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Thermal Transient Tests of Non-preheated Pressure
Relief Line of SWAT-1

— Large Leak Sodium-Water Reaction Test (No.13) —

Hiromi Tanabe*

Kenjirxco Takahashi*

Masakazu Nishikimi*

Yoshimichi Daigo**

Minoru Sata%*

"Abstract
When a large leak sodium-water reaction accident occurs in a steam

generator of LMFBR, pressure relief piping might be received thermal shock or
blocked by frozen sodium, if it is not preheated. Then, the thermal transient
tests were performed using the large leak sodium water reactiom test rig

SWAT-1,

The results are summarized as follows;

1) Four tests were executed. The water injection rate of two tests was equi-
valent to that of several DEG (double-ended guilotine) failure of heat trans-—
fer tubes considering the difference of evapourator inner diameters between
'Monju' and SWAT-1, and in other two tests the injection ratio was equivalant
to less than that of 1 DEG.

2) Flow pattern in the pressure relief piping of two large injection rate
tests was as follows, void fraction was as low as that of sodium single-phase
flow in its early stage of 0.2~ 0.3 sec., and rapidly increased to about 0.9.

In case of the small injection rate tests, the stratified flow had continu-
ed for 2~ 3 sec., it was followed by bydrogen gas single-phase flow.

3) In the large injection rate tests the maxmum value of heat flux was about
1% 10%[kcal/(m®+h)1, and that of heat transfer coefficient was 3% 10%[kecal/
(m2+h-°C) ] except in its very initial stage. In case of the small tests,
they were lower.

4) In the large injection rate tests, stain of outer piping surface was about

* Steam Generator Safety Section, Steam Generator Devision, O-arai Engineer-
ing Center, PNC.

#% Present Affiliation; Fast Breeder Reactor Development Project, PNC.
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8007~1,500><10_6, which agrees with the calculation using above value as

heat transfer coefficient.

5) Possibility of-blockage by frozen sodium is seemed to be very little in

SWAT-1 test rig.
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T RO ERREEF ) o ARE LD Do 200 ~300°C &8 AL,

*) Run92, 94uth) -7+ 9 - 27— VRBEHANL LD OL O NBERE L5 12,

-5~
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3. ® B & K

BHRAEFARAT TORBERRG4NEE I, ELBROFUHEREZER25 1 KT LD
oo UTPTRKERRCHDVWTHREZEHR T3,

31 Run-—91
n & Kk %

Run91 HE X Tmed OFEKL Y 74 AEA b EigEKEI 171 kg/sec.?_‘j(% <,
356 sec DAPARM OMICH 6 kg DIEKNTUE DIz, COEKEBEZ AL | SCG &
SWAT-1 RIEE&EDABEKN,LS A Le ] SCORHME 6 DEG (M4 o F » BiH)
RN TEDEEA NG, BARWY—26D R4 — € v ik@E F5001 ¥4 Fig

3114, Km#EORKE, Ef, HELFig3 L2KRT, 2/, #Kk541 YOEAR
CEEZ Fig 3. 13 RUFig 3 L4 KEAZhRT,
@ K 7

Fig 3. Lo@~QKRIEEBANDOEAPLI109, P1110, HMELREENOEHP601
~P606 RUUUABESZ RT OEAP610] OBRART, £ v+ TRON S 9 Hz ORE)IZF
— B VI —FDABLELEZ/AXTHE, PLIIIODEHEF»SdHB LS, ARBT
BEKEBRED LD MBREE L TREAARETETHERHBEOF 7F v K b
WHEULL, Fig  LOKREABOREEILORTFEZ2ERFTERNEHEARBTA» SR b
DERT o

REER MHEHROEANESORMON END O FREADLS, EHE— 27 OB G EE
ZRDILOMNFig 3L 7T, 21lm/sec DEHE SN 1,

@ FrIvARBHEOBRHROBLHEE

BEREEACRE s AEMA S M) v 2805 - BREF r ) v s - F4 FHKOH

BN ORMIND OKBEBIALSF M) U AEMEBOHELRDIDOMNFig 3 L8 TH B,
COR»OWEMBELE LT 22m/sec HESHN B,
(49 H# A4 FE

ARBRTHE 7 8E4 VRAGHWICEK L, BEKR KA FEF 2 SOBBERE DA
THEODFig 3 LIKR U, HMOBEEHR FREOEBHLEFRIE T TH B4, BEOH
HRETORRD D 044~052secTOY ~J ENBELZHA FRae= 0277 bOLEDNE,
g, BRF L) UL KL VS OHEAESAFig 3 LI10 KR LIz, BESTLANS

A, THiAF PV vaitRbd, IHCHF PI YA - RAF570EMBEEDNSE LD BHEHEN
LIBEBRDLN S,
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i N

REOPLBECEBSANLKREF601, F02DFF v 2 F4 22 OB B T4
Fig. 3 L 11 KR L/, WABRKEEFig 3 LOKRBUTWAEAESNS, SHERSEZB
tEznENn Tkgr, bkor OB AL ZT TS, ChEBERCEEST 3 & 30m/sec BT
25m/sec &S, BLMEOBORESE LTKRS FEa=0 & L1,

EETXRLTVS 14800~ F - rOW A% L0 iOHFig 3 1 12@~0Q T
o RUDF PV VA 7 7OHACKHELTHEOCRIEZZUTEY, ke LT
EMIZWEAS 5 R602KXRFR606 TR Iton EVEMNESNTING, At Na fidw
MET 2 L030m/sec Y b,

B E &5
EEEaERUCHERERAEBTCRESA LT 20 5A0HKEIOH T4 Fig 3 1 13R
Fig. 3 Ll4ZhZhR L, KIEAEBATIH L000°C FVEAESHAMIATIN S, BEXK
BERCBCRESBEENTLS (T601) o T TEII~TE14OWPRENE O ORE
A TFEA e -2 0RENEb-LbDEE DN b, MOBERNORTOHEE IM, 55
HEBEI0~15CTHBH, EBRCRBACH /eI AT, 30°C Thoto UTFOE
AR THABICBEEMEET R TR 00T, BEDHEE L Table 25 1 M O@EE B3

BENHB, Fig 3 L140oBRFQREAEAA—BMECORELEHTH5,

BEEEoE, £

Fig. 3 L 15 KEENE LOESE601~S608 PHERLEAL R LI, BIOF ) 7 4EB
BRISBRCE - I NRELTHO, ZOEIF I004~1300pe THB, S601~S604«
DWTE, BEFMESRZ L TED (Appendix.l) , BB~100°CECREBEOX (3

BEATEE, TOOTOESHLRTHICHEITHCORBEHEBEELL S,

Fig. 3 L 16 CEEEOZELEAC0L, A602 % RLk, MPLHEACE-TBHLTE
H, SBLURDENMOEMEHERC I bDEEDbDN S,
ARBEBHREELHCRBRBRELZEBLH, @< BLTH 1,
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32 Run-—92
v & K =

AHBRIZ 15mé D/ X 5 EHEKE 0.058kg sec TA8BHEKEZTH 57z, M

KEIZ28ke Tholo, BRFROKESN - BESHMFERE Fig 3 2 1 R Fig. 3 2 21T,
@ = i)

Fig 3 2 3@~DKRIEERNOEAPI109, P1110, MM EEZEERENOEH P01
~P606, RUNMEROEAPE101 DERLRT, P601, P603, P604 IZRE I X T
WAL 5 lce EAREHNAS WD, ENBHIBONT, IEFE - WHEEMIC 13
EAEEDZERRONE VD, Fig 324EREEBROF M) vak@mEHLER LM, F
NEBRBAEHAMCRBC L IRERRT AL ERBDOF P v A BBREINTHO, #-T
BHieh/cr PV v 2R 34kg KIEF 0T 3, HHREZENOEADOT EAR YOI OE
NPOENCHEEEEZRDICOHNFig 325 Tu=522m/sec &7 o7,

@ FrIYLOERMOBEEE

SEIOHRBRITEKENNED 5o s, Rin—91ETRONEBHEZEENTOT D+
PUYD A RF7DOHAIE D LAV, o+ b)) v ahmB, BHERF LY oA
A Ve, RENOESOL ENDBAOEWMFEMENS Fig 326170y F Lz, OO
SR, STFrRMBEROF LY YA ORBEE 23m sec &7 i,

@ ® 4 Fm |

Fig 327 rBFA FEFRFBERRNE S FEFOHBBKRER LI, t=3~5 B
KHEA FRa=(85 BEITTHOZORDPLEALTET 10 ®%IZa=087 T—E LR
S TW5, ChIREKESNS VLD, ~BERBEBRLPOHRNAALF P ) ¥ 2 SRAL X
NTFCIORBERCOBACEZ LA EB bR S,

Fig. 328 CEIAKXF M) Y4 - K4 FHVE0I~VE200BERRAET T, Chhd b
HMOF MV U6 RITOBENEBEELILOENNS,

B & K #

WENERDT F7 v FREEH P - Fer $EORKELARE LTREHS A NS,
-7e Fig 3 29MF7 v /' REBHOBKETLHEDOF601 T18ker, FHRTRIEFEAL
BABEP oz THEF MY LOBRANEFEEECIEE T LE - E4LE DT,

Fig. 3 2 10 @~(»io— K&~ RE601~R6120DBETHEN L LTI, R602 T 02 ton ®F
WA, R609TO tonDEIEDANRSLIB, $/702ton 2 EFDHEEIC L AHE & A
THEINS,

6 B E % &

RIGESR - BHREERUCIMEBZBCRB A -AER0oR N4 ZhFh Fig 3.2 11,

Fig. 32 12{d~W&UFFig. 3 LI3KRLKk, BETHSL TR 100°CEE 5 TNE,

_8_

o
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1 BEEOE - T

Fig 3214 CEEAEEOESE01~S608 DHMERRER Lz, LHM (S601
~$603, S605) CHARKAEBEN 2HIE L TRA 00k D C— JEEHELTWS,
CHEHLTFHM (S604, S606~S608) Tid, A 200 BET, THEDS T
EAEFTP) Y ANBENrTEERE LT H ENOAEL s HBCHBELT LA, _

Fig. 32 15 CEEORESMOEMET Lic, COR»SHBRC KB HMUIF 05~06
mBETH 5,
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33 Run—93
o & Kk %

