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Abstract

This research report focuses on multi-physics coupling of numerical reactor technology, providing
a comprehensive review of major project advancements in the United States, Europe, South Korea,
Japan, and China. It covers key initiatives such as the U.S. I-NERI, CASL, and NEAMS programs, Eu-
rope’s NURE series projects, and distinctive R&D projects in China, South Korea, and Japan. The re-
port delves into critical technical challenges, including the deepening of multi-physics coupling
mechanisms, breakthroughs in high-fidelity modeling and algorithms, the integration hurdles of
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high-performance computing and data-driven approaches, and shortcomings in verification and un-
certainty quantification systems. Additionally, it explores cutting-edge directions such as deep
multi-physics integration and expansion, Al-driven innovation, multi-scale modeling and cross-
scale simulation, and the empowerment of quantum computing. The study summarizes global de-
velopment trends, noting that although Europe and the U.S. lead the field, Asian countries each
possess unique strengths, with China progressing rapidly, yet they all face common challenges
and are advancing toward shared frontiers. The report emphasizes the importance of international
collaboration in driving technological progress and ensuring the sustainability of the nuclear en-
ergy industry.
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Figure 1. VERA code suite [10]
[l 1. VERA BFRH£RS[10]
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Figure 2. NURESIM platform architecture [23]
& 2. NURESIM ¥ & 4243[23]
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Figure 3. Relative radial power distribution of the first cycle of VERA #9 benchmark [27]: a) 0 EFPD; b)
194.3 EFPD; ¢) 392.3 EFPD
[ 3. VERA# [a)8R 55 1 TRERM R [AIHEXHEThE 9 [27]: a) 0 EFPD; b) 194.3 EFPD; c) 392.3 EFPD
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