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NOT FCR PUBLICATION
PNCT8N952 80-03
Jun., 1980

Computer Code for Large Leak Sodium-Water Reaction Analysis
— SWACS/REG3, Water Leak Rate Calculation Module —

— Large Leak Sodium Water Reaction Analysis (Report No.9) —

Osamu Watanabe®, Osamu Mivyake¥®,
Yoshihisa Shindo*, and Minoru Sato¥®

Abstract

A computer code SWACS has been developed for the safety
design of LMFBR's steam génerator, in order to predict pressure/
fluid flow traﬁsients during a postulated accident of large scale
sodium~-water reaction.

This report describes a calculational model and a numerical
method of the water leak rate calculation module, SWAC-11, which
is one of functions included in SWACS/REG3 version. SWAC-11 is
designed to calculate transients of water/steam discharge rate
into sodium on condition that one or several tubes of a steam
generator would break instanteneously in a mode of double-ended
guillotine rupture.

Calculations are carried out for one-dimensional flow with
phase change considerations of subcooled, saturated or superheated
water/steam, assuming the homogeneous, thermodynamic equilibrium
condition for saturated two-phase mixtures. The finite difference
technique is utilized for modeling a water/steam flow, and the
conservation laws of mass, momentum and energy are applied to each
computational cells. These finite difference equations are solved
by the modified ICE method.

This report is a revised edition of "SWAC-1l: A Computer
Code for the Analysis of Water/Steam Leak from Ruptured Heat
Transfer Tubes in LMFBR Steam Generator" PNC report SN952 77-05

* Steam Gerierater Safety Section, Steam Generator Division, O-arai

Engineering Center, PNC.
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(1977), providing descriptions of code modification and results

of sample calculations.
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B SCOEHEBEWHRKOKBHERLTMT 2 0MBOREO LD OKEHEE R
AMMETIILENTES, TULEEHEDL0AO~Ny FAOERE (FH L, FHMEs
L), EMHMOL0HO~y FHOZHE ( THRAE T ) OW 5 ORE %G8
HeacLhTas, ([HBND(SWACLI-ID7)=001E4)
chitst U, B &S OmBEREROEBS (IHBND=1)ii, HEDAHEHK D,
IHBND=01 D&~ DBADOHEEFLE/E 2 -1, 52 - 2 CRT,
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525 -2 RESZ#
1) e

KEHEFTZTEINAEERELD, BFHANBEEZET LB TREEZ2HMORGD

bLTEREEZTL I,

AHF -2 TREHREEME (YD), SWACL1-RD51) 8T 2WHMESH (PY(3),

SWACI11-RD61) &tz vz — (HY(i), SWAC11-RD71), R6TIKSGIE

LDOKk/ EIEBHRE (WG, SWACI1-RD41 }2EFT 2. &EMNBEOMOMEIIE

wmEREZNS,

PHEEREIE L7 -2 XD KRATHEZI N B,

WG

NTUBExAXri

L
ui . EA I OFHEE (m sec)
WG : SG 1 EY YOk #EKEERE (kg sec)

(SWAC11-1D41)

NTUBE:&%EZ:;%&(SWACM—IDS)

1 A CZHENNER (m?)
Fin
= — x (DHEX)?
4
DHEX :&=#ZAZ& (m) (SWAC11-RD4)
7i L i ORER ( kg/m*)
2 BmRZH

KEHEHE TRHLNIEREMHE L2 2HTHR~ XD CRBBREELE Lifm (Y
¥y, BHVRER) THE, TREHEFAXHERET EANT -2 &R T,

#5221 HMARRKHEOEE
BARZRH tBEE AN F - 4
§ o — s THBND=0 (SWAC11-1IDT)
. P P(1), PP@) ( » —RD31 )eeees R
FRE LEE'EJ):/“’ HPW), HPE) ( »  —RD33)eren v anE—
KLOSH1, KLOSH2 ( » —RD45,46 ) TH
B W IHBND=1
' X :
o (52 4B ) PEXB (SWAC11-RD44)
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3//>L
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o i R F FE Az
(E&EFoidhE)
5.2—1 KEHEHE=F4 ( IHBND=00DES )
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@) = oft ok
) EABLOIRBFE
CREANOEREAEECODVTE, AAF -4 IFCAL(SWACII-IDY) &

