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1. Introduction

Engineering prediction of the design problem with
fluid-structure interaction issues occurring in the
commercial reactor core and the steam generator are
known to be challenging for both researchers and
industries involved in nuclear production of electricity.
Sharing the knowledge and experience on how to model
these phenomena with optimal accuracy and engineering
usability is therefore of great interest for contributors
worldwide. The seminar on this issue was held at Aix-en
Provence, France, organized by Dr. G. Ricciardi (CEA),
in last February, 2020. The seminar particularly focused
on three specific issues for the fuel assembly: 1)
accidental situations (Earthquake and LOCA): how does
the fluid modify the behavior of several fuel assemblies
in a core or a storage rack in case of external event as a
seismic excitation or a loss of coolant accident? 2)
Fretting wear: what is the response of a fuel rod induced
by a turbulent axial flow and correlate to fretting wear?
3) Fuel assembly bowing: how does the main axial and
secondary transverse flows contribute to the
establishment and/or aggravation of fuel assembly
bowing deformations in a nuclear core? Some issues are
not common in Korean NPP, but some can also be an

important issue on the safety aspect and stable operation.

I was invited and presented some spent fuel safety
research things at this topical seminar and want to share
the key issues discussed in the seminar.

2. Fuel assembly FSI modeling issues.
2.1 Turbulent induced vibration and fretting wear

Grid to rod fretting (GTRF) coupled with the fuel
vibration induced by the flow has been years long R&D
issues in worldwide [1-5], but now, I think, is not an
popular issue in Korean nuclear industry because of
various efforts to reduce the problem and to develop
high quality fuel design by Korean fuel vendor[6-8].
GTREF, however, is still important R&D and interesting
fluid-structure interaction issues in France, anyway.
Fundamental research question of the problem is “what
the response of a fuel rod induced by a turbulent axial
flow is”, “how can fluid force be obtain by the flow
simulation and how it correlates to fretting wear?” The
last question is the most challenging, but many
researches are still undergoing to find out the way using
CFD, experiment and analytical works in CEA, France.
[9-12]. The type of FIV in GRTF is turbulent buffeting,
very small random vibrations related to the fluctuating

pressure field associated with the turbulent flow. Most
experimental study for this problem can be easily
affected by the far-field noise depending on the specific
test loop. Good news is that many research works
related to the CFD with better algorithm has been still
performed as the evolution of the computing power, but
one interesting R&D activities on directly solving FSI
simulation is undergoing with computationally
affordable way and by capturing all relevant physics
[13] to correlate fuel vibration to the resultant wear.

Fuel Assembly bowing
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Fig. 1. Overview of fuel assembly fluid structure interaction
modelling issues, raised in France.

2.2 Fuel assembly bowing and its consequence to core
flow distribution and hydrodynamic force.

As shown in Fig. 1, fuel assembly has been bowed in the
reactor core due to the irradiation creep with hold-down
force, hydrodynamic force, and neutron physics[14, 15].
Severe bow can cause handling problem of the fuel
loading during the outage and bad influence to core
performances and RCCA drop time. So, FA bow should
be accurately predicted by the verified model, but this is
an also multi-physically coupled problem. One
interesting thing is that FA bow can make flow
distribution irregular in the core, thus it can affect core
power distribution and fuel loading while the operation.
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Fundamental question on the fuel assembly bowing is
how the main axial and secondary transverse flows
contribute to the establishment and/or aggravation of
fuel assembly bowing deformations in a nuclear core?
[16, 17]

2.3 Seismic and LOCA accident simulation for the
integrity of fuel assembly

Accidental situations can modify the behavior of several
fuel assemblies and flow structure with distribution in a
core or a storage rack in case of external event as a
seismic excitation or a loss of coolant accident. During
an earthquake, the fuel assemblies in the PWR core are
moved and can collide with certain in-line phase. In the
case of high excitation, these shocks can break the
spacer grids affecting the reactor functioning [18-21].
Simulation and experimental works are needed in order
to validate models and to have a better understanding of
involved phenomena within the assembly coupling and
vibrations.

3. Conclusions

Fluid-structure interaction phenomina in fuel
assembly are frequently encountered and also quite
interesting R&D issues for researchers, power supplier
and regulators. Thus, sharing the knowledge on how to
model these phenomena and validate through
experiment is worthwhile. Here in this paper introduces
some related issues on that, mostly raised in France.
Making common ground to free discussion on this issue
is highly desirable for improving nuclear safety and
better public acceptance in Korean nuclear power
industry.
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