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Fig.1  Simplified schematic diagram of non-uniform meshes 

adjacent nodes: (a) 2D and (b) 3D 
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Fig.2  Simplified schematic diagram of interpolation algorithm 
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Fig.3  3D model and sample position of blade 
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Fig.4  Thermophysical properties of MM247 superalloy: (a) density, (b) thermal conductivity, (c) specific heat, and (d) enthalpy 
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Table 1  Key parameters for simulation 

Parameter Value 

Pouring temperature/' 1500 

Preheating temperature/' 1500 

Chill temperature/' 50 

Baffle thermal conductivity/W·(m·K)

-1

 1.0 

Shell thermal conductivity/W·(m·K)

-1

 2.5 

Shell specific heat/kJ·(kg·K)

-1

 1.339 

Shell density/g·cm

-3

 2.438 

Interface heat transfer coefficient (cast-shell)/W·(m

-2

·K

-1

) 750 

Interface heat transfer coefficient (cast-chill)/W·(m

-2

·K

-1

) 3000 

Shell emissivity 0.4 

Baffle emissivity 0.2 
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Fig.5  Change of mushy zone of blade at 3 mm/min withdrawal 

rate: (a) f

s

=15%, (b) f

s

=45%, (c) f

s

=75%, and (d) f

s

=95% 
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Fig.6  Change of mushy zone of blade at 4 mm/min withdrawal 

rate: (a) f

s

=15%, (b) f

s

=45%, (c) f

s

=75%, and (d) f

s

=95% 
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Fig.7  Change of mushy zone of blade at 5 mm/min withdrawal 

rate: (a) f

s

=15%, (b) f

s

=45%, (c) f

s

=75%, and (d) f

s

=95% 
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Fig.8  Simulation (a) and experiment (b, c) results of grain 

structure of blade at 4 mm/min withdrawal rate 
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Fig.9  EBSD analysis on the grain orientation of different trans- 

verse sections: (a) sample 1, (b) sample 2, (c) sample 3, 

and (d) sample 4 
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Fig.10  Simulation results of dendritic arm spacing: (a) PDAS 

and (b) SDAS 
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Fig.11  Dendrite morphologies of different transverse (a
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) sections of sample 1 (a
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Macro-micro Numerical Simulation and Experiment of Directional 

Solidification for Industrial Gas Turbine Blade 
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Abstract: Directional solidification process of industrial gas turbine blades (IGTs) was studied based on temperature field and the 

microstructure was investigated by both simulation and experimental methods. A mathematical model of nonuniform meshes was built to 

compute temperature field, which improves the computation efficiency. The evolvement rule of mushy zone was analyzed based on 

simulation results of temperature field. Interpolation algorithm and cellular automaton finite difference (CAFD) model were used to 

predict the microstructure growth of IGTs. Pouring experiments were carried out, and experiment results agree well with simulation results. 

Combined with electron backscattered diffraction (EBSD), some common defects of castings were analyzed, and the corresponding 

prevention measures were put forward. Primary dendrite arm space (PDAS) and secondary dendrite arm space (SDAS) were calculated 

considering the influence of solute diffusion and solidification rate, and dendrite morphology was observed by optical microscopy (OM). 

The results reveal that PDAS and SDAS change in different transverse sections of IGTs. The solidification characteristics of IGTs were 

studied through macro and micro perspective in order to provide help for industrial production. 

Key words: industrial gas turbine blade; directional solidification; mathematical model; numerical simulation 
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