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1 Istrpduction

The nunerical echenmes for eolwing the tuwo-phaesep hydeaulice hawe heen greatlu
developed for last theee decadese. A owe-etep Implicit homogenepous theee sguation
gchene of Poerechingll]l 1 adopted In codee such as RELAP4I[2] and FLASH-4[2]1. As a
gol-nplicit tuwo-£luld echewe 1 fowvmulated by Lilesld], RELAPSIS] and TRACIBE]
developnent geoupe foemulate the eimllav echemnee and uee them In thele codee. Gone
theoretical etudlee on the conveegence, s8tahlility, and well-poeednees are done to
identifu the potential linitatiowne of the eemi-inplicit schene. The putcome of the
gtudiee are the foermulation of the viptual maeel5] and the tup peeesure approachl¥].
CATHENALBE] development groupy formulate the tuo preesuve one-etep Inplicit tuwo-£luoid
gchene In epatial wipupoInt, the theee-dinenedonal analuede capahllity ie
Inplenented In codes TRAC, COERA-TFIB], and RELAPS.

1t 1 noteuworthy that a theee—-fiepld appepach 1e foemulated Ian CODBRA-TF, in



which a deoplet fi1eld 1 takewnw ag a thied £18ld. HEven though the deoplet fiald nakes
the code move cowpllcated, 1t glvee the program developers hettee chance to follow
noere eealletic phenomena when 1t plaue an Impoetant eole, such ae duvdng the eeflood
perlpd.

In thie study, a wnumewrdcal echens %o solve the tup-phaep hudeaulice 1e
foenulated and tested, In which these-fisld, thees-dimemelonal and seni-implicit
apprpaches ave adopted. Thie studu 1 the f£leet step of the planned endeavore fo
develope a sustem safetu analysde code. A foemulation of the numeedcal schems Ie
preeented In section 2, followsd by a diecuesion on the teet eune. In eection 4, the

conclusione are mads.

Z_ Fipld pguatipome amd the NHumprical Schems
The congpevation eguatione that descelbe 2 two—phaee flow can he derlved ae a
narcrpecopic tine and area averags of the local Inetantaneous coneeevatlon eguations
for 3 contlouunild]. As are done In COBRA-TF, theee f£1el1d eguatione are adopted I1an
thie estudy, wvapor, continuoue 1iguld, and enteained J1iguid deope. In addition, a

non-condeneible gae mlutuers 1e allowsd to he traneported with the vapor £181d.

Z_1 Field pgquatioms
Four maesz congeevation eguatione ave weweguleed for the wvapor, contlinuoue

1dguid, enteained 1dgudd and won-condenzible gae wixtues. Thew ave as followel,
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The continuous 1iguidd and the entealned 1iguild aere assuned to he In theenal
pgullibeiun. Therefore, two pnergy pguatione ave ueed for the vapor-gae mlxtuee and

the combined liguid fielde eeepectively:
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Hawing the lndependent momentum eguation, the contlimupoue 1iguld 1e allowed to
flow with diffevent weloclty evelative to the enterained liguid phaee. Thevfors, thees

nonpntum eguatione are adopted as followe:
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2.2 Fimiip Riffpronce Equatioms amd Solutios procedurs
The eplution schene adopted Ian thie study 1s the eprnl-inplicit echems. The

dependent wvaerlabklee ave Junction wvelocituy tjé' gae wolume feactiom dpr pntea ined
1iguid wplume feaction For cell total peseeurs P, cell Eae peBEEULPD I:z' vapoe

pathalpy hv' amd liguid enthalpu hl- The eplution procedurs 1 ae folloue,

- Muparlase +the conseevatlion sguations with eespect to the depsndent
varlahles
- eplve the momentum sguatione for the new time velocitiee ae a fumnction of
adlJacent cell] pereRBRURBE.
- Ingeert thees neuw tine veloclitiee In the naes and emerpy pguatione
- comgteuct the susten peeeBure matelx
- golve the systen matels to gt the new tine peeeeures and subetitute them

