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Development of Tube Rupture Evaluation Code for FBR Steam Generator (II)
— Modification of Heat Transfer Model in Sodium Side -

H. Hamada*, A. Kurihara®
ABSTRACT

The thermal effect of sodium—water reaction jet on neighboring heat transfer
tubes was examined to rationally evaluate the structural integrity of the tube for
overheating rupture under a water leak in an FBR steam generator. Then, the
development of new heat transfer model and the application analysis were carried out.
Main results in this paper are as follows.

(1) The evaluation method of heat flux and heat transfer coefficient (HTC) on the
tube exposed to reaction jet was developed. By using the method, it was confirmed
that the heat flux could be realistically evaluated in comparison with the
previous method.

(2) The HTC between reaction jet and the tube was theoretically examined in the
two—phase flow model, and new heat transfer model considering the effect of fluid
temperature and cover gas pressure was developed. By applying the model, a
tentative experimental correlation was conservatively obtained by using SWAT-1R
test data. '

(3) The new model was incorporated to the Tube Rupture Evaluation Code (TRUE), and

“the conservatism of the model was confirmed by using sodium-water reaction data
such as the SWAT-3 tests.

(4) In the application.énalysis of the PFR large leak event, there was no significant
difference of calculation results between the new model and previous one; the
importance of depressurization in the tube was confirmed.

(5) In the application analysis of the Monju evaporator, it was confirmed that the
calculation result in the previous model would be more conservative than that
in the new one and that the maximum cumulative damage of 25% could be reduced
in the new model.

*) Thermo—chemistry Safety Engineering Group; Advanced Technology Division,
O-arai Engineering Center
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LEEELTE S, Ak, MRAZBHEODE « IFVITMRZETIMELBRWERIER
BETIEL TS D, BEIKIE, (To—Tio) e "' OHEICZDWMRZZ T L ZLED
BB |

RIGE®HOF M) U LMREFEERE RICEDMHLSEOFHT MV Y LRE) T4
BATRF ERETZEEZT . Tio=T-+AT &35, £z, (TERA KD Teo=(T,+T:oRe) /(1
+R)THB 5. *

T, +(T. +AT)R
I+R

4

T & (T, +AT)

£0 —TI)y =
al
=(T, -T. - AT}V

Yix%, TT T, MBRATERLIZEK D ICKIENERET 5 X 5 %K1 FROHHZIEES
B, apiCld(l—a)p Coll kXTGP VD,

| -aL
(1_3)/7101;1(3 v “1J L
=eVU -1

R =
¢ apgcpg +(l—a)plcpl

LT, WMo T, B.OREG NDRBLUTEZS,
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T T -AT . T —T.—AT
h ={0!hg +(1_a)hl}_(1_a)hiﬁ_ = (l—a)hl[lngg——Tw—J' .............. (3'8)
HBWZ,
h=(1-a)h Lot AT =T, et (3.9)
g -T,

FRFD (T4 AT-T) DIEE. ZOBHBENS, RA KR, JAVHEOEEL. K

5y FOFSEU. BHONE - IS5 VI EOMBRLTEARLDTHY, ¥72l

BRI I TAE L BRI DR GREVED ICHET 3, ﬁE\R+AT@ﬁ@ﬁmE%®T
MDY LRBEEEREENE I END, %@ﬁkﬁ@%%U@A@%ﬁTfﬁ%éh%;k
12RY. TEENKFEZET %,

3. 2.2 fTETIVOMER o ‘

Q. ORDE(Z TS 7L, EAZHRT %, (T B OREHERFICE VT, b &
hi” @ZNTNEEM 100, 200, 000W/mK, H7z TE A Uw | EASERKAEORFHY SR
RSS2 LB A O RVE R E{E 30, 000W/nK £9%, FEODF Y AN
& 470C (FHHRE) THBM, ThMEZERISICE D AT=200C LR (ThbB. T
=670C) L. RBCHEINIKSRE (1,51, ) i 960°C LT B, -

K 3. 1icid. KA RRaBNRSA—R L LIBEOBRHR q &, ZhEEEE L FitkoiR
E%T%Lf%%hé%ﬁ%ﬁ%%%ﬁfoﬁ%fﬁem%%mL4hkm$¢5@m%
M (=q/(T,—Tw) THB, . KA RRPLOHS5 0.8 BEE TCOHMETAELE
L7200 HY, B;%og%ﬁzék%ﬁm¢é<&éo%ﬁﬁq®$%ﬁﬁﬁ?%%o

