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Preliminary Analysis of Downcomer Effective Water
Head during Reflood Phase in PWR LOCA

Yukio SUDO and Yoshio MURAO

Division of Reactor Safety, Tokai Research
Establishment, JAERI.
(Received December 23, 1977)

The results are described of preliminary analysis on the
downcomer effective water head, which is the driving force to
feed the emergency coolant into the core during the reflood
phase in PWR LOCA.

Due to the vapor generated by heat release from the downcomer
walls ( reactor vessel etc. ), a two-phase flow appears in
the downcomer, so that the downcomer effective water head is
reduced. Taking into consideration thermo-hydraulic
characteristics of the downcomer, the sensitivities were
studied concering factors influencing the effective water head,
and the conceptual histories were obtained of the downcomer
effective water head during the refloed phase.

Geometrical scalings, run parameters and test procedures were
also obtained on the basis of the results of preliminary

analysis.

Keywords; PWR, LOCA, Downcomer, Two-Phase Flow,
Effective Water Head, Thermo-Hydraulics.
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Nomenclature

a,A,Cl1,C2,C3; Constant
- d; Bubble diameter

D; Tube diameter

5 Gravity force

hfg; Latent heat of vapor

H; Two-phase mixture level, water head
G; Characteristic mumber

1; " circumference of downcomer

L; Test section height, Characteristic length
m; Index

K1,K2,K3; Constants

Js jg’ jf; Volmetric flux

P; pressure

dp; Differential pressure

AXPCORE; Differential pressure in core

ﬁ;PDN ; Differential pressure in downcomer
ASPLOOP; Differential pressure across primary loop
A;PL; Pressure difference in test section

ALPE;
szf; Friction loss
q, Q; heat flux

effective water head

5; Downcomer gap

T; Temperature

L&Tin; Inlet subcooling

ggTS; Superheat

AT cub’ Subcooling

uvs, ugo,Vvs, ugo; Superficial velocity , gas and water
Wi; Coolant (water ) flow rate

W ; Gas flow rate

distance along downcomer elevation

)

v
Z
dz; Increment of distance Z

Void fraction
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f2; Coolant (water) density

J&; Gas density

0’; Surface tension

Bi Initial temperature of downcomer wall

@ Surface temperature of inner donc:omer wall
(i Saturation temperature of fluid

8os Thickness of downcomer wall

& Thermal boundary layer thickness

My; Viscosity of gas

Mei Viscosity of liquid
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O P= 1kg/cm2, Hea%er Rod A]f Quench.
A . . Partial Quench.
- a " 5. Power off.
g V p= 2kg/cm Heater Rod A1l Quench.
E 2 v 23 Partial Quench -
< Qp- 4kg/cm , Heater Rod A1l Quench.
s o Partial Quench.
[ O O (]
b Vv
g - 4
Q
: AP
¢ cﬁ A
=
@ v/ boundary
g 1+ A of uncoolable -
< A/ ' region
= //////////
7 . |
b o4 uncoclable region i
prid s {results from Refs.{ ),{ ).)
5 L
L
2
0 ] | | |
| 1 2 3
|
| Feak Power (KW/m)

Fig. 1 Relation between the measured differential pressure in the core

and peak power.

equalizing line
ECCwater over- logmuﬁr TLNI:KENT
i flow AA A A
AR LoOP
AR
| AP Ry
| be \com-:
| |
—_—
flow into core
| : .
\
| 8Pcore =APpy- 4P

Loop: -

: Fig. 2 Schematic diagram of reflooding test rig with respect to
! the relation of measured differential pressure vs peak.
power
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Supplied Voltage (V)
5 1719 21 23 _25 27

Core Differential Pressure (m ag.)

1 1.5 2 25

Peak Power (KW/m)
Svmbols(#)

O P=1 atm, Tin=20 C

e =50

X p=2 atm, =20

S =40

a P=4 atm, =4

(#) These data are from the results of
series 4B

Fig. 3 Analytical relation between pressure difference across
core and peak power.
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Fig. 16 An illustration of pressure difference data obtained in the
experiment.
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Fig. 17 Flow observation by photographs--Tube diameter=75.2 mm.




Fig. 18 Flow observation by photographs--Tube diameter=22

mm.

