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ABSTRACT

In order o analyze the conseguences of the depressurization of a PWE, the waisr has been
modslized by means of & non-aquilibraied homogenaous diphasic material. An applicaiion o
HDR rescior is also presenisd for validation purpose.

1 INTRODUCTION

For the safely of Pressurized Water Reaciors, it ig necessary 0 analyze the conseguences of
the hvp@l‘h@’s'mﬂ mpﬁum of a prﬁmew pipe. In such an occurence, the dspressurizaiion arisss
m two steps. At first, an acoustic phase, comprising waler expansion and sjection in single
llguid phase. Pressure waves propagate inside the ciroull, then damp down afier having
spesd up the water. Af’ﬁeawam]b tha mp'nasnc u'cegmc becomes genersl, the fluid increasss
its speed 1o reach a flow ralte limited by the critical flow at ths break. I the meszniime,
structuras react and dlalua’b thz flowing.

Al these phenomena being o 0SE-COUp led, it appears wise o own a digital ool allowing
somplete system analysis. Sueh 2 tool has ie be able o cary out the 10 compuiation of
piping olrcult connacting the bresk to the rescior, and fo procsss the 3D effecis at the
connection leval. 1t is necessary 1o simultanescusly perform the 3D compuiation of the reactor
with fs infernal swucturss, taking inte account the {luid-siruciure couplings, in order io
evaluate the mechanical consequences of the depressurization. This acton has been
undertaken at CEA-DMT, and ook place In two stages.

At first, the effort was focussed on the deveﬂopm@nt of a 30-1D junciion, allowing o

simulianeously couple the fluld and the siruchures belween a 1-0 deomain (circult) and 2 3D
dormnain {(reactor). This firet siage has been carr ed out in 1289, and was the subject of a
presentation to the SMIRT ]0 (Lepareux et al,, ﬂ“@@) An spplicstion, with a simplified
behaviour law for the fluid, wes also dong o analyze the HDR tssis of Karlsruhe {Germamy)
(HDR report, 1980) ang geave encouraging resuits.

The second stage hereby described highlighis the fluid behaviour. In fact in a
depressurization, the waler vaporizaiion is not instantansous, and the vapouwr bubbles which
appear follow a partioular dynamics which modifies the progress of ghenomena. Then we
carried out again the HDR caloulation, taking into account ihis new mods!, and we were able
to find back the behaviour highlighisd during the tesis, so validating the method usad,

2 PLEXUS

Plesus is 2 general program for structure compuiation w"”rh finiie slemenis method, pertaining

tw CASTEM system of CEA-DMT wenamu,{ 2t al, 1986). 11 is well suited for analysis of rapld

fransient phenomens. The fime integration | emiucu aﬂd the formulaiion can be Lagrangian,
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Ewlerian, or ALE. For a Q]iiv n sitep of tme, the rasult is sl r’np]y abisined by integration, in @ach
element volume, of eguaions for conservation of mass, © cncrgy and of motion guantiiy
Properties of matsrials appeaf ihrough the staius law glving the siress ensor (or prassura),
from siement local guaniliies Ailated by Plews. One of e advantages of Plews is the
great convenlence for introdusing new behaviowr laws, allowing the user io entirsly devoie
hirngelf o the modzl he wishas o devalon.

3 EQUILIBRATED HOMOGENECUS MIXTURE

Arnong the usugl rmaterials enfered In the library {loday about sily), we have accsss o waler
tables. 8¢, assuming addiicnally that the diphasic mbdure waler-vagouwr is al thermal
aguilibrium, it iz possible, knowing the densily and the mean mass enthalpy within an elzment,

o infer the pressure, the mfnu@f’ﬁdrﬁ ‘mo fhe vold fraciion, of ihe mbdure. That iz mc
jial which was used in 1888 for the first HDR celeulations. it has 2iso to be noted thai,
once the law is chosen for the fluid, the behaviour at break is perfscily dstermined, spacially
the oritical flow rate, ¥ any. In fact, Plews will compuls the ransient regime stariing from the
fluid at rest, and alming wwards a stationary siaie, depending on local charasterisics of ihe
fluid ai ihe bregk level. OF sourze, i1 1s always possible o locally leave the aquilibraied
homogensous fluld assunipiions o make oiher choless. In particular, it is possible o kesp he
thermal equfﬂﬁbri m hetwesrn the two phases, and o adopi & ing coeflicient, as Moody or
Fauske do. A discussion about this deflnile su Jﬂs.-z:i is present =0 in an sssocizisd papar
(Sperandio, 1291). In the HDOR caloulation presenied in 1982, the sguilibrated homogensous
model was also kepi for the braak.
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4 HOMOGENEOUS METASTABLE MBTURE

This model is prur“am intendad o deal with effects related 1o beginning of vaporization, whan
the void fraction is low. The mechanical equillbrivm between the two phases will thus be kepi,
they will havs iha same pressure “1[’1 d the same velocily {(no shifting). On the conirary, chasss
will be thermally non-sguilibrated, is. the liguid tnmaew ture can ba higher than the saiuration

Lempemtum T " while the vapour s at eqmﬂ brium &t ”f’a( The energy transier irom a phass o
the other d%emﬂ% on liguid-vapouwr interface. I is mainly due to sonduciion in the liguid phase.

