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Study on Development of Virtual Reactor Core Laboratory (1)
- Development of Prototype Coupled Neutronic, Thermal-Hydraulic and Structural Analysis System -

Nariaki Uto™, Kazuyuki Tsukimori*?, Hitoshi Negishi™
Yasuhiro Enuma®, Toshio Sugaya", Takaaki Sakai™

Abstract

A study on development of virtual reactor core léboratory, which is to conduct
numerical experiments representative of complicated physical phenomena in practical
reactor core systems on a computational environment, has progressed at Japan Nuclear
Cycle Development Institute (JNC). The study aims at systematic evaluation of these
phenomena into which nuclear reactions, thermal-hydraulic characteristics, structural
responses and fuel behaviors combine, and effective utilization of the obtained
comprehension for core design.

This report presents a production of a prototype computational system which is
required to construct the virtual reactor core laboratory. This system is to evaluate
reactor core performance under the coupled neutronic, thermal-hydraulic and structural
phenomena, and is composed of two analysis tools connected by a newly developed
interface program; 1) an existing space-dependent coupled neutronic and thermal-
hydraulic analysié system arranged at JNC and 2) a core deformation analysis code. It
acts on a cluster of several DEC/Alpha workstations. A specific library called MPI1
(Message Passing Interface 1) is incorporated as a tool for communicating among the
analysis modules consisting of the system. _

A series of calculations for simulating a sequence of Unprotected Loss Of Heat Sink
(ULCHS) coupled with rapid drop of some neutron absorber devices in a prototype fast
reactor is tried to investigate how the system works. The obtained results show the core
deformation behavior followed by the reactivity change that can be properly evaluated.

The results of this report show that the system is expected to be useful for analyzing
sensitivity of reactor core performance with respect to uncertainties of various design
parameters and establishing a concept of passive safety reactor system, taking into
account space distortion of neutron flux distribution during abnormal events as well as
reactivity feedback from core deformation. '

*1 Information System Section, Technology Management Division

*2 Structure and Material Research Group, System Engineering Technology Division, OEC
*3 FBR System Engineering Group, System Engineering Technology Division, OEC

* *4 Thermal-Hydraulics Research Group, System Engineering Technology Division, OEC
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