-




JAERI-M 7490

]

& \
0.7

Y1EO.75 (X1

—t

.78
YIE0.136(X1)

10 20 50
Ve

(g r(_’,g )0.5

Fig. 21 Comparison of this experimental results with Wilson's relation.
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Fig. 22 Comparison of experimental data by Filimonov et al with the
correlation of Wilson et al. .
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VL—-+VL d——-z 2(1—a)Vy Z+ 2 iZ-SW_
WwziZ,
. dVv
dp . 7 dVv B}
d—Z:—{ﬂTg+(1—a)n}—-gi{ dB ‘_+VB(:IZ+2|:1VB dZ
re Vz :ld VL}
+ _ -
g{(l a) v SV -2 (1 IVl (511)
- W HFHEGRK
e
(=-1)
VB E—Vﬁ:am . {.i-(ﬁg) (
a A\y
' (612)
e /A
Ve = 1—a

BL, ZCT, A= 25, m=068 (Vg,=025m7 s)
A=1.78 =0423 (Vg >025m s )

L

Thb,

(59), (5611)XABDVe, Ve i, (512) REHAWT, FEAPELFES FEa Lt TE
EMAABTENTESL, /2, (510)KXELHOT, (59), (511) XBD dWp./(dZ-dt)
ZWHETECENTE, #-T(59), (511)RBEHP EF4 VKRa b OBFERTCE
Hhhd, ZCT, EAPAZFHFETNEL(59) RiZalZ0DABRICKLD dai RSB,

—§9 —
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CDaZb il (511)RADS AP E2RHBC ENTE S,

526 FEFE
AEOFEZLTIL 7O —F % — +TRT,

5.

BEZHEE

5.3Bi T B/%7 & — 4

DEARDH B,

EAHCP)
HEE (V)
PWEE (T
77 v FEA ()
HiERHE (W)

t=0icEBH S
Ql, Q2ak —
b,

t=1%4tilH1

t=I*%dt i

t=I*d4t 2T

ABEMADOERE 145Q1, Q2% BHA FEARA
S ERD B, B, KRB,
t=I%4t ot
—= 3 E#KEE RS @ NQO~—m & T
‘60
YES
I=I+1¢&% 3,

3 NS A-9LEDOWE

A, TORTTHRAT AR, T, BDHE, 8LUY7 A U v ZICEOEELR~N

527 4 -2 DEHEZTNOOHENEBEA T EDTBT THL,

1

Fuyhv-—HEOER | EEHRERE, AYRH=49m, REEWIIERREX, REF

27 S=250mmAaEEL

2

FUYh —BEAOTHE, HET LB BEOCEHTHY, FEBEHBOLEOARAE
W1=250mm, FLOESEEBOEHEOAREW2 =7 0mm £T3, ZHhoDEHROFHEA
DRMCIT, A7 VA7 7 FPTREITL2HECDPD6DET S, EROFEROMEIL

i A 4 e 33 1 el Vb 8 b " e e

T 5, HiBBAIZIEEYZIZL,
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RERET B, BAEARBOAYRA4ImICS L &3,
3 MMM IRER, AT VLRI Ty FORMUELTRT, BMEER, k@, LEREKRO
B4 LB,
(A7) BZEEKI1—=140 kcal/mhrC
 # C1=011 kcat/kgC
HESE 7r1=7820kg/m?
(R £ #) BMEEHE2I1-46 kcal/mhrC
In et #HC2 =011 kcat kgT
HE B22=7800kg/m?
4 RoBAKBEZOFEHTOBRMEBE ST 5,

5 NFTA R EQEBLBARDL DR LI-MEA TR, Table 1287 3,

6 BEMOFBBRESAICO>OTE, HEET, (T) TH—L7 3,

T able 1
* System Pressure (kg cnfa) ; 15, 2, 3, 4
* Initial Walls Temperature (C) : 250, 280, 320
% Flow Channel Gap (mm) : 250, 200, 150
¥ Extraction Coolant Velocity (cm/ s} ; 2, 5, 8
% Cladding Thickness (mm) ; 15, 7.5
% Bquivalent H&dranlic Diameter (m); 025, 0.5; 120