- RAREE0.9ICEE LT, RIGBES 500°CH 5 1200°CITZE X T 458 OB L £3)
BEEROBGZER 3. 2. 3. 35T, CTTOREL LT, KISEED 670CIcET
ZETRSTHEBBEZRCEEL U, KISRED TN EOHAICE, BHEOBEZ—E
(T1o=670C) T, KMDBEDHNERTZ L Ulz, K 3. 2 1385 T,—T.& Uiz+EE
BT, T,—T-2' 200C (=AT) 12 Lz EAEYRER h BRIBICEL T 5 T 24D
B, K3, 3L T,—T.& LIAHRERTH %, S ERHEDEED FET 3 BI3E
FORE FRLTVAD, WHED—EIREICE U DRI SR ES LR U T & B

R—EEICEE S, Thbb. SHICKBEAEDEREGRIKELALNEL, ZOK
_%‘@@ﬁk&%hﬂm%f%%ukﬁbﬁ%o ﬁ\%%%ﬁﬁﬁhdﬁ%lfﬁTb
Tl %,

it\ls1¢m%%ﬁ%'ﬁk/x»#6®ﬁ%L%%mwﬁm/l/F®FﬁUt
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FERE R IRE DEBMGES h OBLOBFER 3. 410K, EHEEL ASENS A, ol
UANEL EBIEE. SHEHRHEDEEENWNE BB EhD, EHEEERIIAX S
5T EHbA B,

PEXy, EFREEROBAEIZ ah,+(—a)hi=(0—a)h THB T &, BFER
WHDFROBREICKET 25, SHOBREICHT BREEINE VT LR TE 3,
(G OED B, FOEFRIZ(1— a)h (Te+ AT-T)TEZ 5N B, o T, EHEVEESR
L BFHRDEIMER hnor = {(1— )01} mars Qax = {(1— @D (TatF AT—T)} nex CEZEL T,
G.OREUTOESICEL T LHTE S,

q=NHN(qmax:hmax(Tb ~T, )) ......................................................... (3.10)
:

h=MIN q ,h R R R R N R AR R (3.11)
T T ‘max .
g tw

(3. 10T, TV UV LOBE T 2ER LEFIRZRITH0. G.1DXTE. (T~
T DEHERNC T/ NE K o TeiB Th  FREYER h A ha  DEZEBZ 5 T L HV7E0N
X EBLTVS,G. 10, G IDRD huux & ua R T — 2 H BB S NBENME,
TZF U Y LDHRZEZ B IC&D, BT — X 2aMET 5 RZEMRER h OEE
A EHTE 3, |

3.3 HBRT—&~\DEH

KU —ZIfED RInY = v S ORI EZHERT 572HIC. SWAT-1R FHBEEIC X D IE
IKREISTG A—R L U3 —A (Run-HT1 : 158g/s. HT-2: 337g/s, HI-3 : 542g/s) DR
BRI EH I Nz, 2D S5 Run-HI3 1d, B/KEBRPICKIGY =y FOEETEZ DRE
NOEELZZ &b, TTTRRAENOHEEN VRN —ATHB HT-1 & HT-2 2D\
THRBRT— Z\DBEAZEIT o I HI-3 1DV TR BE L HIBT S N AREN 2R E LT,
HEBRT — 2B UTERZNERCICRT, K3, 5, 3. 61c, HI-1, HT-2 SABRIFOEE
HWEEERT . SR TEONZEIEER h LIREZET,—T.)OHEER3. 7. 3.
8ICRY o RDEINRMEERIC DV TIE, 2. 3EITRE L7eXHM L IEDEFEIC K DETL S
BEZENCGER T 2 BRAFEEIMIEL X5 K5 T FEHULEZIT> TW\W5b, kT —
2, AKOEHBRER & TERZROTRIGEESHRZE L TVS Z-bh
%205 28 BOBDT—RICDWTR U, HT-1 5BROK 3. 7 T, ERNGHZLT
WIRWEEVE OB 7 — & TE40 DK EROFMMEIRICE 5 Nz, Z20RIEKRIS
BEN LR LWz, BWRRNE L K> TEBRT — 2 PRRENEN, ZhDSN OB
TR & B b, FHNBMGERDS R —EEIC RS EmME ., EEN-1 Lk B EEDERT
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& 3, BB DOV T ATV R ISIREE (T00CLLE) T B HEZ-1 0 F — X BE(TES0,
TE85. TE88) &, MENTHNC KIGIREN EA Sy (500°CLLT) HE-1 OF— X EE(TE2T.
TE37, TE61. TE64)D 2 DIcn#i L7z, HT-2 FERDK 3. 81DV T E. N EMmIZK
3.7 LFAMKTDH %, HI-1, HT-2 DFEERT— XD 5 I&. huer = 1. 23X 100/ MK, quax=2. 00
X10°W/m* L BB T EMWTES,

