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Absiract

The RELAPS-AD (version B3} computer program was wsed 0 ass o LR Wele blowdows test

WERBEARY, The pramary gosl of this new assessment is i represent fai § fully the exporimentad failiny
.:smj matrurmentation using e latsst thres-dimensional fuid Bow modeling copabifity available
RELAFS- 30 In addaion, sucy RELAPRALN representc a refatively pow and sipuificant sppeads w the
capadbiitios of the RELAFS series of computer programs, this study serves o oadd o He prowing
sminend hase.
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The LOFT-Wyle Transien Flad Calibration st fucslity const a appresiimalely 34 e pRessurE
vossed with g fow skint which oreated as annolusccthst acted ag o downromer. An tnstramenied blowdown
foop with an ortfice was comnecied 1o the downcomer This faodlity, built 1o cabibrate the oviftces gaed w
several of the LOFT experiments, simudaied she LOFT reactor vessel and brcken Joog cold Jep. Por the
presens ausessent an aiisitng RELAPS wodel doveloped 2t INEEL was oorrected and apgeaded, The
model coreenons woleded: ) emploving the proper measured downcomer thickaess, 2} pusittoning the
expertnental instrmemation i i coneet fxeation, snd 3} setting the fuld conditions w el memured
mtial values, Model spgrades indludeds 1) use of more hm*‘ -detatiad Jund component nodalzation, 2}
;?Lut modeiing of the experimenial ?ac&im pevond the dMowdows ondice, 1) sddision of hest aructipe
coraponeais e yepesent the heal capacity of structural matesaly and 4y wse of three-dimensional Buid
CUmpenunis 10 m\xi Easyrametne poypons of the faciity.

£

sted ©

RIS I TS SR hig_:&‘-.i‘é#rht& the need o model expliondy the offects of heat storage © struvipest
materials for showly evolving tansients. The sssessment shao R gi;iw:zh ihe sensitivity of chobed-flow
hinited onfculations o0 1) :h-. madde) employed, 2 input discharge contfinient values andior B mpm- IR
mihibrinn valoes. I addivon, the assessinent domonstrates it an rwtamm}: dacthe caleulated Hguid
fraction ot the base of the downeomer obtined uring the standard RELAPS3E Koracka-Ishif deffe-ihig
coprsiation oan by substantially mittgated through the use of the i}}}?immi (:s:s-'incs- correlation in the fudly
ose-dimessional model. Finally, the new assessment dewnn ng of the three
dimmensionsd fuid coroponents, Por this partionlar transi smcii::mg dies nod
stgniticantly slter or Ingrove agreement with the Sxperimentad dath B Comparbon with an equivalont
muodel consisting entuely of one-dinensional fuid components. This assewsment siivws that the Vege
Labey dritt-flux cotrelation w corduaction with the modifled LeVeque momestarn flux-spiitting wmodsd is
reqred (o dampen hauid fraction osaiilanons st the vesselfdowacemer interface in the 30 model.
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Iutroduction
Many of the sinsients of evest toothe thenmab-
{sy\'}rgmisc: satedy  conwnongty {hons of Qoolam
Acerdanisy ope characietdzed by fast
drmw'«;a;ﬁ*z:ﬁ%m shue o the less of Bouid tnveptory,

This depressurization causes Rashing of the tgueid

35 the presswe falls below the saturation prossure
Io- the Hud fempuratiese,
thee e d\gtmd‘m foid ipventory  loss e
theough o choked oriice w the prsssnce of Bashing
and varying ‘rUid disvibution profiles i varions
sviisr components ase hmponiant for thenmal-
hvdraplic suiety proguans.

B 357G, Wile Laboeatories i Noreo, Califorsia
conductid A sories of experunents in tHe LOFT
"E“r_am*'w& Platd Cabibeaion Facibay {1 o measgre
the oritiogd fow eate throvgh LOFT breek onfices
of varying sizgs (nogzies L3-1 and L322 duaing
depressunization  amstonts centh vanving  [nitial
conditions. The obpotives of fhege fests werg 10

obiain arifice calibration date & Buid conditions
typital of simadl bresk Jossesbeoolam accidends
amd to provide d data base Tor orinea! gow modet
development. Ome of Eh 8¢ et {%E-".\){%L?.\:R.,
mattated ot DATHPS C2TAR paind and S3TE (5429
CFY withoa 16 wme (06374 w0 bresk onifice) has
boeeome o standard verification jnuhh‘m for the
progem {21 The WEBOIR ausesswmont
sspdissifsj heroinr wsing the Jatest version of
RELAPS-3 131 The rosuilt 33 & model which
iaithiully a‘ﬁp-‘c'serﬂ the Defl e faciBty, grovides
unproved accursey wlaltve o the expenmentad
data, and seress anoan addition o the growing
assessment s for KELAPR
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Deseripstion of the Test

The LOFPAYIe oriiical flow sxpogmenis were
desioned o measure traniont cotios] fow ot aud
fuid  condittony  {prossure,  fempemure, and
densityy upstrearn of the onfice wabin the
blovadown Bine during 2 depressurization wansiont,
Toeo Giifeeent orifioe sizey {4 wn and 16 mm
ronnad ametery were nsed in the expenvasnad
prograny This paper wilk foons on st WHRDIE
performed with the I.ug:x ot the two orifices with
mitiad i conditions of 1478 P and 347K

Aceiaie pradicions of

A sehemune of the LOPT-Wele Tramient Phsd
Cabthration Fusiliny
facibty hacdwars coasisted of & pressure vesset and
a Mowdowe leg, These components are stupiliag o
e YT o} and beoken foop cold kg

E\ shown in Pgese 1. T

LERCIOE VEES
The pressors vassel ¥
with & vohoe of ap-}mk mats i\ 5 é% [
The prssare vessel comained § QOIS

i thuek oarbon steel fow skut o crems an
anmudes fror the LOFY downeorner, The How skin
extendad 923382 m (33 4 shove and 4351 m
HGTATE ) elow the cemprline of the outle
fange.  The downcomer fluid owas W fall
C-‘.,‘.l‘ﬁs?wﬁic;ﬁiicu‘ with  fuid i the vessel a0 the
fowedr extent of the downcomen  Mesmwhisie the
duwnms'mrf*-«exr:aaii fow  path owas  complesly
Wocksd at the 1op of the downooemer {as asial
SlEvanon wm“ nomding 1y the vossel heud fange
suvface). The blowidow fep was conpeied 10 the
vesset outher Hange, This Jeg consised of & vesad
autlel nozzie, an wmlumordalon 1% seoios, the
break wiifice, 2 shutoff gate valve, @ mpture disk
assembiy, gsrd a discharge pipe and e, The {6
sy (LO3 T i)y broakl orifice was axtally cenivted
within the st section which was comtiucted of

03556 m (14 1) Scheduly 160 staindess pipe.