54 HERREZOBRH

541 FHEERO—FlOBEHR

SREREO-PELT, BREMESA A MOBEIHAOENNFig.36 2, NEELSHE
DOHBTORERILIFig. .37, ¥9 v H~7-BEAHHMO KA FESGEOEMNMKFTH Fig.
38 KRLTHE, COPIOHESRAELE LTI, SROEHNCP) % LS ata, BIHBEHEE
(T, )2 280C, fiilE¥+ > 7 (8S)4250mm, FEMANHB(D) % 0.5m, RF L2
7727 FE(8)%Z15mm WEaltbDTHD, COEADFY v H< —GRKEBEOE(LHE
WA Fig. 39 IR LT H B,

BT, CNoORERRICO CTHRICHI LTH<, Fig.36 347 Y 17 - HBAE
BRLTOANA_FRAEA SR OBRESHORMNE({LE, SHBBEL10, 30, 50,
100, 200 BPOWERATRLLOGDTH S, BEICIIAERED S OER (mm), HEyiciz
BE(CINE-THD, EHOROFERBEORNE, HOR AP LEEORRELRT, B

HEBR 1 0BDICRAEEAIREIRTFYLADIS v FRHOBILHB T &, BTBEEES 0B

EERUCBEAORBAENEM LICE LA &, FESSHTIIANMBE2 0 0PEBLT
b, BESABHAZAICHZFL T RO &, §HOLLARERERZOPRE 280C 5
BEAEBT LTV E, ~FRLEEZIAHBAMGES 0B ICIEEBRABAASHIC
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BEEIZ200C BEITETLTVAZ Lothh b, BHEB®R 100D EEL T, XEd
SHEICERHEINIBFROBILIIZIRAEETH 5, 2hUUBEFEEEALOKRHBENS
BRRBRES L STVAL b5, LM LARERE OREIZSTEGLE 200 BB
EITRAET, HEACRLTHSE OSBRI DH 5, |

Fig. 37T, PERUOBEMONEZE,L S0, 15, 30, 50, 100, 250mm Oy
BETORE OKMHNZEIHR LTHS, 250mm DOHMBHEHAZRDTHS, AREMEEICER
To&, mAMESS 3 OBHOMIZ23 T /sec ODRBNAMSRETRE CREMNET LT
fT&, 30~358DMIC210°L5130° FTARCETLTVAS, 2RI IZVFERL
TS, ZNLI®IT100 BT 25 COBAETERICOW-SODETFTLTVS, ZoMELd
WLEHBELSTHO, BMERICHE LT,

NEE» o OR#ESAEEHREE, TOMNBICET2RER TOBRERIREIINXH,
TED, AREETIE 200 BBRTHREALBERMNLBVT Ebh b, LDl Ens,
AT Y N7 -DBEMBBHZINAFCERLTCOLABAREIIK AR 3 F TICIE, i
HDORELCES 200 BPUULEET A Edbh b,

LRACCOHEAOBEONE, PEBELOOBAKRALR S &L, BIBOFig. 40 IIRT
X9z,

SHHEEMkE 50T, Q1=2X10° kcae/m’ hr.
100BT, Q1=5xx10* kcat/u’ hr.
2008T, Q1=3x%10* kcat/n’ hr.

Thb,

COBRTRENMDKRFIIBREFig 40 IHBRND Y, COLHICHLBD DR, k2718
RHERLTOABC Edibh s,

Fig.38il, #v v h~ -HBEIHAOEA FR M, BH®20, 30, 40, 50,
100, 150, 200 B0 RRDMEELTRLTH D, FUY Y IT—BHLE5D0ARICL - TRE
TAFRA FOBRBIFAIC—ETH I, COKRA FRLRLTHS DT, B2 FRiCER
ENTNAHIZ, F4 FEFHRSOUERKEIBEERLTVS, £4 FELGINES
EHBAZHEFABRRCZ OO, BOBRER (57 ) SRBLAHR EF4 FEOBELERNL
PIBBRICIZNIch T H D, CORTRZ &, BHBKBE 4 0BFIB THA FBOGHEBAES
LD, TNRATTHRMORSE & HIC, #4 FRIEGA L, ZhL8 TEBEORE &kicED
LT3, 4 OBRIBRTHBAMELEE2DEF, Fig 40 TRBLDICAHBBE 3 2B TH AR
ML LD, ¥4 VOREREKRICILD ORI ER LR, ¥4 FOERNETO, 2o
4 OBHIBRICEAD R FERARTIHICREI DI THD, BARFRSEELZBLTLES &,
BIAR A L NI »THEA FOREHRBD LTS,

