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(4) FL R — & E K FLUID-STRUCTURE INTERACTION
(5) & E /7 H:4iF HIGH PRESSURE TECHNOLOGY
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(9) FERERATER Y NDE DIVISION

(10) #1#E8F9 MATERIALS DIVISION

(11) F4§H L 2 ¥ 7 — )V STUDENT PAPER COMPETITION



JNC TN9200 98-001

Eo2E  NEMEyTVar~ [HALw] FHigE:20HH~
(Monju Accident and Learning from It)

2.1 &2 |
ARV Yavid, bALoRREHOMLTI A7 74— ADA V=T
& B RFEHERA - FHdg L, WOREHOERTH 5 KE 7 VT X ELFEH O Dr.
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(2) Cause of Flow-induced Vibration of Thermocouple Well (/M)
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() LT VT X b L BIEFIFTERIC X 5 IR RO
PR BB REE GEK)
Automnated Identification of Material Constants in Inelastic Constitutive Equations
by Continuous Evolutionary Algorithm and Massively Processors

(A% ERK 9O E T TD 4 FEBICER U-SHEMEHRON, el Eet i m
ADIEHIET 3D TH B, BEEORIBEHREMEICX D EL 2#8EY
OB 7 ) —TEHE BHETCTHNT5FEE LTHRFIA TS FRH
HEEEZERTA2 EToRBEE LT, MEERFREORESIFHITS
Nb, RPFEIT, PO ECEREZERELLTLITY ALY, HEE
BOBHBIHEZWERICLADDTH A, RTNVITY X AIBREETERR
APBEL T, BEFIFTEROER T LICL ) COMEZHFRL,
ERILER - 72, '

(B8 ZER LoBlap orrERMICET 2RGE7H D . BEFIEHEEOFHIC
o TIDHBEORREH -2 LE2HHEL, RFEOENMEEZRL 72

) 7V x 7 MEREIC X B R FIHEESFOFBEIL T A EREHE (BR)
Object Oriented Design Procedure for Nuclear Components Against Thermal Transient
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X oT, BFRMMER T4 U2 AESHE OB ZH o 22 5 LWERFTERORE
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ERICE D INROOFEEHBEL., ERFETHREBERTZTRELZDD
THb,



JNC TN9200 98-001

(E5E) il - BEERFTEOR R VEH B X CBRIE~OBREICET 55
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An Evaluation Method of Elastic Follow-up Behavior of Piping Systems Containing

Bellows Expansion Joints

(N BROBEEV AT ATIX, VR, 2V VREEEOFHORNYE
ZILIDELLZOTADOEREZERL T hid o v, BEEEEHO
DIIANT — AT B LBEESATALATIE, BENT—XPESRL
VERZHESTHFEFICHEER 2D, OTFAERFEEFEPR)ESTL b,
KX TlE, NI — AR FEEROVTAHAEDRBICHT 2 EARN R ER
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(B8 A FEOEBNOHFE LT ICOWTELZEH L., ERICEHATLE40
BHEHHEIWTERIED -7,
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Numerical Analysis of Non - Stationary Thermal Response Characteristics
for a Fluid - Stracture Intraction System

(AE) EEIF 75 ~ FOBEERLFAEEY TRET DMK LHE L OB
BEIIN T HBNOFEM S AT LAORBEBALERIIETLIOTH Y,
EEFREFTOSHLER Y B LAROBRIIOVTHERE LD TH B,
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NRIA—3 25U M2 2 L EETH L0, ERFEHREC B
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(1) HEF 2 1998 4E 7 B 27 B (B) 19:30 - 22:45

(2) BJE3E  B. Jetter, H. Chung (ANL), W. O'Donnell (OCE.Inc.), B. Yoo (KAERI),
C.Becht (BEC.Inc.), W. Koves (UOP), R. Campbell (EQE), M. Gold (B & W),
G. Hollinger (PVRC), &S (FIEK), B O (LK), KR, BE GLHK),
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720 (3 ASME SG-ETD DIEEIRILDME S C. Becht K & ) ASME BRI ERADIE
BRI DREN D ENT2o Sec. M NH I LT, 72774 €71 3 FRIZEE L,
HEIC WORBERT T L7 ) —TEHFMEDRX VT F » ADVELIEE)
THbo Sec. I T, MARERRE VIR LY, RETLHEITECHRESD
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MEICHEREFEOZEZ FE ANSDITE LV, BIRIZ API ZETH S, 3 RITHEE
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Session 1. 1A (FSI-29) : International Symposium on Computational Technologies for Fluid /
Structure / Chemical Systems with Industrial Application - 1
: Symposium Opening and Multi-Phase Systems - 1

(EENDOIER T HCRE - g - L2V A7 L0001l
SHEBTICET A EE Y Y RV Y AL KBRS L S
VAT A1)
Chair : V. V. Kudriavtsev, Watkins-Johnson Company (Scotts Valley, CA USA)
Vice-Chair  : C. R. Kleijn, Delft University of Technology (Delft, The Netherlands)