A measprament of the weighl of the sysewm
iheoughowt the blowdowny was acce ﬂp{s*-m‘ t
fowr foad celfs which suppewtasd the erive wed
of theaystem,  Thuse preamion wansdueers, ih e
of which ,x"ng\g«r*m:ﬁ dhe vessel and oo of whwh
sppported the blovwdown leg were he prin':my
means for deteraininy the systemy weight., The
mass How vate thiough the oriilee was smi,.s-'::-::i‘éy
deternsined by eloctronfeslly differentiming the
tine-depepdoent weight of the svstem This syvtem
had been towed and wan determined from the
engineering jndgement of Wyl personael to be
actarate 1o within 8.3 ks of the actugd s Bow
rate at all times during the experiment. & six beam

]

g densiiomeien, comprtsad of twa three-beary
densiorpsors mounisd on opposite stdes of the
pape, win wsad the deternsine the density of the
oxiing ‘ngzs;o*wg‘nf minture of thres radial cwoss
sections at @ posine B 1? 87 v (G436 Y upsieam
of the break arifice. The Huid temperature .87 m
fpstreant of the hreak onfice and near the beutom
of the veusel were mesured by IBA Type K




CEERE Y NETRTLY

thermecoupias. The pressun
the bresk orifice was mestared

wransdioer

The  ning ('(-‘f?iiiiii\.ﬂ&i
WEBOIR w 2 system aomnieiedy
t§-;~_‘.s‘.-usss:.‘a:§;zed wald
weiag, 4 fuaid
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Y messured 087 moapsites of the
Helore wpitiapng the owdown, the
system was abfowed © Cwoek” for three hourg o
squaiize .ehe 3 .\gu'mtzm in the Beid and stoactural
matenal, < owdown through the 16w
otfien was eh(:n intiated hy vemting 8 oavidy
betwees two (8334 w66 ) ddameter mplire
disks Dounsecied o the downstronm fagge of the
blowdown Bne shutad pate valve,

ab onfios,

Ky g resuli of g

facloof deind dn the desoviption of this porticg of

the LOFT-Wyvle fadibiy, tha Rapiters im\\ are
entirmated | ity shetches
frovided in Refercane P on (564 0
dosasiream of the break ol The blowdonwn
of pegins with the venting and ssbsequent
diny of the rupive disks was stondatad for

feomy sealing of various
f, i he 17
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Uripiaal Assessman Model

Fha gt deseription fox na\ um:m“i HESCISINENY
descabaed 1 Vohime 3 AP
Code Manusl 121 8a d\mm“ oopy of the
cormespondimg wpuwt deck was obwiinett Trom
HELAFS-3D program developers, ddeds
Eaginesritiy and Exvirosmergad
(WRELY. B this model. the 5.4 wt
pressure vesacl, with dowsoomer v place was
represeaied  wsng M oae-dimgnsional (3-8
cohariyes, 7 ;buw the bottow of the downcomer
and F below, The downcomes was wexdeled wsing
& -1 vohpmes, 4 Below the blowdswa pipe, me @
ihe elevation of the pipe, and ong representing the
How skt extension above the Bowdown pipe. Al
i s & which an area chatige vecured were
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moteded asing the RELAPS smooth arca chasge
opticn excep for the twa junctions connecting the
apper portion of the vassel o the Jawer porhon,
and the fower g:m‘*séon of the wassel W0 te

dowacamern Here the BELAVS sbeopt ares change

o vessel, and & Huid wewmperatoere Uf'

option Wik g
up ¢ the brosk ore wan o Qsigg
crizopial -0 volumes. The volumes reprasenting
the biowdown pige weee conse aed to this covest
ghevatton of the dnwnopmie a dross How
JUBShes » 46 e (L6374 ot priiice
isalf was modoled nsing the RELARS abegg aes
aotion with an area egual fo the aems
OrECe 2. nothe oriptesd model the defa
RELAPS Hamsom-Tyapp enticsl Sow modet w
weed DA with amity sghoeoied, twoeghase, and
L ‘s e break flow muitiphiors. The Blowdows
hevond the break orifice was not oxplividy
K !;3"; 4. The ditribmtes ¢
wode! are summanzed Ju Table | ounder the
heading Case ¢
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§the ariginal ausessmeant

Revized Assexsment Model

B pravions sasesiments of RELAPSIN |
was concluded dhat faithful reprosentations of the
experimentsd laoility poluding wntroamentation,
the bomndary conditions aad the tiitald conditions
were required (0 obiaia an ondistortad ass
Thiv phitusophy wiss used in -hﬁ ceantien of the
sed asseasment ipoded,
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Sssmnent.

of the
VO W
ult, the downnotoer

A S§i§;§3§ erior in the  reps
{§m“* : 3 PTEVIOHE HNRE
i‘n & T
é.ow s was {-;'d‘S'{.‘z’.’{i i\(,‘.‘,:iz‘: sedative o the
developmental assessment madel, The RELAFS-
A0 Reid volume eontaiptng the mstramemation
which' sovonds terapovatire, pressues, and Hod
desisity upstream of the ek opfice was also
adusted such that s colboonter corresponds 1o the

feoanon of the tastmosments. The ipitial vesded
DrRnsER Was  set o she Comredt expasirrs *nmiiy
meawezd value of T Apa (2148 peiay s
sddivion, the iaitial svtesn finid wmpuratures wire

set o the experis entih iy measured vadies of 557K
(5429°F) o ibe vessel amd SIOK (47039F)
apstromn of the Howdown artes,

