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CHAPTER 1INTRODUCTION AND OBJECTIVES



1.1 I ntroducti on

Fukusbaimachi accident is one of the design
an excesptriomgaleart hquake accompanied by a ¢
bl ack out (SBO) happradn epdo wey danmda ggeodd A Q oeol deec

engines. Although tReactarctGCGose wesel atoiodre dC
att reactor i solation in wmddnfRiecmmadh33, RGBIC
vessel water | evel decreased, fuel rods we

accidents such as hydrogen expho&wTalIet lumat ir
the preappresshiomcpeased SP)gher than expect
of abmpormsiuarecedB e imvestigated in the view,

phenomenon.

Ther mal st hatri zioowatil ord aiyers of di ffering
di fferent densities. When it happens insi de
of t he SP. There are t-wmoxiamgaareani xThgs ar a

tempec&#anged area and unchamigedngreameaTheg «

cooling of the system. There | gnimixigna@ariemt
mi xXing interface would decide the pressure
Thearre various studies about ther mal stra

Contact Condensation (D@Chnidn awhad wetvi qura,o Il tyheex
no research to try to find thandeb&@€sbdshi g
DCC rsgndnemomEmteisnt i mate the cooling capaci

stratification should be devel oped and vali

This research is to findabuonthe 8SPfancd st o
to develop tools ttbomdtbedtnvtelsen malt est hat inf
stratificati &P, mbabesiess izgerdd diddbamesol ved t emp
pressuweraaglquiiar ed wiltehsnglrheegs snorce ufphrea nstdeiamar s u
frequency and amplitude wer e eslpteaeidn edda eferr caam

mi xing area decided from natur al convection



guantified byagRl We( Piu tmeedsilieaull matss omar ri ed o
ANSYS CIFR 1In single phase and vahHhe dahedma

stratification cr-dit menai waal obtadned. by non

1.2 Fulwg hicrha Acci dcSeamrtatand cTah d rc

1. FuXkusbhaimac hi Acci dent

The Fukushima accidents are the most rece
( LWRsoc.c uatmr eMdar ch 11, 201dc c Hieariesrdgl yme aesaurrtehdg u
Richter scale. It involved the movement of
tsunami killing around 26, 000 people. After
there was no vi sHbwevetruther AC dbhmagei c p
and the plsaintte |pewern tsuppdlfy. dfstueramti hd od d rotwk
damaged al most al | the electric power supp
oper ati nlgyiamngd psouwpepr t o t he plant after the ¢
bl ack out (SBO) accident s.

Wit hout ©power, al | instrumentation and sa
from batteries was used lfosafedtbymdnanl oesa
for 4 tRed@8cthomur waiss ocloaodlneddf nitsGe)re anebomwol at i on
cool ing Syshtueam t(hRPG&GleC)became mal functioned. T

sink | ost coolangedndThber Eaet orodsesdamapr e
and it damaged react ometverialsied i aZisr weneumxad
on the hot temperatur e. It pr odacceuwr nhgyiddreo g
containments [ 1, 2]

1.2.2 FDRusbhhmaUnit 2 and 3 Accident

Foll owi gk u sbhatirhiec hacbtndenAtoveh.vMawa h, 11,
reactor scram signal Reraacntsommi tatuetdo ndautei ctaol leya r:
3



(Main Steam | sol ati on-sMatlev ep)o wears sca uorsceed waesc

RCI C was manually stardcewln udu e ntdo awa tdesra nl iaeovac
arrived at 15: 27 and 15: 35 andblIRaOBdukE W&EB O)n
happened and it is determined to be an even
Act (SBO) . SBO <c auosre sr elmosvsi nagf rfE€W(n @dwad ais etee ti
Vesaald) it i s determined ttoo Metarc |l evdrmt odornr
Act (the | oss of ECCS injection sources). R
Oper ztoimmenced to dvq Rrecd ouuiaVieys sSeRVp (RSaf ety R
and seawater idjwsitngnf icrorenmemgien e . However,
and CV pressure increased. Finally, a | arge
Unit 3 accident 1 s (ueixtcee pstu mihtaa Bh athBhC tphr e sosn

cooliamptect i)onwassly sutseeadr o uanfdt €r hRQ@Ir& shut down.