Run—91 THEKBESASBELdHBHEFR 7 7 F v R WB L, %07 » Run—
9313 5m¢ A V74 AR, ERKEEZTITAER L, FHEKET 1.03kg/sec T
T6ALw ] SGOIDEGH YT 5, HEKKMIZL04sec T517kg 2K LI, &~ -
7u—4—42F500l OB ARG ZEOMKROEN - BEEF — 2% Fig 8.8 1~Fig. 3.3.4
A B

@ EHEEH

Fig 335 KRWESRALEAPLIII0, AIBKHEAEHP60L, P603, P604, P606
ROBRMEZNENTP6101 ORRERLE, PI110 OEAREST 7F v ROBREE 7
kg/cff + 15 kg /ed (B N—HFHRAE)Z2DFHAEBITHWAINSERELR S 7 F v TWB LY
Mol FENESOULENORHOEN LM PERCH LT oy P Licb DA Fig s
36T, CORMPLENY -7 OBTEE & LT 20m /sec DENEFELNSB, Fig 33 Tk
RIEBEFERNOREEEETRT,

@ F MY LAREBOBHERE

FTFF o MBREARBRHEREERCRATEZF LI 94 253 70RELEZRD B 12D
ERAF M) v REENREIO T, ARBRCEENCEK L, COonBERR
FEYT AR FE, RERZOMOBESOT LM DBAOEA» OB EELHEELL
ONFig 338THY, OS5 u=18m/sec DEHNE SR,

@ #4 Fx '

TR FEFRCBERAFA FEFDAEHKREA4 Fig 33 IKRT, t=05~0Tsec
OHEE T a=0b3EAEF I YL TORNRERONS,

FlERA ST Y YA B FEHOH A2 Fig 3.3 10KRT, COESHLE LM 0.6
BRIgOF M) e R77E, A~ 6BOMBRNLT M) v ADHERBY B,

& W & A

EEOHLRELCBLAILNI v - T4 A7 ORITE 0% Fig 3311 &xd, KD
ELTBARSkgr BEMNBOLNLNINE RS FEa=0 L fHETHIE Na OFKERITH 25m”
sec YT 5,

BEEAXHELTCHAE 4500~ F&2WRE01I~RBI2DF— 4% Fig 3 3. 12 @~() L5
T, WkHELTIR, 1BH%IERE02, R607T TZhEH 06ton, 0.7 ton B Sh T3,
CHRRECHRELT 2T sec BETH S, SHBBENL LTEIELRE602, R607TT
0.6ton, 08ton TH 3B,

6 B E % H
REEH MFBRLIEERCIAEBACRE A LBENOE 2 E2h£h Fig3 3
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- 13, Fig. 3 3 14(@~dR U Fig. 3 3 I5iKRT, HAHABEHNOR—BE LD T.C, (Tﬁoé~
T605 RU'T612~T614) OHMEME L2 LR —HEANTORESFIEIEEA ST,
N BEELOE - Fa
Fig.3 3. 16 @~MIEEAE FDES601~S608 ORTEHERAERL7, S601~S604
TRFIPI VL R77EBREN 18sec BEE~ 7 KBZFLTINE, BE— ZHEICIHNS
VEMBDY, TOWMAIL 1.000~1500pre THo7, S605~S608 Tl 5~6 sec ik E— 7
BREL, C—/EOWHEA S 800~2000pe EFWENT YEBAEL, S605~5608 ORIE
RERERIN-9] OBRPERCBE~IEHBEBOBEME AL B, ChBFr — T DEBRED
TREFOEBLEDN, LUAS60I~S604 DFENEELFNLDEE bR B,
Fig 33 ITKEBORMBART, HLAG02 BHA TN 57ce AB0L & Run—91
KHh~E EEMENDNE R, FERUEAETEH S,
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3.4 Run-—94
Qn & Kk %

A BRI 25mp D 7 Xovip 5T EKE 0120ke sec T 552 BEIEKEFL o/, BE
KERT10kg THofr, F—EY 70—+ x —2 F5001 DH A% Fig. 3.4 1 ICRT M,
0277 4/sec UTORBEARES OLRTEENCTELA-OBBICIIEREIZIS 2, T
KFROHES - BE# Fig. 3.42~3 4457,

@ EHEH

Fig.345@, BCEVHROENGTP1109, P1110, fSHKEREESROEHE P60
~P606 RUPNMEZDOENGT P10l OMERBELR LIz, EREB NS s icdEH
EFHLEPITEENOENNRE BB EALRONAL L, CORHEMF Y A& 31
kg ELBTH 1,

BRUEBERAEAOHMOLL LR OWFEEND S EHDOEEBEELRDIDIFig 3.46
T77F+ WO 2m FHRMAETu=230m sec Th-1, Fig, BALTRRIEHRNDOREE#H LR,

8 T MU UAKIRBOBEEE

57T o EMBERGCHETES L) 9 s OREERDE wbic, BMAF FY AR
HBZLO60I~L604 , BEIRF FY 74 - HA4 FEFVE01I~VE20DEE DT £ 0L O
FRABNETmy PLEOHFiIg 348 TH3, 77 F+MFHE2nAECOHRER 16 m
BETHID, THRETCCHE - THEEIELTL S,

@ ® 4 F=

KA FEE GO0l RCRBHRAA A FRAOMER/REE Fig. 349 FET., FRAR
TIEIEBAIIC RS FERPE t=5sec TTOREMHEIT a=07 Th o710

BHAF MY Y& - RS FHOMEERA Fig. 34 10 TFET, V603, V608 75174
EREDF PV TALETABRLTOVS, COHDPS REELRTCREROENTH w12
EMNEREENSG, FLEPLUBRRERAATELF VY T ANEBCEZ LD EEDbhR
%,

GYRR S

F79 7 AHEEHF601, F602 OMERRE Fig. 3411 KRYT, F601 LR/ D F602
TRIBLAE-7BEATE L, F60l DBMOE -7 LF6020E—27 DT ENDO
FfZ (T7msec) PS5O~ 2 LAELHAEOHREIL310m sec L2, DK
REREPSRT, #N-FR/KEH2AEBEDh 3, 7, F6010E 20—k + b
) DAL LB bDERDNEMFE02 ETHEHAZLTVRENEITH B,

EERNOAUEHREL Fig. 3 412@~ART, KkHELTIIR602, R603, R606,
R607 i 015~01%ton BEOHENMBICRADH LN B, R601, R604A # FiHMBHBC
tRITIHEIAERACIZISDOLEE DN S,

]
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6 B EZEH

KinEew, AIMEHEREERCRRESAORETOH 1% Fig 3.4 13@), B, Fig 34
14(a~(h), Fig. 3.4 15(@), WicEhZhRd, 4%, TeleldtryEEBEIEDbN S,
(N EBEELOE- - EA

Fig. 3416 CEEE LODES — Y S601~S608DREHREZT T, BRI KO EHAS 601
~S603, S605) O MNTFHMM (S604, S606~S608)IKH~NTHOMKASHERRE
LTWWBZ Em¥3, B, EHMl=860~1440pe, FHMAl=300~800ue TH3, h
i, TRAZITH M) v aBBiNATHRT, THALEOBENENOUELLBICLELEL
b b,

Fig 3417 G#BECIZ LBDLDhIBEEOEMERLALLDT, 2~4 B dl 5w ic
0L3mBEOMTBbIRICRE LN S,
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4. HERERODOMRE & T

BHEREBEADOREES

HEKEDOFEE
BHREENOMBRBEEKEROREIL LI THOMCRNL S, 1L, BKEDA
WRun—91, Run-93 CRI7F + MMAEBEBRICAXRF MY YA - 257 ORANEET S
W, EREDNE/LRun~92, 94 TREFA FEOT TR FRIERSBEHHE LA,
CNET7Fr BB R TERBERATREKE N R EBEKALBOF b U v a s pER
SNARHNEEMNLEELEIDICLEbDEE DI 3, $/-SWAT-1 ¥BREARHEK
HREEORAENREF SCEL RS LTHMNEE F 1 ) v ARECE VD, A
EKEDBEDF P UL 25 7DHRNIMEDIEEBELNL TS,

A &E K=
FEREVCRERAPEH CHST IR LESE, RPIEREOY EABEUBE CHAR
RHlEf b0 Fig. 33 9 Run—93 D 7 KA FERHOBELARLALL DI, MBI E A
EFRAFRa=0CHNF P TL- 257700 H02~03 BHE, 208, KhltaE
KRS FELTa=09 BEORIBEKELE TR, COT7n~"2—v0aERRE
KEAZBERLT, BREREEAOFLECETE2ECLI - CETEZ b0 BN S,
TS TR O L OB A & I B R E T B /2h4C Run—03 B & B, &)
MOF PV T s R77DFENIE33E M5 18m/sec THD, < DF b v aBHEDOHE
BZ 025 B & T3 LWMICHH AT b Y v L BT 50 kg 78 B, BN AT 4050 B 43
123kg TH 305, TOET3kg HhHLUEOHNOBE TR SN L DEEZ LN B,
HE>TIhhAERERM 4SBT CEHLT, PHLUBEOEEF Y v AkEI u~13m seciBE &1L 3,
¢%ﬂﬁ®ﬁn®ﬁé%§E2ﬁD®EE?ibtoWﬁuom,ﬁﬂﬁ%ﬁ@&ﬂﬁ
PILII0DENHENSREKZET A E2EINTRD L b O THE L Appendix 2105 L7,
ERXTORREFIgQALIEERT, 7 P YA RV BHENESFEBCEEERNOS
WENERKTE70D T10n/sec BEORSBENBLATHEN, ZOBEFI I 30
m/sec IEDOHETHE, FBORBEOHELLTHFiIE 242 KRFIRELTELE
BHAF Y va K1 FHOESHORDEIFEN S, BH A 200m%Eh TEHH
RAFHOZhZhAFRUBNRET 3 b00ESOMEEN» SHEL AR bOT,
ol X Fig 33 10KR LA VE01-V606, V604—V609, VEI3—VEISZEDIESmER
%E%?%ofimé%mﬁ%éuc@%%%F@A&Z@,@K%LtOLsﬂﬁiﬁﬁ
VTP Ta 25 70OHBRED20m/sec EEDHRETH I, TOBRKBICETL
10mssec I TETHAEI EMHB,
RECHSDHENMEBRTENEEIECHIMBFig 411 OBFRIZEOHICKEY

o,
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ADOHHETHD, ChiIEHL, Fig 4120, OOERIATZOMEN, + MUY s OEMY
EREPITECAHATH20, FHLUBOER THLEKELTH AN EREK (a=09) TH 3
DT, BARETEF M) v A4RALTVSLEZBONEYTHE, EBEC O (10m/
sec §8) (FRICH~NTKEN AWHE (30mssecHIHE) O F + Y 7 LFE (13m sec)ic
LVHFERLTN S,