SWAT-3/Run19 5XBR & ik d % 723D, 3. 91 Runl9 SRERBEOEEEIE. [K3.101CK
3.7. 3. 8LAMRDAETT—ZZEH LTz, SWAT-1R HKBRTF—&X L DBV, BzE
ROFTEITRICHERDH S 75 ABHFEERHA L TOBETH B, 2D, 2. 18T
WANTe X S ICBGRRZETROICFHMT 2 L0ME, X 3. 7. 3. 8 LEBEOHEREER
He3, ,

B.IRT hwex=0—a)hZE5Z% L, FEORZIDO hICHLUTAL ZHETZZ 2H
TE%, BEMHETOD hot o ZFAVTEE LT MUY LRELRBRTELNEKISEE.
NEEEIREZ B L TR 3. 11 (HT-1 380, X 3. 12 (UT-2 35 12779, HI-1 RERTIE.
[ISIRED 500CREE LR (K3.11@~WWER) &, F MY LEELRIGEEDE
(ZNEOD KINRED T00CEEICH V(X 3. 11(0) £ (9BR) LIBEEIXERTH 50°C.

RIGIRED 1000CZ2HBA % (K3.11(e)BMR) LIBERIIERTH 400CREL o772,
3.11@QA 5. F MY LORERED 15 BATED 950~960°CTHEIT L L A>T
D, TOREBIFHABREOHN—HAES (0.20Pa) x4 2HE (K3.13 BR) 1<
ZLV,

HT-2 G T, BVEERRAIEE (No. 31D DKIEY = v MR AIOEHAE (K 3. 12(b)
~ (DB TRIGRED 850~900°C. BEEFEDERADHK 100°C, ZORNA (K3.12(e)
~(@ZHR) TRINRED 650~730°C. {BEZEDRKRHHY50°C, HK/ DVCEEITNE
PIRATE N NMEEVE OIS (TE57-58-59, X3.12()2M) TRIKGIREDN 1000°C
ZEA BN, BEEMKERT0CEEL Ko7z, 7MY LBEOREIR. ZORO
7 (0.27MPa) D@ (F9 1000°C) K% Lu,

TES7-58-59 IcDWTC, RIGIRE T MUV LRE T, NEEEEE T.. BWikq, &
RMEER W DZEZR 3. 141E73F, qLhicid, BBRT—%TH% qExp.). h(Exp.)
EGA0OR. G 1DKOFHEMETH S q(Ana. ), h(hna. ) ZHETRT, FIRO LS. T
DERAEFH 1000°CTENCHT BT YT LOFERITHEY S 2728, (3. 100D Tl
TORKNEZEZ oo HTREIBEBELHI20TFH MUY LOBHRISEDL 728, KIS
BE ENBEEREDOZEIIEEIT/NE L, RRB LB OBREE/NEWMEL %D, Fh
THHEmMEENT PV Y LBERBZ 5 LI3EV. 2T, 3R BITORNBVE
BERIIRALIZD, TEHT-58-50 TRIAIINEHLE LT, COEHIEEEIXF MUY Mok
LZENTRHZ LTOWERWMEEVE TH -T2, FRUCEADD LT, BREEEOESEEIZ
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FU Y LOBREYEBZ B oTz, Thid. IKEHFRIC K BMERNRL i, BEOF
MUY LICXBBHBRDPRKENC L ZERL TV S,

TE109-110-111 I2DWT . FABED hoees Grens BE T TF ¥ IREEZH D H3—H R JEIC
W95 bV LO#E30C) ZFEHLZIBEORE T,—T. L ENE=EE h(Exp. ).
h(Ana. ) DEABRER 3. 15 1R T B.10XBXT G 1) KON & EERMED _ERRIC
PIBT BT EHHERTE S,