1.2.3 Pressure Suppression Pool and
Pressure suppression systems in BWRs are
of containment in accident or abnormal oper
to be relieveT@Ohdarne aarsehoirnt etricngen.n eh@atvii mgg ‘aamrd

downcomer vents as bpertewsetear @ r iyevleil ¢ v e nlshyidsshem
pressure relieve system operat ese wieshs edi roef
reamttot BPough a venegndbsmer gvba sveatogprenhSt eam

wi tihr edc t contact condensation mechanism in

Fukushi ma Daii chi units 1, 2.,de3,i gheandyb G
El ect.riTchoCoe reactors have Marak dir yoved tl a ihromes
reapt esvseusr(seePd¥nalssoci at ed eqodiaggmapéeacs Sho wa ti
Fig.Slaflety relieve valves (SRVs) and RCI C s\
downcomer vent |ines from SRV and one RCIC
RPV pressure increase, the SRVs opes asndl st
from maisoslhiemenn RCI C system works to conde

SP and injects water into RPV.

4



Fukushima nucl ear power plant wunit 2 and 2
RPV during i soltgt isoAH tteewne nrte, a catse ms did ses leadcit @m ,
RCIC turbingt,hpewimpchodrnyveComwade s & d moimpo k& C
turbisnei schParIgheed itmj ect ed water to RPV is f
pri marwhleyn btunte SP water | evel gets high, th

Howevrlry ®o@ne RCIC steam dite®chare§eSePpampér o
condenses and r el i elLvoecsa | hiezaetd ihne alto g anl|iR#et d aoanr
generharge advection f &PTlkenmalmi xt rt thteep pvead aetr

ankle pgdteent i al problem for the failure of SI
12. 4 The Effects by Thermal Stratifi

Al t hough ther mal stratification is useful
could cause heat sink malfunction due to t|
interface Dbet weninximigx ianrge aa nids ndoencei dgeedo nbeyt r ti
position and the amount of momentum and it
Not only the <cooling capacity decreases b
suppression capacity denpreeadses e DhHhetheagarmse
and the pressure increases since the tempe
t her mal stfathermati enratification happens
suppressi on bsiylsitteym,t ot hceo ocla pdaown t he system

significantly | ower.

Since ther mal stratification is highly ser
investigat e t heoretical FyomBeoaue®exaethieotnime
momentum atber ®Cghegl dnebe studied. The var
and pressure suppression capacity by ther ms
by ther mal stratificati on hehdwlsd glme od u aarutcil fi

and the simulation of severe accident s.
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1.3 Former and Related Researches

1.31 Direct Contact Condensation

The phenomena of Direct Contact Condensation (DCC) are well known by various
experimental and theoretical studies. It is easy way to suppress the pressure ofphasevo

flow systems but the phenomenon is not simple.
1.3.11 Direct Contact Condensati&®egime Map

It is important in thermal stratification formation which regime of DCC is represented since

the different regime demonstrates different momentum near interface and hot water layer.

Chan et al. (1982) shows a regime map for DCC with the telomates of steam mass flux,
which characterizes the driving mechanisand pool temperature at atmospheric condition,
which characterizes the condensatiate as shown in Fig.1.3 [3]The steam injection pipe
diameter is 51 mm and pool pressure is apheric. These regimes were divided by the
location of steam region and thecationwhich steam bubbles detach from the soufde

oscillating frequency was added to the regime map.

Condensation would happen until there is still subcooling, which iste¢h®erature
difference between saturation temperature and surrounding water temperature. As shown in
Fig.1.3, when subcooling is getting smaller than critical point, condensation does not happen

and the steam bubble escapes. It means the SP losesstg@mgpression capacity.