Fig.39ili3, BHEBLCORMAIENLE LTF Y vy A~ —BHKBEBOEMABRLTH 5,
Fig. 38 ICnm LIt FERGHOEMRFAL S FRIZNZ L DI, EHHL5 ata®DBES Ti,
BHBMBERI 0TV L4 OBICHEYKEOB/MEE Eo T3, COBEMKEDOE/NMEE &5
B, BMABMREE &A%, B4 FERBACZABAICHE LTS,

BZKEOEELTE, OHIC49ImPB-/1cbDd, SHEBE® 2~ 3BOMIC3 9EE
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WKETL, 30~4 0B OMICEBABREALEARCREAT S/0HIC, ZOMCHERIKEIL

35 mp S 1 mEBEFTEHC—ERTLULLRBEUREL TS, SHMEERS 0BLREW
S DEBHKEHBEELTED, 35 mhS4mETCLAETS, ZCTHEETNXI LIS
HBAMsE: 100 BREBT AT ZTHE®EEZ, BR4n0EFHKELRFEENTHECE, 108
KBS 35 mE O ANI{UIDOIBARBRKALRRT L0 ODMBETHL LT
b, BREFRSZEALTLEAE, BHKBIEZR4A mBREIRRINSI bbb,

542 FHEN(P) OEE
Pig 40 CHBKBIEZ3REN (P ) ORBE B~ BEART. ¢ OHERAR
VBEEHEET, —280T
CAFYULRAIS Yy FEJ =1 5mm
BKEE Vi =5cm/s
MYy v7S=25cm
ZANEED=2S=50cm
EL, BELAEHEE LTENE ST A —4i2&D, P=15, 2, 3, 4 ata. D475 —2R
DWW THMKBERMLERD, BBRLIZEDTH S,

Fig. 40 THEHENZDIEZT, EH4r - 20FTHhDBGICH, 5 0BRIICHE/KBENE
HiCImBESITELTARENELLETHS, CORBICHLTIERIIFETR~ 24,
BABMAREEZBBTACECHEBE LT I20BHNTC LT,

(1°) FABEBEVE, SHMEBEgENICC o /KEBNMELZ DT &, BLU,

(2°) EHoidOE, B8kEEME» S B @MET LI ETHS,

HoT, EANBOE, BARAFHRAZER I A LOERBII/NE VT L5, X6
EELC LT,

(3°) ENHBVE, FHKEBMELRC &0, ZOBROEHKEDEIEIAE N ETH
BHo BHEAKBES 0BT, EHP=15 ataD& *HHKE I3 mIIFLEAP =4 ata
TIREYKEIZ4AnTHD, 150 TIEIP=15 ata CHEHKEN4AnTHL2DIIX L,
P=4 ataTl144mTHhsb,

EHsE OCBEEGKENKREOERE, (67 )RS OLARIC, BURS FRETSH,
EAnEERS FORBENAZOOT, RBITORIEE V, 0/N2 LD, F4 FKa
2V (m=068 470423)ICHPITI2DOTalI/NS< L8P0, Fig .30 TRE LD
CEADBE D :

R =

(==) () (%)

Te—Tg

DEHNEL R ST aetiKERBHBRLD, REVWATDH 5,
#io, B4 ataDES iz, BHEEES OBLUBTIEIEYKEA mll LREI BT

IR BICEST S,
| ~ 56 —
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543 ¥BPEE (T,) OEE

Fig. 41 CHAOMEM DRE (T, ) ©, BHKBEEMICRZTEELR RSB
b, COFHEFZHIL,

AF VLRI T Y ]‘Eéﬁ—l 5 mm

Hg++»v7S=25c¢cm

WMAKEEVL=2 cm/s

EMAKHEBED=50cm
THY, REAPH4 atak L. 5 ataDBEAITDO0OT,

PIHRE T, =280, 320, 350TC
D3I —RIZDINT, %@%&%TTD@kkmf%ﬁﬂ%&ﬂlsammgAéTb — R
W T4L ataDBEETT,

(1% EABE—DORHT, HEFORBLRANTRALEANLS, 4 atanThoi
B, PEET, 5 VE, OKBEOR/MEE & 5RAITEBNAERICH S,

i, HEESBEOE, BARBRARACIRET I TORMBEL BETI1-HTH3,

(2°) &7, EADBEVBEOHI N OB KECH/IMESE &2 BHnNMNBEOA X B,
BNAEREARZ O, $4bL, EHMNLS ataDBEAICHB/NMES & 33T, YPRE
T, =280C L 350CLDBELTIE, 140 BDBOHHE2DICH L, FEH4 atadDiRS
TIESHOBBOLMLI,