FOLToLH2icHEbi s,
IFCAL=10E&IEEELGFHAEH L LT, FFRISWACLI1-RD28)iCA

HE B,
COBAaOERIRA LIS,
FFR
AP = corisnfieax e (5-2)
2gdi

CCTAdIBEAR m), 7ri THER (kg/M), ui ZHE (msec) TH 3,
IFCAL=00DBAE 707 o TEAB, SEBEICBT AL 4/ AAEEHE LK

OLHlcFhHirs,
fTEfS

Aﬂpf L alid.eax

2gdi

( 5~3 )

CCZT fr i ZHEEFEE (Martinelli-Nelson FZ#)THO 705 i+ —
WELTHB LT3,
SHEDHBILLIBERMTHIRNTELON S,
ITUBE(SWACILI1-ID4)=0 DA

di 5 +0.08 di
[Re-( Deoil ) ] RE(—D-EBT ) 20034
£ = L . {(5-4)
1 Re-( —3L__ ) <0034
Dcoil

ITUBE=1 D&, THUHLLEEDBARIE=1T53,
CCTReldbv4 / wX$, Deoil @a A rE(m)THOAAF -4 (SWACLL-
RD6) THZ 5,
[sHBEOBEEBRFHTHY, RATEZL 3,
Re < 2300 fs=64./Re e (5-5)

—_— — e/di 2.5 1 --------- —
Re > 2300 T 210g10[371 + Revis (5-6)

ZZTe(=ROUGH) 3EBHOMHBTHOANT -4 (SWAC11-RD5) T5Z 3,
ri',ui' 3% 4, THEEREERTAREORELERLHETH S,

l'_‘

i) A#oOBEW
EHEBRELOBEA (R ) TAARKESDWTRUETFTOLS CEHBLLTHES,

(D BEHER, —FOME L, K, BRUNaflloOBEEIELOBBIzEZLNED LT 5,
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@ EZ&HBR, ETEMCHE—-T5,

@ ERAEABTCOREARRZEALVLOLT B,
HEOREKELIDANT -2TE5EZ25Qt (SWACII-RD42) &, =i ¥—=R
(3 -4 )AXPOQ(HAKELYDOAH ) OBMBHEHROL I KL,
FHRCERE

— _Qt S cacl i -
Qav 118%A1 (Kcal /m’.sec) (5-7)

TEHELA a2 ¥hpA#
1A 9 YD DEZABTERE

Am = 7#do ~x(m®) e {5-8)
ABE
Q' = Qav X Am (Kcal/sec) e (5-9)
RERACEAT 2RE, BNEABRYDOARTHE2D 5
Q:Q'/(ﬂ-diz Ax)=QE:1VAm/(ﬂ.d12 oy )
={(Qt.do)/(1045-At.di®) [(Kcal /m’sec) - (5-10)
f22 L
(R Qt (Kwatt J(SWACLII-RD42}
o £ B TR At (A E#) (m') (SWACII-RD43)
1 BREE1Avra B ODAR Q' (Kecal /sec]
Z#REAN, AE di,do (m]
| EHRAEREER Qav (Kcal /m® -sec)
(5 - 10)ROUBIIA =vTSAXOL~-F Y TiHbh, QUEEKELTE DA
%,