Whenthe steam jet is at sonic speddias a stable cone shape. However, at subsonic, the
steam jet gets unstable and this unstable oscillatory cone jet persists until the steam mass flux
is less than 50 kg/m2s. As the steanssflux gets lower, the steam region shassillatory
bubble. At even lower mass flux, the bubbles show chugging matidrfinally oscillatory
interface Whenthe pool temperature is low, and thereftire subcooling is large, the steam
region normally gists below the pipe exit with the shape of a cone or a bubble but when the
subcooling is small, the steam region tends to encapsulate the pipégekid shows the steam

region according to the DCC regime.
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(b} TIME = 38 ms (¢} TIME =70 ms

STEAM SHADED REGION
IS WATER

{a)} TIME = 32 ms

(f) External chugewgiime &é&t ached bu

BUBBLE FORMATION AND COLLAPSE MODE
AT HIGH POOL TEMPERATURE

SHADED REGION
IS WATER

{a) TIME = 217 ms {b) TIME = 245 ms (c} TIME = 300 ms
(g) External chug with encapsul atin

Fig.1.4 Steam region according to

Aya et al. (1987) classified oscillation phenomena by direct condensation into four regimes
for steam mass flux regions of less than 4nRs: (1) internal chugging (including large
chuggine), (2) small chugging, (3) condensation oscillation, and (4) bubbling [4]. They focused
on theoretical discussions on the boundaries between regimes based on the mechanism of each
oscillation regime. Fj.1.5 shows typical pressure oscillation in vent tube at each regime and
fig.1.6 is the regime map by the authors. From fig.1.5 and fig.1.6, it is assumed that the regions
whose subcooling is larger than 20K (chugging and condensation oscillation regivee) h
much more momentum than the regions whose subcooling is smaller than 20K (bubbling

regime).
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The mass conservation and momentumlepquaheoc
characteristi-er ccegrualtii maa rof d itefixfipar reéesnsteida | a se gtuha
(). For the bou#daeaergqwu emnfc yb whshkeliil A3gh thwiagah, pt b p ¢
using spherical bubbl4d mvadeli namrd dtulte de quisa tni
model . For t he boufredqaureyncgf obobbl iab5g)o mwawst h
proposed. T8 egpatisemt §1the boundary betw
oscillation. The boundary of internal <chugc
(8B) . Fig. 1.7 sbowsesf takl camphyiical boundar i

! 0— 0711 T (1)
wher e
| -
= —,
# -
i 0i 61 6 m (2)
yYy - — (B)
Yy * p — — (4
yY — — ( -B)
. 8
4 ZAN ( -B)
wher e
+ 0 Tp® 71 T
Y'Y @0, ( 7)

where b%sK/&g4 m
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Analysis
————— Expenment { Fig.3)

Eq.[lﬂ!\ |
80+ l
Internal Condensation !'
chugging ascillation F
|
601 |
z o Eq.{9-1)
= ot / Small
3 .~/ Cchugging £q.(9-2)
/LH-H-"“"--_\___‘H \
20 . A
fa.(25) Bubbling I
;Mo cscillation Eq.(10)
F—————————— [-B
0 1 1 |
0 10 20 30 40
Steam mass flux, Gs (kg/mis)
Fig.1.7 Comparison of all analytical
Liang et al. (1994) classified DCC regi mes

mass flux and the poaolg,tém@ped awurfeequUuENcyh
bubbles, (3) high frequency bubbling with d
stable steam jets, as shown in fig.1.5 [5].
rat e,ndtehnesactad on interface is drawn back int
They proposed transi thiubrbl cngtedarmiammsi toon ct
transient conducti8on amadelpead uddulamnignimee (tth wo
|l ayer turbulent eddy -@)r,anBHemradmodet y'aied e u
density of vapor. Based on the intonmathsahl
gas such as air, the Iimecduwsedy tolieychprogagp o
conduaitfifomsi on modelO0)gs Wehicesr etwiad ®r ( Moinduct
di ff-agquohi brium thernali scomadwsc tdiififtuysi @oh &iol
through a meids uwatodr attheranak diohtesihdiethyg admh

gas.

