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Vibration analysis of a Pool Type LMFBR.
Fluid-structures Coupled Modes

and Response to Flow Excitations
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A comprehicnsive analysis in several steps was mwade in order to estimate the flow induced
vibrations of SUPERPHENIX rcactor interpal structures. This analysis includes calculation
and full-scale tests in air, fluid-structure modal calculation and limited verification by
tests.  In both cases, the ealeulation used a substructuration procedure. Excitation sources
were estimated using reduced scale models. These sources were then introduced in the wodal
mudel of the complete fluid-coupled assembly in order to calculate the response in terms of
displacements and stresses,

The stress responses due to these sources revealed to be below the fatigue stress Timitsy
Their maxjuum were localized at the points where strain gages were implemented For the con-

Ltrol of the reactor behaviour during operation.

1. Description of the Problem

The internal structures of SUPERPHENIX reactor mainly consist of several thin concentric
axisymucetrical vesscls. 12 couples of urusFEngs are fixed on the two main internal vessels
wamed "conical redan' and "toroldal redan" /1/. Sodium fills the internal volumes and the
thin spaces separating the vessels (see figures 2, 3 and 4).

The main excitation svurces consist of pressure fluctuations generated by the turbulent
flow in the lwt collector {core outflow) and in the cold collector (heat exchangers outflow).

A full-scale caleulation and test program (sce [igure 1) has been developed and accom=
plished in order to analyse the flow induced vibrations of these reactor internals:

a) a caleulation of the main natural modes of the structure has been wade in air, and compa-
red to Lull=scale test data.

b) fluid has been introduced into the 3 D modeling of vessels and the fluid structure coupled

modes are obtained.  Calenlation procedure use substrocturation technics, substructures
being described by axisymmetric F.E. models.
He note that the prescnce of sodium strongly couples the substruetures and reduces the
resonance frequencies by a factor of ten.

¢) evxeitation suurces, predicted on the base of an hydroelastic wock-up arce applicd to the

modal model giving a prediction of vibratory levels.
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A Virvst step voncerned the achievement of a woded of the stroctares in aive A substruc=
turation procedure was used, involving a twomdimensional axisymmetrical finite clement caleu=
Lation of substructures modes (AQUAMUDE code) /2/ and then a stiffaess assembly (TRISTARA
cade) J3/.

i Results of these caleulations show that the three-dimensional ceffects due to the preseace
of crossings is localized in particular frequency zones of the main assemblics natural fre-
quencies,  Lowest resonances were about 1.7 dlz, and concerned the "conical redan® asscubly
with an axisywmetrical type mode shape (0=3) and a weak coupling of pump crossiogs. For this
conical asscubly and up Lo B liz, only pumps crossings coupling appears in two frequency zones
respectively about 4,5 Uz and 6.3 2z /1, & and 5/.

The lowest resonant frequency of the "toroTdal redan” assembly was at 4.05 Uz, with
alwost o pure axisymmetrical shape (n=6).  Again, punps crossings bave the major coupling
etfeets in two frequeney zoies around 5.5 and 8 llz (See table 1),

Such results were verified by a full-scale test procedures conducted on site.  The com—
parison showed a 107 confidence in natural frequencies as well for the main vessels behaviour,
‘as fur the coupling effect of crossings. Dawping rates appeared to be high for such welded

structuces: | owe 27,

3. Calenlation of the Fluid Coupled Modes

The structural model s0 qualificd was wodified in order to introduce the representation
ol the fluid,  Ligquid finite elements was used for the thin layers separating the vessels,
and the bot collector fluid was represented by an equivalent added mass.  The liguid free
swrlace wis modelized by a zero pressure condition (gravity effect is neplected).

It should be noticed that sthe equivaleat added masses due Lo the preseace of the [luid
are very high compared to stroctural and fluid masses. A sensibility analysis showed that
their effeet was reduved comparatively Lo the inertial elfece of the thin fluid tayers, mode-
lized by finite clements.

A finite element caleulation was conducled on each substructure, note that these sub-
structures include coupled axisynmetrical shells and sodiam sheets (see figare 3).

A assembly procedure was then realized using the wedal basis of sebstructures resulting
trom the axisymmeteic finite clement caleulation.  As for the caleulation in air, it usaed a
stilluess type climped relation between structural aodes at the connections.  The 3 B coupling

between shelbls and crossiogs, amd between the ere

iugs themselves, was neglected.

Renults of the "in sodiuw” caleulation exhibit Lirst natural fregoencies raduced by a

actor w7 compared Lo those "in air”. 74 modes were Tounded with resonanee frequencies

tover than 1.5 Hz. The first modes fnvolve aniquely the conical redan ably, with a weak

. . . LLh . N -
coupling ol vrossings,  Oouly the 777 mode begins Lo inlluence the "toroTdal redam asscably™,

th . . .
and the 1Y carresponds Lo a major effect of crossings.

A Entimation ol the Sources

The characterization of the pressore fluctuation sources induced at the walls of the

internal stractures bas becon estimated from experimeatal weasurcments on bydraul ic mock=

of reactor internals. AU Lhe CEA/DENT, tests have led o the estimation of pressure of forts

indacad by the turbulent flow in the hot collector on the conical redin vessels and their
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outlet of the heat exchangers on the cold collector /6 and 7/, Similar tests have been rea=
lized by EJF/LNIL.

! The pressure fluctuations Power spectral densities showed to have very low cot=off fre-
‘qucnvivs respectively 0.016 [z and 0.04 liz for the hot and cold collector.  fnaddition, in
flhc frequency range of the first modes of the Fluid-coupled structures, the excitatiun of the
:culd cullector was moge than an order of magnitude higher than the one of the hot collector
(sce figure 5).

'S. Calenlation of the Response of the Structures

; The results were expressed in terms of a majorant of the standard deviation §(5,0),
ltnking pessimistic correlation lengths and angles. Subsequently, two damping rates were
El.;lkl.'ll uniformly on all the modes: 1 and 2Z.

f Resulls showed that the cold collector source effect was dominant on the maximum response’
gin displacement, localized at the upper ond of the conical redan vessel. This result is in-
fl.urcsl.im;, taking intv account the fact that this source do aot excite directly this vessel.
“The transmission effect is due to fluid coupling and 3 D coupling by the crossings.

An extensive analysis was realized in order to find the maximum stress localization. .

Four such localizations were found at the bend of vessels, as shown iu figure 4.
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Figure 1 - Procedure for the analysis of the flow induced

vibrativns o
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Table I - Eigen modes in air of internal structures

Comparison between calcuiaction and tests

I - Conical redan vessels

in Air
Modes

In Air Detailed

Testing and Modal

Identificdtion

fluld=-Stracture
Mades

Partial Experimental

Verificaticn

Pumps crossings modes:

2 - Toroidal

Tangential
Radial

redan vessels
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Pumps crossings modes:
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Calculaticn
1.7
2.24 - 2,23
3.02 - 3.¢c6
5.04
6.78 ~ 6.85
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Calculatica
4,05 - 4.07
4.36
4.43
5.13 -
5.13 -
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Tests
1.58 - 1.74
1.9 - 2.35
2.88 - 3.13
4.16 - 4.43
5.87 - 6.25

3.9 - 4.4
6.92 - 7.5
Tests




T
L -
\
1
- -
L
\\,' Ny
v,\\ -
Y
==

Pump crossings

leat exchanger

crossings

Figure 2 = General View of Disposition of Conical Redan and Crossings Disposition.

Figure 3 - Finite Element Model of Substructures

Heat Exchanger Crossing
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