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Research Progress on Numerical Simulation of Temperature
Field during Directional Solidification of Nickel-based Single
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Abstract: As one of the indispensable core components of advanced aero-engine, nickel-based single crystal turbine
blades (hereinafter referred to as single-crystal blades) have extremely demanding requirements in terms of dimensional
accuracy of the hollow structure, uniformity of alloying element distribution, and metallurgical quality of the surface and
inner cavity. It is found that the control of temperature gradient during directional solidification directly affects the perfor-
mance and quality of single crystal blades, and whether the continuous acquisition of stable heat flow becomes the key of
directional solidification . With the continuous progress of computer technology, numerical simulation has become one of
the important methods of single crystal blade directional solidification research. Firstly, introduce the single crystal blade
technology is introduced and the heat transfer method in the directional solidification process is then analyzed. Secondly,
the optimization methods of boundary conditions of interfacial heat transfer coefficient for numerical simulation are summa-
rized, focusing on the application of Beck’s inverse method and finite difference method in the solution of interfacial heat
transfer coefficient. The results proves that the two methods can be used to solve the interfacial heat transfer coefficient be-
tween castings/shells, where the accuracy of the simulation of the temperature field can be effectively improved. Finally,
the research progress of numerical simulation of the temperature field during directional solidification is also traced, and
the influence of process parameters on the temperature field is summarized. Based on the analysis of the research progress
of numerical simulation of temperature field during directional solidification of nickel-based single crystal turbine blades,
the optimization direction of the directional solidification process and the subsequent development trend of the related tech-
nology are proposed to promote the research and development process of single crystal turbine blades.

Key Words: Nickel-based Single Crystal Turbine Blade; Directional Solidification; Numerical Simulation; Temperature
Field; Interfacial Heat Transfer Coefficient
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Fig. 1 Schematic diagram of typical heat transfer during direc-
tional solidification of single crystal blade
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Fig. 2 The comparison between calculated temperature change

and measured temperature
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Fig. 3 Change of interface heat transfer coefficient of a nickel-based superalloy casting—mold : (a) time, (b) surface temperature
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Fig. 4 Heat transfer coefficient with finite difference method : (a)temperature measuring device, (b) measurement curve and calcu-

lation curve
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