(3°) EHHi4 ataDFAITIT, T, #8280&350C ORBETHAIVEEBE 1 0 BN
BEMKEOBNREER/L, ThRBTIEYDKEOZEL B AL —ETHI, DHEEDY
B LTRWRRENEOE, BHKELA X IEERT, £OXE280CL350C & T,
4 0 cm DKIEEHD B,

Fig.4212, RENH1L5 ata®FHE20TO, FIEF280CL320C LOBADE
EREL B LIERETT. CNRFFTRBAOARE ( Omm) BE, AEEH S 15mm,
50mm DUNETOREOBEARLICGDTHS, BHES» CREZEHEENAK ICHTE
BABEETHRTTORMICKELEZ(T ORER ) 0153 0bh b, Chit, BEELE
RIEZ LB L ORMBEBEIIKZZIZRNNC L, ZFHL SORBRIBAEE L 33T,
mEICHEBEIT BB, OHREOEVHFBATHELLDLHTH B,

544 RTVULRI5v FEA() ODES

Fig 431227 YV 27 5 7 FED 6 DEBABEE(ICRIZT BB A~ ERETT, =
TYLAMR, RRBIOENT, BEREE (1/cp) NI OABIC, FuYh<-BEHO
RTYVR 77y Fid, BEHEHMZASEROBRERTIEITTHS, Ty 1~ -
HMOUPHOERABHNE U TH-Th, TORBORBBEICENL L, ZORREHKELE

fLicEnE LT3 THAD,

Fig. 43 O BESHIL,
FEHP=15 ata
PIHRET, =280TC
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EMAKAITERD=5 0 cm
¥y »78=25cm
THO, A7 R 772 FEI£75mm &1l 5mm EOFEEFRELILEDTH A,

Fig.40 10, COFBEEHTORBTEEMD S OBMAREMBRLTH D, T DBRHHEE
{LORAEZZTTHNTHRLZE, ROGQIBEPLIEZENRZHI oN S,

(1°) 2712757 FIOREOHEH, MARMBEMACHET ST ENS T &,

(2°) BARKREEICBZETR, AT YLRIT Y FEMADENBRGREILNZ {, B
BHESTAEB LICFLEECDFBRREIIAX L,

(3°) BARFRALRALILE, 2Ty LVARI 57y FERADRFD, BIRELE ORI
LD LTS,

ChoDERIRKDI EEZB®RLTVEEEZOND, 29, X7 YV 2RI 77 FERHK
DH O, BN THRKBRRACH 8ME, REEELEOFE R 7Y LR 757 2 FOREOE B
REEENTOBOATHS, - TEABRARALERLTUE DI TCORKRIZZ 72 1
DECEHBES LTS, —F, BABRAALZZERLTLE D &, ARBIORE L IZITMA
MEERSITHBFT S0, X7 R 27 FOREOES, RECHE ( BERE L ODH
SRIZEAE) BNEOAIL, BEHAETHEVREBLLE-THEE, RHAREIXREL T
B,

COMBALAENTIRREROFPig. 44 IR LT HB, AR LICIT, FERSBEROBEMORZE
HEHE ( Omm), AEE» 51 5mm, 50 mm ONEBEOEEOEBERENRLTHS,

THLEL, BARKEALZEALTLE Y LESCKENLE, AXRAR T RIE—ICKE-
TWADIKHL, A (AF@PS 15, 50mm )TiE, 77 2 FEISBHARTHEHHEE
DD EL, o TRUBFEERIIAEX(BAIZITTHE2 &, RERREOSHICHMER
FESETRTTARKLAE, 77y FEABAKDOEBENT AL ETHS,

INODRRELTFig 43 ICRULAAMKBARMASTTSLbDTHE, 77 FREIN
KOFH, BULTEHYKEOENMEE E 20D, COBAOHFLB/NARRALZENTRAET
BIcHTHB, 777 FEIOADH, HAMBROMBICEIEYKENGL, B/ME% &
S12BIZIELS 785D, FIROBRKRKOBBROME, THLLOHICHBRR NS, BX
MR ARB®IIBMENARE N EICL S, UL, HHHEBR 100 P&AT 5 L Thll
BOBFHKFEOECIIELALENEL LTS, _