MY Q80180 & p8r (B)

13



e -
Mmoo  YQTOITG8eT0 M psr (D)

R 38
mep —— —o YQBE0i80 w p8t (40)

POOL TEMPERATURE, T,

STEAM MASS FLUX, G

Fig. 1.8 Condensation regi me map

PetroWitctchdet al. (2007) i ntroducetdheé heht e:¢
coordi scadm smads f | ux,anwa tienrj escuchocro @G iGgesd ea x 4
by three main regi mes,; (1) chugging frewr me
regions; (1) steam plum (2) i nter fRice. 1(.39
demonstrates the regions of DCC. The first

and the plume outer surfacecus. thHeti waeefact
contains steam bubbl e, surrounds the inter/
t wohase | ayer near the interface with a tem

interface mixes twhtlhamgpe avattievi ttyayefr twar bul

generated from the momentum induced from c
interface and the condensation rate. Based
3D map rwasciedt as shown in fig.1.10.
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Fig.1.10 3D condensation regi me

To apply to the simulation of ther mal str
motion such as downwahe bHuelguenaypbkhoudd
momentum from condensation interface woul d

The amplitude and the frequency would be th

13.21 .Evaluationtbe teagshapé abmeéam pl ume

Kerney et al. (1972) introduced an equatic

of 11.7 % with an extensive range olfl)e x prer.i

The experiments werrei cc aprrre sesdu roeu twiatth aptonools ptr

30358K, injector exitildizamam,ermasans tfhH20% @Ginrg e
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kgfsm 1t belongs to the divergent jetting r
i s regasuieddalbloe befor chocked injector flow a

no | ess than 0.028. Fig.1.11 shows the sche

8" ™MxpdpfF — ° (41)
wher e
"0 Y Y TQ
O ¢XxX@h i
|l T
A
—x

1 _h| s
4
(LLLLSL L ,///'-T i VAPOR-LIQUID
] | o l ~ INTERFACE
m—=] ||
I

.

Fig.1.11 Schematic of the condens

H. Nar i ai et al. developed |l inear frequenc
for condensation oscill atigoinnganadrFp|QiNg cbbk¢ta
respecstlipvelFy g[. 1. 12 shows the anal yslXx)-mo(dlel
13) alndd) (rlepresent the water | evel, frequen

regi me.
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Chun et al. (1996) investigated steam plun

at the mass f | uxs hlilg2hTehre yt hoabnt a2 OnOe dk gt/hne cor r |
steam Ipelnugmehs and-waver ad@e&Cstheam transfer C
equat-1o%n &Md) .(From this research, 1t is knc
for the average heat transfer coefradrca emnds
significantly as the nozzle diameter 1is 71 e
energy transport is the steam mass flow r
distribution map and fig.1l. 1l4idhowDrtiizend tad

(a) coni cal shape, (b) ellipsoidal shape an
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- ™ wc¢o® — 8 (415)

N TMPnpds¢co " & - — 8 (16)

Petrovic (2005) proposed a mat hemad3d]i.c allh emc
characteristics of the steam plume is decid
position, and direction of the steam pipe.
pl ume I ength for four difgdgmerehapasi alhyosgae
computational predictions, experimental dat
could be expressed as an integral eqduwagt.i dn
i's representceadl tnmoadte It hseh oswpsh ebreit t er agr eemen

|l owest heat transfer coefficient and the co

L —YX Qo p Q ®Q® (17)
- Conical/& -0 2

- ParabolicAd 2 a oifa

- Ellipsoidal B 2 a w7a

- Spherical/®d P W ®w W
A. de With (26e09me npsrieosneant esd etawo pl ume | engt

to the correlati o4s dfi gotlhdhs sadHesma&thhdo b kR

researchers and f i gdilmelres ideenmeoln sstreaad m sp It three t
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Authors Correlation L/D Error (%) Validity

