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Aspects of Containment Design

Chugging occurs irrternrittcntly with brtbble colllpse
irr tirrre periods ol I to 2 s. Pressure tirne history, due to
chugging. otrscrvcd on the pool boundary consists mostly
of two parts, i.c., a part irrcluding tlte intpulsive pressure
peak and a part slrowing the sinusoiJal trcntl. Tlte fornrcr
is due purely tq stearn bubble collapse and can be treatcd
in a statistical way. The latter corrcsponds to the systcm
resporlse, wlrich can be describcd by l determirtistic ap
proach. Therefoie, the chugging forcing function is assunred
to lravc an inrpulsive nature, and we sinrulate its shape by
a narrow-blntled triangle with its width and height varied.

Tlre rnodcl is divided into two subrttodcls. tlte vent
acoustic rnodel arrd thc l'luid-structure intcraction nrodcl,
which irrcludes tlre pool acoustic cffect. Irr the vent acoustic
nrodel, a nonlinear wave cquation is solved by the nrethod
of clraractcristics.l The three-tlirncrrsional linear wave equa-
tion and the ellstic equation are coupled to express the
fluid-structure interaction. Thc tinite elenrent nrethod is

incorporated as a nuntcrical method.
Thc following boundary contlitions are uscd on the inter-

faccs, Orr the stearn-watcr interfacc, the pressure is specilicd
fronr the vent nrodel calculation. On the fluid-structure
interface, frec-slip fluid nrotion is assunred in the tangential
direction to thc interface. and in the nornral direction, the
following equation is set to lirrk the two ntedia::

d'lr ,,
P ati= -n VP ,

where

ux = noflllal cornponcnt of structure displacentent

P = fluid pressure at the interlace

p = fluitl dcrrsity

t = tinlc.

Thc wholc systcrrr is rclatctl irr this way, trntl ottcc thc lbrcing
furrction is irrrposctl at tlrc stcanr-wntcr inlerfacc, the systcttt
rcsponse can be obtained on the pool bourrdary.

Thc proccdurc uscd to tlcrive the reprcsontative clrugging
forcing furrction is as follows:

l. obtain thc power spcctral density "'unction (l'SD)
frorl pressure nleasurcnlents

2. bourrd the PSD obtained using the average anr.l the
va r ia rtce

3. deterrnine tlre shape of the sinrulated lorcinl function
that produces the bcst fit to tlre PSD obtaine'l above.,

2. Evaluation of Chugging Load Coupled with
System Response, M. Utarnura (llitaclti ERL-
Japan), T. Iloriuclti ( Ititachi Ltd-Japatt), O.

O y anuda ( H it achi llo rks-Japan )

Stearn corrderrsation in water is a key pltettotttenon
related to hydrodyrrlrnic load on boiling water reactor
supprcssion systcnls durirrg a loss-ol-coolant accidettt. Hence,
cxterrsivc el'lbrts, through both experitnents artd analyses,
have beerr nracle to better understand the loading character-
istics. However. l diff iculty still rcrnains irr establislrirtg a

dcfirrition oI the forcing function, lreeattse (a) the steatrt
bubble collapse follows a nlore or less stocltastic process
duc to highly transiertt heat trartsl'er through tlte steant-
watcr interlace, and (b) the pool boundary loatl is a cottt-
[rination ol'tlre forcirrg furrctiort and tlre excited systettt
responsc. Tlre purpose ol the present study is to propose a

rrunrerical nrethod to derive a rcasonable forcing function
lor chugging rnode condensation.
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Fig. 1. Pressure transient at vent exit.
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Fig.2. PSD on pool boundary.

The calculated pressure at the vent exit is conrpared
with rneasurernents,3 as shown in Fig. l. Gootl agrcernent is
obtained with respect to both f'requency and dantping trends,
rvhich verifies the vcnt acoustic nrodcl. Thc danrping trend
is car-rsed by the existence of drywell, which scrves as an
energy sink.

Figure 2 sltows the PSD on the pool boundary. The
highcst peak and the following one express the funclamental
and tltc second rrrocles of the vent acoustics, respcctively,
'Ihc third peak shows the lluid-structure interaction. Gclreral
agreement is obtained betwecn calculations arrd rneasure-
nrents, confirnrrng the validity of the present nrcthod.

l. V. L. STREETER and E. B. WYLIE, Ilydraulic Trartsious.
McGraw-llill Book Co., New York ( 1977)

2. O. C. ZIE,NKIEWICZ, The Finite Elcntent l,letlutd. 3rd
ed., McGraw-Hill Book Co., New York (1977).

3. Y. KUKITA ct al., "Statistical Evaluation of Dynanric
Loads by Condensation Oscillation and Chugging in Sup
pressiotr Pool," JAERI-M 9665, Japan Atonric Energy
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Fig. I. Vent outlet pressures and pool boundary pressure
nreasurcd in JAERI full-scale sevcn-vent test facility
durirrg typical chuggirrg. Ile rc, ,l = tirnc ol'vcnl clclr-
ing, t = tinre of water r(:cntry into vent, and D = tirnc
of peak-under-pressure during preserr:e of stearrr
bubble at vent outlet.

Therma!-Hydraulic Aspects of Containment Design

(BWR) pressure suppression pool, it is convenient to take
into account the decreasing trend of the clrugging steam
corrdensation loads with increasirrg number rtf vent pipes,
which has been identified through corriparisons ol experi-
mental data for different numbers of vent pipes. The trend
is prirnarily due to the interactions of the oressure waves
transmitted out-of-phase from tlie irrdividiral re.rt pipe
outlets where condensation of steam bubbles takes place.

The test data obtained from the Japan Atornic En;rgy
Research lnstitute (JAERI) full-scare seven-vent test, have
clearly demonstrated, through comparisons with the General
Electric single-vent data, the multivent loatl reduction trentl
for the lull-scale Mark II geonretry.2 This puper describes tlre
results ol analysis on the multivent load reduction effects
involved in the JAERI seven-vent test data.
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] Research Institute ( I 980).

3. Chugging Desynchronization Effects on Mul-
tivent Pressure Suppression Pool Loads, Y.
Kukita, K. Namatame, I. Takeshita, M. Shiba
UAERI-Japan)

INTRODUCTION

In evaluating the loss-of-coolant accident (LOCA)-in-
duced hydrodynamic loads in the boiling water reactor
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