REBR/HETHE, EOBBNEEIE, BABRRSIISHEBEREBICEALTLULED
( 642FREH (P)ORBOEEM) AL, 77 v FEIDEBII LA LI,

545 WX+ TORE
Fig.45 &Fig. 46 LIS+ » ¥ YO RBORKREHSEBIT TH 5,
Fig.45 OFtEEHE,

XEH P=15ata

PHRET, =280T

KOSMHEED =28
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77> FEd=15mm
THEF+ »7'82, 15cm, 20c¢m, 25cm O3y —-IANEELTH 5B,
Fig.46 DETHRHI, _ -
ZFEH P=40ata
PIRRET, =280TC
KAOSMEED=2 8
772 FEJI=15mm
THREBFX+ 7S5, 15cm, 20cm, 25cm®D37 —2HBHELTH S,

BEMOES, 772 VOBES, 9RE, EALE—0OK, RNERZEEINZDT,
BB E S NERRRBREIIN—E20, EHEIMBTORS FREVSOHE—L73, C
DHE, MEF » > TOMII LB R4 FOEEE, ¥4 FOREXNBETOERRE: D2 >0
BEEHENCEEBLEZ, AYKEZRCORFICAEBEELEZ 2RTTH D, Fig.45iC
RIRENH LS5 ataDBAETHF » ¥ 70525 cm &1 5 cm LOPATHKT S &, Hihk
BEF 7 7OREVETO0U8~03mbRET&obh b, £LT, BIEHENKAS ORKIZ
EEDENRKECESMMICIEC Libh b, 58, BUFHBRIR—-THBIDT, EHKE
O/MEZ & ABAII3 r—RELERANTH B,

Fig. 46 ICXENH4 ataDBEORRETRT, REAHL5 atadBRE LRIBRIC, BASR
HAE LAMIIREE » » TOBIKEL T, BNKESE—TH 50T, EBIICE-T
ﬁ@,atm%¥*vfmkémzscmmgé¢m3w15cm DESELHBT S EEHS
KEIHEDBENA S, BMPBHE2 0BLBTIZO05 ~0 4 mBEAE T Lpibis 5,

MEEDOF + ¥ TOROCLS, FU VA~ -FIHAORA FEIH DR L5 HBKBE
10, 50, 100BICHEH LTRLICDMFig. 47 TH 5, (a)ld 4 ata DIES, b} L5 ata
DEEETRT. R4 FESGHICKEUENEET ST Lothbh 5,

546 FHKHAEEDOEE
Fig. 48 iLEMK NEED OB KEELICG LI IRELAIREL RS, COHESRHY
i1, '
xFAH P=15 ata
MMEET, =280T
777 FEéd=15mm
THoT, BliAABEEDE 25 ch, 50cm, 1 2mD3 7 -2E{E LIZbDTH B,
D37 -2T, MABENER—CEESNTOE» S, AYKECEBMEZE & 355 11H
— L aTWE, (BT )ATHHEL5IE, ¥4 FERIDD 1/9 FEFRFALTHE S,
ZOEBEIHEN/NZVI ENTREINIHOI THHL:, Fig. 49 TRID=8=025mé&

D=28S=05m&Tl, HHAEICLTHEOEN015m DELNMIINC Etibh b, il

RBEELTAV Y A7 - HBOBELEMKIERDICRBAZ O, D=12mdr y -X
THod, D=025méD=12m LAHBLTRTH, BHBALEERS OB T0T75m D&
T, DOXKESOVED, EBKEELELTIEAZMEALRRTC Libhb, T, SMAHERE
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LUTHERBMD=2S & LThH, HHABREMOFMICIIAZILEERE LTV LDEES
T, '

CLS, MEAENCEARES » > 7S ORBOHBHBEY » 7S OBBOH HHEE
?7SEUKLOFEL, THMANERD=2S L LTORBNES LI-HROL ML EE
THLL DD B, TN, THLE, WBFy » 7Oy —LHETH 3,