4.1 Mixture eguations

In each element, the consentrasion of each phase allows 0 know the homogeneous miviurs
composiiion. There is no more separztion surface. Let write with an index ths quantities
related o sach phasc: {1 = Hguid, v =vapow). Quaniiies withoul index are related o
homogenecus mixwre. Letm, ¥, £, h, %, b2 ihe masses, volumes, densities, enthalpies, and
conzenirations. Let a\“so « de the void fraciion and a the dernsity of a phese related 0 ozl
volume of the mesh, It comes :

m,
i .o
a, = fx = - (i = 1,v) (1)
1 1
Y
Y a
v
g4 = — = — (2)
Y e
Ty
v A ) = . a2
/ = a + a P a, h] »oa, (3)
To sirmiplify the writ m:] On u‘i%u equmo mag Jc”@ mwsﬂﬂ" er a 1D czse. Aferwards, it will be easy
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— e = fvapour mass) (5
ot &
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Al the gecond mermber appear T and €, tha vapour production rate and the friciion on the
or 1D cese.

4.2  Resoluiion

Wa have to caloulate the minure pressure mkng inio ascount the densily snd the mean
&I amﬂw uzing the water tadles. Previously, we have o determine the vapour produstion rate T,
with ths help of new assumpions. We will assume 0 ba in Plessel and Zwick’s conditions
(1954), whare dispersed vapour bubbles grow within a superheated liguid.

zt consider thz grawing L epherica] bubble, and neglect the very 1 ineriial
2wis, to conside whers ihe radius inorease is conirolled by the conduction

et

ler «m Instan:
dR /3 T, - T, 1
= J— 4 ' o )
- == X = = with X, = € p kK (8)
dt Yo L RS \\/T
whers X, k, C o L oare respectively the conductivia, | a@ uc; Wﬂct c?p urv

and Lh@ mfmm neat, Let eliminaie the dme © &

of the bubble

0R O LAY (% T Ty :
- e L " k| / (9)
dt noRLP \ L

On the olher hand, agawmﬁn@ that 2il the bubbles of 2 glven mesh ars identical, the radius R

Is related to the v rast n of bubbles per volume unit is congtant ;
det 3 dR
—— s (103
dt R at
moraover, If o is amall, the sgueiion (B) allows 1o infs the first order, from o :
dex
~
Fo= fv } (11
di

grouping e formulss (2) o (11)

18 fl.irm 2/3 /9]2 ’C] (T] . T”) N 2
ro= ot (» e ¢ ] (_Bm_____,__:m (12
bl 3 P b L §
v
hiz formwla iz anly depc:n« iing on two adjustable ameiars : n {numbar of bubbles) and
al vold Lramu@m All the others sre coming 'E'@m :

o {ini

N weksr 18l i has o be noted
in (12) that ¥ o is null, ¢ ig also null. Thus, th s oan o threshold o have the process
wriggered. So this peararm cu,r allows 0 ensure sonlinuity betvesn e meonoghasic behaviour
law and the cﬁﬁpn‘auu e law. The number n is relaied io nucleation Process, and depand s on yater
mroperties and puriiy, o n it can be estimated eliher experimentzlly or by & theorsiical ap preach.
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As the vapour s oreated, the void fraction increzses and the iemperaturas of the two phases
become closer. Then there is an evolution towsrds ihe eguilibrated homogensous model
1o process the mass vaporizaiion.

5 AMNALYSIS OF HDR TESTS WITH THE METASTABLE MODEL

The purpose of these tests was 1o highlight the thermohydraunlic affects and the fluid-struciure
coupiings. Figures 1 and 2 show the geomaly and the main properiies of the materials.
The meshing used by Plexus {3262 slemanis) iz on fig. 3, on which tha fluid was omitied
for clarity. Limit conditions and suppert stifinass have been adjusted o find tha frequencies of
fundamental modss. The caloulaiion has been carried out up to 100 ms, sufficient duration 1o
highli @]"m the most imporiant fluid-strusiure affacts.

Results are shown as curves versus tme, where are reported the tes! results and the ones
obtalned with both fluld models (egullibraied and mun»@qun[mm dy. At Tirst, an sxoellent
agresment betwaen the me msm ble rodel and the experiment has to be noled, as wall for tha
break pressure as for the flow rate In the pipe (flg. 4 and 3). It iz also noted that the
squilibrated mode! siops at the saturalion pressure (B0 barel, while the metasiable modsl
fand the test) go down untll 285 bars, We aﬂo@ note the souilibreted medel has a isndency
io underasiimate the break flow, this is not conservaliive,

The fluid bu,,ha viowr in the ring space and In the Iniernal region iz aisc well reproduced,
wrniﬂ@ the eguilibraisd model gives a very diiferent resuli (fig. €, 7, and 8). The siructure motion

also correcily reproduced, but the deviaiions with the squilibrated modszl are less sionificant,
Em fact, the siruciure excliation cormes for a greal account from the loss of bottom effect,
which is identical for both models.

5 CONCLUSIONS

The developments implementsd In Plews allow o process In an unigue oass the wole
phanomena of {luid-struciure intera .mnm, taking nto asccount the iri-dimensionsl effacts
relaied o the connaction with the rest of the circuit. The fuomog neous non-eguilibrated model
faleen vor the fluld aliowed W reproduce the physical phenomens assosialed o the
deprassurization, snd o (,;O"‘"‘&,L\Ey analyze the ‘zraneﬁ@n'& regime. The sorrast interpretziion
of HDR teste shows that this ool Is operational for indusirial problems,
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