B FKRKEOCHAEOVBEEOHBBEHE
ERKENEHE | KBRFTHLLTORS NBERKE, 7 F + BOBRR ST IEICRKES
ZPMHREEAOFAZITCERFLTRTED, COBRNBATROALLINHHEAD
WPOF P Y T4 - XF77BEELL, TORDYSIEEDF M) Y LBEGESHS

CRHENB L, TORBKEFRALINF ) v AZKRDTRENZHL T 5 X 5 HRE
MEDONE, COKMIIRIN-92, 94 T5 77 + MMER I~2 BETHD, 2083 EK
BILFTRENABEHEBNEE ., APOKNIE Run—94 OIEHAF b ) 9 4 - K4 FEEH
Fig. 3410(@, O, bR LG LABRE - BRHECERFCHEEHEINE, 21T
PHCBE SN P v A dRBEACIRERITHETAI L IFBEAERL, BET
BLUWBLTOL IR TFIEREKROBRETCERAL N,

@ % & »
Uro#ERERLLI KF L, EAEORX VB HNI IS SRR 2
ST K B U TR A1 A 7, |
HERKBOREVEECIR, 57 F +HMBLABCREZREANMECHTF P Y
LNBEALRBETRHET S5, ChEEB I L L, RELRLTHRALKENXIBEERIC
iy ESECKA FIEUTRRBEEVEACBOZ0TIRABLEITEL, Ths
HBITH S,
EKEOPNSOEEGKE, 77 F v+ MMBERBCIEBICKZETNRPEHBRALDMNE S CHE
LTHED, MREBBRICKRESNR /F M) Y ARBERNEZRAS RN ORMIIIBREN T
HOPMESCHELLODOILBREEBLTLEY, 208IET, KEFZOHVEENEHHY
LTEKEEICES,




PNC

4. 2
1

@

TN941 79—141

BRIEELEOHE

EEEFMEBEESH» L OHE .

2A4HMTHBLALIKNEZTO2HACHDVWTAENL2 5 AT >REL, BEEORFAS
MEAELL), CHOOBRESHNLLARERL RO, FEFE L LULTHENHES 75
REHBARCIEE T — FINLAPZfER L/, INLAP OKEE 3 Appendix. 3. K#EM L1z

Fig 42 1~Fig 426 iCRun—91~Run—94 Ot E# R4 KT, KFEKEODRun—-91 R &
Run—93 4, HE& LTRBETEY, M1 1~28& 10°( Kcal/m*- h-°c] Z#2 3
ETHD, TO%H5x10* [ Keal/m* . h.%c ) BEOBELL T3, Ak, KBZRTHEAL
oM EMNIIEEMY 210 DHOT, BERBEIZE32HHET0076sec, 90 % BE
f&%chtéﬂfh£3 E-TOHORED LB MY OEIIIEBERLVESE
ATRW,

Fig. 4 2 3 {3 Run—92 O T #ifl (T612, T615 RUT616) K20 TRDIEDTH SN
10 BRI IEERF ORETEI2 CEERAZRETEL5, T616 LOREENEILALN
(MO ARARE LML TS, Fig 426 R U/AEKFEO Run—94 @ Eiifl (T603,
T606 RUT607) OERRETHEN, COBAREI2ORABHOREEDLENAK XL
10 B LB T 103~2x10°( Keal/nf . h-%c ) BEDOHE LB T3,
EEHMFAREBTCOVWTOEER

Fig. 4 27~Fig. 4 2 10K BRABRIC B 2 RGEOMITAOEERFOKRFER LI, O
HHRENOBNOTLENOVBOREEZ 70y PLALOTHAEDORKEORE A - TWH5 &
Bbhd, g7, @HRIRTORLUC BT 3 HEOEEERL TN, ML, t=2sec
(Run—91) , t=40sec (Run—92, Run—94) , t=4sec (Run—93) TH 5,

AW KEDRun—91, Run—930EBE, 7 FI1 7L - 23 70RBERTRHEEE 6 m O
ZFNZENICRUVE0CTHD, CORERFETIC

OESraies ol (420 D)
EATBE, 2L,

Two ! WHERRE

a ! BEEE

x ¢ BB 6(m)

e B\ OB

Cp: o #

D: BEF 0.1266(m)

u o O&E 22 [mJ : Ron—-91

{20 (m) : Run—93

PN
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COR, bV UL 25 7EBBUEHES 28 G2
40 x 10* [—F%] (Run—91)

m*.h.%¢c

Foox 20104 ([ » ] ( Run—93)

EIE B,

mwomf%Ltﬁ¢ﬁ%?®ﬁ§%?mﬁbfm@¢5&Lf%ﬁﬁqéﬁbéoma

p CpD (1—a) u AT
4 a0

(4-2-2)

T, BEAE S+ % Run—91 RO Run—93 KK LT, 22 363 [%/m) Ko 40 °6/m)
L LHIA g E, Run~91, Run—93 #1123 x10°(-5e8Ly oy it INLAP &0
FORDIABHOBEER N, POBOTRHENARSILELLNENN D,

RIZ, NEKEODORIn-92 XFRun-94 K-> WTRABEDOEE AT 2, Fig, 428, Fig.
L2210 KR ARBLEHERTHESN, BiIC Run—92 OBA&EF MY v o BEARES HICE
TEBoTVE, EROBEABOF -2 L THHT o EME DAL L,

Rmﬂzmowfﬂlﬂﬁﬂﬁ,IMAPE;%%%%%ﬁ%%hT“EM@T(4%-0
ﬁ%%mfﬁ&%%%ﬁbtoRmﬂ2®%%,IWdO%THEE%ﬁE—%TEﬁR%K
EOEEZLN (4:2:1) 2AVIERFRATHS, Al HTORIMS, - OERKT
REAMCKRAZADBBHNTOB EEZ DN D, o THE - HBSKEN X DM ME L H
CT (42 1) REHHT B, a=17 (i) #@5N5, < OEEER OHER

ZEoR
Nu= 0.023 Re"® pr0* (4-2-3)

fk%ﬁz®%ﬁﬁémw1ﬁbtﬁa=uéﬁuocmiméﬁﬁﬁ?ﬁ&trﬁWd&
Hm%ﬁZﬁwﬁééJt%iﬁiuﬁﬁféétﬁi%ﬂéo
Run—94 KDV THREBRTHS (4:2-1) ACKEHN R OGHEAE A NTHES 2 &

Kcal
=30 [———mW—
[mzoh .%c )

LD (4 2 3) pERWDIa=23 EFWL, L L, BIETINLAPIK XD RKob7-f@
(a=10°) LHh~3 EHEE D, CThid, Fig 426 D57 — 4 & LTRL-RER TE03 ~
T60T HEWRMTH S0, RIEEBROEHNBHIROBAE LR LIk Lic b ) 9ass of
EREELIEBELLZ8DEB b3, HaoTliTtRkbra=30EEOHEOFNEEICE
WeEZLhB,
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38 £ & ®

PEo##RA Table 4 21 ICF &,

CHLORBEE, —BICEKSBOMNENIKALZZEOA L LTHASN TS Seban—
Shimazaki OX & OHBEAET o7/, + M) v LEEE3200°C I, HEF 18(m sec] &
Lictc BFig 42 11CHF L& o h=57X10" [%]a%wﬁ; DD kL
BEiiol, ChiFRun—93 TORKKBELTHRAKETH o,

CDOEREOBRBEL LT, —oidEA FEOMBMBELON S, AIKTARLICK DS, F 1
)y ABMBREEDHOC 0 2BHAETHY ChEIREBNOBERMLEABE TS S, fEoTh=
3X10* AR LCLAMHEEE, BICH M) A BBRTERZL, COTENMEEROE VLN
STEDONT WA LLELOND, S, —DICRKHBERENEE AT P ) 7 & BB
BATOHL RETHLOTRUEVLEEIFSEZLLN S, ,

WERICH X ARBRICE L TR, Seban—Shimazaki ORI ELAMOBREESA TS L
EO2ENTE 3,
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43 & I A |

EREARCREARNE LA EC L S THRIEANREST B, T OHIET OMHEIGE S4B ICEL
bNRLET - VOBAPLRDBIENTEZ, AHTRERDPLBONALERBEFEIC LT
Ko 1R & DIBEATI o e, |

ARBRCEREZADE L TEENROBESG, BI6H, BEREALARDZ 60T, Fi
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(S5 #MUB L, SWAT- 1 RBEBLALAHTL=25m TREREHSF ) v 4
fLIRELLEST BEHF LA,

NEKBRABR OGS, S FAOREETEFig 428 RUFig 42 10,5%3 & 51, 200
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Water Heater
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Fig2 4 1(d) REZHEMHA -+ +EER (Run—94)
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Table 251 HRBREBRUUIEUTER
Run No. 91 92 93 94
EkAYV7 4208 nn ¢ 7.0 7R 1.5 5.0 JZNn 2.5
A oo B E S Ke,/crt 130 128 128 129
Komo# B B E C 320 310 333 331
i - R - 5 sec 356 483 5.04 55.3
e 7K &7 Ke 6.09 2.80 517 6.67
o oE ok E Kg/sec 171 00580 103 0.121
14T B WU ERERY DEG 5.7 0.2 3.4 0.4
M b)Y ARE T 322 411 321 410
oKk E R E T 35 35 30 15
TE M - RTHEE T 210 300 250 300
sy, VU 3.0 3.0 3.0 3.0
5w B OB | Reod 7.0 7.0 7.0 7.0
R T 1.5 15 15 15
AN — R E | KA 1.5 L5 15 15
& Vi3 fir B} WEFom 1115 1050 1115 1050
B EYOE R - & e (220 ka2 ) 9 eaEn (220 xszk)
Foe—VFr)vaf Ky 155 155 155 155
5 7 F v | W W 0.095 2.0 0.228 0.96
o B H OB | osec | B 0B | mBeY¥ | BWREV | MBEF
B #w R T 0.764 23.7 0.94 9.4
;OB M OH O E | m/sec 22 23 18 16
EAE— 7 BEEE m/sec 21 520 20 230
M+ LY v af Ke 122 34 123 31
BOE K 4 F B - P i 085 120 0.70
B K W & ton 10 0.2 0.7 0.2
BEHRENEE [ RwA | & B 44 9.0 40
v akmoRE C 90 350 50 = 270
ks E o x10° | 900~1300 ~700 1000~1500 ~1440
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Run-91 & B & X