The revised assessment maodel
comatraned frivm

which tnnially was
one-dimensional ffui"
COMPORRS wits also rovieed fw several other mreas
Fremt, the ex prmnmi G faciliny -ﬁmd f:mmpnni:m,s
downstream of the 1 mm break orifios werg
mwsthelod gxplicitly, Thede include the vemamder




off gats vabve
. wned the slischarpe pipiog
ke wy the e b

Secondly; the begl capaily dssodiated

Plowdows spool pi

the rupiure disk asw
from the

HINOEPSe.

fUBiare fal f dhe

wigh  he  strecteesd mafenad of  the vessed
dowieianer and Bloewdows loop ol WS

ng

3 ase of

wadeied exphcily trough the
streciures. e addition, woorder G obtain boiter

steady-state tnittel conditions for the transient
bivewdown caloalation, the maode] was 1nialized

for {0 soconds with the suptore disks 1macs,
b the new - sande! the presse vessed, with
downcomer o place, was representad asing 34
rvolumed, 1 ahove the bottom of the downoomer
and 2 i nw The dow m:mnﬁ' WaE rmw“ek‘(* us

FRARY
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sku-t extensim ghove the
usehions wihin
.ﬂ-:,ﬂi HA O wers fsmd’-m a5 «rrm“uh F*:rrn fergs
'-."'nN of e worg emploved af sl juncdons

for those joining the Jowsr vessel head o
the giowf;-"' 13 sl W e Gppe Al
ali Tormy foks o

himwds'w 1 g“‘
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YRR TR,

.

s of {41

it -;ss?f af

floion
:‘x‘;‘-ﬂreaemi-w

st

these focations »

WD g, oach
e --.\Cv. imed with &
The blowdown pipe im«“h*s,c: zsp tu tha h '-.3’-; Gitfice
twhigh ine miex spool plece #1 and tha apstrenrs
porion of istramenied spool prece #33

madeled using & honzontal volmes conpecy
one aagsher whh smeoth junctions,  The vobimes
Hing the blowdown gipe were connzeted to

WAN

s o

yevect slevation of the dowoomuer using &
sithe exging jacton with homzero foprm loss

cocfhoinnts caloulaed for the wosimg
;;eerm-‘-\x: {433 40 the foveard divectiom and 1.0 n
The 18 o (10374 in) dlsmeter onfice
i‘\'s&is W;i& modeled a5 3 single abrupt junction with
an area oqual 1o the actusl orifice ama.

physwal

Vohamewic thitd components downstesam of the
orifios mchuded: 1) mingle volume wepresennag
ihe first {smaller déamz\.t:‘ir‘s oﬁuwn‘uw:zszv ;coiium of
RS I TV
i‘smi {hwger dismeter? {i;':fu-‘mt:r-;mm ps}
o #, 3F two volumes o separaisly represent
wndel nad outicl weonons of the shuoll pate
vidbve, 43 & volumes 15 r«aprrv- Lihe ~ 24w ong
steapght nan of dows vopiping,. B

\p’nn g‘alf' o

INIR

v

P

COHHRNG Qefoed ;Q 5‘3{'
1Loand & a hune-
fnsphesic

s the e’

volgne which ey
el of the downsty
dependent  voluwos
cearditions beyond e e,
velnmes downstream of the ovifice wore madeled
assmooth, avept for an abrupy aren clange & the
suptirge - disk {herwoen viodum

i opaping
Sprempnt
Al junctiois o briwecs

tey

R NESE
focation e

representing the downsuehm poriion © ‘}n: g. e
vatbve and the Rest vohome representing the ~ 2.4 m

af downstremn §s;
adidition, notzern form loss cosfiicients were anly
Apphed o the inction representing the gate valve,
the junchon represeuting ent @ the aimosphere,
andd the juactons gt which an ams ¢ ‘essz'g,:i:
securred, Passive heat structures wore inchuded &

the revived model dn arder account fur the hm‘i
storspe capacity of the system vessel desenconer,
and blowdown piplag rus. The majonty of the heat
stractures wote made Et\“ﬁ aw cyvhrdredd vegions Wih

logg  sirzipht um Mt 1*}

esostimate dinassions and compositions. i
costirast, the pattinily hemitsphencal spper and

iowar tigtons of the vesseh stepctyre were mode
P Bedt structure comgeonents,
evbimdeical region. The thickness and surface are
of these heat sractares were aiusied g:‘;‘csewe
the actusl swface wea and volums of the frde
vossel Boad stractares. A schommtie of the fuid
(-'Ummnem nodabization used o the revsed D
O E Wiele WERBR 1091 asiassmdnd e

pa‘e:aer:md s Figues 2,

as a siab ss;‘d a

b3

Comparison of Model Resnlts

i the nitial revissd assesswent calouwistions both
the  defanit RELAPS RagsomeTeapy 4] and
aotional Henry-Fauske {7 cotival flow modeis
were smployad with untty break 8ow muktipiiens.
in sddiion, he son-squilitsiom pavameter for the
Hefm Fagskr crges) fow moedel was sedained =
Ha defanlt valoe of Bi4, The airthotes of these
fordal revised models are \31Vsrzm frad wn Tabie 3
ader the reipostive headings, Case Tand Case &
As 3 copssguence of high -';3;:»-0.1- vedootting in
exphicithy-modeled section  Components
dovensteesre of the orifice. Uouweant Bmitations
cawsedt the calonlational tme seps b the mvised
moded e al smadl, Thus, the calophigonat
RS SIEp ware determined by the Unuesnt
Pt and rangsd froom as ndida] valae of QIR 3G
at- the begimniny of the  foansent sraduaily

fesd

vR g

SRS
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Figures

Y ihrough § compate threg Tmpotiant 'f‘ﬁs i
\h;.;.zwf' from thoss w{ Jis.t oY
afpd Sast mn;.:
u;:§s§; aad with those caloutued
INEEL  asssessweonn  wnoded
Thess param
§ e b

rgar o

BRTUIDEIDTS
{dey .
ob m'mcﬁ SXPETH
with  the  onginal
{esigated as Case
) Sy SO Prasiure un

beeak Hownae, ?}}
How,

Tase 1}

7

drEam

'c!’i[ 531‘:*-:
ared 4} Rudd density upstreany o i
orifice. The sxperimental results for tee of the
four pavameters innlnde enor bars. The evror bars
o e measured vasy flow tate wpresers Wil
Labormory's engwmoenag udpewaent, while the
vivay bars oo pressure and density represent the
siatesh snoertainty in dhe psasurernent squipraent,
The expenmontal value for integrated break onfice
vy fow does net includs eoor bars sines this s

an vadivecily derived goantity.