DEED. GIORBIUG IDREANUE, BITOESDBMEERIIRRT — X D%
Bix BIFICBRATRE T, DO OMEIE., BT — 22Ul TE B LHHETE S,

3.4 EE

AR TRHIE SN2 KISIREDSTH KRR OREFELVEFEES UL, 3. 2HiD
I EF VOB 3. 3 HORBRT — X OEMIZIEE—HT 3R_EMES N, BB T — &
DOEMNLZERZHFATES, KoT. 3. 20O ETNVEHMAZLYLZZ 5N5,
3. 2HOfEET McED &, LITOERZFETE %,

BARA REIEERTIE, EHBRERORA FREFHINE N,

FNEMEER O LRI, WM (MY D L) BHEFEOBMGERTHEE NS, FRRIC,
TRRIESHE OKEAR) BEEROBMRERTHEE NS,

RIS 1w M b EEE DR E & CSBEEROAE S 13, KISEROF h
) LOEE FRICKET 5,

SHDIEE FEICEERT, M (F MUY L) OREEFIZNEN,
EREONERRER. MY Y LRER FEZC LidEV. (YU LEREN
iZixa k. ﬁk%%UﬁAki%ﬁH@ﬁ%#ib%tb)

® O

©@ ®

CCTTCF MY LEBEDERICZOFEATOHR T, ZEZ5 L. KIHY v b EIEE
BEDOBRMRB X UENBMRERDORKEZ FHTE %, —fl& LT, TE57-58-59 TIHTZ Qo
& h, ZEWT S MUY LO#ES% 900°C (39 0. 12MPa #HZ4) . 1000°C (#9 0. 27MPa #H24).
1100°C (# 0. 56MPa #BY) & ML E BB A DIRE L EXEMEROME#K 3. 16, 3.17
ICRT . XI3.16 I3AEHE T,. M3.17T& T,—T,& L, MDO, A, OidENZHh 900,
1000, 1100CIEH T B EXNERERh TH B, K3.16 &0, WA ER (EALE) KK
V., FEREVGEREIRBICREL EB LD B, K3.17T XD, HAER (EHER)
e, fEE-1 OBERRIIEINCIHITBEI LT 5 LR TE S,
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3.5 £&¥
HERTE D NI BRI OMER
OBRRAIE L —EEL 755
Q@EMEVLERIIK SRR L B OGNS 5
WKDOWTIE, UTOEHICESBDEHET B,
- RISBEGARBEZRELTEY., ZhEEE FcEL< %0183,
- FFU Y LRERRIGEZOBREDSKE RS, FARMEEEBEZEV,
- BVREIE T MU U L L EREDERADN TN TH B 725, Mh—Ele ks,
- —EMEOBIRE KGR L VB ENRE DE TR U ESEvVnERIE, HREED
RO (A TEE-1) OR%RE RS,
Eieo F MUY LEHOBMGER, A RR, FHF MUY LIEBE, KISEHZOF Y
T LIRE EREAbI N, ENBREROTFRANTEETSH D, ZORKMEEZT R T LD
PR TREMA LIZETHZ b5, |
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4. BB TF v 7D

BB TEN U EEERIEET/)V% TRUE 2—F 187 (Ver 1.83) ICKML, F7f¢
B E IR EAEORBEREYIEERERE (Y XA7—Y) T /VORBEZMA. FiN
— g (Ver 2.13) ZHEF L, FIia—FOANT—2EOEBERICONVTE, T8 D
ICEER T B, C T TlE, Hra— R&HWT SWAT-3 3Bk, Z5E PFR KV — 7 Hi, BXKUTH
AU w | IKY — o BT ~NEH LIRS DV TR T .

4.1 SWAT-3 HBREDEH

HHa— R 7% SWAT-3 B K UKE LLTR OBEEERBERAEH Uiz, TOB. #htT
VB XU, BRI EER (FEFLVERT) O LEUCE Lz, [HETFIVEDE
Wi, LTFD3HTH S,

O BEERFMETIVCG. 100 E G 1DXE®A U, SWAT-1R/HT-1, HT-2 EABRT —
ZBRES h, =1. 23X 10W/mK, gy, 2. 00X 10°W/m? ZETE R & UTEM Uz,

@ SWAT-3ERERCOF bV T LOME T DWW T, BB THIEE NIz AN—HRAEN
FHAICERL, BRIIT—2E UTASI Uiz, 72720, LLTR/A-5 BERDA/N—7]
AFEAZBCETRHATH S &b aiRIge 7))V e FE URSRE (1210°C) & L,
R P e kB L. A5 BB DPIKRE DGR F N—HF AFES & 1. 89MPa L¥RE X
NTWBZ e 5, BKEDOFENRIN—HRAET 2B FX 7D 1PaT5 L,
3.1 3 BRI 1200°CICHHY T 5, €> T, 1210COREIR. REZREE
HEeZBEDTRVWEEZ 5,