Fig.3.1.1

Fig.3.1.16
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Fig. 3.1.1 Water Injection Valve Openning & Yolume Flow Rate
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Fig. 3.1.2 Water Heater Conditions




PNC TN941 79—141

200

150

WW "y P5001
100 _ M s

50

Pressure [Kg/cm?*A}
[en}

50
| - ,;F*_ P500
of N D
50
[Aistoacnamimad-Srenerripetny
0 LN
0 1 2 3 g 5 6

Time [sec]

Fig. 3.1.3(a) Pressures in Water Injection Line
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Fig. 3.1.3(b) Pressures in Water Injection Line
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Fig. 3.1.4 Temperatures in Water Injection Line
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Fig. 3.7.5(a) Pressures in Reaction Vessel and Pressure Relijef Line
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Fig. 3.1.5(b)} Pressures in Reaction Vessel and Pressure Relief Line
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Fig. 3.1.5{(c)} Pressures in Reaction Vessel and Pressure Relief Line
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Fig. 3.1.6 Sodium Level in Reaction Vessel
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Fig. 3.1.8 Sodium Velocity derived from Sodium Detection Time.
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Fig. 3.1.9 Void Fraction in Pressure Relief Piping
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Sodium/ Yoid Signal [Volt]

Fig. 3.1.10(a)
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Table 4 1.1

HKEIC L DB EMEOE D

5 K £ A (B DEG ML) M1 DEG}E%J&(‘F)
Run—93 (9 1) Run—94 (92)
ot R K RD BiZ#%&:  02~03% RDWZE 1~2%8
B Na W & 18 m/ sec 16 m/ sec
1 (H, ¥ &) 20m/sec (EHVY -7 B&HEE) 230ms/sec (FEHEEEEE)
I Slip ratio & 1 -
WoE Otk M SR or Na HIEH BRI - WK
B o5 B M fHE I tREKELEET HE I BREKRKELET
B Na % & 12~ 7m/ sec T 0 m/ sec
b2 (H, & #) 35~ 20m/sec 6~9 m/sec
I Slip ratio 3 -
Wo# & A8 B R ¥ H, # 2ABHEHK
Table 4 21 INLAP» OO B REEDMHE
. Keal . Kcal
Run No D OBEER () {KiFl(sec) | BHOREEE ()
m“h.c m-h ¢
91 3x 10 - 2 5% 10°
92 - 40 17
93 3 x 10* 4 7Xx10°
94 - 40 30
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13062 104502 103282

1 4905— 3 923 S601
— 88 usesT — 07 pe/TC 078 peC
13348 106802 9072

2 4905— 7 942
—11.3 ps/T — 25 pe/T 235pe/C
138812 11102 10758

3 4905-11 971 S602
- 99 pesT 11 pe/C 022 pe/C
13022 104202 9449

4 4905—-13 8.60 S603
— 85 pe/C — 24 pe/C 118 pe/C
13492 107982 11808

5 | 4905—-14 1049 S604
— 45 pe/C + 27 pesTC 070 peC
13748 10990 08582

6 4905-17 945
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REORTc £AVLBE, TO20 BROEAEE - 188, RUBRKREMD 1075 O %4 -
EBEOREREMBRET U, BERSBEL LTREE,S 100°C chY TOREZ fhic
MTLENPTOEROERLSEFEL, COBMNOKITSL LI Ree OBEABAN,
2T 100°CLLETIZS601I~S604 OF — 2 DEFLEE LI O LEZRITAEHE S,
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600

Rm=11100"\,\ A
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400
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—-1000
-~1200
0

100 200 300
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Appendix 2. KIGEHADIESZ 6K RECEWGTE 2 K 5 Fk

1. ¥ L & ([

T, ALFOQTHVWAERBESHROEAPLIIO »OBRHMEBEARAREERD 3 FHE
wRNB,

REEBILOF P YA A5 70REBE S THERICR VL RAT, KEESEN
OKEHFZAn mol (AT TNTAKEFNRELUL, ) KHLTREARCTCREREZILTS
&, QRU@ENR S,

- ®
%
gj= L;x?rz— zii%4 """""""""""""""""""""""""""""""""""" ®

8L, n [ mol ) CEEEBEADOKEN Amol H

P [ kef/chA)  RIEEHAROES

V {ed] P EBEBRNOL XER

R t“”afnlz"lfﬁfml D SREH (=T7043)

T [°K ) RIS EBAKET ZARE

fl-) : [H:1/{ H:0) mol il

q [ kg/sec ) E Ok X

p [ kg /e ] DKREHROHE

u [en/sec ] P BEBEAOBTON R HE

ACecd) DO P T T A ‘
EHPEKEFZmol MnOAHEZRBMARERERT, HIEHLET L, Oh5S

L e ®

&EﬁnP=;}xzxw4a§9%%&6®%®cﬁkiéa,ﬁﬁud&@&it%bé
Ao ’

f-q-R.T

= (G SRV /(P @

Run—93 0&#H2*@QUER L THHRAEEARARELSTHE LA, BLI=05, T=593°K,
V=2578%10%m’, A=1259%10%ci4RALT,

u= (1039x%10%°q— 2048P) /P @'

L AD, qiiPig 331 M5 PRUPIIFig 335 hoRAMEENTE S, RERERZ
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Fig 4 14 ER LAY, COREZEKTIABTHAN AT —2452FKA2 1T DT, 18
LRAZ2ZIRUFig 4 L4IKHVWICuDEMIE (m/sec 1 TH 3,

* A21 EEIEZBWKT -2

T (sec) P P (ata) g (kg/sec) | u (m/sec)
0.6 ~1.95 9.0 8 155 2213
0.8 ~310 835 1.56 27.0
1.0 ~758 7.50 156 423
1.2 ~1222 5.50 144 727
14 ~150 455 140 387
1.6 ~0.535 426 125 331
18 ~1.08 417 120 35,2
2.0 215 483 118 34,5
2.2 —0.645 3.5 1 109 3603
2.4 0.0 3.52 102 3011
2.6 -179 3.39 100 4146
2.8 —~1.08 3.0 7 100 411
3.0 —0.373 2.9 4 100 37.9
3.2 +0268 2.93 0.90 30.0
3.4 0.880 3.0 6 0.94 260
3.6 0278 420 0.88 204
2.8 -0120 418 090 23,0
40 | +0275 417 0.8 4 19.6
4.2 +0.168 426 0.87 2 0.4
4.4 ~0.988 418 0.8 2 25.2
4.6 ~0.745 400 0.86 261
48 ~0.173 3.92 0.81 224
5.0 +0453 3.9 6 0.8 1 189
5.2 —0.463 396 0.6 0 181
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Appendix 3. JEEBRFOBMEERIH 71— FINLAP DFE

L & L o»
SWAT—1 EFPHRKHUREEOSY 3 EEEORKR / AETREERT EHEDO—DEL
T, 5T IREREFOREHER AR OCTHERES S MBHCH = HT FEAE -1,
Aficid, 2OHETE, H#ESar 6, EMELE Ui, $9, FEH & LT Run—91
TEOS~T607T OFEICH W T -2 %257,

2 % B K5 &

EEEATO—KAEEEREEHTERABBLHO>NTI 7T 7AERL, AL TOREER
L BENETORKREOBEGERA4E 3, CORCREANEHEORMCBET2EMEMNRE S
FIZAEBLTCELZ, EREOREEOKEMRE 7 7 2BABTRYL L, RVT, 277 XH
BTOOMEMAMBFRERIC LD EHBAERCER LT, ARAEHE L ORBERIBAR
nELNS,

HEZERIHRAOREREOECHCLIOBALERNBALONSH, TTTE, SWAT
-1 HHREE LORENREUEIPSORDILICEE L,

B P BE 2 I 3 R |
EERLERE -BEERNERE

CCTHEBENEAERAEA2 A, OHE LAAERET, EEFLEERAEELR VS,
H%,$ﬁﬁﬂ—FE%“K&EE%%MBMMQ%K&D%%éﬂt%@?,%ﬁ%@ﬂ
Rl -TatEa— Pbahi,

DFTeREo 2 ATHEBEAlET 28602~ 5,

mER=
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X = x=4 X = £,
Adt |
X X
f (t) g (t)
BEZEFERX
ae 3% 6 ' !
71 = a 6x2 ---------------------------------------------------------------------------------------------------- (1)

Laplace &# L T

_ . &0
SO= a dx?
d*® s
dx* “;(E):O
2
® = G cosh /;z_x +Co» sinh/%_x .............................................................. 2
BREGE
x =&y 3 0 =1 (t) "
T DR y Z B AL B eeeaeen————
x=£y 5 0=g (1) REE»SEZ 603 )
BREHE% Laplace £ LT
X = 51 3 ®=F (S)
--------------------------------------------------------------------------- 8

x=43 ;5 ®=G (s
@QARCRITLT C, Conzkhd &

. F (s) sinhv%Zg—G(s) sinhx/%w‘?x
1"—-."
cosh]%él.sinhv%gz—COSh/ggi"Sinh“/%_“gl
P e 4
e F (s) cosh ‘/%é’g—(}(s) cosh «/%-31
g =
coshq/%gz sinhq/%gl—COShV%gl Sinh‘/%_gz
@RCORAEZRA

® - {F () sinh ngz—G {s) sinh q/gf:’l] coshv’%x

o

cosh 1/;%—51 . sinh 1/%52— cosh +/ % £y -sinh @,@1

[ F (s} cosh 1/%32—'(; (s) cosh 1/%6’1] sinh ng
cosh a/gﬂrsinh \/gf,g—cosh \/%_32 .sinh 1/%— ¢y
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FEUBFEBOBEL LIORDINEHDE, x=0lBITIEELHERETH S,
T

F (s) sinh \/%gz—e {s) sinh 1/%_61
Byepg=—rm . = s, TS ®)

cosh 4/%—31 -Sinh/—%“gz—cosh V2 by -sin vExs

2 (d®) 13 F (s cosha/%_ga'—G(s) cosh/ 2 6y -
Q:—- — = e ——————SmmmmedET T
dx x=0 a coSh.\/% ¢, sinhV%éz—covsh.\/i_-éz Sinh‘/%_gl