Kerney et al. (1972) 0.2588B ' (Go/Gm)"® 13.6 D = 0.00495 m
0.35838-98311 (G, /G,y 26196 11.7 Go & (338,1240) kg/(m? 5)
B € (0.0028,0.135)
Weimer et al. (1973) D = 0.00317 m
17.7587 (Go/Gm) ™ (p, fp.. )™ 21.9 Gy € (321,1136) kg/(m? s5)
10.2858~%5 (G G )71 (p, s p )P4 13.0 B < (0.0025,0.063)
P/ P € (3980,27700)
Chun et al. (1996) D= 000135 m
0.5923B7%% (G /Gy ) 344 Go = 1488 kg/(m? s)
B € (0.035,0.15)
Kim et al. (2001) D = 0.005m
0.503B~%7"% Gy / Gy ) 47688 Go = 1188 kg/(m? s)

B €(0.037,0.12)

Fig.1.15 Different correlations o4 di men

2D Steam plume length diagram for DCC L[m]
015 0.14
0.12
0.1
01 H0.08
m
40.06
0.05
Fig. 1.-diémefwoi onal steam 4l ume | engt h

These researches are at the high mass flux ranges but there are no research carried out payinc
attention to other regimes at lower mass flux ranges since the unstable characteristics like
chugging motion make it difficult to define condensation interfaeeretically. The behavior
of condensation interface at lower mass flux should be studied to understand thermal

stratification related to DCC.

Ther e ar e vari ous studi es rel ectomddens abC€

effects, steram-JpgdRme behavio
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1.3.1.3 Heat transfer coefficient in DCC

Aya et al. (1991) examined the haatnsfer coefficient in direatontact condensation
between cold wateand steam using past experimental data and and\8le$ig.1.17shows
the summary of hedtansfer coefficient in direct contact condensation they mentioned in the
paper. They assumed that the representative parameters which influence the heat transfer
coefficient are steam mass flux, distance and subcooling. The¥dtseveral categoriex
DCC,; steam condensation in pool water, cold water injection into steam flow, water injection
into steam space. For steam condensation in pool water, they proposed regime map as shown
in fig.1.18chugging, condensation oscillatiand bubbling. They compared the experimental
data with Youngos 148 rfefrathaoggasgeqegt menaht
as equationl¢-19) for condensation oscillation regime.

o= Stearn Side [ntertacial ‘g, (16}

= Chugging

e 0L (d =30 mm , Gy 5150 kgim?s)
3 1§ (&)
= C.0, (d = 30mm, Gg= 50 kgim’s)
= Jet in Steam Flow (G, =100 kgim's)
“ Jet in Steam Flow (G, = 68 kgim's)
4= Jet in Vessel { Gy = 2000 ky'mis)eq.12)

3= Liquid Drop (ufd=10°) :eq.(15)
= Stratified (High at G, =500 kgimis}

= Stratitied (Low)

Hea! Transfer Coefiicients, h, b, b, Wim?K]

10°

e e Laminar Jet (G f2=10%) teq.(1E)

we . 3~ Laminar Jet {d=5mm)
1 e (17}

m e ——m = = Laminar let (d=10mm)

10 50 100
Subcooling, AT, K

Filg..bdmmar y-tofanlsd &tr c ocef fciocniteanctt [ de®]nddiernes :

21



o | Chugging
100 T m | Transition
o
&
© 80F i
=
W -
5 60
®
z
(=9
£ |
7 o
z
20 s
40

Steam Mass Flow Flux, Gg, kgfimis)
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Q 1T &Y (119

Mur ata et al. (1992) investigated heat tra
interface in a horizontal c¢hanedUkoldyelysismug f
renewall mod el and Hel®dt] Thenduwomtmpan e ctho d enle
experiment al data of Lim etdvmadel anwhiMuhl agiam

ne-anterface variation odsdriteed utrthasl leentctee rq ua
experimental Wwmedéts Thanswat dcé& renewal m o
mol ecul ar diffusion is renewed by the surfe
showrd.fli9wi t ho wetc t wasvheo weefdf a v al uevmolded e atnal tt
Li mbs correlation for smooth interfaces. Wh

model , the results with interfacial waves W
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SIS S