@ EFEEFICDOVTIE, FALEREELHERALEVEED 2 7r—ABEE Lz,

ET IV TORMN LR T — X ORI Z R UTERZ R 4. 1SR RTORHE
R, EERT 7V —T 05 BN R BEHEEFIGELRBEZRLTVS, [BET
WV BEREU DR 6.2.1) TOMMOBHERE (AUCJEERT IV —T D5 BANDPEL
ARSI U RR) L 5 L. FERE TV TOBRERICE 9 2RI, 15
TN EHRRRETHS C L 2R TE S, /2L, LLTR/A-5 HBRICBEL TiX, (HET
JVUTUE SWAT-3 BABRIC LERFENT OMBE DN INE Dy o Te S, SEOFIREE TV TR,
FRRT DWREERS SWAT-3 ik L M ERE L ko Tz, e, FERET VITIAEEET V2
BET 2L, KOENTEFBROBRNED DD, BTORTHIEATDITHEREN
TWBZ ehbhd,
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4.2 PRRAKV—VEHRADEH
Fra—FZPRRRKV—JERNFEH Lz, 2T TE, BRTTIVDKEREER S LR
E L%, BxsEE. ITICEET,

® G 100K & G 1DKDOBMEERFMBEE TV T, hy,=1. 23X 10W/u%K, g,,,=2. 00X
10°W/m* 2RI RSN L LTE A T2,

@ F MUY LAIORISEEB KOS T, IO Tid, BHREEHR U 8 2o
LT, UFOKSKRE LTz, £9. BEBROEFBIRDMEET 5 £ TOHK+
BRERAE#16 (TL v T 0 Y TICKBEN T Ty 7 CHIBETLICILRNET
TABBVE) I XBPFHEIKY — I BET TV b5, H8—H AERRST
BIZHIHOD 0. 3UPa 1 5 FEA BIAGRDIEBIE U9 0D 0. 6WPa % TZHLT 3 & LT
TOWRHEETHS 1000~1100CERKIGBEEBX TR LT =7Ic5% %,
[ElFm X DEHIRNTHER (Best Estimate Final Escalation) ok &, #16 Dk
V—JICEET 3 GEREDHHREEE NV v SR8 WETICREL, ZORAT
KERDENIK TWPaBEE TR T LIz TN, £hine ' Tk, KISEBEIRS
IN—=HAES] 1 ¥Pa tHED 1235CETLERLIZEENS, FRAXOERESET
HBHTIV—1ATITV—2ITBT 3 15 KOEEEIIKREND 7 WPa 13E
TREETIKBEELZEEN, EeAT7dY—3LAhTTV—4 L XNBBODE
BER. BE 1345 CIKEHENTT~4Pa DIRNFEHTHELE L X N3B, 3%
XMz X B, KREAD 4P ETIEFT 2D MY w7 10 BEEZ BN
Bo UEXD, 7MUY LAIDEMGEE LT Y vy IR 8BS CRSEEL LU
BERA 1250°C, MU v % 10 RS CRIGIEED 1350CE A3 X DI, ik
Ho527, MV v % SBLEDHSRICDOVTIX, X "8 OmFEEE (HX E
1) Ty MUY TS BERE R LEROE—ZERN 1 MPa H 5 EIC EHMETF
LT3z ehs, Mime LTIE 1 MPatll o 1250CH 5 X z..

® b, NS LT 5 PRRIBEGEDEEE S SUS316 TiEEIEIC BN A HMETH
0. DOBEEED 2 REFHRICE 2R MD TEN T e D5, BETTILITEI
RALTHEFIVERCHENE Uiz,

UEDOZEZEZ T, IET IV LIRERER 4. 2~K 4. 3ITRT, M4, 213H
BEHRFOEET 1 — 20 U ERZER L2 O THD H4. SRERBICRBE N EH
Ta—RYVREBRLIELDTH S, MER. KETO—IC X3 BEDRIELICED
Nighhofefedd, D)y T 2.7 TIEMEREE (7.2 W TIV—THHE) DEMIELT
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W5, EHRETIE. Uy SR IWETHEIKY — 2 EREE AN Y 2 ATF—VRT
BIRSTFrBHEL. $< 5B (FY v TR 8MICHY) TR D 31 AVERS IF %
WU bHESNTEY., BASREHE L MRE —BLTWE b EX %, — %%
Tlid. BOBESEO D EREDE L2 AR EICERERERZ TE->THED., CEE
AHBSIHCE b b o 2, €5 T, PR BCERICREE NEE T 01— 3V VAROF
SR END. BB, FEFVTELNMITERE. B Y X2 BE3LDTh
WC ERHERTE T,

