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A comprehensive aim Lysis in several steps was wade In order to estimate Llic flow induced

vibrations of SUI'EUniKNIX reactor internal structures. This analysis includes calculation

and full-scale tests in air, fluid-structure niudal calculatiun and limited verification by

tests. In both cases, tlie calculation used a substructuratiuu procedure. Excitation sources

were estimated using reduced scale models. These sources were then introduced in tin* modal

model of the complete fluid-coupled assembly in order tu calculate the response in terms of

displacements and stresses.

The stress responses due to these sources revealed to be below the- fatigue stress limits

Their maximum were localized at the points where strain gages were implemented for the con-

trol of the reactor behaviour during operation.

1. Description of the Problem

The internal structures of Ülü'1-KPIIKNIX reactor mainly con si lit of several thin concentric

axisymmctrical vessels. 12 couples of crossings are fixed on the two main internal vessels

named "conical redan" and "toroidal redan" / I / . Sodium fills the internal volumes and tin:

thin spaces separating the vessels (see figures 2, 3 and 4 ) .

The main excitation sources consist of pressure fluctuations generated by the turbulent

flow in the hot collector (core outflow) and in the cold collector (heat exchangers outflow).

A full-scale calculation and test program (see figure 1) hus been developed and accom-

plished in order to analyse the flow induced vibrations wf these reactor internals:

a) a calculat ion of thu main natural modes of the structure has been made in air, and compa-

red to lull-staU* test data.

h) fluid has been introduced into the 3 1) model ing of vessel s and the f lit id structure ctmpl ed

nit HICH are obta iued. Calrul at ion procedure use subs L rue tu rat i tin technics, subs true tu ri-.s

being described Ity axisymmetric F.li. models.

Me note that the presence of sodium strongly couples the substructures and reduces the

resonance frequeueius by a factor of ten.

c) exc i tat ion sources, predicted on the base of an hydroi'l ast ii* mock-up are appl li'd to the

modal model giving a prediction of vibratory levels.
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A first step >:.i

•dure u

the achievement of a model til" tin* structures in .1 i r. A suhslruc-

il fi i* 1 1 1 ilcu-liiratiuu procedure was used, involving a Lwo-d imcusioua I axisyw

latiun uf substructures modes (A(jUANUDE code) HI and then a stiffness assembly (T1USTANA

code) /!/.

1 Results of these calculations show that the three-dimensional effecLs due to the presence

of crossings is localized in »articular frequency zones of the main assemblies natural fre-

quencies. I.owrst resonances were about 1.7 llz, and concerned the "conical redan" assembly

with .in .ixisyntiuetrir.il type iimde shape (n=3) and a weak coupling uf pump crossings. l-\»r this

LMiui'.t 1 assembly a nil up to 8 llz, onl y pumps cross ings coup I ing appears in two frequency /.ones

rvsnerlively about 4,5 Hz and 6.3 llz /1f 4 and 5/.

The lt»we:;t resonant frequency of the "toroidal redan" assembly was at 4.05 llzf with

a I im».st a pi lie axi syinmctr ica 1 shape (n~f>) . Aga in , pumps crossings have the major coup I i ug

etlVcts in two frequency zones around 5.5 and 8 IU (See table I).

Such results were verified by a full-scale test procedures conducted uu site. The com-

p.ir ison showed a Mi'7. confidence in natural f requeue i es as wel 1 fur the ma in vessel s behaviour,

.is fur Lbe coupling effect uf crossings. Damping rates appeared to be high for such welded

structures: I to '17..
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llif si rue I ura I model su qua I if ieü was mud if ieü in order tu introduce the rep re sen tat ion

ol the fluid. Liquid finite elements was used for the thin layers separating' the vessels,

ami the hoi collector fluid was represented by an equivalent added mass. The liquid fret;

siirlace was modi* 1 i /.cd by a zero pressure cuudi t iuu (gravi ly ef f ect is ncg lerteil).

lL should he nutieud that -the equivalent added masses due tu the presence of the lluid
— 'i •

• are very high compared to structural and fluid masses. A sensibility analysis showed that

^ ^ their effect was reduced comparatively to the inertial effect uf the thin fluid layers, mmle-

\^_} li/.eil by finite elements.