By
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Of the paratoeiers comwpared, the wansiant
PEOSSHIG pent wpsiroarn of 1he ovilice was
dio bethe mewsared daraneter with the least
Prguve 7 shows that the original
Cli maodel overpredicts apstisas PSS
~th fes ~830 seconds betore failingin fine with
menupement at Iater Swes. The i-L)
asrCesEnt moded wsing the detaull Ransom-Teapp
4 Jow waoded shightly underpradics pres
for the fivst 200 seconds of the transieny whide
sverprediciing prassure, sometimes significxdy,
from that time canwaed. This aliernate predicdon of
pressire vige the onginal wodel o matsly the
rosndt of the giddition of heat strgrioros f‘nizuéz fend
i eep prossare bigher for o fongey pesiond of tae
by relessing storsgd Beat enevgy into e fud Laer
i the ansient, The inclusion of hest strovtures,
which smove faithindly roprosent the LOFI Wy
caperimentad  facfity, twing o lighs foomiious
compensating  ervery w the  time-dependond
pressues oaleuiated ovigiaal  assessrar

reviserd

ure

by the

model, Maanwhide, the nmsui asgessment moxied
wath the optionad Henry-Fuoske oritical fow model

dso ondergregion poossure for ey <280
wde winde  wbsogeently overpesicting

} e

5{1534} seconds, heyond

IS acheived,

43

\{\

Figure 4 depieis mast sigwiloind paramgter
cafoufared by this &xgx-;m‘n‘..e i, the 1 ndden
if fow from the svsiem,  Here the
QUiptaal  BsCIsEnt *:iwiei compures wel with
gxpevhnemal duts out o aboma 10 sec
high mass How mtc- o of the ww
which the thadd upsiveam of the ondice exists &
subcooied stite, This pood agreemen 1 mostly
fortutious, THE was proven W be 8 resul of the
weorreet raihal Hwd conditony in the origingl
model through o sensitvity cadoplation mn using
thie & witial condiiions eriginal
assessmmiet wodel. Prows 00 sgoonds. o <408
seconds, the e period dering which e fove! of
the stratibed two g-ﬁmm shad upstream of the onifice
13 belipved 10 veman above the cestedine orifice
position, the wmiial assessment vl ‘zgrec‘de- s the
viass Rowe rate, Boeyond 400 seconds, where the
el of the Hoxd apsoream of the wrifice s beheved
1o fall holow the orifice, the ongimal modad _pwiict:\
e experimentaiv-obseoved drop w mass Jow fals
asonably well The rovised i‘--i,.f model which
Hses the default Ransom-Trappontiaal How moded,
undergredicts the mass How e fom the
teginming of the ransiem ont 49 400 seronds,
Rayord this tieas the model overprediots mass flow
Taiey “-’\{‘{*i'iﬁﬁ‘-" the taing of the shaep drop in fow
rate sy e two-phase mibaure drops below the fevel
uf ’h\- ontice, B the LOFTWyie Mpe‘.-“'zr'-sent the
s onfice wocesteved ) the et spoot pie
oricared wn the povasry direction of fnxd How,
such oase, i e hortronmily steatifted waier
is shove or helow the buak orifice, the donered
numgrical schome may anderpredivt or overpredict
e gum“iicw- wod  fractiog, The homzeniad
stratificagion  evtrainment  fakesofl  wodet
RELAPLAY 3] ,
smeg the onfice s oot v an upward, downwasl, or
origntatiom with tespesi do the
BRI Meanwhile, the  ovisd
ansesgment wexdel using the Hepry-Faushe critinal
fivw maddel generally Lmi:\s\ Hhe time-depondent
fhooe sie Tron the system esther well,
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stde-verteved

vt

Mass

i mimp T the SRprs dnental daia somewhat

trmes feog than HHY seconds and batween ) and

SO0 seconds

Figore 5 deplets the sime-mieguaed mass  flow

‘fsmn the syatepy, The curves shown inihis & ""SEU:‘(:
e meredy (he inteariis over tme of the gusntitles
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shows in ﬁi"i‘%f_;it\*‘ 8 H(\z i?}s‘ 'ni“‘! :

ancd = THHY senonds, \.\-?uch <::,'rrf'¢g§>{>mi:s ta flow rate
anderpradiction from ~ 16 ta <400 secorads and a
compensading Sverprediction from 400 w0
secends, Meanwhile, the rovised 1-B model which
usey the defaalt Ransom-Trapp cotical Sow maeded,
;nii‘zcm'zz?\- ufss:-:‘: gm\isci\ in sm,; ated mass How

(H ..:;E'(ig {\.i:":}fi}}lf‘;‘:"i‘ii:{.'i
cgadmustiny # totad

.E?}t{:gf'ﬂu.u i
of ST kg 220 R
ALY senondy than o

Preaddy, the revised

ad experimentiliy.
seaent model wsing dhe
Plemry -Fauske  ootiesl Bow nadel 5B __.;_jii,_,‘
gnderprativie wiegmted  muass fow
Beginning of the fransiont ot o 3 secounds.
Bevormd thiv time this model sl overpredicis
im.e_gf;stad mass fow, again edmustiag 8 toisd of
~HE kg (2200 by more fusd from the System by
FEM seconds than was observed exgerfmentaily.