EBRLFHETIES, BEL»S66), DXAOHBETAAILERA VS,
coshs/%_t’l sinh/gﬂz—cosh«/%‘ﬂz Sinhx/§31=sinh[1/%_( bo— £y) ] oo 8

F(s), G(s) ODFETE
6, (MA@ Laplace #FEMITHEILZRER 5,
oz, 6, DRREFOSCH VT, HEHCRE S TONRERL,
F(s),G(s) —~RABOFWRENET D,
5 ER AR
0=t <z, f®=a;t
z1=t<zy, f@=a; ttaz (t—zp

= 21, a1 . -2;8
'F (s tze

z2iSt<zi41  f (@ =a t+a; (t—z)+-+ai( —z
, F (S)=%é+ %ge‘zis_;_ ...... +§Zie_zis ................. ©)
Gl Ko2WTbRAKET S,
R, 8,0 @OHENEHR
KRR LD real time KB ABMBEEAHET B,

. ' N 1 k
Q@)= (=b fog y) =35 Cro Q () st 9

TIT, Log y=—0693147 £ L, CxldR_—VAINNL K DEARB3,
o -
s=£  (k=12-15)
@ @bLETLAKOMFELNET S,

mICINLAPOD Y B4 54 )R FE2ERMAT B,

t=—h fogy=06931470 }
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C [NVERSE LAPLACE TRANSFORM FOR HEAT FLUX MEASUREMENT
e M.SATO 1978=12
C MA N
C
0001 COMMON FA(lO).FT[ME(lO).GA(lo)-GTJME(lo)-CAth)-CTIME(lO).M-N
Q002 DIMENSION AINVL(L1S5)
C
0003 AINVL(L) ==3.,1420898282268978 0+00
0004 AINVL(2) = 7,4761738284354597 D+02
Q005 AINVL(3) ==4,3373408203062987 D+04
goue ALNVL(4) = 1,0798483007813729 D+0e
ocQo7 Alnve (D) =-1,4464283818359124 D+07
Guos AINVL(E) = 1,1735246005853413 D+08
ouLe AINVL(T) ==6,1863940810546784 D+08
0010 AINVL(8) = 2,2110096937500007 D+09
okl AINVL(Y) ==5,4914100786376937 D+09
00l2 AINVLIIO)= 9,5783565132324179 D+09
0013 AINVL(11)==1,1686231979296874 D+10
Q014 AINVL(12)= 9,7646703451171861 D+09
0015 A[NVL(13)=-5.3235100375488286 L+09
0dle AINVL(Ll4)= 1,70587614496289060 D+09
0017 AINVL(15)=~2,4369659208984372 D+08
C
00ls AA=G , E420
C .
0019 00 10 [=1,1u
0020 CAC])=AA
0021 CTIME(Ll)=AA
0022 FACI)=AA
0023 FTIMECI)Y=AA
0024 GA(])=AA
0025 GTIMEC(])=AA
- Q026 10 CONTINUE
C
0027 READ(5+2000M
0028 PEAD(SollO)((FA(I)-FTIME(I))-I=1-M)
0029 100 FORMAT(] &)
0030 110 FORMAT (4E15.7)
0031 READ(S+100)N
(032 READ(S 110X CCGACI)WGTIMECLI)) v =1 vN)
0033 READ(5+ LuQ) NN
0034 READ{5+110) CCCACIIZWCTIMECEY Y v [=14NM)
0035 READ(54120)ALFA
0036 READ{Ds120) RAMD
o037 REAR(54120) AL2
C
CU3s 9999 CONTINUE
C
CU39 READ(S5v12CEND=9998) DLTIM
G040 READ(5+220)TSTOP
0041 READ(S+120) ALl
0042 120 FORMAT(EL5.7)
C
0043 FilME(L}=0.0
004 % GHIME(L)=0,0
C
G045 WRIToLe4300)
G046 300 FORMAT(LHIv///410X432H HEAT FLUX MEASUREMENT M,SATO )
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0047 WRITE{64310)
00s8 310 FORMAT(//+3X+13H [NPUT DATA )
C
0049 WRITE(6+1315)
0050 315 FORMAT(//+5Xv6H FA=s )
0051 WRITEC(64320XCFACI) v =l yM)
0052 320 FORMAT(/+5X+4E15,7)
00353 WRITE(64316)
0054 316 FORMATC//+5%X+10H FTIME= )
Q055 WRITEC(6+13203(FTIMEC]) » Il M)
0056 WRITE(6.318)
0057 318 FORMAT(//:5X+6H GA= )
0058 WRITEC6:320) (GACI) o I=1 N}
0059 WRITE(64317)
0060 317 FORMATC(//+3X+s10H GTIME= )
0061 WRITEC(6+320) (GTIMECI}sI=aLsN)
0062 WRITE(6.:330)
0063 330 FORMAT(//5Xeb6H CA= )
0064 WRITEC(64320) (CACI)+I=1sNN)
0065 WRITEC64332)
0066 332 FORMAT(//+5X+10H CTIME= b
0067 WRITE(64320) (CTIMECI)+I=14NN)
C
0068 WRITE(64+420)
0069 420 FORMAT(//+3X+30H ALFA+RAMDyALLvAL2+DLTIMsTSTOP)
0070 WRITECE+1430) ALFA+RAMDYvALLvAL2+DLTIMTSTOP
0071 430 FORMAT(/+5Xe6EL15,5)
C
0072 WRITE(64+400)
0073 400 FORMAT(///+5X+15H QUT PUT DATA )
0074 WRITE(64410)
0075 410 FORMAT(//+8X15H TIME¢8X+5H TSECH

1 8X+5HCONDR sBX ¢+ SHRREAL 18X+ SHRCTMP +
2 BX+SHWTREL 28X +SHRFTMP « 8X s SHRGTMP)

C
0076 TIME=0,0
00717 AlL21=AL2=ALL
C
C .
0078 2000 CONTIMNUE
C
0079 TIME=TIME+DLTIM
0080 BTIME=T[ME/0,693147
0081 GREAL=0,0
0082 WTREL=O,
C
0083 DO 1000 [=14+15
0084 Clal
00485 S=CI/BTIME
0086 SQ=SGRT(S/ALFA)
ooe7 SQL1=5G+ALl
0088 SQ0L2=5@nAL2
0089 SQL3=S@eAL 21
0090 SHL3=SINH(S@L3)
C
0091 QLAP=RAMD2SQ#(FTEMP (S) #COSH{SAL2)
1 =GTEMP (S)#COSH(S@L1))/SHL3
0092 QREAL=QREAL+AINVL([)#QLAP/BTIME
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0093

0094
0095

0096
0097
0098

. 0099

0100
0101

0102
0103
0104

0105
0106

0001
0002

0003
0004
0005
0006
0007
0008
0009
0010
G011

o001
0002

0003
0004
0005
0006
0007
0008
0009
0010
0011

WTLAP=(FTEMP (S} #S[NH(SAL2)

1l ~GTEMP{(S)#SINH(S@L1))/SHLS

WTRELZWTREL+AINVL(1) #wTLAP/BT [ME
1000 CONTINUE

RFTMP=RFTEMP (T IMED
RGTMP=RGTEMP (T IME)
RCTMP=RCTEMP (T IME)
CONDR=QREAL/ (RCTMP=%WTREL?}

TSEC=TIME#3600,0

WRITEC6+200) TIME«TSEC:+CONDR1

1 GREALYRCTMPywTREL :
2 RFTMP+RGTMP
200 FORMAT(5X+8E13.,4)

ke

IFCTIME, LT, TSTOP)GOTO 2000
¢ GOTO 9999
c9998 STOP
END
FUNCTION FTEMP
FUNCTION FTEMP(S)

COMMON FA(10) +FTIME(L10) +GACL0) yGTIMECLO) +CACLOI +CTIMECL0) sMaN

NN NN

=1

52=5®5

FTP=FA(]) /52

DO 20 [=24M

FTP=FAL])#EXP(=FTIME(I)*5)/S2+FTP
20 CONTINUE

FTEMP=FTP

RETURN

END

FUNCITON GTEMP
FUNCTION GTEMP(S)
COMMON FACLO) WFTIME(L0) +GACL0) vGTIMECLOY +CACLO) +CTIME(LQ) ¢MoN

N O 0OnNn

I=1

S52=545

GTP=GA(Ll) /52

DO 20 [a24N

6TP=GAC([) #EXP(~GTIME(])#S5) /S2+GTP
20 CONTINUE

GTEMP=GTP

RETURN

END
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u001
0002

0003
0004
0005
0006
0007
o008

0009
oo0lc
0011

0001
0002

0003
0004
0003
0006
0007
ocos

0009
gole
0011

0001
0002

0002
0004
0005
0006
0007
0008

0009
0010
0011

20

20

20

FUNCTION RFTEMP(TIME)
COMMON FACLO) +FTIME(LO) +GACIO0) A« GTIMECLO) s CACLO) +CTIME(LD) +MeN

1=1

RFTP20.

CONTINUE
RFTP=FACI)#(TIME=FTIME(]})#RFTP
=1+l )

IFCTIME,GE,FTIMEC])) GOTO 20

RFTEMP=RF TP
RETURN
END

FUNCTION RCTEMP(TIME)
COMMON FA(CLO) oFTIME(10) +GA(LD) +GTIMEC10) «CA(LO) +CTIME(L0) +MaN

[m]
RCTP=0,
CONTINUE
RCTP=CAC])#(TIME~CTIME())+RCTP
Jml+l
IFCTIME,GE.CTIME(])) GOTO 20

RCTEMP=RCTP
RETURN
END

FUNCTION RGTEMP(TIME)
COMMON FACL0) +FTIME(10) +GAC102 +GTIMECL0) +CAC20) +CTIMECL0) «MaN

1=l

RGTP=0,

CONTINUVE
?GIPIGA(I)*‘TIME*GTIME(I))*RGTP
o]+

IF(TIME,GE(GTIME(])) GOTO 20

RGTEMP=RGTP

RETURN
END
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Appendix 4. FEEFHMZE - BMIBRNEAREFIE

1. SHEEFL
FEFRREDOETNVEES LT, BEOLDHLUTOREAH W,

1) BABEELS M vV ALOMUERBEARETHEET S,

2) FMI U LOBRFMKBESGRENET S,

3) " B 5 1l ” HEEd s,

4) BMHRBEEIZEUKFEEEELEL, v F 75 vy - HUB XEHSRIEET S,
5) BEAWEF MY Y AHBRARET S,

6) HRHEMAN—RTOBHOLEEML, T, + MV Y4 RELCHSAOKE
MR T 5, |
CO3B, 2),3) BF MY Y LAQHEEN SV TRHEEBEIOVBRLOERCRLIbOEFHE

Mo,

2 #REEHFEAOESE

21 #® # K
a8 i
—_— 1] =
| rruni a = (2.1)
Chx2BrmkER2BE LN EEBEEORICESRD S &
a6 a2 1 o6 o*é@ .
7t 0 (3r2+-? 5t s 22
22 % 4 {
r=m.a&r - & LT
z=n.aq 0 (r,z,t) =Th,n EEDTE
t=p. ot
£= Trﬁ,n_Tnl?—l n l
T a1
aée_T£+1,n +T]]?“‘1911_2T11;:11 o (2 3)
ar? (ar)? '
39 _ Tw,n—Tmn-1
az Fasy
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(23) % (22) KRATH L&

p-1 p p P
Tn,n = Tn,n _ a{Tmﬂ.n +Tp1n 2Ty o
(ar)?