5.25-3 FHEAvvam
BEARCERINIEM A v v, BEAXF y 7HEE4ROIIiCED S,
1) @Ay vam (ax)
LEHRAEREICONT
ox, = RLU/MBRKUB (m}
THRAUEZHRECDNT
ax,= RLD/MBRKDB [(m)
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7L
RLU  LEMEzEAEEXY (m)  (SWACL1-RD1)
RLD . R ” (m) ({(SWAC11-RD2)
MBRKDB : L RIEZ#E S EHK (SWACI11-1ID1)
MBRKUB : Fi{fl ” (SWAC11-1D2)

ax OR&EAWE, ZHEOKHELIGSE, SFTEHEEROHERRIG LT DX
ERMRER LD, EEOFTHBMT/IILELT AT LHET L,
@ BEzx7Fv7Til (at)
BEx7y7m (at) FANF -2 SWACI1-RDI4~18TE5 23, fE& LTHRK
ATEDENS Courant FH =i+ HWEA TR,

Fa 4

at < ‘

a min
CCZTal3 K/ EEOFTET, BEEEARDOEA1L200~1600m sec DET D 3,
BiEE LOIDHAEFE LD E AL T A ESE, (5-12) ATRTIZ2t01 . 2BE

LTOBETHELABEBT L L, (6L4EAER)

5.3 HAHEX
M53-1ZAATF-207Y) v iER, L3 -2EHEEROT ) Y P ELETR T,
flbic, SWACSa - FofeDstHE e v 2 - (PR S4 7EFE, EEEEHE ) L0F

-2 -DBELOLDDT -2 -T 540, JZE - FHEOLDOF -4 -7 740, S0
vy 2 =TT LD DT - -7 74 VEERT B ENT & 5 0HMIESWACS2 - F
OEARPE)EBRE L,
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6. Il B & E

RETE, A2 - FOBREOREEZBNE LTLUTOHEBEFEAT 10T, TOHFRITOH
T T,

() Edwards’ Standard Problem No, 1% @& &

2) BEMMERMFEHRSG (ZERSE) [AFCHTEFE I L - v 3 VETE
zzT, REML, HR 4 JEREFERCE AEKRLOBRLUFTmEENE L, @,
BSGILHT A& 2a- FOERASFEMAERLEMNE LTEEL X,

6.1 Edwards Standard Problem No 1 @5 &
6.1.1 Edwards EOD%R

EREELZNRG LIKRT, HERENDILHEY T -V IRREOMEKZIKEEE (A
BT73mm, RZ2AIm)ZHAZINTEY, H—NNHEBEESA 2B 2L IKEER VY FE
— A THBEEINTVSE, KBTELEE, EHCETILEORBIIRHMHT S TS
H72ABMARER Y vy PV E>THON, K - 78BEBEINILICE-TIE,
B6LIKRTGSI»EGSTOIOHOMEATHEN EREE A sA, GS2 &
GS 6 THXMAEMLTHA FELHAINT LS,

Re6 L2 EZEBRHERORRAZ2FRT, AR@QIERZINEGSTOEHEEOK 3~4msTA
WL, EMENDLUTREBORBRNENELEHRELTRT, GSTTRT Y4 -—va—- 8, E
HEAFAICEBELTHWS, FMEATRERZINLENEGH OHBE I A BEROZBEY
i41284m/s, TH 5. KOEHIL242CT1265m/ s, THBT EHh S, REKITIZIZK
OEETLERICERELTHE LB 5,

b Edwards & 0EEIZI OECD® CSNI @ Standard Problem N1 & UL TR I #17,



—_— g t s

Concrete
abutment

Pressure MPa

Load cell

10

and Hydropump

and G5 5 for transient
void fraction measurements

Dimension Feet rm
A 026 | 79 | L e
ipe internal diameter
B 2.74 | 835 | 388 in (73mm)
[ 1.82 555
D 1.82 555
Additional thermocouples (7 off}. E 2.9% | 9
to monitor initial water .
temperature F 2.74 1t 835 lsjgﬁg?guﬁperated
Electric heating bands G 0.52 } 158
13.447 H 0.55 | 168
{4096mm} ,
D -t E t F e GT H-|
GS & GS 4 ‘GS 3 —[GS 2|65 1
: ' ]
. s
H 1 thick
toughened
Graylock T
couplings glass disc
Pressurising
valve Thermal insulation
: . T f
Topsservoir ok Pravision at each gauge rgr‘l’;sg:g gszrgpfrg; pipe
Additlonal Faciliey at GS 1 station {GS 1-7} for prior to filling with water

trangient pressure and
temperature measurements

6.1-1 General arrangement of blowdown pipe

10
{b)
65-7  (a)
.n
=
2
= 5
o
5
0 \/
L L 1 1 1
5 10 15 o 5 10 15 20

Time {ms)

