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Abstract

Due to the high heat transfer efficiency and power density, plate-type fuel elements have been widely applied
in research reactors and special application scenarios. As the pursuit of higher reactor core power density
continues, even in PWR, high local void fraction phenomena will occur. At this point, there is a tight multi-
physics coupling within the reactor core, such as neutronics and two-phase flow thermohydraulics, making
it impossible to obtain the most accurate evaluation results with standalone neutronic or thermohydraulic
calculations. However, currently, no reactor coupling calculation code considers the complex coupling mech-
anisms mentioned above. Thus, this limits the further increase in power density of plate-type reactors. To
address this issue, this paper establishes a refined steady-state Neutronic-Thermohydraulic (N-TH) coupling
calculation method suitable for the core of high-power density PWRs based on the RMC and the commercial
CFD software ANSYS Fluent. Coupling calculation Of plate-type PWR based on High Parameters (COPHP)
problem pro-posed by Nuclear Power Institute of China (NPIC) is selected to show the numerical convergence
characteristics of the coupling calculation method. It achieves convergence within five iterations under both
single-phase and two-phase operating conditions. Calculations and analyses were carried out for 6 different
power levels ranging from 0% to 100%. The results show that under the Hot Full Power (HFP) condition, the
maximum outlet void fraction in sub-channels reached 0.48, significant-ly higher than that of traditional PWRs.
As the power level changes, there is a transition from single-phase operating mode to two-phase operating
mode. Under HFP condition, the maximum local heat flux on the cladding surface reached 918.49 kW/m2,
which is 2.33 times that of the average heat flux of the core. The coupled calculation code developed in this
paper has guiding significance for the design and safety analysis of high-power density plate-type PWRs.
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