Filg..Cébnceptual sketemtewaf][ It®deledur f ace
(a) for a smooth interface (b) fo

Mur ase et al. (1993) examined experiment a
under a noncondensable gas presence with at
shown 1li.® O0f i[®0gdg system pressure was regarde:
gas pressure and saturated steam pressure
coefficient and the condensation fthelalt owirnag
equations. They are calculated with the mas
SP water surface for evaporation and PCV in
the | ocal noncondensabloa ghe pvapPdPUREe | WHS PO
the condensing liquid surface, the evaporat

than the condensation heat transfer coeffic
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STEEL PCV

RPY

} —BREAK
&
DRYWELL ) = ¢ STEAN
4 (
f VETWELL BREAK FLOW)
s——— =1 PHENOMENA
J wg; (1; CONDENSATION
= 1" 1l @ NATURAL
CoRe| || [SUPPRESSION PoOL CIRCULATION
H 1 || & CONVECTION HEAT
VENT TUBE @{ [l TRANSFER AND
| L, " Bl HEAT CONDUCTION
f - / % EVAPORATION

Filg..€26ncept of external watereswz0] type

Q o800 T © Qa vh Moo O T ™ X (1-2p
Q vg0 T ® Qwra oh myx 0 M o (12 1
Q mxd W Qwa O h no 1 MW 122
Fuj i et al . (1996) investigated evaporat.
mean concentration, which is cal cuilcan eodf wb utl

and heat transf erl2slur[f2aleleevrapshatwinomnardgc

are expressed as following equations.
Q  p& oolrsl Qe O ™ ol pmnn (1-2 B
Q m il 8 Qo U mru 61l v n (-2 %
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Ty *
0clp
Tw
Qe
= [Pail
Tep Qs o N
H. T. Surlace Pressure
Q
in (Logarithmic Mean Concentration )
Evaporation HTC Csp- Csi
- Cg=——md 751
he - A Q’.nT Qs?r Sieam C'S fﬂ {Csh Ir(:;s,l }
o (Tsp = T = Cab-Cai
Condensation HTC Alr:Cq = 1 (Cap/Cai)
Qe - Q ' '
h.::,a, -&{T _‘“_FS) Cs=Ps/Pt,Ca=PalP
c b w i:Surtace , b: Bulk

Filg.E¢al uati palpf HTC

1. ¥ hzr mal stratification and SP mi xi
1.23..1 Experiments and the validation of th
The researches regarding to ther mal stra

condensation were carried out expelrhienreentarld

sever al studi es about t her mal stratntfacctat i
Condensation (DCC) i n water Rg&ddBl. eSxpeG.i m2a
(1980) reviewed the studies of steam conde
absorption model s, correction®rofonbaldenshn]
fl ows, steam bubble coll apse2Pa.ndR.prkEe.ss@amb s
(2001) investigated pressure suppression pi
hot water jets and waldied atTRA CaG, s yws tt AR exipreu li
Krepper et al. (2002) carried out natural c

and compared to si-4mBfpat LonChensngl etsh atly . tCHFeX O
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mi Xi ng iisnfsltureonncgeldy by t he noncondensabpv.e ga:

J. Choo et al. (2010) studied turbulent |jet
a pool by RIBV tTechni Nwe man et al . f2Gl1e®)an
and stigami xture injection in a subcooled pc

under certain air flow rate3f]. sAeayrstifdmwamal

TRACE, was compared t2dBH.heS.r Kaxmpgeretmealt.al ( X

et al . (2009) simul ated ther mal mi xXi ng in
condensatiomnR9egapd model [

One | arge group is working on the vaobmndat:i
using the experimental data from POOLEX t
Technod3IxBByYy [t das PORMEEX pr@yraws tFheg. d4cher
POOLEX facility. They mention that the ste

mi xXi ng by two mai n me23h aln)i sLnosc aal si zsehdo whne aitn sf«
to steam condensati on oaunrdc e2 )i nLdouccael di zbeyd sntoena
cal l such models as EHS (Effective Heat So
approaches. For EHS, wall heat fl ux was wuse
EMS. GOTHI C, BMI X++ anddNEBERTONEBMeCFDaweredes
They considered two regi mes when steam i s
by a consi der achdned eannsoeudn ts toefa mn otnhat f | ows ou
The second r efgirneel aitsi vaelrye ssumhatl lo fl ow rate o

with | ow momentum fl ows out. The heat fl ud
di stributed and the healt8).l ux is calcul at ed
(@) T 0o Qo (4 8)