Time (ms)

B 6.1-2 Transients of Pressure and Load (7.0MPa, 240°C})

€0—08 ZG6NS ONd
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6.12 STEEH
) FHEKR
ETNHARGE LIERTMTHY, €8N, 82TH5,

4096 m

2& N—1 N Po:EBE (—&)

73mm -
8o
[JV]

il BRIt
K61-3 #Z 7 H

@ s
MPELE, 10001b/in’g(7132kg cm®a) O—BHHET 2,
BWESR(GS-1~GS-7) KB 2 MERERBEENAS O, ONEESGE L
TCOMEREZERLT, EMESOMMENS O BB SN Adjusted Temperature
EEA UK, ) SBESR (CS-1~GS-T) B 3 Adjusted Temperaturedx v 4
AEE6LLICRT, ‘

#6 11 Adjusted Temperature &> v & L &

W | BEWOSO B K (Keal hg)
GS—1 168 2265 231
GS—2 326 224 231
GS—3 1161 232 239
GS—4 2072 231 237
GS—5 2627 232 239
GS—6 3182 234 241
GS—17 4017 231 237

¥/, Adjusted Temperature %% ,K6 L4 icmd, & /- FORBREIZ, K6 14
PoRDIELENAHELT 3,
@ zoft

BB OBEETIL, BIFICEL260& L, B2MOERE L7,
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(cH

240

235 L

GS—7 G5—6 G5-5 GS—4 G5—3 G5-2G5—1

e « | . | f

230
2
mE

2256

220 L ' ! i

40 30 20 10 00
B i & oD BESEE (m )
E6 1—4 Adjusted Temperature#

613 FEHF

(1)
{2)

HEERZUTOSHETE®RT 5,

®61~-5 OB 2KY — 2 EE

Be61—-6 GS—-1~GS-TiBAZEHAMESCONTOENE

! ( REBRME &G )

B61-12

B61-13 GS-5WBFAFA FELE{ (KBRMELEHLD)

R61-14 ®Et=0, 1, 2, 3,4, 5, 10, 15, mseciCBd NS

B 51

HEHLBOBEEL I LDELEKOMS TH S,

KU — I RIFPRICET2kg s -7 WELALE, BTLHA3Tkg s TEENLT 2,
GS—1~GS-TOZEROENZEMEHBMLAETEEL-HLTD, LGS —3~GS
- TORIEMBICH SN 3 under shoot MR TIREL MW, T O under shoot id, &

BOKMEBHhICL-TELEZHDLEZIOH, IEFEHLZREL TV EE 2 - FTIE, &
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BLELL,
B FA FEOHEKRNE, REBSHZET 3 L8 0.6 ~06RRIEENBHEHFREN -
T3,
Edwards O EEE, IBHEH OIS BE (GS-5)TH 0, #FEM/EI»T D A1,
@ R6LI4XVFESEBBEROEEEERN1200m/ sT, 58— F THEALTL
BEH (REPo=713kg enfa To=225CT1244m/s) L3z L< |, @l%E
B(1234m/s) Lb—KT 3,
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LEAK RATE
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0.0
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0
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2.5 5.0 7.5 10.0 12.5 15.0

TIME(SEC) X107
WATER DISCHARGE RATE

FIG. 6.1-5 STANDARD PROBLEM NO.1 ANALYSIS (SWACS)
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PRESSURE

10.0

6.0 8.0

4

2.0

0.0

——  Calculated (SWACS)