4.3 THEAL®] ~DEH .

Ha—FR%E [BACw] BRS TF Y i~EA Lz, TTTE. BRETIVESRERZ
EARMNCEER @ LRI L Ule, MM — A&, EEEIRRES X UERED TS — R E
HEHEBIC KB MYy T Z0BOKTa—&KAL L, BER P 0FR8.2.1 1R T LI,
ERGEEESAED FH (U7 13), 8 (U227 9), TEB (U U7 6). 40%Kb/IGEESRM
DOFE (U7 9., TEH (U7 8), 10%MKEESMfDLE (V7 13). FE (V¥
711) & Uz, BIEHEDS> B, BERE BR5ROALUTICET,

@ (3.10RX & G 1DROBRERFTME T TV Ty hy,=1. 23X 10W/mK, g, =2.0X
10%/m? ZEt ESRM L UTE A T

@ FPUTLOBA TS DWW TR, ZEREROFEAA /S—H AFESH 0. 20Pa. FET15
BARDVEENE SIS 0. 45MPa TH B T &h 5, B 962°C (0. 2MPa). 1073 (0. 45MPa)
BEZ e FOKE, 1.5kg/s OFHIK) — I RF—EZRELTNWBEI ML, A
IN—HAFEAEEEE LI 7B T R ZERL T, 4. 417 K
5 BRERTEM L7z,

@ BREETFINVERHA LR,

LI FEDEFINTOMFEERN 4. 5~F4.11 KRT, K4. 5~ 7 3EREESM.
B 4. 8~91% 10%faKESRSEE, B 4.10~11 ZEEGEEGRRT, £z, THETER
EEEROEETT IV EHELTERL. 11K,

R CIE, ANOEKGTHEIECEEMES KTV —THENRELZNWE VI
Relkotz, Chid. BEROMBAREREERDZLDOTIRIRV, £4. 1 Hh5EX, KL
BBEDIIIFIHET IV TEIZREREREVHRLNEV, BREBEIC DV TR, EREER
SHT—EEDNERT 27— X8 b5, TOREKERRTY VY 9 THEETS L 0.34
M 0.32 LhEL STV, —F. W0%EKEBERT 10%H7IGEIRSEA TR, /N0
— 2DV T HEIVINE L o T B, BT, TERBLHB LV EEZ BN TV 10%57k
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YEEEEMEICOWVTIE, FORAMO0.44 530.28 L/NELE>THD, MENMEL TS
bbb, BB, 2TOF—AZELTCERBEORKEZAS &, 0.44 (10%#E7KE
BB FE COE) A5 0.32 (ERERERBHHTOM &40, # 2B%EENE <K
> TWb,

. FHREFIC TEA U] BEUCERTICOWTHIBLES UiERERT N, RiFl
EHICDOWT S, e F U FICBBBEEBCBOTHENRESHELTWS I LHDY
%o
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SG KV —ZEDFEIRT 7F v BIBRICH T 5 REE OBEEESME 2 EENICTMY 5
72, FRU T L—IKKIEY = v MO EEEICRIETENREEBZRET L. /13—
HAENOMBERER U TT VEZHRET S L LI, ThZzHWoERER 2
EMLTz, AR TELSNZFERRZUTICELD S,

DF FUTL—KRIGY = v McE 5 E Nz —7y MERBIC B 2 BRB LT
EEROFMMFEZREFRE Uz, AFEEAVS &, [EROETTIVE B U TEGR
EHEMICTHMOTE 5 L 2R LT,

QRISY v b L REVE ORI DOERER 2 AR E 7V CHERINCARET U BEREIC K
BT HN—HRAEN ERBBEOFERER UTHERET NVERRE LI AKETIVIC
X 0 BT BRI X U SWAT-1R Fi 7 — XL E D ERBBOE EEZE
HE 2T LMW TER, |