Ot

p P D b P
+ 1 Tm+l,n_Tm—1,n+Tm,n+l+T ,u—l“'ZT ,n }

m. &7 2.-ar (az)t
pi a5t 1 R =
Tm,n“ (Ar)z {(1+2m) Tm+1’n+(1_2m)Tm_l,n—sz,n
a.ot
+ (az)? (Tm,nﬂ +Tm;n—l—2T£,n)
+ T, n (2.4)
B

a.ot a.of
r=—— 0y = 2 EEE (23)

(Ar)z Pa Ny )
T = 0. AT+ 0, AT, +To, 4 (2.5)

EILB, TIT

1 1
ATe= (1+7) Topa,n+ (1 =) Toa,0—2Tn,n
2m 2m

(2.6)

aTy = To,nh + Tm,n-l _ZTm,n

THd,

3. BREH
31 & W B
BERECETF Y 74 e0REZRF—MBICK
DEIERDTENT &5,
g=h (Tya—Tw) (3.1)
RbAAD (or/2) ODEHAZHFH>HBEKH>NT
BO-DHNWAELDLE
(RELA) = (HA#E) — (HRLHE)

p+l p
mj.n Tmi, n

at

Cppm (mi+s) (ar)?

=27mg-arh (Tya—Toy,n)

p p
Tmi-!-l s 0 _Tmia n

1
-2 r:(mi-l-E) N =
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P p P
Tmi,n+l + Tmi,u—l —2 Tmi,n

-Ff(nu4~%)(ﬁr)22 (3.2)
_ (ax)?
ERRB, Thid (25) €BILT
..
8mi Ar.h
TI‘ dmi+ 1 2 (TNa,n misn
8mi+4 b o
Tt i (Tui+t,n — Tmi,n) (8.3

ELRDEFLL, aT, 320%% (B DOHEILEIE) TH 3,

BL, ri(AH =m1-4r'@55° T2 (3 1) OREFEFEMNIE, RovwThhroR
PRI ERELBARETCEZ 5, (
Martinelli —Lyon © =

A UDC 0.8
h=——2{ 7040025 (LN2_2“PlNe ", (3.4)
zNa
Seban—Shimazaki O
2 UDCpua | *®
h=—""2{ 50+0025 (CN2_2VPNa, ™", (3.5)
D zNa
Lubarsky— Kaufmann ® &
4 IDCpya, **
Na , @ NalUD( PNa) (3.6)

h=0625 D ( 2y,
32 # 4 &

EARGEARAEANTOEOT, GDTh=02LLT, BRAROFETRANES
na,

8mo—4
A‘Tr'=z'n_07 (Tmg-1,n =Tmg,n) (3.7)

8 L ro (A&) =mg.ar

33 B R M
ﬁ&%@kﬂ&ﬁﬁﬂ@%%uﬁbfﬁ&@%ﬁ%#é%hﬁo
A BREREE Thn.o =Tya (3.8)

MO R & H ATz= 2 (Tp.g-1 — Ta.w) (3.9
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4. BIENEE . BOEE
WEHREME (HZa, AA8b) KMbdBAB A2 THR, KOXEZRA VI,

«E rf—a?

1 .« b
o= Ty {_?2'[8.. Trdr+1'2(b2——a2) Ia Trdr } ' (41
¢E 1 r 24 5t b
05=1_v{;2‘[a Trdr +mja Trdr—T} (4.2)
aF- 2 b
Gy = = (——bzﬂaz _fa Trdr—T) (4.3)

HLU, W#Hw7) —&7 5,
CCToop i, WMATEBEZ . dz FCrMARCIERT AR IKRTTH 5,

95k
oF

« BRERE (1/C)
E ot 381 11 4R 24 (ke cd ]
" X7V [—]
T (TR=g=1: [(°C 1

chABbDa, B, v oM C,y, HEp, RELRIZOMEMIC > TSUS304 KELT
i, JSME#4E 254 7602 hofEs, S, BEHRAMAERZE K LAFRECH W, &

o, FrY T LAOBBEBCHOVTIR, BRELSBA Y F7y 7oA ERB N,
RickRka—~-FoFasr 76 YR ERRT S,

—189—




PNC TN941 79—141

0001
n002
0003
0004
0005
0006

o007
o008
0009

0010
n011
no0l12
0013
0014
0015
n0lé
0017

n018
0019
0020
0021
n022

nob23
0024
0025
0026
no27
028
0029
0030

0031
n032
n033

0034
0025

aEaRalalal

N O N OO0

[akakaka

(a¥als

10

#*

CALCULATION OF THERMAL STRESS IN NON=-PREHEATED PIPING

COMMON /TEMP/ TNA(S00) +T(30+500)

COMMON /INP/ RIN TROUT 'WEL TTPIP

COMMON /TIME/ TIME DT

COMMON /TNA/ NTDATA vTNALCLO0) L TTNACLOY

COMMOUN /HTTC/ NHTDTA sHTC1¢10) »THTCL{1O)

DIMENSION TT(304500) +tTNN(500) +TMENR(20)
«STOMAC34304500) +STRCAS500) « ITITLEC2D)

DATA INPULT

TITLE CARD
READ(3+501) (ITITLECI)a]=1420)
CALCULATION PARAMETER
READ(3950U2) DT+DRyTSIMUL
GEOMETR[CAL PARAMETER
KEAD(5+502) RIN+ROUTPIPEL
INITIAL CONDITION
READ(5:502) TNAOWTPIPVEL
READ(3+503) NTDATA
READ(51510) C(TTNACIXYsTNALCI) +[=1sNTDATA)
READ(3+503) NHTCWNHTO
IF(NHTCoNE ' 4) GO TO 10
READ(54¢503) NHTDTA
READ(51510) (THTCLCIY vHTCL([)1]=1sNHTDTA)
CONTINUE

SET OF CALCULATIONAL PARAMETER

RADIAL MESH

MIN=[NT(RIN/DR+0,5)

MOUT= INTCROUT/DR+0,5)
MMESH=MOUT=M]N+1

DRIN= (FLOAT(MIN)+0,5) #*DR=RIN
PROUT=ROUT=(FLOAT(MOUT)«0,5)#DR

AXTAL MESH
DZ=VEL#DT

NO=0
N1=[INT(PIPEL/D2+0,5)
NMESH=N1+1

L51=1,2

25234|3
N51=251/0Z+1
hS2alS52/0Z+]

INITIAL CONDITION
D0 150 N=1s+NMESH

DO 100 M=1+MMESH

T(MIN)=TP|P

SIGMA(L1+MiNI=0,0
SIGMAC24MyN)=0,0
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0036
0037
0038
n039
0040
o041l
0042
0043
0044
0045
0046
0047
0048
0049

0050
0051
0052
p053
0054
0055
0056

0057
0058
0059

0060
n06l

o062

006

0064

[aN el

100

150

500
501
502
503
504

C
505

c
506

C

508

SIGMA(IMyN)=0,0
CONTINUE
TNA(N)=TPIP
CONTINUE
TIME=0+0

NHEAD=1

NMAX=1

2L=0,0

TZ=0,0

TR=0,0
HT=HTC(1+NHTC)
HTMECH=HT#3600,0
JuMP=1

MwRT=1

OUTPUT OF INPUT DATA

WRITE(64500)

WRITEC650L) C(ITITLECI)#]=14200

WRITECE+504)

WRITEC6+505)

wRITE(64+506)

WRITE(64508) DT+DRyDZ+TSIMULSRIN'MIN'ROUT+MOUT +P [PEL +MMESH +NMESH
WRITE(64509) TNAOWTPIP+HT +HTMECH

FORMAT (1H1)

FORMAT(20A4)

FORMAT(3E20.13)

FORMAT(2]110)

FORMATC(LHL /710X s t Ao auatsanttd et Eto &8 0440 aaGaesatstsstartasas
BT R L T e R e e T T AR TR A R AR A LT L AN
2LOX &0y 110X "2 /10X et L1044 /10X 2 49X 'TTTTT H H EEEE RRRR
amMm M  AA L'4+9X+1S855 TTTTT RRRR EEEE SSSS SSSS'+30X 14/
410KV J11AV'T H HE R R MM MM A A L'+9X+'S T R R
SE S 5'»13X9'l'.19X.'I'/
610Xy 't (11X T HHHH EEE RRRR M M A A L'9X,y
T'558% T RRRR EEE S55S SS5SS'412X+INNN's15Xs'at/

BLOX ' &t 11X\ 'T H HE RR M M AAAA L'e12X,

9°'s T RR E S S1el0Xs '] N N'gl5K4'a")

FORMAT (LOX s '# ¥4 11Xe'T H H EEEE R RR M M A A LLLL §555
1T R R EEEE SSSS SSSS'210X4'1 N N'+15Xe'#?/10X 2?4 110Xs a?/
ZA0Ky "4y 110X 't /10Xy '#" 4 TXe 'NNN N 0000 NNN N PPPF RRRR EEEE
3H H EEEE AA TTTTT EEEE DDD PPPP | PPPP | NNN N GGGG'aTX,
480 f10Xe 24 TX'N NN O ONNN P PR RE H HE A
5A T E P D P PI1P P11 NNNGtilOXyrar/
6LlOXs'#' 4 TXe'"N N N O O N N N ### PPPP RRRR EEE HHHH EEE A A
T EEE D © PPPP | PPPP I N N N G 6G'7X)

