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Flow-Induced Vibrations in NPPSu« ==
e Nuclear. For life.
A FIVs are driven bynergetic flonthat contacts &lexible
structure |
A In NPPscoolantimpinging orslender structures
A FIV might appear isteam generator§¢SG)reactor cores
and other plant components

A FIVmay increase in timas a result of |
A altering the nominal conditions A /
A accidents/transients el f i
A ageing and degradation of structures JJ

A FIV lead tonaterial wearand eventuallystructure damage
A substantialcostsdue to unplanned/longeoutages

A Therefore, reactor componentsave tobe designed
against FIV
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FIV in Steam Generators (SGs) s
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— N Steam,Nozzie
f A
BN %: R Mihama(Japan), 1991
A Crossflow atinlet andU-bend =& {grerer— S SGTRipperU-bend
A Flowinducedforcescanleadto  sw_|FE—or Activationofthe ECCS
SteamGenerator Tu b@upture Outer shell ——> [ ?oial‘\ Wrapper Causedjy |nC0rreCt|nsertlon
(SGTR) » GIKE ﬂ\ N of antrvibrationbars 20
—— VA BV yearsbefore
o o ReplaceSG

PWR SGchematigBonavige 2011

B SanOnofre(US), 2012
e (NRC WebS|te)

; A SGgeplacedin 2011
i} A Unexpectedwvearin ~10% of tubes
. (units 2 & 3)

~ Permanentshut-down ofboth units
ANS Webinar Year in Review: Nuclear Thermal Hydraulic Achievements of 2023 ref.nr: 26300/24.281103




FIV In Fuel Assemblies (FAS)
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Mixing vane
XS

Mixing vane Sleeve

Inner \strap

A Gridto-rod fretting is the largestsource offuel
damagein PWRSIAEA, 2019)

A In period 20062015 58% offuel damagesn
PWRglueto grid-to-rod fretting

(a’::'igg) Spacegrid scheme(Yooet al., NED, 2019)

= Grid-to-rod fretting
m Debris fretting
= Fabrication

Pellet-clad-interation / Stress corrosion cracking

Gridto-rod fretting in an

. . . ) . EDF PWR 1300 (IAEA, 2010)
ANS Webinar Year in Review: Nuclear Thermal Hydraulic Achievements of 2023 ref.nr: 26300/24.281103



Flow-Induced Vibration excitation e

mechanisms
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Flowexcitationmechanismsclassifiecaccordingo Pettigrewet al. (NED, 1998):

A Periodic Wake Sheddingccurs immediately downstream of structures subjected to cross flow. When periodic wake
shedding occurs periodic fluid forces are generated. If the periodicity of the fluid forces coincide with the natural
frequency of the structure resonance may ocd{mown as/ortexInducedVibration (VIV).

A Turbulence Excitatiori:ocally or upstream generatedrbulence resulting in random pressure fluctuations around the
surface of components causing them to vibrate. Knownasulencelnduced Vibration (TIV).

A Acoustic Resonanceccurs when theeriodic wake shedding frequency coincides with the natural frequentye
acoustic cavity formed by the structures surrounding the tube bundle.

A Fluid Elastic InstabilityFhis is a result of coupling between fhirtluceddynamic forces and the elastic vibration of
structures. When the energy absorbed by structure from the fluid dynamic forces is higher than the energy dissipat

by dampingjnstability occursThis occurs beyondcertain critical velocity
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Vortex-Induced Vibration: no resonancé:: 2
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VortexInduced Vibrationsno resonancdy, small displacements

Y Vorticity: Magnitude (/s)
0 50 > 100

x_z N |
Solution Time 0.001 (s)
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Vortex-Induced Vibration: resonancé&:: 2
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VortexInduced Vibrationsiesonanced large displacements

Y Vorticity: Magnitude (/s)
0 50 ~ 100

£ N |
Solution Time 0.001 (s)
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FIV impact for NPPs
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Flowexcitationmechanismsmpactfor Nuclear PowePlants(NPP%¥.

A Periodic Wake Shedding (VIsignificant around certain frequency band, possibly damaging.

A Turbulence Excitation (TI\8ignificance generally increases with increasing turbulence level:teaomgdamaging
(GTRF).

A Acoustic Resonancsignificant around certain frequency band, possibly damaging.
A Fluid Elastic Instabilityery significant beyond critical velocity. Can cause serious damage.

A For NPPs: design shoudcevent FEIminimizeimpact fromTIV and VIV
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O .' Random Vortex induced Fluidelastic
2 vibration vibration vibration
o - n n |r
7] N

e ;j —

Flow velocity
Vibrational Response as a Superimposition of Different FIV mechafameskoet al., 2014 Academid’ress)
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FIV relevance for NPPs
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FIVmechanismselevancefor Nuclear PowePlants(NPP$A TIValwayspresent

Flow situation Fluidelastic instability Periodic shedding Turbulence excitation Acoustic resonance
Axial flow
Internal
Gas * _ * *kk
Two-phase * o e *
_External e
: Liquid o - ok e :
: GllS * * EE 23 |
I Two-phase * - e * :
Cross flow
Single cylinders
quuld o ook o *
Gas — o *
Two-Phase — * e o
Tube Bundle
quuld sk sk Ao &
Gas *k% * * k%
Two-phase A w A -
***Most important. 1 Steam generator
**Should be considered. Fuel rods
*Less likely.

i_1  Steam generator and fuel rods
—. Does not apply.

Vibration excitation mechanisnfamendedfrom Pettigrewet al., NED, 1998)
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TIV: predicting numerically

A Turbulencelnduced Vibrationsnain cause of

Gridto-Rod Fretting (GTRF)

A As a result of local fluctuating turbulent velocity and =

pressure fields

A Modelling TI\tan reduce risk and improve

maintenance planning.

A Needscaleresolving method¢$LES/DNS)
A Twoway coupling LESSM expensive

A Need tosave computational costs

A Structure side: Reduce@rder Model (ROM

A Beam elements
A Modal methods ¢.g.ANSYS MOR)

A Fluid side: URANSs¥nthetic turbulence
A Anisotropic Pressure Fluctuation ModghiPFN)

ANS Webinar Year in Review: Nuclear Thermal Hydraulic Achievements of 2023

C(Jmput ational cost / degrees of freedom

Increasing model influence
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DNS
(NS, LBM)
\n model

MU(I( 1 / LES \
(NS, LBM)

Limit = DNS / Hybrid RANS/LES

Unsteady RANS \

steady / RANS

Hierarchy of Computational Fluids Dynamics (CFD)
methods Gagautkt al., World Scientific, 2013)
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Objective
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A TIV can be modelled witRluid-Structure Interaction (FSI) simulations

A Highfidelity methods (DNS & LES) are too expensive.

A Solution: use aressure fluctuation modgPFM).

A Scope: incompressible, single phase, axial flow.

~
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FSI framework
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General FSI framework:
A Structural solver

A Fluid solver

A Coupling program
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At NRG
A Deal.ll
A OpenFOAMwith AniPFMembedded
A preCICE

Structural

Ax;

Coupling

Fluid

CFD solver

Structural Solver

»{ Map displacements }

T 1ot
U,k,e uju

Pressure

A

L.

[ v ]<
p stresses
\
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Fluctuations
Model

am OpenFOAM
| N |

The OpenFOAM Foundatior
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Pressure fluctuations
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A Governing equation: From URANS
A

A Deduced fromNavierStokesand continuity equations
A Useheretod ¢ ¢ andn A n

A Velocity fluctuation® are unknown

A Synthetic turbulence model
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