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Fig.1 Simplified blade model used in this study
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Fig.2 Schematic diagram of three modules: (a) single-layer

module, (b) sleeve module, and (c) double-layer

superimposed module
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Ctr Co Mo W Ta Re Nb Al Hf Ni

4.3 9 2 8 7.5 2 0.5 5.6 0.1 Balance
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Table 2 Temperature-depended interfacial heat transfer
coefficients

Temperature/C 25 400 1000 1324 1371 1550
Interfacial heat transfer

coefficient, 150 150 190 350 750 750

Ivtetal/Mold/ W m ™2 °C ™!
Interfacial heat transfer
coefficient,
Pvtetat/chin/W-m™-C™!

80 600 1510 2000 2250 3010
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Table 3 Nucleation parameters of DD6 used for grain
structure simulation
Parameter AT max AT, Nmax
Surface nucleation 2.0 1.0 1.65x10° m™
Volume nucleation 16.0 1.6 9.00x10° m”
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Fig.4 Schematic diagram of single-layer module (a) and its
temperature field simulation results at withdrawal rate of
v=100 pm/s: (b, c) bottom of the blade, (d;, e;) platform,

and (d», e,) the cross section of the platform
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Fig.5 Undercooling distribution of single-layer module at
different withdrawal rates: (a) 50 um/s, (b) 100 pm/s, and
(c) 150 pm/s
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Fig.8 Undercooling distribution of sleeve module at different

withdrawal rates: (a) 50 um/s, (b) 100 pm/s, and (c)
150 um/s
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Fig.9 CAFE simulation results of sleeve module at
different withdrawal rates: (a) 50 um/s, (b) 100 pm/s,
and (c) 150 pm/s
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Fig.10 Schematic diagram of double-layer superimposed module
(a) and its temperature field simulation results of the
bottom of the blade at withdrawal rate of v=100 pm/s:
(b, ¢) bottom blade, and (d) above blade
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Fig.11 Schematic diagram of double-layer superimposed module A R E R EFR N 100 um/s.

and its temperature field simulation results of the
platform at withdrawal rate of v=100 um/s: (a;, b))
bottom blade, (c;, d;) above blade, (a», by) cross section
of the platform of the bottom blade, and (c», dz) cross

section of the platform of the above blade
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Fig.12 Undercooling distribution of double-layer superimposed
module at different withdrawal rates: (a) 50 um/s, (b) 100
um/s, and (c) 150 um/s
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Temperature Field and Microstructure Simulation of Directional Solidification Process
of Single Crystal Blade Prepared Efficiently with Different Module Structures

Yang Wenchao, Sa Shipeng, HaoWenshuo, Qin Jiarun, Zhang Jun, Liu Lin

(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: For the stray grain problem of 18 single crystal blades in high efficiency preparation due to the non-uniform temperature field,
three different module structures with the same production capacity were designed. The high rate solidification of DD6 Ni-based superalloy
under different module structures was simulated by ProCast software and CAFE model, and the influence of the temperature field evolution
and the withdrawal rate on stray grains was analyzed. The results show that the solid-liquid interface of the single-layer module becomes
curved seriously because the cooling efficiency of side close to the center pillar is higher than that of the side close to the furnace body due
to weak heat preservation effect of center pillar, and it has a large undercooling and tendency to form stray grains. By adding a sleeve to the
single-layer module to increase the heat preservation effect, the temperature field can be changed effectively, and the degree of bending is
reduced to avoid the nucleation of stray grain. The double-layer superimposed module has a uniform temperature field and a low
undercooling, which can decrease the tendency of stray grain effectively. Both the double-layer superimposed module and the sleeve
module can form a complete single crystal when the withdrawal rate is below 100 pum/s, while the diameter of the double-layer
superimposed module reduces to a half of the diameter of the other two modules, which can reduce the requirement for size of furnace body,
achieving efficient preparation of single crystal blades.

Key words: module structure; single crystal blade; directional solidification; numerical simulation
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