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Numerical simulation of transient heat transfer characteristics and thermal
stress distribution of molten salt—steam superheater in coal—fired units
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Abstract: Under the dual-carbon goals, molten salt heat storage is a critical technology for enhancing the deep
peak—shaving flexibility of coal-fired power plants. However, as the core energy—release equipment of the storage
system, the transient heat tran ear, which restricts the safe and long—term operation of the units. Based on numerical
simulation methods, this paper systematically investigates the transient heat transfer characteristics, flow
characteristics, and thermal stress distribution of the superheater under deep peak—shaving conditions. The results
indicate a significant weak coupling effect between the flows on both sides of the heat exchanger. Under
synchronous bilateral load variations, the pressure drop exhibits exponential growth, and the resistance coefficient

shows a differentiated response to unilateral load variations. Regarding heat transfer, compared to unilateral load
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variations, synchronous bilateral regulation can reduce the outlet temperature fluctuation amplitude by

approximately 20% and achieve a steady climb in heat flux, thereby effectively circumventing severe initial thermal

shocks. The overall heat transfer coefficient demonstrates a phased growth pattern characterized by an initial near—

exponential increase followed by a transition to linear growth. Furthermore, the amplitude of the system’s thermal

stress exhibits a logarithmic growth trend with the peak—shaving rate. The ultimate stress level is determined by the

flow velocity, whereas the transient evolution is dominated by the flow velocity variation rate. The maximum

structural deformation ranges from 0 to 0.4 mm, with the deformation peak concentrated within the 10 - 20s interval

of the load variation process. This study reveals the dynamic thermo—mechanical synergistic evolution mechanisms

of the superheater under transient conditions, providing a theoretical basis for the safe and efficient operation of this

heat exchanger.
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Fig.4 Verification of grid independence of superheater
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Fig.10The relationship between flow velocity and outlet temperature.Fig.11The relationship between the rate of change in flow velocity

and the outlet temperature.
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Fig.12The relationship between flow velocity and heat flux density.Fig.13The relationship between the rate of change in flow velocity

and heat flux density.
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Fig.14The relationship between flow velocity and heat transfer coefficient.Fig.15The relationship between the rate of change in flow

velocity and the heat transfer coefficient.
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Fig.16  The relationship between flow velocity and the overall heat transfer coefficient.
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Fig.19 The relationship between the rate of change in flow velocity and the equivalent stress value.
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