(DRSS TF % M 21— R TRUE IS EEETIVER KB L, SIAT-3 F0DF kU L—K
RGBT —RIc LD, EFIVOFETFEZHEEE LTz,

(DFHEBETIVIC & BFEE PFR KV — 7 A DB Tl R OfRATRER & A& <
Blxblnwok, 9kbb, CRENOBEREOEEHZHEETE T,

GYFREAETINFIC LB T A U | ZEFHEIRANOHEARNT T, REROBTHRERN TR
SFTH D, EEACIIEBREDORKMEDN 6% EERBTELIRBELTHEHLE
MR LTz,
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ARBORM OV TIIIETH 8, BNEDL BIEEMER. Fili— BIEEHE
BHEIURABMTERBIC. BB — 2B OV TREF Y AT LRO/NFHKIC
TERZHEY U THE., CTIKBEHOERRLET,

APIFRORIECHT2 D HER - FENFICBOTHICEREZEE LRI RN -
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D.2.2 FMUYLRIZHEDT—T IV

F R LIGRERZ TNV T—2T5%2% (BE#15 TIEET3) BalkKi, LTI
AT &I, 1I7HICHE ). RIGERE (°C). BmER (WK, G. 10RO LE
EEEh,, WD, BABFR Q.. W/mdD. TPV LOMET, (C) ZAST 3, =
RUSERED 1TORITARX Y MTL 5. KT—2DEIZ 00 fTLUTE T B2 &, s,
RINEE L BER R FHT 256 (HAVEZTOHDOER) Th, TXRXTODF—EEA
33 &,

Time Temp. HIC hmax gmax Tb
0.0 1000. 10000. 1.23E5 2.0E6 1000.
1.0 1062.5 7000. 1.23E5 2.0E6 1000.

29.  1250.  4000. 1.23E5 2.0E6 1000.
30.  1000. 10000. 1.23E5 2.0E6 1000.

D. 2.3 KEKBIGEHOT—T IV

KRGO T — T IV BRI, T~&W@7u77A(mW)L;Dﬁﬁ?%#
T—2 DI, 800 TUATET BT L, F—EEHTI TS LDV TIE. BRI
APPENDIX-C ZBHD T &,

D.3 Hh~x=a7JV
D. 3.1 HMREEFMETIV BE# 713, 405EE

=y FEE 6 TR, AT —XIHEOTUTOX S BERE (YT N) BHA
ERAN

BRERERIE, 17—, B4 MVICEN T, B E T 154 I RHER]
TORRE L FHESIRLDOREZ 1T 5, EHFECREERERZH T 3,

LUROY > 70 347HIE, TTINE=. 001 D HIFIRZI, TBTEMP=300. 01 AMEEED IR

(°C). TSIGMF=35.85] MZDIRETDT [FRIAE =HHEHIWTEMEE (kg/m2),

[SIGMP=5. 42(6. 42 4. 42) | BHHHEIETT (kg/mn2) T, FIDH WA E TEME, TH REERE .,
RONEEEDIETH %, TTRUP=0] 132 DRI THEMEIC X BHHER L TOWBhEDIERL,
TOTHBERIE L., Tee" DR D kB, 41T7HEIE. TSIGMU=  35.85) AREEZERINZ K
VBRI (kg/m2) THB. 5~ 6TEIMEREDERE (m) &2 TOEE (C) %
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Steady State Condition —present design-

TIME= .00 BTEMP= 300.0 SIGMF= 35.85 SIGMP= 5.42 ( 6.42 4.42) IRUP= 0
SIGMU= 35.85

12.20 12.43 12.67 12.91 13.16 13.41 13.67 13.93 14.20 14.47 14.74 15.02 15.31

300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0

D.3.2 JV—THEFMTTIV  BE# TH5055

At e EROHITZ., 4F7RICB VW THIRSRICET 3 ZREIEE SITTR (—) &7
V) — THEMERRT C TR (). 7V =TI K BBHEDEH : IRUPC (—) IZDWVWTTFDK D
ICHHENS, |