———- Measured
\
\
\
k}

0.0 2D 5.0 7.5 10.0 12.5
TIME(SEC) X107°.
FRESSURE AT GS-1
FIG. 6.1-6 STANDARD PROBLEM NO.1 ANALYSIS (SWACS)
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PRESSURE

-0

10

4 6-0 8

2

0

N —— Calculated (SWACS)
% —~—==  Measured
|
1‘\
\
.
i
\
\
N N N PR I
0.0 2.5 5.0 7.5 10-0 12.5

TIME(SEC) X107
PRESSURE AT GS-2

FIG. 6.1-7 STANDARD PROBLEM NO.1 ANALYSIS (SWACS)
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" '

—
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-0

125

TIME(SEC) X107

PRESSURE AT GS-3

FIG. 6.1-8 STANDARD PROBLEM NO.1 ANALYSIS

(SWACS)
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0.

-9 5.0 7.5

10.0

TIME(SEC) X10°73
PRESSURE AT GS-4

12.

FIG. 6.1-9 STANDARD PROBLEM NO.T ANALYSIS (SWACS)
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\ \ .

6.
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**** P (1,30

PRESSURE

0.

2D 0.0 7.5 10.0 12.5 15.0

TIME(SEC) X107
PRESSURE AT GS-5

FIG. 6.1-10 STANDARD PROBLEM NO.1 ANALYSIS {SWACS)
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\
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FIG. 6.1-11 STANDARD PROBLEM NO.1 ANALYSIS (SWACS)

15

-0

P

(1.,19)

60—08 Z96NS ODONd



X10!
.0

(KG/CM2 )

PRESSURE

-0

10

6.0

i b—

- -

Calculated (SWACS)

Measured

4

Vi

0

0

-0

-0

7

-5

10.0

TIME(SEC) X107

PRESSURE AT GS-7

FIG. 6.1-12 STANDARD PROBLEM NO.1 ANALYSIS
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VOID FRACTION

10
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OHU

/
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TIME(SEC) X107

VOID FRACTION AT GS-9°
FIG. 6.1-13 STANDARD PROBLEM NO.1 ANALYSIS (SWACS)
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100
80 -
t=20
60 |-
t=2ms t=1ms
40
t=4, 5ms
—_—
t=10, 15ms
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0 i | 1 | | ! |

0 0.5 1.0 L5 20 2.5 3.0 35 40

Distance from Closed End (m)

Fig. 6.1—14 Standard Problem Nol Analysis [ SWACS)

Pressure Profile
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6.1L4 % &

SfE#KRTRLAGL, EAZACRCOHEESBECERRBE LR, [HAFE=
FREEOBHEEBVT, MRAERERL-HT I Eh -7, H->T, BIAOHCE
FAERKHBEUECEALTIRYLBHE AT > TE60LELLRE, L L, Na-KK
BRI EROGEERAKY —/7RBKELTHR, EROUEHEL D, BEECRIETSC &
ETEW, £CT, COHOHMAKY) - s7RCELTE, HEHFE (24140% ) o d 50K
URUOBOBRHBIL DV TR LEDLT L LT S,

1) WK - 7 EORFEH

MORFUEARMT 2EKT, ZEA v vl (ax )RUKBHR 7y 7ili(at) BT
BY —~ <A BT,

F— R TR @HIEax=25~20cm, at=00025~01msec THd, @&
Y-~ TROBEEA231CHE—-E L, B6 1L50F - J7ELIPPEEIRL S,
b-NAHERFORBE L, BNt EOHKREDOERICHY 5 Courant £ Date
OHAEEET 5,