In the naee and energy eguatione and gt the west of the new time varlahles

2. 2_1 Hompetum pguatioms
The finlte diffevence forne for the momentum pguatione can he eepreeBRted ae

follous:
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The mnonentum sguatione can he eeaveanged In the follouwlng form,
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In 2 mateldx foem, theuy can he weltten,
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BEguationtl2) can he eolved for the new time velocities tp uleld,
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2. 2_2 Haee comepevation sgquations
The nase coneservation sguatione ave uweltten as followe,
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In the above sguation, wew time varlahlee should he exapanded with thele pld

tine valuee and the time Increnmente of them. laterphaee maees transfer teemne can he

pupanded ag folloue,
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The tenpowval teeme ave lineparlzed as fplloue,
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The pupaneion of the tenporal and phase euchange teene can he uwerltten ae

follous,
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A typical convective teene can bhe expanded with the new tine wvelocities

deprived feom the nomentum sguatione,
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2. 2_3 Emprgy comspevation equatioms

The swergy conepevation sguatione ave weltten as followuwe,
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The laterfaclal heat teansfer can bhe weitten as folloue,

ails HAgn (TP — T8N + HA god T3 — T30
HA gnhi — wtth N HA gl b2 — 18 h

= (302
=+ 1 E%H (:ﬂ}
= g8+ g%

wri_ HAs(hgm —mpth o HAq AR - it
4 SE= o o= o
e F




%= —Tanlhh— kD ascy=— Tsoylhi— b

af'= HAgn(TH'— TP N+ HA g (T2 — 75+0
HAqr( a5 — wt™h  HA (RS — BFTY
+
Cy Cyr
= o +oFY

e HAsmChy ' = 07D o HAsalhy™ — ifh

ST = Cﬁu T = Cﬂ;
afit= —IERE-kD 2 =—rEF k- k)

The pwergy partitiondng can he conflened ae folloue,
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Thue, the energy pavtitioning 1 conflened.
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Hith the ahbhove deflnitione, the pwerpy transfer wate theough the Inteerfacial

heat conductlion and wae teanefer can he psapreseed ae follows,
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The temporal awd phaee change teeme can hbe supanded uesding the ahbove

lafoernatione and eimilaw method ueed In the mase conseevatlon eguatione.

aws ehouwn helouw for pach phaes.

The eesulte



deglodie+ odinls _Pn+1 n+1

ﬁﬁ,&{l o
% a
= Ae, =L [(oht o,h,)80] " + ah—EY spnt]
& ar.,
afﬂ oh +1
n n n n n ]'.I n
IS ah Tttt o ah Yy
3 3
E(hn 2 _hn |'5'v }Spn+1]
+PPH&P"“—PHSP;“—Pma‘;szl—fma‘;zf“—rﬁ (387
Ao de; ot + aedode; Qi e
s at
A Aoy
= A, [ —orhisey ™+ (1— aphi—o P
B Aol
+he g (- e -+ oDy
— g 8P 4 P 8PRH 4 Do bt 4+ P di 4 g (382

A tuplcal eweergy convectlive teerne can be sxpanded by subetituting the wnew

ting waloclitliee derlved fronm the monewtum sguatione,
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2.2_ 4 Coll and Sypipm matedix tepateemt
Collecting the Incerenental teene of depondent varlablee to the I1eft elde of

the pguation, the followling cell matedx pguation 1 phtailned,
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Thie matedx can he eplvsd for S}ﬁ;_&}ﬁ+1_ Thie peoceduse i eoppated for all

celle and the suetenm mateduw 18 consteucted by collecting the peessues pguations feon
the indiwidual celle. Solving the susten natelx with a spaves natelx eplver, preeEELRD
Inceepnpnte of celle can he ohtadned. The wew tine dependent wvarlahles ave ohtalned by

hack-suhbetituting the pesseure Inceenente to the coeveesponding eguatione.