frovn the

The amaunt of Suid which was exbaosied 6 the
sudations 13 deferuined By the entimbmnen of
et i the Jower bead of the vessel The hapact
of tmerfacad dmg on thie phenomens witl be
seeizon of this paper

discussod in a laer s

Figure & depicts the thue-dependent average: flaid
density upstream of the Here the ovigingd
assesssnent model mispredions the vming of the
targe deop an Huid density whish occurs st -0
sedinds, e saboooizd o sarsled  ransition
podng, This s agatey the rasadt of oot mittad
Hubd comgitions, A -S00 seconds the origingl
maded dozs, however, pradiet the shap drop i
due w the clumpig of flad

it of the iwifted: from (wo-phase
eather well, The wevised 1D maded
winel uses the defaclt RansonnTrapy oritical thow
rimwded adoes @ mueh betisr job of gradicviug the
mitial deop i e dessity at the ssboooled 1o
satufated transition point, However, the prediction
of e doop i average Had devsay dm‘nteg the fwie
phase fo vapor transition ocours fmer than o the
eoiginal assessmett model, dphiiphiing vhe fagt
thaty i this ok ias:hm. Hty muodelng
(o, inclusion of  hem

SIFUUEBYES})  anRoovers
fostilons  compensating emors a the

anfice.

sverage fukd density
gonditiong -szt‘:
Hukd 10 vapor

LCase,
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fuhd density caloulated b
womadel, Figally, the

the Henry-Fauske

» the original
-3 maodad
cal HBow rmaded

deprenden
ARLCSSIY

whicl gees

g

accuraiety prodhots the waital drop e find deasiry
This
g of the drop i fuid
The fact that

at the subroaled 1o satorated transition powt.
maded ,3}\0 g;}r'ii&?‘n\ the i
density 28 <5 seconds father weil,

this m-".q?-"i dogy ant predict the o
seaswred :_i nSHY pisteag between ~ 1K w
seconds s most hkely not a Babibty w the medel,

buh B it sai st‘ht.‘ﬂ i the manner in which s
obtaingd.

s was Thai: reparied expestnentid
yomy ihe thres seis of
densiomeior only
vigws 3 > & wimg  aeross  ithe
msinvmeniation Sposl, any  given densutomeer
eoagding will exBibit o sharp Jenstty change as the
tweo-phie wivture feved s throngh fis “s»sﬂﬂ‘o‘,’gv-
focused fi(- i vipw, Singe thede densitcmeier
cadings {(which pass through chords a hiffermnt
-;.}t.\-:mﬂn\ are cotabined o determane the Serags
gpstream mixiure denstty, this avers v 10
exhibit 2 }mr;“x k fsmd density b rather
thaw # gradual i gl of the fwin-phase
fortronially -wmimvd weinture fevel falls below e
slevation of the highest densitometer boam,

go-wili en

Sensitivity {o Choking Medel
Paramuters

The o used ae LOPT-Wyle e WEROIR i 5
utgue destan, with aolength o dlamelsr ratio of
~Fd This oriiee doey not divectly
ciwrespond to sy that was used @ dovelop glther
the Rapsore-Trapp o Benry-Fasske onticat flow
modeds, A sach, wpny dischage cosfficiens for
both models, ay weld the ‘nog-gguiliblum’
coctBetent in the Beray-Fauske were “wmed W
obtain beiter apreemoemt with experimental data,
prpnarily ortfice mass Bow o blowdown sate av a
funeton of Bme Fioures 7 theough 19 dertadd the
best results obiined from this “ming of the
eritieal Bow comelatons o the break ariiics of the
revised assessment model. The aiributes of thewe
revised  medels  with adinsted  orincabeifow
parameiors ae nmhsmasf@d i Fable 1 under the
respreiive Eobings, Case 3 and Uase 4.
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Figgre 7 shows that the rovis
windel ssing the Ransowe Trapp eotticat dow niodel
with

superhie

aiud
cints of

rav~physieal  subooeled,  wwo-ph

ficat How dacharge oo

1.2,: ti:l‘ shighily underpradicts pressare Tor the first
206 seconds of the gawsient, However, from 200

ty & x}‘:.z s while  pressues 8 sl
gverprodicied, the agreement with experiment is
mh Yrpproved over it obisiogd with usity
wTrapg. i rue coefficions in ; i\gz t:)t
or e oy L {‘SF’F-‘»"“«"_*_;IL‘:'

’§‘§3é 35 m" crittn) ﬂ'm«s.-’

30
Hansom-

;»:én.mm}m
yomadad v being used <,\1:E1v.§ig<;‘. iy faggse of
\.ug mamhl}_-'. Th ation raay booa colmon
ooouranee, as ailuded jo i e sooton of the
RELAPSID Usor’s Guudehoes which provides
recomimendations oy break madeBng [
Meanwinle, the revised assessipent modal w
usang e Hepry-Fauske origeal fow mode! with 4
sriial flow discharge cofficient of G.84 and 4 nos-
sgmbibvivm parameter of 1000, i
trozen model, ot one in which e
the iic.;zi-'i aid or through the ¢
assumed 0 be equal. This model vields the best
overall predhction of e expetnwntatly-measured
prossure wpstsaar of the wriflee throughowt the
framnient.

a‘mi;mtmg

@R

Fignee § agamy depioly the time-dependent mate
saass doew from the systt:m The revised - moded
which uses the Ramsar-Trapp eotiead low apoded
with comcat flow discharge cocthemnts set 0 &
gom-phesioal valoe of 1.2 predicn the aass fow
from the beploping of e fransient out o 400
secoads very well. Hevend this tene the madal

dooveipadin mass How e, Hul
the tine al which the pies Bow falls sharply as the
twir-phase mistine drops befow the Hevel of the
WHICE I gow mech better prodicied. Meanwhile,
the rgvised assessment model asimg the  Honrye
Fagske cotical dow vaodel with a cential fow
discharge coefficient of (83 and 2 son-equihbrum
paranieier of IO pradiciy the thne-dependers
s e from e osvstom wexy  well
ischuding the timisp of the drop b wass Bow raie
gt 400 seconds.