Fa | ot
Rc = ot S ate = ~ e (6-1)
ax/a ~x/71200

a) RI61-15CHBOREAEAERT,

R x BliZe Bt fEiidoti, (HBVERHRTEMBREEL K )IFEL v ¥
2 HERT AEEETRTHEBEOS v va2THELR, RLD, STEEZTHEI2IIERe
ZLR2UTRTICLBUABETHELELZONS,

b) M6 1-16~19CRciCBL, B (~2ms) OKY -~/ ROELOHEKRL L &
WHle B, £6. 1 —2HPMBPLY -7, (B)EEME, LLLB8DREE, © -7 Mic
ML, 8y v208R4i23en, ThaR61-20~22KKR LT,

c) hokbh, FRAZEENIKILDILLUTOM TH5,

i) ax%t—FX LT, at(Rc)E/NELFTEHE _
Rez/NELFTBE(atZ/hILLTWCE), BIHAK) - 78IRS CETHM,
HAMBICIRETZ, (K61-20)X, ReZ/Nh&T5L&ub b (K6.1-21)
BEICESS, Labe-7m(H6 1 -22)3#ick&EL5,
i) Rc&—mikLTax (at)2h&<T3HB8
Rex—FitFEbax, (at) 2 /NE< LT s LD E Y - 7 i dkic/h
ECROFILHI<,
X, E-7@ZPPNELIEE30Rec<0126TRBIEI—ETHB,
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d) Blk@, k) -/7RoaOHe- 7oA FEBELT, 18 v v 208 REY —~4 L
EOTHD, COUHOE - 7UBOKY -/ ROEEFEEEA BT SE, LEOR
L@, Raric@Emashs, N61-2313ax=10cm, 2t=002msecd ax
=5cm, &t=0005msecOBELLOTHPABR T, BEDCERENIF LRSS

(IR,
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002 |~ -
- =1/% -
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Fig.61-15 Computational Stability Survey for Water
Leak Rate Calculation (SWACS )
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80
v 60
N
X
Q
Pt - —_ T~
E O --—
40 - ’ - T e ]
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-
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o K
§ 20 —’1/ —e— Ax=10m, At=004ms
¥ ———— s =5, » =002
l' ———— 25, » =001
0 ] | ]
0 05 1.0 1.5 2.0
Time (msec)
Fig. 61—16 Computational Mesh Sensitivity for Initiatl
Water Leak Rate (Rc=1,2)
80
"
3]
™
¥
=3 '
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o !;/, —_— Ax=20cm, At=004ms
; 20 ————a— P/ — L/ —
S 10 , 002
———— 2 =5 , #» =001
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0 I L !
0 05 10 15 2.0
Time (msec]
Fig. 61—17 Computational Mesh Sensitivity for Initial

Water Leak Rate (Re=1/4)
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80
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¥
60
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M40
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o — Ax=20em, At=002ms
: 20 —=-—  # =10 , # =001
&= —--— » =5 , « =0005
w = 25, » =00025
I 1 |
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Fig. 61—18 Computational Mesh Sensitivity for Initial
Water Leak Rate (Rc=1.8)
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E 60 |-
(3]
I
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40 +
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-1
- Ax=20em, At=001ms
o 20 # =10 , » =0005
31
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Time [(msec)

Fig. 6.1—19 Computational Mesh Sensitivity for Initial
Water Leak Rate (Rc=1/16)
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=
[ud
~
of
5]
-1
=
=
26 1-2 WEKY -7 BEHTIEHEA v v 2 OHE
Rec oK ANy o A]_ Ag Tl Tg
(em) (msec} (kg/s3} (kg/s) (msec) (msec)
10 0.0 4 47 0.4 3 0.9 6
% 5 002 45 0.28 0.37
2.5 0.01 44 0.17 0.15
20 0.0 4 73 0.6 6
: 10 0.02 69 0.38 186
4 5 0.01 ~40 6 4 0.20 0.88
25 0.005 61 0.11 0.43
20 0.02 72 0.61
: 10 0.01 72 0.31 ~21
8 5 0.005 72 0.16 ~0.98
9.5 0.0025 72 0.08 ~0.54
. 10 0.005 72 0.31 ~21
16 5 0.0025 72 0.16 ~105
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Fig. 61—20 Computational Mesh Sensitivity for
Initial Peak of Water Leak Rate
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