FORMATCLUXa'#'47Xs*N N N O O NNN P RR E H HE
LAAAA T E D D P Il P I NNNG Gl'slXyrel/
210X '2% 4 TXe'N NNN QOO0 N NNN P R RR EEEE H H EEEE A A
3T EEEE DDD P 1P [ N NNN GGGG'yTX1'at/

GLOXy ' 110X ' /10X "#* 110X 'Y/
LRGP ERE 2T TR TL I FEEF e ey S e R ET SRS R L2 BN PR S S pt
GURLHHEU BB REF B R LR RSB RSB E PGB ERDBBEB LB RF 4 HB BB BRER1/ /)

FORMATC(10X+'0T (TIME MESH) = F10,4¢* (SEC)Y/
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nle5

0066
00eT

0068

0069
0070
00Tl
0072
0073

0074
0075
0076
0077
0078
0079
0080

0081
o082
n083
0084
0085
0086

0087

0088
0089

0090

O NN N

NN

C

1 LUXv"DR (RADIAL MESH)Y ='+F10,443t (M )1/

2 10X+*DZ C(AXIAL MESH) ='4F10,4«f (M )Y/

3 lOXs "SIMULATION TIME ="+F10,4s' (SEC)*//

4 10X *RIN (INNER RADI2="2F1l0.4s' { M )" 410Xa'MIN ='416/

5 10X+ "ROUT (OUTER HADI, ="' +F10,4+" ( M D '+10X,'MOUT =416/ -

6 10X+ *PIPE  LENGTH =0 F10,4v) (M )V410X//

7 10X+ *TOTAL MESH NO, RADI, ='.14410X,'AX, =':14//)
509 FORMAT(10X1'SODIUM TEMP, BV 4F10,4s' ( C )/

1 10Xy 'PIPE TEMP, 2V 4F10,4v' ( C )V//

2 10X+ "HEAT TRANSFER CQEFFICLENT (CINITIAL STATE) =7,

3E15,845Xs * (KCAL/ (M22SECHCD)) ' //

454X+ '=Y \F15, 745X " (KCAL/ (M2#HRECDII"///)
510 FORMAT(8F10.5)

FPHYSICAL CONSTANT

PAI=3+1415%

CALCULATION OF TEMPERATURE
200 CONTINUE

DO 210 I=1+NTDATA
TMlaTTNACI)
TM2=TTNACI+L)
IFC(TIME,LT,TM1) ,OR, (TIME,GE,TM2)) 60 TO 210
TNAQ = (TNALCT+L)=TNALCI))/CTTNACI+1)=TTNACI) ) o (TIME~TTNAC]))

» +TNALCL)
GO0 TO 215

210 CONTINUE
215 CONTINUE

DO 250 NH=1i1NMAX

N=NN=1

HTaHTCONMNNHTC)

HTAIRBHTOUT (NN+MMESH ¢ NHTO)

3 2 S A AE S S O 30 4 O A SR 6 T2 R 3 36 3840 0 45 S0 45 30 4035030 3050 S0 20 2 2 41 3 0 30 S0 B 345 3 30 20 SR SE 30 0 040 36 40 08 34 4 3 4

MM=]
M=MIN
F=FLOAT (M)

DEFFPaALMDP (MM1NN) / CCPP (MM 1 NN) #DENSP (MM NNJ )
THETR=DEFFP#DT/ (DRIN#DRIN)
THETZ=DEFFP#DT/(D2%DZ)

TR=8408F/ (4,02F+1,0)#DRINZALMDP (1 sNN) #HT
1 #=(THACNN) =T (14NN
2 (B O0#F+4,0)/ (4, 0nF+1,0)#(T(2NNI=T(11NN))

i**l*ll-ﬂ-ﬂ-**w******#&#il*!&**ﬁ*l#*##ii#*lIvi-I'*I'**ﬂi***iiﬁi*&*ﬁlil*ﬁfﬁbiG}b*l
JIF(NN.EG.1) T2Z=2 0% (T(MM12)=T(MM 1))
L)
IFCONNSEQ«NMAX) «AND« (NMAX W NE 1))
# TZo(TC(MMINN=1)=T{MMsNN)I#2,0
*
[FCCNNGNE 1) + AND s (NN NE s NMAX D))
1 TZ=T(MMINN+1)+T(MMyNN=1)=2,0%T (MMiNN}
#*

—192~—

.



PNC TN941 79—141

0091
n092
0093
0094
0095
0096
0097
0098

0099

60100
0101

0102

0103
0104

0105
0106
0107
0108
0109

0ll0
0l1l

0ll2

0113

0ils4

0115

[}

O [aNaka!

a¥a¥al

(] (] lalala

nNnoon (a¥ale

*&*G***ﬁ*#*ﬁﬁi****ﬂ*#%*#**ﬂﬂ*%**l#*ﬁéﬁ&*ﬁﬂﬁﬂﬂi*ﬂ**#b#ﬂ#ﬁ*lﬁ#*#***ﬁ*ﬂ#ﬁ*ﬂ**
TT{MMINN) 2 TR¥THETR+TZ#THETZ+T (MM +NN)

MlsMMESH=1
PO 220 MM=2.M1
MaMM+M[N=1
FaFLOAT (M)

DEFFP=ALMDP (MMyNN) / (CPP (MM sNN) SDENSP (MM+NN) )
THETR=DEFFP#DT/ (DR#DR)
THETZ=DEFFP#DT/ (DZ#DZ)

TRe(1.040,5/F)#T(MM+LNNI+(1,0=0,5/F)#T (MM=1+NN)

1 =2,0aT (MM,NN)
*##***%ﬁ*ﬁ%*****ﬁ*#%%%ﬁﬁﬁﬁ#ﬁﬁ*ﬁiﬁ#ﬁ#G#G#Gﬁﬁ%ﬁl*#*&*ﬂ#*}ib##b*“'ﬁ*'l*ﬁﬁi*#!
L] . -]
#* . L ]

TF CONNGEG o NMAX) ¢ AND ¢ (NMAX  NE-1))

* TZ=(T(MMINN=1) =T (MMINN) I #2,0

# “
IFCONNGNE s L) o AND » CNIN o NE s NMAX)D ) .

1 TZuT(MMaNN*1) +T(MMINN=1)=2,08T (MM'NN

+* +*

P sy e T TSRS TS LI I T2 LA Lt A 2L LS LRt L b 2l L h

TT CMMINN) = TRETHETR*TZSTHETZ+T (MMaNN)
220 CONTINUE

MM=MMESH
M=MOUT
F=FLOAT (M)

DEFFP=ALMDP (MM1NN) / CCPP (MM NN) #DENSP (MMyNN2 )
THETR=DEFFP#DT/ (DROUT#DROUT)
THETZ=DEFFP#DT/(DZ&DZ)
TR=8, 0#F/ (4,0%F=1,0) =DROUT/ALMDP (MMyNN) #HTAIR
1 #{T(MMJNN) =TP]P)
2 +(8,09F=4,0)/(4,08F=1,0)%(T{MM=1+NN) =T (MM+NND)

&*ii****#Qﬁ*ﬁﬂ**Q**ﬁ**i*.#'*ﬁﬁ&*ﬁ'*'#"Q@.I&!*‘Q&*****&Q*Q“*"Q#““"”*9’*
- +*
IFCNN+EQ+1) TZ=2,08(T(MMs2)=T{MMs1))
L: 4
IFCONN Y E@ s NMAXD » AND o (NMAX «NE»12)
# TZE=(T(MMINN=L1)=T(MMeNN) ) #2,0

IFCONNONE « 1) 9 AND + (NN oNE o NMAXD 3
1 TZ=T(MMsNN+1) +T (MMINN=L1) =2, O#T (MM +NN)

+*
BHEEH G ARG EAFAEE RO ERARFRE LSRR PIIHE ORI EH ST R RS RSERF I DS H AT RSB RN B

TT(MMINN) s TRETHETR+TZ#THETZ+T (MMyNN)

BERER G SR TSGR AT R RS LT R RO F A LSO LR F AR PR R ERREERFR R E R RS SRR R LGRS GRS
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ollé
0117
0118

0ll9
0120

0121
0122

0123
0l24
0125
0laé
0127
plzasg

0l29
0130
0l3l
cl3z

0133
0l3e
0d35
ol3e
ol37
al3s
0139
0l40
0lél
0l42
0143

0144
0145
0146
ol4?
048
0149

pls0

0151

0l52

0153
0l54
0l55

01586

[alals]

nn

240
250

270
280

200

IFCNNGEG.1) G TO 230

N1lzNN=]

TNNCNN) aTNA(NL) =2, 08HTC(NL s NHTC) # (CTNACNL) =T C1oNN) Y oD T
1 /{RIN#DENSNC(NL) ®CPN(N1})

60 TO
230 TRNNCNNI=TNAD=2,084TC(L
1 / (RIN®DENSNC(N1Y2CPNCNL) )

CONTINUE
CONTINUE

DO 280 NN=) «NMAX
DO 270 MM=1.MMESH
TOMMaNN)Y =TT (MM« NN
CONTINUE
TNACNND) e TNN CNN)
CONTINUE

CALCULATION OF STRESS

D0 400 NN=1eNMAX
NsNN=1
TMEAN®T (1 4NN) #RIN#DRIN
TMENR (1) =TMEAN/ (DReDR)

Ml=MMESH=1
DO 300 Mia2 ML
MoMM+M [ N=1
F=FLOAT (M)

TXR=T (MM1 NN) #F #DR#DR#0 | 5

TMEANeTMEAN+ TXR

TMENR (MM) aTMEAN/ (DR2DR)

TMEAN=THEAN+TRR
CONTINUE

TXRaT (MMESH + NN) #ROUT2DROUT

aNHTCI # (TNAD=T {1 e N) J DT

TMENR (MMESH) = (TMEAN+TXR) / CDR2DR)

PO 350 MMel s MMESH
MeMMeMIN=1
FIN=RIN/DR
FOUTaROUT /DR
FaFLOAT (M)

AYNBALPH (MM o NND @ YOUNG CMM s NND / €1 s 0=PNUCHMMoNN) )

SlGMA(l'HMvNN)EAYNG(-TMENR(MM)/(FGF)*THENR(MHESH)‘(FDF-FlN“FIN)
@ / (FeFa (FOUTeFQUT=F IN#FIN)))

S1GMAC2sMMoNN) mAYN® CTMENR (MM) 7 CFRF ) + TMENR (MMESH) # (FaFoF | NoF I N)
" / (FeF#(FOUTEFOUT=F IN®F IN) ) =T (MMoNN) )

