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Abstract
The development of compact nuclear reactors has gained increasing attention due to their potential for flexible deployment and enhanced safety features. In this study, a thermal–hydraulic analysis of a compact boiling water reactor core fueled with high-assay low-enriched uranium (HALEU) is presented. The objective of this work is to evaluate the temperature distribution and coolant flow characteristics of the reactor core under steady-state operating conditions. A simplified homogeneous core model was developed, and single-phase heat transfer analysis was performed using computational fluid dynamics simulations. Key parameters, including coolant velocity, fuel surface temperature, and heat flux distribution, were analysed to assess thermal performance and safety margins. The results indicate that the maximum fuel surface temperature remains below the allowable design limit, while adequate coolant flow is maintained throughout the core region. Regions of higher heat flux were observed near the central core area, consistent with the assumed power distribution. The findings demonstrate that the proposed compact core design exhibits favourable thermal–hydraulic behaviour under nominal conditions, supporting its feasibility for low-power research or microreactor applications. This study provides a foundation for future work incorporating two-phase flow effects and coupled neutronic–thermal analyses to further enhance the accuracy of reactor performance assessment.
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1. 	Introduction
Compact nuclear reactors have attracted increasing interest due to their potential for flexible deployment, reduced construction time, and enhanced inherent safety features. In particular, microreactors and small modular reactors are being considered for research, remote power generation, and specialised industrial applications. The use of high-assay low-enriched uranium (HALEU) fuel enables compact core designs while maintaining criticality.
Thermal–hydraulic analysis is a critical aspect of reactor design, as it ensures that fuel and coolant temperatures remain within acceptable safety limits during operation. Previous studies have demonstrated the importance of coolant flow distribution and heat transfer performance in boiling water reactor (BWR) systems. However, limited open literature is available on simplified thermal–hydraulic studies of compact BWR cores using HALEU fuel.
The objective of this study is to perform a preliminary thermal–hydraulic analysis of a compact BWR core under steady-state conditions. The study focuses on evaluating temperature distribution and coolant flow behaviour using a simplified modelling approach.

2. 	Methodology
A simplified homogeneous reactor core model was developed to represent the compact BWR configuration. The core geometry was defined based on a rectangular lattice arrangement, with coolant channels surrounding the fuel region. Light water was used as both the coolant and moderator.
Single-phase heat transfer analysis was conducted using computational fluid dynamics (CFD) simulations. The governing equations for mass, momentum, and energy conservation were solved under steady-state conditions. Uniform heat generation was assumed within the fuel region, and appropriate boundary conditions were applied at the inlet and outlet of the coolant channels.
Key parameters analysed in this study include coolant velocity, temperature distribution, and fuel surface temperature. The simulation results were used to assess the thermal performance and safety margins of the proposed core design.

3. 	Results and Discussion
The simulation results show that the coolant temperature increases gradually along the flow direction due to heat absorption from the fuel. The maximum coolant temperature occurs near the core outlet, while lower temperatures are observed near the inlet region.
The fuel surface temperature distribution indicates higher temperatures in the central region of the core, corresponding to the assumed power distribution. However, the maximum fuel surface temperature remains below the design limit, indicating acceptable thermal performance under steady-state conditions.
Coolant velocity profiles show a relatively uniform flow distribution across the coolant channels, suggesting stable flow behaviour within the core.
The results demonstrate that the simplified compact BWR core design exhibits favourable thermal–hydraulic characteristics under nominal operating conditions. The temperature distributions are consistent with theoretical expectations and previous studies on similar reactor configurations.
Although the present analysis is limited to single-phase flow, the results provide useful insight into the baseline thermal behaviour of the system. Future studies should incorporate two-phase flow modelling to more accurately represent boiling phenomena in BWR systems. Additionally, coupling with neutronic analysis would allow for a more realistic power distribution within the core.

4. 	Conclusion
A preliminary thermal–hydraulic analysis of a compact boiling water reactor core using HALEU fuel has been conducted. The results indicate that the proposed core design maintains fuel and coolant temperatures within acceptable limits under steady-state conditions. This study provides a useful foundation for more detailed analyses involving two-phase flow and coupled neutronic–thermal simulations in future work.
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