547 MKEEV, O

ﬂgAgmmmﬁEVLm%ﬁ%%ﬁt%%%ﬁ?n%ﬁ?%btﬁﬁmﬁﬁmu,&wﬁ
REH,

ZFEH P=15 ata

VHEET, =280C

HEE+X» »785=25cm

77 FE&X4=15mm

FMAKHDEZED—=28S=50 cm
T, WAKEEVL £LT2cem/s, 5cm/s, 8cm/ s D35 —252BATRELEZGDTH
%,

FRHEFIL5 ata, 4 atal THhOBASG, HAKEEVL CL2EHKEOHEDENL, BEA
ERZD SN, CORRIE, Fig.500D7 5705 bBBLETFHMEARBRTIRS S,
THRHL, Fig.52(), BKFETLIE, F9 Y hv-DBXHADKA FEIIL, K2
THAEE V. OBIKIZEACEEEZITCOELDTH S, '

Table 1
°System pressure (kg/cmz) ; 1.5, 2, 3, 4
°Initial walls temperature (°C); 250, 280, 320.
°Flow chamnel gap (mm ) ; 150, 200, 250,
°Extraction coolant velocity(cm/s); 2, 5, 8.
°Cladding thickness (mm) ; 7.5, 15.

°Equivalent hydraulic

diameter (m) ; 0.25, 0.5, 12.0.

— 60 —
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Fig. 32 Boiling heat transfer relations adopted in the analysis.
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Fig. 33 Illustration of effects of water velocity on void fraction.
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Injection Overfiow
s [Ih
® \ ] @ |
O
>_\\>\ WotdWy Wp+dW,
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d © Gy r}- )Heof 'y !
N Flux ¥ !
/A v A IR HTHES
Z P/Q“ IQZ ”flili'il?“I?“Iilflfl.(iLt.a)
A A
4 : N Y
DOWNCOMER WALL
Water
Fig. 35 Calculation model for effective water head.
300
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10"*° IO/
o 200 * * =200 @
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5 To=280°C 100 ‘°°/ %
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§ 100} D=0.5™ 200 _1005
- g=15"" -
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Fig. 36 Temperature profiles inside the walls after flood.
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Fig. 37 An example of temperature histories inside thicker wall.
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Fig. 40 An example of heat flux histories.
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Fig. 47 Effect of downcomer gap S on the effective water head-
differences of the void fraction along the downcomer
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Table . COMPARISON OF GEOMETRIC SCALNGS

ITEM FACIUTY TYPICAL PWR UNIT

DOMNCOMER | 200, 100,50 250° mm
foar FﬂDTH OR - N
CIRCUMFERENCE 1000 12,800 "

HEIGHT 5000 6,250" P

THICKNESS 50 250~50 “

NETE : ,

et 100 750

* CREARE ~TN- 229

Table 3 List of Measuring Items
ITEM POSITION OBJECTIVE PECIFICATION
STEAM STEAM EXHAUST TO MEASURE STEAM ORIFICE
GENERATION LINE GENERATION RATE DP CELL
IN DOWNCOMER
EXTRACTION EXTRACTION TO KNOW WATER EM FLOW METER
FLOW RATE WATER LINE VELOCITY IN
DOWNCOMER ]
ABSOLUTE *UPPER PLENUM TO OBTAIN SYSTEM PRESSURE
PRESSURE | *LOWER PLENUM PRESSURE TRANSDUCER
kSTEAM EXHAUST
LINE
WATER TO KNOW FLUID T#C, 1.0 mm
TEMPERATURE| *STORAGE TANK TEMPERATURE AND sheathed,A-C.
*INJECTION SUBCOOLINGS
NOZZLE
* DOWNCOMER
DIFFERENTIAL | DOWNCOMER WALLS | TO OBTAIN DP CELL
PRESSURE | * FACE-A 12 pt. DIFFERENTIAL
* FACE-B, 3 pt. PRESSURE AND
YOID FRACTION
TO CHECK THE
SYMMETRY
WALL
TEMPERATURE| INSIDE THE .WALL | TO OBTAIN THE T/C, 1.0 mm
* FACE-A, 14x2 INITIAL PROFILE OF sheathed,A-C
* FACE-B, 11x2 TEMPERATURE
?NFggg_iURf?CES TO EVALUATE THE
+ FACE-B. 11 HEAT RELEASE INTO
’ FLUID
OBSERVATION DOWNCCMER TO OBTAIN FLOW VIEW WINDOW;

* FACE-A, 8

PATTERN AND TO
HELP FOR FLOW

DEFINITION

70 mm dia.
with LIGHT
HOLES
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Ak kR RSYMBOL* ¥ x %k