stifl sanewhs

Frgare B :
flow frons the f=.§

diepicts the thae-auegnued mass

oy i 5
st {The fime i g

iom of the

guantities shewn wr Fgare &) The revised -5
wade! which wses e RansoneTrapp eritivcal fiow

mwi-':} wath crties? flow disgharge cosfliotents s

o 1.2 somewhs snderprodicts indegrated sass
fow from the beginning of she assient w3t @

Bevond thiy time the model
coniinues 10 overpedict  teprated flonw,
cxbausting 3 tofal of ~{280 ho (264 W) move flwd
from the system by 00 feconds than was
observed wxpedroentatly,  Meanwhike, the revisad
1 moded asing the  Howry-Fanske oritical Sow
mnsiel with e orittal fow dischavge coefficiont of
L84 and a nomseguibibrivg parame T
integeated mass How frem the beginsing
of 3he trapsient ouat o ~333 scoonds wery well
Bevond s time this mode! also. comtinges ©
overpradict integrated teass How, oxbansing » sl
o~ FHE g €220 Iy more fuid frem the system 1‘::}-
E300 seconds than was obwzrved experimentaliy.

356 seconds.

v of
pradics

Freure 10 depiots the tHnesdegendent avorage | 'iuid
of the onfice. The wevised 1.0
model whichwes the Rapsom-Trapp rition] Sow
modet with oritieal Hovw discharpe coctBowais sey
o 1.2 dees 2 gond job of predicting the tmmg and
mapnimde of the drop in wverape ubd dessity
when ghe two-phase wixture drops below tha fevel
of the orifice. Flosily, she wevised 10 waoded
whinh ases the Heary-Fauska uﬁilb.ﬁ flow modet
with a ovittad Bow dischargs coefficiem of G and
a2 wov-egquilibriom paramewr of  HHEL wey
soencalely preducts the duing of the drop in 8uid
diensity ot -3 sgoonds. As stated pesviously, the
fuct thad this model does not pshet the
expoditwntally measured donsity platesn hetween
00 e 400 seconds 8 mos el ¢ ot o diabality
i the moded, bet an 2xperim measrse
anonaly resultiag from the wse ol ¢ Hmied number
of densdometars with & very namow feld of vigw

dens !E‘\" 1 {'.'Q"i LA

[idats \d

Based upon the ahove obsefvaiions from LD
RELAPS 3D models sapmezzars that the “hest
chotee of grifice chofdng paramstess for LOEPY-
Wile blowdown test WEBOIR are the Henry-
Fauske covrelation waih a2 ormal Aewe disobargs
aon-equilibrinm

coefRgest of 84 zad &
paramneior of TN o

o Case 4}
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Ong Comimo
eviewing the eviy

abdained. vl vanoas

can be e yem
D RELAPS 3D vz
choked-y ik {hoth
and  wetbowr  optimired  discharge/non-
equilibitum coeffivientsy, That o all sevised
Cadonlations fend fo ovarpreding the waad thud mass
of tht‘

the course
Basad upon the rosadis

botioverd  that t§i-\
W CORBEUENCE: of o
of RELAPSZD w©
prodion fas dn«s..c,i CROVYOVET 18
e with selatively hs;:-h vold fracions, This
Wy b calonkating e magiinads of droplet
d i maccuracies i the
g*:uhr.h\m of fhfi,ﬁz between the tigud and vapor
phases, RELAPS 38y pses the didt- i 4y veloeiy
gitermane the inverfaoial deag
vetoity i3t depends om the fow reg &a
hwﬁir-:":r of  RELAFS-MY baving  $ificuly
r drif-fey velocity snd thus interfaeid
ap it e LT Wyls blowdowsn expeniment may
bt obtwind By obderving Flapn 3.‘:.‘ the
deperdent gmd fraction at e juncion between
e dowsr vessel oand  the  downdouwwsy R
catenlational Case 4 Here hurge high-fregqueney
aseit 05 are obmerved in the lquid fraction ot
the smeance W the dovaeomer, This s g divecy
conseqrence of the inferdependenciss inhowest W
the default Rasoka-debly dnfi-flex comeltion {8)
sroptovesd in RELAPS I, i this model the deift-
Bux velooity is depesdent upon the
w"zi«:h vee Ty 33 dependent upon the void fraction.

Phus oscilltions in the fow reglms produce
dtutions by the dofefux velooity and buerfacial
2 owiich v tum ceuse the vond fraction to
asoilfa o each intesde }c.mi\.n-z compomen doving
this ekt '

fost fread 1he systEmy O
Tt by - 300 kg
provioas slwhes (5 o8 i
spredicnon may be o &
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i the  ab

accurarely

3y \*Ezs

,.'\ &

e~

fow regime

Enterfacial Drag Study

fn ceder i reduoe these oscoiflafoms and, o
possible, obiain & better prediction of e Hupid
Carryowver and s the total Snd mass loss from
de systerh dinng the ansint, tvo optonad dnfi-
fuk correlations were osted,  Thew clude: A
the Cardner coreelation 9] (raplornented. with
ard §ooption 813 with modified bubbly wad slup

How ogime imterfachy hest ansfer cootficienis

E

ogtiofr 61} and By the Vealah
Ths Caither of thase csrn.ig--
T an allernaie

«‘_{_..ras'd i detaid
the Quedner dvift-Hux comelaion,
taspe pipe m»u 4 m“. i
mdepepdan of How regime. Bul
snplementanon w BHLAPS ﬁ &gl *"}}t"ﬂ( &hi u;mv
mass Hux. E-n‘ Lot BGRB8 o i}v used for fow

;\.s‘;z,i{;s; THY As discassed in
Reference 5,
appaopriate for

W
‘.Le mud fad b::i)b:_, ,md stug
wiorfuciad best wansfer coeflicient
{f\a’rd 3 np*wn 611 wsed hers in wonganction with
the Uardner deift-fuy nmei(smm nses o baplace
ragmber fopmudaiion dndependent of z::;az-%v-z« phase
vedocky  rather the defaull Weber number critesion
o catcuiate babbie sire. This formulation was
showt 1o redece osetitatory behvior i o previons
anabysis 13 Binaly the Vag-lahey dodiitux
\orsdduuf noadso appropoiaie for birge oipes i'?:}“\ﬁ 2
g fn amdependent of both How regime and mas
thx,

'adx}ssm;s.