The corresponding velocity induced5at far
WA, where f is the oscillating frequmemnicy art

calcul ated-189 .equation (1

- ="YQ (149)

26



To calcul ate the frequeac9saaduahdHoampleet a
since they applied uniform heianvdllw tome trmhme

of oscillating condensation interface espec

Steam line valve \

Throttle valve = ——___

N

Steam line Steam line DN50

DNS80 T ) ~ 7.4 Blowdown pipe

support structure

Blowdown pipe
DN200

7 «—— Water pool

PACTEL steam /

gencra tor

&~ Windows for
visual observation

Fi . 8chematic of PODREX test facil

Steam Steam

!

Condensation

a) large flow rate of steam b) small flow rate of steam

Fi ®2.31wo reesgiomi rsjteatm &F into SP [
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There are more researches about 3&dr.emdal st
1.4 Objectives

They drec hameckaani sm of ther mal stratificat:.i
stratification amd epmedstkanet winm glredsats ek n mmw 1SePd
Howeveaharteheet eri stic of the thermal stratif
and the generation and the coll apse of the
presisurissP affected by the generation of t h
i mportant t @hiemwenetniogmatcarteial |y and serve

of SP behavior and design of SP

The objective Db tthheardr aannexmpeltt ed SPires s u.
Fukushi ma accident and give wuseful I Tnhfiosr ma |
research is carried out t oexupnedreirnsetnatnad |tyh earnmn
and to prmdlcstthei tiheati on Beyc asuisneg | cef pchaansy
phenomena depending on DCE&cc angcaneernt admcdu | tahte

from two phase simulation, single phase moo
mo dserleesearched. For single phase numeri cal
are introduced in condensation interface an
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CHAPTER2 THERMAL STRATIFICATION IN
PRESSURE SUPPRESSION POOL
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2.1 Redsaeagrechs

According to the obaechitvasget & edf Dalb@wmmbid
downsized torus SP model Binds trleya,l tshiez efdy dti
mechani sm of t her mal stratifimant @ain meddalnyv
anal yti cal model would be introduced. Secon
introduced and validated with experimental

introduced to simulate the real sized torus
2. 1. 3u@Pression Pool Mo d el

Two di mensi onal suppression pool model wa s
stratification. On the front of the SP, t he
measurement such as Pt Nyn(dP afrlto w hvei §lbneal geez avied

windows on the | eft and right side of SP f
submerged to the water inside SP. The anal
experi mental results.

2. Dovnsi zed Torus Suppression Pool \
20: 1 downsized torus model was designed ar
of Tokyo. Analytical model was made and val

2.1.3 Real Sized Torus Suppression P

|l tversy di fficult and dangerous to do the D

model was made and compared with the Fukush
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FiZgRlesearch targets

22Critical factors for ther mal S
Ther mal stratméiicani o ihorifzont al l i qui d
temperature at diff erientdudke gtoh st hieheathddaat gt wair
temperlaft utrree force in the direction of gr a
buoydwmecyge induced by the water density diff
heat source is heated by natur al convectio
hi gher temperature than other drhea.t eSnprecatt
the Iiquid top area, the prTfdassumwe |dof | efaed g a
pool 6s presncwrpeacdsuppressio

I n case of | owient s hm,maf | enva gpcaddierec d toi d rh e
momemtoaf condensate which cannot generate |
Undesired accumul ation of hot condensate pl
| ower density may degrade condensawatgeasand
interface i n SP camnwedaluls et lpate smsaiy ea u ginoce reta stel
damage.
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