko Wi IA N B e Tg . 3R 0 5 v i g 3k
FFERR, FE i B R T AN T T Aol 1) b R A
XL, W Te Bras e MO URE ] /805 T A e [
I B s 7 R, AT A R B S
FiE S, ERAEm BT, WiE Te T B A BT .
3.2 BRI S MK a0 R K EX

PAEREIULES BRI, it AL AR I 5 RS T 9 i)
T RARATT S kg Bk 2 WY BT 3L B0 X I 5 A il 1) S P A
BB R LU AR D0 I T AT 5 0 -
(1) B ERE b & 35 G 0 AN S T30, M A
HIPIE AARXTR ;s (2) s F T30, At A7 £E 34
TEA LRI (3) FW IR E 9 0.4 224 1E
0.4, MR T 17 115 267 375 AR -



%34 B YV BRE < VAR IR 0L R AT AT A B - 875 -

|

Bl 7 S EE R AT LB AT L IR AT R 7

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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Numerical Simulation of Macrosegregation Caused by Buoyancy Driven Flow During
VAR Process for Titanium Alloys

Fan Kai ', Wu Lincai , Li Junjie’, Wang Jincheng®
(1. Hunan Goldsky Titanium Industry Technology Co., Ltd, Changde 415001, China)
(2. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)

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.
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