Bi'ﬁi‘ the {Eea.a'di'a.ar - Vea-baehey  deifefux

covrelitions ware investizaed sepusately huthe I
M LAPS- A mmei of the LOFT-Wyle WSBUER
blowdown experiment with  the Heney-Fauske
critical flow modet using & ischarge socfiicient of
GR4 and & pomeequiibrw posawizier of 1D
{froven wmodell The atiribules of these revised

madels with alemate dofi-Bug comelations am
suramarized n Tabbe 1 under the sespeative

seof, The effect of thess
corte 1 fHps-
ion at the vesseldowneomsy
upsl by viswing ithe iwe
Thix Bruge shows that tha
wndel  {ar implemended
saetated modifted tubbly abd

beadings, Cuse 5 and C
alrnaie dofi-iinx

dependent Mo fract
gerface onn be obda
curvey an Fipure 2
Cardner  drift-flux
FELAPRIES and

ong own the
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P ends o predice  di
cach -39

cabripating @
356 weonnds. Thiz behwvior,
than  1hat
rewaiting frows the use of the defsult Kagoka-Ishii

deift-flux mcdel, &5 808 satisfacty.

usiiflatyy behavior,
apart,  Hun
Hagzon beyond ~1

COninuons

G
sithough

soanowhr Jess osciiiatory

I ospme of dee large effem predicted Hguad
Fraotwon st the vesseldowncomer raerfies, he use
of the three alternative drift-8ax models only bave
g smali effect on coezgngzn-'-'-ﬂn W meanred fost
parumeers, The most relevant product of this
study of shernative deifidlug ::mx‘-.u:%sx.mns is the
effet oo the toted Hnd wase }Qst Trow e sysiem
over the course of the trowseest. Fhis offect is

dopieiad ¢ 3 drifi-finx

o1

s Figare 13 The Yendahey
correin inn ¢ :-.35_ ulates syuiem fuid mass losses very
sty e those obtuined with the defwelt B 2taoka.
ishii coreistion {within 10 &g ot all dees).
Mearwheles, ot 3180 notices that the Gardner dnfi-
fux correlation sBghtly underpredicts {with respect
i benph experimesial data Rataska-Ishi
cargiation) the @t Huwd oass boase Do the
systemmoout to SO0 seconds, Aller that por the
Ourdney (.\Grcif’:‘cmr {3 “‘J“f*!““‘i» PR R YRR ot pnmass
But, the vvorall agreement with the end-stag
nentsl daty has been trepov e, That s, the
cploulation emploving the Gardeer drift-dley modeld
tencd to overproddion the oty
the pystom oves the course

of the
S g {155

atud the

s,

expet

Huid mass Jost from
trassient by only
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bratheethan <100 &g
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Three-Dimensional Medeling

A whis ting 1t was dete
pew  HELAPSID

\.%pa%‘%}*i\ wight f
the comptational

ained dhut the ose of the
wwdrodynamie modeliog
o rediee the @i enee

et sivwidaiion and the
LOFT-Wels cuperimental résuim This cone §h'-..o"3
was bazed upom nbsorvations. &F the saymenetry
the esperimpentad fuctity, The wmes
ssymmpeity  was  the  single
confaining  the 18 mm (08
conpenting o only 3 small azvand
downgamer,

<ipumibeant
Irlonw f‘lu\# 3] 31‘«:\

M4y ondice
al sector of the

v ordse to better model this exgerimenial
wyrimetry, the eleven-volume doWnomey ERIen

af

adhtiongd APUCRIE Wars nese
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3

MEE IR 33 1 37\“:1‘1““
nuneat (a8 depioted in ?“.gcarif Nowern
frem ones o three-divaensionad Huid
CoEgURents. The comversion wus peviormed o a
sy iehi-forward weenrer The relatively  thin
; e (3 VS po othick downenmer was
as eyhadrical aomedss with one sudial
Odentivgl fo dthe 117 muadely,
aziputhal nodes dearh one g M
The Jower vessel head component, which
connects 0 both the dowegonwy aad the contid

vessel region was from a one

et

eovmpiment avwall as the fus

bead com

SO t\‘

mahit‘:\‘(
pode, 11 axiad nodes
and 4
BECiOT)

degyes

dimensionad @ 3 al component.
This c-:\.ms.m'fwr! Was *‘awie‘a-ci% ﬁs_a sy ifndrical
geomeiey with twa radad mesh, with the ower toug
of g :-%1 sof 1o be the o ﬁ‘m\ esg as the

:,io.wr=r‘=wmf:=-, Ay was the case for she dowsicones

sy, thag 3+ {3 connnonent *'m{»z el 4 aximothal
:mazqix'a& eacl o 80 ‘j{"‘-‘{x\ segtor. Axally thiv twe-
volume 48l 343 compormen: nmpim 3 the sae

in

gights av the ongisal {1 component. Bt

e meded oo .ctiy the fepasphericgd lowes
censel head Cwhich rests enirely inthe lower of the
v aniad voluraes, the -umg._r rng of volumes i
the hrw wial Uﬂiii‘lt‘ setw ciiifrii*’:;ﬁ:if‘d f'r'cma itss:

néh 1 w?un-— ooz, i a{éziitam. the v-;)%umes af
the four towes tuner dog volumes were modified
suet mainizin the e wolume the
emispdieries) lower b Finuily, the number of
hoat simechires adjacest (o oither the
dawaomngs ot jower vessel Boad were mniiplied
by ad Facar of four with 3 cogreht 3
redpotion i volume

a0 of

p.a‘&b -33 ML

fagtorof

aned sa ri‘:‘:(--:‘

arda.