A finite element calculation was conducted on each substructure, mite that these suh-

sl rue I »r«". i tic I ude con pi ed ax isyuuiiet r it: a I she 1 1 s and sodium sheets (see f igure 'J ) .

An assembly procedure was then realized using the modal basis of substructures resulting

from tin- axisyiiiiin.'t ric finite element calculation. As for the calculation in air, it used a

stillness lypeclimped relation between structural mules at the connections. The } 1) coupling

bet ween .'.he I Is ami cross ings , ami between the cross i ngs thcmscl ves , was neglect ed .

Results of L>'o "in sodium" calculation exhibit f ir<,t natural frequencies reduced by a

laetor ul / compared it» those "in air". 74 modes were founded with resonance frequencies

I OVA-i" ib. u i 1.5 11/.. The f i r:»t utudes iuvol ve tin iquel y the cunica I red an assemhl y, with a weak

coupl \i\;\ of i-ross ings. Duly the 7 mode begins to inf lueuce the "turo7tl.il redan assembly", •

associated cross iii)>». UlluT lests were relau-il to tin- measure ol* |>r«'M,mv I I m i u.ii imi at t lie

outlet tif the boat exchangers on the cold eolleetur /(> and 7/. Similar lests have been rea-

lized by 1-dF/LNII.

! The pressure fluctuations power spectral densities showed to have very luw cut-off fre-

quencies respectively U.Olb 11/. and 0.04 llz fur the hot and culd collector. lu addition, in

'the frequency range uf the first modes of the fluid-coupled structures, the excitatiun of the

cold collector was mmre than an order of magnitude higher than the one of the hut collector

(see figure 5).

'5. Calculation of the Response of the Structures

; The results were expressed in terms uf a majornnt of the standard deviation ^T(S,O),

taking pessimistic correlation lengths and angles. Subsequently, two damping rates were

'taken uniformly un all the modes: 1 and 2%.

I Results showed that the culd eollector source effect was dominant on the maximum response'

;in displacement, localized at the upper und of the conical redan vessel. This result is in-

teresting, taking into account the fact that this suurce du not excite directly this vessel.

The transmission effect is due to fluid coupling and 3 L) coupling by the crossings.

! An extensive analysis was reu Iized in urder to find the maximum stress localizalion. ;

Four such I oca 1tzatiuns were found at the bend uf vessels, as shown in figure 4.
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ami tin* 15 corresponds to a major effect of ossings.
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Figur.; 1 - Procedure for the analysis of the flow induced

vibrations of Sl'PEP.PKEMX internal s tructures .
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Table I - Eigen modes in air cf internal structures

Comparison betu-een calculation and tests

I - Conical redan vessels

n Calculacicn

3.1 1.7

2.1 2.24 - 2.i3

4.1 3.02 - 3.C6

5.1 5.04

6.1 6.78 - 6.85

Fuops crossings modes:

Tangential 4.44 - 4.81

Radial 6.01 - 6.9:

2 - Toroidal redan vessels

n

6.1

5.1

7.1

8.1

4.1

Pumps crossings modes:

,nJ

Calculaticn

4.05 - 4.07

4.36

4.43

5.13 - 5.::

5.13 - 5.53

5.13 - 5.93

7.59 - ...

Tests

1.58 - 1.74

1.9 - 2.35

2.68 - 3.15

4.16 - 4.43

5.87 - 6.25

3.9 - 4.4

6.92 - 7.5

Tests

4.83 - 5.1-!

4.6A - 5.M

5.33 - ...

b. 10 - ...

4. S3

4.55 - 5.5

7.6 -...
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Figure 2 - General View of DiupositLon o£ Conical Red.in und Crossings Disposition.

Figure 3 - Finite Element: Model of SuhsCructures
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