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ALINEAR ANALYSIS OF A PWER BARREL UNDER A LOCA
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ADSTRACY

A three dimensional mod=l wsing STIF63 [V]),[2 shill elements was
elaborated to sinulate tha ULehiavior of & nuclear fressurlzed Water
Keaclor (PYk) core barrel unoer & tiwe dependent pressure loading due o
a o hypotherttcal Lass of Coolant Accidant (LOCA} on thoe primary clecult
Ir-:n_';.

The corée  Layrel s represented Ly 8 10" model wialch accountls Lo
goometr e loading and boundary conditions symmeltry.

The LOCA loading consists of pressure difrerences spgplled ta snelld
elemants calculated from the pressure wvalues in outer and inner control
volumes around the core barrel, from a previous thermohydraullic
analysis. These loodiags were computed each millisecond Lill S00ms anu
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Rt fhputed through the PREPS modiule.
] The model was analyzed with Lwo different versions (4.28(1) and 4. 4421
3 of  the AMSYS Frogram  and several test acalyses ware performed to
it evaluatle the most appropriate execution option due 1o software and
4 hardware limttations, :
Thio paper dizciusses the acennate apnalyees for specitic laioge oroblems
!: including Line dependent elemenl preéssure loading:s.
[ The displacaements ad ztlresse:s will Gie anzlyrzed by 56 adequale posi-
% processing routine. g
&
§
INTRODLE S YO g
1 this paper we analyzée the intluence of a sudden loss of piessuie E

I
nside thne core barrel of a nuctear Proessurlized wWater Reactor (PwR} due
tom postulated Loss ofF Coolant Acclident (LOCAY oo the cold leg. f(he
Ttusfrotion of Figuie 1 shows <ome contral volames atilized (o dezoribe
HE Lenn iy h aullc analysis from which ooly Lbhouwe Tovolving the care
barrel whera compuled in thie structuarsel analystis. Each curve of Figure
conialins the differential pressuwes between the inner and the cuter siue
of Che bareel cytinder, Hot atl wvolwuine . are dncladed 1n this Figus e
The o piecturas wore calintated for 0,% ot OCA anc the rosplls weis
proeconted for o each 0,000,
£ A ocomparison of the Iategration lime Step (1151 calcutated G ough 4
§ detatled Fourier Serles Anelysis of the ) walag curve and yts evaluaticn
: from the npetural Treguencies of the structure considering “Added Maz:’
determined the least valoae of 2.0 F -d<,
Jih difricuities found Lo solve Lhis analysis of LOCA were the zite
af the mode!l aid Whe Jai goness of the loading laring batoe account disk
spaoe and g time limitaticons, Our time Dimitation t: aboul 10 hours
CPY and we ara liaited (o 200,000 blocks rodisk space fnooa VAX L1y
compieter
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FICURA 2, TYPICAL CORVES OF PRESSURE DIFFERENIES
MODEL LTRG

The core barrel war representaed by cylinder dus to its symmetry and
modelled by three dimensicnal! shell elements STIF 63. The upper flange
zas restrained wvertically to simulate its supportation by the wvessel
ody,

The four gunide supports located at the flange are designed to avoid the
relative rotational movement betwesn the barrel and the vessel and were
represented by a radial constraint at %07, The botton of the cylinder
has & series of beams to account for the stiffness of the lower grid
attached to it.

There were locatled a serles of radial constraints in 90™ of the modal 1o
the lower part of the cylinder.

The whole model was constructed in order to simulate symmetry in
relation to the ZX plane therefoere rotation and translation boundary
conditions appear along the boundary.

Figure 3 shows a three dimensional! view of the model and Figure 4 shows
all boundary conditions developed and displayed in a cylindric system.
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FIGURE 3.
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LOADING

Studying the Joeding curves created by the PREPS pireprocessor for al)
load steps, weo find that significative wvariations of (differential
pressures ocowrs for the filrzt C.1s shown in Flgure 2. After this time
the loading shows a slight variation around a constant value responsible
for the free vibratlon., for the analyses itself, from the total of 0.5s
of loading auration, we took (.3s to capture any amplification that
could occour during ifts free vibration perlod.

The Integration Tiae Step, and this time interval defined above,
determined the number of load steps and ltersations used ir the items
that follow. )

In the nonlinear analysis executed In both ANSYS Program versions, there
were 300 load steps, with S fterations each, defined.

In the nonlinear analysas usling superelements, there were used 60 load
steps with 25 lterations each.

ANALYSES

Although the reduction of the loading steps had been significative a
great deal of analysis stopped due to the reduced CPU time and disk
space.

Even though there are no nonlinearities 3in this analysis, the ANSYS
Program doesn' t offer a linser dypamic analysis that accepts element
pressures as iaput, The wmode superposition linear dynamic analysls
requires that the element pressures have a scale factor for its
spplication. So the only aplicable analysis option s the nonlinear
dynamics.

Honlingnr Tyvnoelc Aanclssis Opilon. A JCBEK enalysis demonsirated thal
s nonlinear dynamic analyels would take at least 40 hours of CPU time,
It would force us to use the RESTART procedure due to the files aborted
by CPU time expiration, but the several output files (FILEV.,.DAT) from
each execution would take more than the avallable disk space.

Monlinear Dyvnemic Anslysis Coblon Usibng Sobstructuring. The Nonllinear
Oynamic Analysis with Supereloments was the only analysis that allowed
us to solve our limitations of CPU time and disk spoce. But we had to
raduce our analy<!s precision because the Gepneration Pass has a limit of
60 load steps ang in ail substrucluring the number of MDoF and ite
lecations introduce a certain lack of precision,

RESULTS

The results were obtained wsing /POSTI postprocessor with che use of
MACRO COMMANDS to go through all load steps.

flgure 5 shows the membranesbending stress intensity(Sl) distribution
for whe Ynner fiber (BOT) of the chell element along the core barrel. The
maximum stress occurs In the second load step, corresponding to 0.005s
after the LOCA.

There are two stress concentration regions in the thinner part of the
shell, not far from the guide support lecated in the superior flange.

The maximum wvalues of mesbrane s'ress intensity{S1) are distributed
along the half cylinder of Figure 4. Tnese stresses occur in the twenty-
nineth losd step and the maximum nodal stress coincldes with the
location of the gulidse suport and arocund it.
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FIGURE 6.
FIGURE 7.




CORCLUSTORS

This paper descripes some of the difficulties found when large models
including element pressure loadings are to be analyzed using ANSYS
Program &< a fFintte flement Modelling(FEM) tool, with certain
limitations of CPU time and disk space.

Te clue to the solution was found by the use of substructuring, besides
the load step limit of A,
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