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Inverse Determination of the Heat Transfer Coefficient for Iron Mold
Sand—-coated Crankshaft Process Based on ProCAST
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Abstract: During the casting of sand-coated iron mold ductile iron crankshafts, the interfacial heat transfer coefficient
(HTC) is a key parameter governing the evolution of the temperature field and solidification behavior; however, it is
strongly affected by temperature variation, interfacial air-gap formation, and changes in contact conditions, making accurate
determination by conventional methods difficult. In this study, thermocouples were synchronously embedded inside the
casting and within the sand coating under actual production conditions to record the temperature histories throughout the
entire filling and solidification process. On this basis, the HTC at the casting-sand coating and sand coating-iron mold
interfaces was inversely determined using the Optimization module in ProCAST software. The results indicate that the
interfacial HTC of the cast/sand coating exhibits a pronounced stage-dependent variation with temperature, increasing from
approximately 315 W/(m?-K) to approximately 712.5 W/(m?-K) as the temperature increases and significantly changes in
the liquid-solid phase transformation region. When the inversely determined HTC is applied as the boundary condition in
the simulation, the calculated temperature curves show good agreement with the experimental results after 1 500 s, with the
overall deviation controlled within 5%, which is markedly better than that obtained using a constant HTC model. The
results demonstrate that considering the temperature dependence of the HTC can effectively improve the reliability of the
temperature field simulation for the sand-coated iron mold casting process.
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Fig.1 Basic dimensions of the crankshaft
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Fig.2 Temperature distribution diagram of the cross-section of
the sand-coated iron mold
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Fig.3 Schematic diagram of the cross-section of the sand-coated iron mold

https://www.cnki.net



r [ %71

(FHIERK AR H09/2026 Fmt, %

BT ProCAST MBI BH M T EHAZHR Y +1063-

K 4 gt Por B
Fig.4 Schematic diagram of heat transfer during casting
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Fig.5 Schematic illustration of the solution procedures: (a) forward solution; (b) inverse solution
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Fig.8 Arrangement of the thermocouple measurements on site
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Fig.11 Thermophysical parameters of ductile iron: (a) thermal conductivity; (b) density; (c) enthalpy variation; (d) solid fraction
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Fig.12 Comparison of temperature curves: (a) comparison between measured and simulated temperature curves of the casting;
(b) comparison between measured and simulated temperature curves of the sand-coated layer
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Fig.14 Inverse calculation results of the heat transfer coefficient in ProCAST: (a) iterative results of the heat transfer coefficient at
different temperature ranges; (b) comparison curves of the inversely calculated and constant heat transfer coefficients between the

casting and the sand coating
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Fig.15 Inverse calculation results of the heat transfer coefficient in ProCAST: (a) application of the inversely calculated heat transfer
coefficient between the casting and the sand coating; (b) inverse calculation results of the heat transfer coefficient between the iron
mold and the sand coating
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Fig.16 Comparison of temperature curves after inverse optimization: (a) comparison between measured and inversely calculated
temperature curves of the casting; (b) comparison between measured and inversely calculated temperature curves of the sand-coating
layer
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Fig.17 Numerical simulation results of the solidification time in different regions of the casting: (a) simulation result without inverse
determination; (b) simulation result with inverse determination
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Fig.18 Temperature fields of the sand-coated layer at different solidification times after inverse determination
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Fig.19 Temperature fields of the casting at different solidification times after inverse determination
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Fig.20 Numerical simulation results of casting defects: (a) simulation result without inverse determination; (b) simulation result with
inverse determination
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Fig.21 CT and SEM images of defect sampling locations in actual casting
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