Pure Water Supply Line
Tap Water Supply Line
Steam Exhaust Line

# Pipe Line

Egqualizing Line

Line Open to Atomosphere
Steam Supply Line

Cold Leg Injection Line
Cndensate Trap Line

W ~J O U B W N —

Drain Line ]
Preliminary Line

LYo

[
e

Cooling Water LIne
Overflow Line

[N
%)

Extraction Water Line ]

L ]
(¥

Circulation Line

-
U b

Cooling Water Line 2
Extraction Water Line 2

=
[+

17 Drain Line 2
18 Initial Injertion Line

I S A o T A o B - R B N R N A = e e
o

19 Drain Line 3
# Component Storage Tank
Downcomer Simulator

Overflow Tank

Extraction Pump

Heat Exchanger
Flow Meter
8 Drain Pump
# Valve V1l--v19
{Automatic valve ; V9,V1i0,V15,V12)
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Table 5 Facility Components
1.DOWNCOMER SIMITATOR
a. DOWNCOMER WALLS: flow channel, test section
' effective length=5 m, thickness=5cm
oﬁerall height=6.5 m
Heaters are eguipped for warming.
b. UPPER ANULUS REGION: intact and break cold leg
nozzles,steam exhaust line.
. length=1 m, volume=0.2 m>
¢. LOWER PLENUM: initial injection line, extraction
line. volume=0.1 m3, length=0.5 m.
d. NOZZLES: LPCI injection, overflow line, steam
‘ exhaust line, pressure taps, view
windows, initial injection line,
extraction line, circulation line,
drain nozzles.
2 .COOLANT SUPPLY SYSTEM
a. STORAGE TANK: water supply, volume=3 m3.
b. STEAM SUPPLY LINE: to rise the temperature of water
in stnrage tank. ’
¢. WATER SUPPLY LINE: demineralized water line and tap
water line.

d. NOZZLES5: line open to atomosphere, drain line.
3.WATER EXTRACTION LINE _ '
a. PUMPS: capacity, head=20 m, flow rate=15m3/h.
head=15 m, flow rate= 5m°/h.
b. PLOW METER: EM flow meter, capacity=20 m3/hu

c. CIRCULATION LINE:to adjust the flow rate.
d. HEAT EXCHANGER: to assure the performance of pumps.
4.DRAIN SYSTEM |
a. DRAIN PIT: . drain line from the test section ,
drain pump.
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Fig. 54 Schematic diagram of downcomer test sectiom.
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Schematic diagram of upper parts in downcomer test section.

Fig. 55
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TEST PROCEDURE

(I) PREPARATION

* FILL UP STORAGE TANK * HEAT UP DOWNCOMER
WITH WATER WALLS

_* RAISE WATER TEMPERATURE IN * SET INITIAL WALLS
TANK BY STEAM UP TO Tin TEMPERATURE Tw

* FILL UP LOWER PLENUM * HEATER ON OFF

* SET EXTRACTION WATER VELOCITY
IN CIRCULATION LINE

{
(II) TEST s

* INJECT WATER FROM INITIAL INJECTION * DATAC START

LINE INTO LOWER PLENUM

* OVERFLOW INITIATION FROM BREAK
COLD LEG LINE

* INJECT WATER FROM ECC COLD LEG LINE

|

* WALLS TEMPERATURE FULLY LOW | ) ,
* STORAGE TANK EMPTY “‘:Z:m-w* DATAC STOP
| ]
1
[TEST OVER]

Fig. 62 Data processing.
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DATA_FLOW
MEASUREMENTS
ABSULUTE] | DIFFERENTIAL| |{TEMPERATURE| WATER LEVEL| | STEAM
PRESSURE | PRESSURE “FLOW RATH FLOWRATE
A
TRANSDUCER EM FLOW 5 LEVEL| |CRIFICE
{DP CELL) T/C METER | METER| |DP CELL
- 1] i J
ir

JUNCTION Box]

|[AMPLIFIER

[orzac]

EEZ

MT (CONVERTED INTO
(:23 PHYSICAL VALUES)

|
CALCULATIONS

* STEAM FLOW RATE
* HEAT RELEASE
* VOID FRACTION

I L

{PRINT oUT) feroT our]

Fig. 63 ¥low sheet of test procedures.
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