Steady State Condition —present design-

TIME= .00 BTEMP= 300.0 SIGMF= 35.85 SIGMP= 5.42 ( 6.42 4.42) IRUP= 0
SDTTR= .000 TR= 1.333E+25 IRUPC= 0

12.20 12.43 12.67 12.91 13.16 13.41 13.67 13.93 14.20 14.47 14.74 15.02 15.31

300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0

D.4 JuvwitAh ,

D.4.1 FEERETMET IV  BH#7H3. 40FE

CTOEFNVTTay b7 7 AVOERERE LIZGEIKIE. UTERT &S, 1178
SRS (B9 (EEVE OIGIRE (°C), HEHREICHIST 2 MERDOREVETRE : Sul (kg/mn
2), WIERTDEEVERE : Su2 (kg/mn?). BEEGST < Seq (kg/mn?). NEEEIRE Tin (°C).
NEEEmEMraER ALPIN (W/m’K), PIEBEMEARER Qin (W/n?), MEEEIRE Tout (°C). HiEE
HEEVEER ALPOUT (W/n’K). SVEEEZENAIR Qout (W/n2) BRZITEINTHIENS, &
F—2BZRAOERNE S 0SS LETCRBINET 3,

Time Temp. Sul Su0  Seq Tin ALPIN Qin Tout ALPOUT Qout
.00 732.8 13.36 13.36 5.47 : : : : : :
.30 739.1 12.64 12.64 5.47

29.70 1000.1 5.16 4.30 1.45
30.00 999.3 5.18 4.32 1.41

F—D (72)



JNC TN9400 2003-031

D. 4.2 ZJVU—TBEFMBETIV  BE# 7H50DES

COETNVTTaY b7 7 A NVOIERERE LIEEEICE. UTioRT &SI, 1178
ICHERE (B). BEVEOTRE (C). PEREICHIST 2 EEE®RE @ Su (kg/m?).
EEEIS STt Seq (kg/mm®), EBEIEMEAN : Sdt/tR (—). 2V — FHENTHGR : tR (FD). PuEE
FIREE Tin (°C). AEEEZMZESE ALPIN (W/nK). PBEEEWAR 0in (W/nd). ViBEEIE
Tout (°C). NBEEEMAESR ALPOUT (W/n%K). JHEEEEWFR Qout (W/md) HARZITHBEH
THHENS, 27— EAHOEIE 0/ S NECRBNET 5,

Time Temp. Su  Seq Sdt/tR tR Tin ALPIN Qin Tout ALPOUT Qout
.00 732.8 13.36 5.47 .000 7.37E+06 : : : : :
.30 739.1 12.64 5.47 .000 5.30E+06

29.70 1000.1 5.16 1.45 .075 5.87E+05

30.00 999.3 5.18 1.41 .075 7.27E+05

D.5 a—FoiE#hE

Bz & TTRUE ftOlpnc.dat ft03wrt.txt ft04plt. txt ftO6out.txt] & XA T3 &
T, ®IRT T REMIDNS, TTT, pnc. dat FHEEEHT—X T 7 A )b, wrt. txt 137K
ASWEFDOT—TIVT 7 A4)0, plt. txt BFEEERO Ty FHEAT 7 A, out. txt
BYVANNT 74NV THB, TOXSIC, EEVSTGA—Z TR T AVDI=Y +EE
ET 7 ANVRZRIET B, "ft"ORICK 2HOBENI= Yy FEESTEFNC T 7 1IV%
io =y FES01I"ZHEAAT—% (7 74 )V4& pnc. dat™), "06"IZH AV R (7
7 AR L 720 0T 7 V& out. txt”, 1B (BE= X —EH) L7z hud con” %
B0 user”, el Uluser” &V 4 Y RO XDBHTER). TV 7o LGRS
"pro”), "2V AREZR—FT 7 A), "IV T VRSV T 7 A IIVCEID S TENTED,
ﬂﬂ%%ﬁuﬂ@%ﬁfﬁﬁiﬁwﬁgfﬁéo&B\WMMNﬂyﬂﬁﬁkiofﬁ\
a=y b ES0SZHNAICEARVEENSZDTEEDT &, Ty ANV hEEET
LG, ABOT7 7 ANVHEET R 0TS LOETEELICEEDT 74N E
5 (EBEING) ODTHEEDT &, £z, T A"/, "-",7=""" 7" "D 5 XFI
EZRV. I— FOERTHIZLITITRT, D" LENZA T AN TH B,

F—D (73)



JNC TN9400 2003-031

>TRUE ftOlpnc.dat ftO3wtr. txt ftO4plt. txt ftO6out. txt
>>> ALLOCATE UNIT 1 TO ’pnc.dat’ <<
>>> ALLOCATE UNIT 3 TO "wtr. txt’ <K
>>> ALLOCATE UNIT 4 TO ’plt.txt’ <<
>>> ALLOCATE UNIT 6 TO ’out.txt’ <<

Stop - Program terminated.
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