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Abstract: Based on the DEFORM-3D finite element software, a temperature field model of the large
casting billet was established for the problem of uneven heat transfer from the surface to the core during
the heating process of the large casting billet of GH4169 alloy. The influence of heating process parame-
ters on the internal heat transfer characteristics and temperature field distribution law of the alloy was
studied. The simulation results show that the comprehensive heat transfer coefficients of different sur-
faces have a significant impact on the heat transfer efficiency. For the comprehensive heat transfer coef-
ficients of surfaces with different fixed values, as the comprehensive heat transfer coefficients of the sur-
faces increase, the heat transfer efficiency from the surface to the core is significantly improved. For the
variable surface comprehensive heat transfer coefficients, the cross-sectional temperature difference is
relatively small, the heat transfer efficiency from the surface to the core is relatively low, but the heat

transfer process is relatively uniform. In order to study the variation law of grain size of GH4169 alloy
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during the heating process, GH4169 alloy samples were prepared, and multiple sets of heat treatment

tests were systematically carried out. The microstructure and the evolution law of grain structure after

heat treatment were analyzed through metallographic observation. The test results showed that after mul-

tiple sets of heat treatment, the grains of the surface microstructure of the material showed a significant

coarsening phenomenon. The specific manifestations are as follows: When heat-treated below 1 000 °C ,

the grains show a slow growth trend. The longer the holding time, the more obvious the grain growth,

with a size range of 3~8 pwm. When heat-treated above 1 100 °C, the grains show a significant coarsening

trend, and the size increases to 75~100 wm. With the extension of the holding time, the growth of the

grain structure gradually slows down.
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Tab.1 Thermophysical properties of GH4169 alloy samples

B PR %N g
/C o/(m* - s7") /(J kg - C") V(W-em'-C™")

100 3.1x10°° 434.6 1.1
200  3.3x107° 428.5 11.7
300  3.6x10°° 427.5 12.6
400  3.9x10°° 431.7 13.7
500  4.1x10° 441.1 15.0
600  4.4x10°° 456. 6 16. 4
700 4.5x10°° 475.2 17.8
800  4.6x107° 500. 1 19.1
900  4.7x10°° 529.9 20.6
1000 4.9x10°° 565. 1 22.9
1100 5.4x10° 605. 3 27.0
1200 6.5x107° 650.7 35.0
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Fig. 2 GH4169 samples for the determination of thermal
diffusivity and specific heat capacity
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Fig. 3 Temperature-dependent surface comprehensive

heat transfer coefficient during furnace heating
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Tab. 2 Mass fraction of chemical composition of GH4169 alloy
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positions in simulation results
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Fig. 9 Temperature field distributions at various stages with surface heat transfer coefficient of 100 W/ (m® - °C)
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Fig. 10 Temperature field distributions at various stages with surface heat transfer coefficient of 200 W/(m* + °C)
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Fig. 11 Temperature field distributions at various stages with surface heat transfer coefficient of 300 W/ (m* « °C)
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Fig. 13 Temperature field distributions at various stages with temperature-dependent surface heat transfer coefficient
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Fig. 14 Temperature evolution curves at characteristic locations with varying surface comprehensive heat transfer coefficients over time
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