3. Humperical Teets

3.1 Commpction teets

The cpde steucturs of GUARD 18 eimilaer to that of COBERA-TF. 1t hae the
concepte such ae channels, gaps and sections. Howeve, there ave eeveral concepte that
are not found in COBRA-TF. Two tupee pf weertical connectione ave Intpduced In GURRE.
The filest type 18 the Inteenal Junction that cownects hetween Inteenal cell faces.
The epcond one I the pxteenal Juaction that comnecte the cell] facee of the different
channele, Channele 1In different eectione eshould be connected by the sxteenzl
Junctione. Boundaery wnodee and Junctione aes wewly defined 1In GUARD, that are wewey
gimilar to the tine depewndent volumee and Junctions of RELAPS. Ae pointed out hy
Lesll11], the application of CDBRA-TF 1 linited to the analusle of the weertlical
hydeaulie steucturss. In other wowds, 1t 1 veey Aifficult to nodel the hoedzontal
plpe with CDBRA-TF. Such limitatione can bhe avolded by Intepducing the hoelzontal
channel with eone peoviedone to conmect It to the weertical oer another howlaontal
channel . ‘CONNECTION' i peovided for this puepoes. Seveeral einpls geomsterical test
caepe are consteucted and utiliaed for walldation of those concepte of connections.
Owe of them 1 eshoun In Flguee-1. MNeuwly Ii1ntepduced comncepte, exHteernal Juaction,

connection and boundary channel ave proved to be properly working.

Z_ 2 Comvergpace amnd stakility testis

A elnple plpe, ae shown 1n Filgues-2, 18 used top check the conveergence and
gtahi1lity of the emplousd wnumeerical echems. A wide vaerlety of 1nitial and boundawy
conditione ars teested with thie ednple peohlenm. The rvangee of teeted pavanetere ave
found in Tahle-1.

Hhile GUARD shows a etable hehaviow for alnoet all the eangee of parvanstewre,
1t falle to converge uwhen the Inltial value of the chawnel enteralned liguld feaction
1g nealy =zeep and the gas vweloclity 1s eelatively high In a2 wvertical pleps. Comparved
with COBRA-TF, GUARRD, in general, ehowe a slouer coavergence and a weaker stahlilituy.

Thie cowergpnce peochlen nay he eelaxsed 1f the wvold feaction welghted
dependent wvaeriahles aes ueed. Ian COBRA-TF, *ﬂﬁ-nﬁﬂ'élﬂéuﬁ' ,Q'EPE, &'zhv and 'ﬂ'lehl ars

adopted aes dependent variahles Inetead of [Jé' F 1-]_\'r and hl in GUARD, Adopting the

E'



volume feactlon welghted dependent wvarlahlee nakes the code work hetier uwhen phaees

appear or disappear. Howswer, the formulation of the munerlcal escheme gete noee

difficult bhecauep morve Involved dewdvatives are to be handled.

4 Cosclusioms

A foenmulation of the eenl-Inplicit multi-dinenelonal theep-£luld huydeavlic

golvee 18 pereepnted. RAlthough thie echemse woerke successfully dn the wide range of

two-phage evegine, 1t eshowe eome numeerlcal difficulties when the deoplet volume

fraction etarte grovwing feowm =ero In the upward co-cueeent flow In 2 wveetical plpe.

Thie cowsergence peohlen mnagy he welawed 1f the wvwold feaction welghted dependent

varlahlee ave uepd.

Hompeclatues

&4 wolume feaction g+ deneltuy [J: welocity

7 : vappelzation
gi geavitaional constant
A arba

T : tompepratups

S; pntera Inwent eouerce
F;: preseurs

H: heat teanefer area

h: enthaleu
r i ehear force
x,t: dietance and tine

] ; wall heat

CD ; eppcific heat

ch; chanael

hochiboundary channel c ; cell
(:xy ; copfficiente in velocity pguatione
q ¢ lnterfacial heat teransfer erate

EE ; eveeidual of energy eguations
E( i eeeidual of continuity eguatione

K : feiction and forn loee factoe

gupprecerlpte

; wolunetele sOURCE HNA ; total nunber of coanections

+ ;i donner peropaety

guhecelpte

E i Eas 1 i 1dguid g; enterained liguid

v owapoe £; lguid 1; Inteerface

¢ ; phaep pavanetovet g=gae, 1=1iguld, 1e=11guid awd deop, w=vapoer. __J

KA pr HBE; connection Index J ; npde J 5HY ; epuper heated vapor
5HL ; super heated liguid 5CY ; eubcooled vapor 5CL ; eucooled liguild

gv : patuerated vapoe gf ; patueated liguid m o momBntomn

G ; continuity E ; suBrgy
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