the frar anmuthal gaadorgy of ﬂw pew thress

dumgastonat flad components, This heat strostures
CEPTEERTIALIGR SHUEE d shat the toral stractural mass
anct syfaee ar 2 eduivaion i the e
and onedimensional Buld comgponent mudels of
the LOPT-Wele expenmental facihiy,

23

{nhorvise, the remuader of the RELAPY3D

needel of §_.{,‘.=F’}f‘~\f‘_«'_\,:!:j: xs_:\:z WSROER T
aligyed Tl wmehedes theuse of sponth uaciions

with a0 formedoss coaifi i{:-‘m.?:- {oncem fora sl
form lass of .4 which represents the 180G degree
beved ab ihe Jower vesselidowncomer and lower
vesselfapper funciionsy o the
weodling, o addiion, the

WS

cssal

vesseldownoomer
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Best” erittcal ﬁ‘uw model from the L1 anabvsis
was used o the svstem simuianion ("“s‘;‘r‘:m‘i“:’-‘ 31
fhadd e:<'>m;>.<m-':.3m This madel was the Horay-
Fouske ootiwad flow wndel with & discharge
coeticiam of 48 and g geneequibbniam
parpneisy of 100,

A finst g prefaimary RELAPSD calontation was
run with the Gardaer  deift-flox madel {with
*3‘nz5iﬁe<§ bubbly and stug tow regime interacial
heat wansfer cosfficiontsy o see I oscilladons in
the figquid fraction in any asmuthal quadeant of the
WItEmes Wiariace parsised, Flpure {4
shews that, imiike the Case of the fully D maodei,
the Usedner dabi-fux coreelation doud s reduce
oscitiations  n the  hgetwd fraction g fhe
vesseldowneomar interface i e 30 model
This caleatation is designated a3 Case 710 both the
Rgure and in Fuble { Somihar esoifusions ware
ehiatmed with both the defaslt Kaisoka fshin amé
omona Vea-Labey dnft-flux models, Ag option
in HELAPSID kaown as the modihed LeVegus
ey fuy sphitting upz on (Card | oplioey 84
H 1} was then activated in an @ Homptto dampen the
-w\riéiaz-‘--.:u ue e Hgmid Yy oal the A2
essei/downeamer wterface. The calcuiagon with
R mazieurw attribntes s destpnated ns Case B i

»

Fable Tand Figure 14,

vessel

As wsplemented  in thece-dimenstonal Had
componeris i RELAPEAE, the LeVegne method
PUOTHiS varying g}i‘(}pt‘:f{i{mt‘ of the sceurite
;31‘.:i3f;ﬁ;'icsi}.:_sr orstable comral-differencing scheme
@ b geed mooooalination with the standard
apwing differencmp schene. Thiy feohnigue i
ased o compute cel-centered Ruid valociies fom
those disectly ealoslsted inadjacont junctions. The
LoVegue method
cemrrgl-ditferenving to be o

e
empioyed depeming on
now clesely the spatisliy-varyisg veloolty prodie
can be approxtmatal s 8 Hecat Baclion. o
poetive the {,.ﬁ‘v"t;?c.gthi: n*‘s:*atimd prodioss wore
soouratn agsalis than the pae by spwind
differenecing schome, sapecially a siuaticns whers
:3 sratibied vaporfiquid ntedlace 35 encountered.
In wddition, 3 waodification of the LeVegue mathad
attows: the Redirection flnd momentem dquations
in oyfindrical georsetvy 1o be sobedd swich more

wows proportionately

acountely 1 volsmes abmiting the coordinate
cepteriing. Both of the above-nientioned situstions

i which the modified LeVegue wethod si o
producy incrsased solon aooutany @
diee-dunenswnal componenis of the L ﬁ}*‘f W ;EL
mwsdal,

The modified LeVegue mahod m oonjuncting with
the Ve labsy detftfiun model was found 0
ntfo-. e the foast arnount of osoitianon in the Hamd
ranuon st e veuse &-imﬂnmnws imerface. This
wenerdl jossendny of the cscillary beh 21—\-(* i
depivied in Figae 4. The m\usimi LaoNegue
seidiod was nod found o Deas eifeciive mdmmv
Honid fraction osciliagions i eihey h-— datault
Kataoka-bsbny oy Gardner dodfi-fing muL 5 Were
srmptoyed.

4.5

Frgures 15, 36, 17, aad I8 comuare, respeatively,
the timesdependent orilice  upstesam pressure,
ovtfice mass fow vate, the Sime-feeprated fuid
wass fom from the systam, and the onfics upsirsam
denstty for the newly duveloped RELAPSID
mnded of the LOFTVWyile blowdown sl with
nrde-dimmensional Ruid  compormnis o othas
previousty obitvined using only oﬂr»e.?m':c'ﬁ siomad
somponents (g, Uase 4 amd Cune § in Table 4
s 3.5 pandel znplayed the '*iﬁ:i»i..es.imy gty
corvelation, snd the modifed L -\\"s-‘que MGHIeNITHN
fux sphitng option. Upun observation,  these
fpvrox show thar e Sabient calonluson resulis are
onby marpaslly affected byr 1Y the use of thme-
dinsensiona ﬁhu- componenty in the Voswd and
dowpeomer, 23 the use of the Vea-Lahey vice the
defani Katsoka-Ishn deft-flux
the e of the maodiied LoVeogue momentum fux
splittine optini, In addition, abhough nol shown,
the use of the two-phise steagfied Haw foved
tpacking option dn edther the 1D o 3D fad
(-m'fii"i‘n:"m RELAPSAD models had no poticable
effect on the pertinent sosults of either eafoulation.

coprelsiton, or 3

The G thatthe T Trand 340 reanits ate sa ofose
was aot exgeoted, given the radiaily asymmetric
ermpeeiion of the blowdown leg to the downoomer
i the exporimemal facility. These resnits do
however, confinm the proper operation of the rasld-

dimonsional foid component I }a}:§.~§\§‘..\.v_.>i).
This wan poptrmed by detadled investigation of the
RELAPY 3D output.
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mstrumentation locsios: upsicam of  the
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helisved thay thix wisprediction may b a disest
comspquenue of 2 flaw w the ahiliy of RELAPS.
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