STGMA (3 s MM o NN) mAYN® (2, 08 TMENR (MMESH) / CFOUT®FOUT=F INSF [N =T (MM NND )

51=5]GMACLeMMeNN)
52n8 [ GMA (2 o MMoNN)
53=5 1 GMA (3 9 MMoNN)

SIGMACLIMMINNY @S GMACL o MMINN) #1, 0E=0
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0157
olSs

0l59

0l60
0161
olé2

0163
0l64
0lés

nléé
ol6T
0lé8

0169

0l70
0171
0172
0173

ol?4

0d75
0l76
oll?
olle

0l79

0180
0l0l
olez
ol83
nlé4
plas
olée
0187
plaéa
0L89
0190
0l9l
pl9z

0193
0194
0195
0196
0lo7

0198
0199

[aNaXalNa]

SI1GMA (2. MMoNN) 8STGMA(2 MMy NN) 81, OF=6
SIGMACD «MMsNNY =S GMA(3 MM NN) &1, 0E=6

350 CONTINUE

K=MMESH
PN=PRU CiC s NND
E=2YOUNG (K oNM)

STRCLINNI=(S1-PN#(S2+S3))/E
STR{Z21NN)=(52=PN&#(83+51) ) /E
STRE3'NN)={53=PN#(S1+52))/F

STRCLeNNI=STR(1:NN)®#1,0E6
STRCZINNI=STR(2+NNI #1.:0E6
STR(3+NNIBSTR(3 NN #1,0E6

400 CONTINUE
OUTPUT

IF (NWRT 4 NE » JUMP) GO TO 490

WRITE(6+601) TIMEWZLsNHEAD

DO 480 NNal e NMAX

FNRFLOAT (NN=1)

ZaD2eFN
IF(NNLEd 1) GO TO 440
IF{NN.EQsNS1) GO TO 440
IF(NN.E@aNS2) GO TO 440
IFCNN,EQ s NMAX) | GO ‘TO 440

GO TO 480

440 CONTINUE

HT=HTC(NNoNHTC)

WRITE(6+:602) NNoZoTNACNNY 4HT

WRITE(64603)

WRITE(6,604)

DQ 450 MM=] sMMESH

FeFLOAT (MM+MIN=1})

ReDR#F

WRITEC6:605) MMsRyTCMMyNND ¢ (SIGMACT sMMyNND ¢ [al,43)
450 CONTINUE

WRITEC61606) (STR(JNN) 0 Jm143)

- 480 CONTINUE

C

NWRT=0

601 FORMATCLHL /7' 010X ' TIME =0 oF8,400 (SECY ' ellXe? m79F6,341 (MI?
1 16X0 P ( NHEAD sty]4,0 )1y , .

602 FORMATC/2Xe'N CAXIAL MESH NOwY» 3% ,]4¢4Xo'Z C(AXIAL LENGTH) BY4FT,3
1e4R e "TNA (SOD, TEMP,) @ FTe2e! (CiGy)"4X'HEAT TRNS, COy='21EL2,5/)

603 FORMAT(9Xo "M?eL6X 4 *RY4 16Xy 1 T(MaN) * 10Xy *STRESS ¢ RADIAL >
1 vIXo 'STRESS ( HOOP )'+5X,"STRESS ( AXJAL ) ") )

604 FORMAT(® ( RADIAL MESH NO. ) 1e3Xs TRADIUS (M) ? 96X " TEMPERATURECC) * TX
1 270 KG/MM2E2 )14 8Xe 1 ( KG/MM#E2 )1 ,8X 1 ( KG/MMaa2 )1/)

605 FORMAT(?XO]3012!;F794.13X0F7|2010Xt£13l592(7XOE1306))

606 FORMAT(9Xs'STRAIN' +8X % {M]CRO STo)V1slB8Xe3(10XsFL10,4))

490 CONTINUE

CALCULATION END OR NOT END?
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S
0200 T IME=DT*NHEAD
0201 TTEST=DT#(FLOAT (NHEAD) =1, 0)
0202 ZL=DZ #NMAX
0202 NHEAD=NHEAD+1
0204 NSTPSNHEAD=1
0205 NWRTSNWRT+1
c
0206 IF(NSTPsLE.20,AND:NSTPGT,10) JUMP=E2
0207 IF(NSTPsLE.50,AND'NSTP+GT+20) JUMP=5
0208 IF{NSTP.LE,100,AND,NSTP,GT,50) JUMP=10
0209 [FINSTP,LE,200,AND,NSTP,6T,100) JUMP=20
0210 [F{NSTP,LE,300,AND,NSTP,G6T,200) JUMP=50
021l IFINSTP,LE, 1000, AND,NSTP,GT,300) JUMP=100
0212 IF{NSTP,LE,2000,AND,NSTP,GT,1000) JUMP=200
0213 IF{NSTPLE,5000,AND,NSTP,GT,2000) JUMP=300
C
0214 NMAXaNHEAD
0215 [F (NMAX , GE , NMESH) NMAX=NMESH
0216 IFCTTEST.LE. TSIMUL) G0 TO 200
C
0217 STOP
0218 END
0001 FUNCTION DENSN(N)
o002 COMMON ZTEMP/ TNAC(500) +T(30,500)
0003 DENSN=950,1=0,229762#TNACN) =1 446E=54TNACN) #TNACN)
1 +5,638E=92TNACNI #TNACN) #TNACN)
0004 RETURN
0005 ~ END
0001 FUNCTION ALMDN (N)
0002 COMMON /TEMP/ TNA(500) +T(30+300)
0003 ALMDN®=2,192E=2=1,17E=54TNA(N)
0004 RETURN
0005 END
0001 FUNCTION CPN(N)
0002 COMMON /TEMP/ TNACS00) +T(30.:5D0)
0003 CPNe0,34324=) . 3B6BE=48TNA(NI +1 0 LOGGE=THTNA(N) @#TNA (N)
0004 RETURN
0005 END
0001 FUNCTION DENSP (MeN)
0002 COMMON /TEMP/ TNAC(500) ., T(30:500)
. 0003 DENSP=804T7,0=0,124T{MN)
0004 RETURN
0005 EnD
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0001
0002
0003
0004
0005

0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
n011

0001
0002
0003
0004
0005
0006
0007

o008 -

6001
0002
0003
0004
0005

0001
0002
0003
0004
0005

100

200

i00

FUNCTION ALPH(M+N)

COMMON /TEMP/ TNA(500) 1T(30+500)
ALPH=16,4E=6+4,0E=-98T (MIN)

RETURN

END

FUNCTION CPP(M4N)
COMMON /TEMP/ TNA(500) +T(30+500)

IFCT(MoN) »GE4120,0) GO TO 100
CPP=0,1045+132E=4=T(MsN)

RETURN

IFCT(MeND 4 GE 4 300,) 60 TO 200
CPP=041143+5,13E~54T(MsN)

RETURN

CPP=0,1214+2,72E=54T (MsN)

RETURN .

END

FUNCTION YOUNG(MyN)

COMMON /TEMP/ TNA(500) 2T(30+500)
IFCT(MyN2 »GE,1500,0) G0 TC 100
YOUNG=1,992E10=~4,56E6#T{(MN)

RETURN

YOUNG=2,042E10=8,02E64#T(MN)

RETURN

-END

FUNCTION PNU(MyN)

COMMON /TEMP/ TNA(500) +T(30.500)
PNU=20, 262247, 56E=58T (MN)

RETURN

END

FUNCTION ALMDP(M4N)

COMMON /TEMP/ TNA(S500) 1T(30+500)
ALMDP=3 ,41E=3+3 ,2E=64#T (MsN)
RETURN

END
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0001
0002
0003
0004
0005
0006
0007
o008

0007
0Q10

0011
oGi2

0013
o014
0015
00lé
0017
a0ls
0019
0020
0021
0022
0023
0024

0001
0002
0003
0004

0005
0006
0007
0008
0009
0010
0011
0012
o013
0014
0015
00lé
0017
0018

FUNCTION HTC(N¢NHTC)

COMMON /TEMP/ TNA(500) «T(30.:500)

COMMON /INP/ RIN 1ROUT sVEL +TPIP
COMMON /TIME/ TIME DT

COMMON /TNA/ NTDATA vTNALCL0) »TTNACLO)
COMMON /HTTC/ NHTDTA vHTC1(10) +THTCL¢1O)

GO TO (1v24344)WNHTC

1 HTC=ALMDN(N) 7(2,0#RINY#(T7,0

2

+0, 0252 (DENSN(NY #VEL#2, O#RIN2CPN(N) FALMDN(N) ) ##0, 8)
GO TO 1000 . i
HTC=ALMDNI(NY 7 (2, 0#RIN)I#(5,0
+0+0254 (DENSN(NY #VEL#2 , 0#R [NSCPN(N) /ALMDN(N) ) ##0, 8)
GO TC 1000

3 HTC=0,625#ALMDNI(NY 7 (2. 04RIN)

- #(DENSN(N) #VEL#2 , O#RIN®#CPN(N) /ALMDN(N) Y #20. 4
60 TO 1000

4 CONTINUE

20
1000

DO 20 l=1NHTDTA
TH1=THTCL(I)
TH2=THTCL(I+1)

IFCCTIME.LT, THL) OR, (TIME.GE, TH2)} GO TO 20
HTCa (HTCLCI+1) =HTCL1CI) )/ (TH2=THL) #CT{ME=TH1}+HTC1(])

G0 TO 1000

CONTINUE
CONT INUE
RETURN
END

FUNCTION HTOUT(NWMyNHTO)

COMMON /TEMP/ TNAC(SQ0) »T(30+:500) :
COMMON /INP/ RIN +ROUT +VEL T»TPIP
COMMON /TIME/ TIME DT

GO TO (1+2)«NHTO
TMEN=(TPIP+T(MIN) I #0,5
DFTaT{(MsN)=TPIP

IFCDFTLT+040) DFT=0,0
AIRNUSTMEN®1,05E=T+1,33E=5
GRAS®9 4807/ (273 ,15+TMEN) *ROUT#ROUT#ROUT®8 , 0#DF T/ (AIRNU®A]RNU)
PRNTL=0,T71
ANUSLT=0,534 (GRAS#PRNTL) ##0, 25
ALMDAR=TMEN#L1, B056E=8+5,7T7T8E~6
HTOUT=ANUSLT#ALMDAR/ROUT®0,5
RETURN
HTOUT=0,0
RETURN
END
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