BRIERE IR E 12 BT 5 BT L BRI OBMEMT Numerical Simulation' of
Conjugate Heat Transfer and Solod - Liquid Phase Transition in a Spiral Thermal Energy
Storage umit), WIHARFEE T NVIZBIT B TERAMIEFRE  (Varalble Finite Liquid
Diffusivity in Droplet Evaporation Modeling), HHEMMICAT T BIER ¥ F— FiEF %
N7 T2ARE & BEEE (Non-Staggered Boundary-Fitted Coordinate Method for Free Surface
Flows). EHEHEFIOMEAERTICBIT 5 BRBBOETVL (The Modeting of the
Combustion of Interacting Fuel Droplet Arrays) 3 & CERL T T AGYRED 0D 3 X
TLFEF R F I (Tridimansional Non-Isothermal Flow Solver for Molten-Glass-Based
Device Casting) ? 5 DR XERPLHL LYy v a » Th b,

N DFERHLD ., EREMOEER LICNEBETA2HEEEY., L TES
FICEALIAZRLZbDTHE, THLEOWN, TV vy T LRREIZL 2185
REHIEBIIB T BT L AR Lo RERITIE. BREWAEICELLEWEEO
WifE By, BRREREBEOEH - RAEHOBEFELZ T LBELZ L THE
BLULBRIEERE, T bbb E%ER I3, HEERT L AEER
B EHREL, BFICREENREARICL > TALLHINME* 8 0FEEICHER
MBI TH BIZHHEDL T, THESIMPLE AF—- Ak HWESECLIVE
VRSB TR L 72,

Session 1. 1T (DA-07A) : Elevated Temperature Design Methods 1 (B skeHE D
Chair : M.B.Ruggles (ORNL)
Vice-Chair  : H.Kaguchi (MHI)

HEFREORREERINEORENL £0 1 1316 FR $iH O 7 ) — 7E 3505
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(Advancement of High Temperature Structural Design Method for Fast Reactor Components
Part 1 : Creep-Fatigue Damage Evaluation Method for 316FR), = FHk77 D & imfEE =G
EOBE/LEFD 2. : 316 FR #FOIEHMERES €7 )V (Advancement of High
Temperature Structural Design Method for Fast Reactor Components Part 2 : Inelastic
Constitutive Model for 316FR), 1 Cr Mo VTIB $§8D# 1) 3B LISTEMD 2 /37 2 — & #F
FHE 7 )V % B v 72 F i (Prediction on Cyclic Creep Relaxation for 1 Cr Mo VTIB Using A

 Two Parameter Material Model). LRI 7V T X 4 L BIEFIETERIC X 5 FEBERER,
HRANOHBEEEEFEHF (Automated Identification of Material Constants in Inelastic
Constitutive Equations by Continuous Evolutionary Algorithm and Massively Processors). 15
WP BT EZR L/ 316 FR MO 7 ) — 7EY SR ERM OB (Development of
Fatigue and Creep Crack Propagation Law for 316 FR Stainless Steel in Consideration on FBR
Operating Condition) @ 5 @D L RERP LA LY a y Thb, TOWTEPHO
WEREARERYN Y ) — ATl SN/, 9 316 FR D 7 V) — 7Rl
& ASME DFEEDERBERR EN:, MBEOEREVE 2V — THEFMETH Y.
ASME ZEFEHEENTH D, FHMEREL factor of 5. BHHHIEMHFE T factor of 2
Tholz, EEHENDZ 547 TIZEERRTH LA, &E 4 £07 T —-7TH
BROBREMERHLT20% E LTS, 7)) —7THREZTEZHY LT, BREHEEN
REMHEBICH N CHEREM L FRE L TR 5, RO EBBRRICEREEZ T
MAhAtr &, G THETT 5,

RiZ, 316 FR HEEEEXIBA SN, BRELHTEOMEFEE LIZGEGOR
BRORATURREZEET A2 LICE) OW TP VEERL., REBRODRE
ZRTELLIRCLADDTH S, BEET, O WEELE CHEL % > Tw
5, B7F v MERODBERCTHMT2BRFERNE LTEE SRS, £/ 7
D= TS AEERFMEICHL T, OTFAEEL RIS ERERERT—
5o DEEFROGHEE AA7, WREFIRERZREL Tv5, REETE
KPHLBBEINTVWADIDTHY, FETREI LIV,

Session 1. 3A (FS1-30) : International Symposium on Computational Technologies for Fluid /
Structure / Chemical Systems with Industrial Apphcatlon I
: Fluid - Structure Interaction - 1

(EENDIER 2 E0HAE -l - b¥ T X7 A0 0 ORERT
BEEMCIETAIEEY YRV T AL i - BEHEEER -1

Chair : C. R. Kleijn, Delft University of Technology (Delft, The Netherlands)
Vice-Chair  : Y. Matsumoto, The University of Tokyo (Tokyo, Japan)
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BOBES L CILFERIG 2 ) A - BEEREE) (Fluid - Structure Interaction in
the Presence of Heat Transfer and Chemical Reaction), “EAR®D 27 L FBRRICBIT 5 A&
- S ZL A ELAE F O FEFTHUARET (Computational Investigation of the Fluid - Solid Thermal
Interaction in a Plate Quench Process), ifd - FE/ER 7 A I X A O & B E/EH
AHAAHN (Analysis of Fluid - Structure Interaction Algorithms and the Interaction Consistency
Law), Uik - &2 E A ICE 3 4 EFHMFE (A Novel Method for Thermal
Fluid - Structure Fully Coupling) D 4 5+ o5 v a ¥ Th b,

T - BEER Y AT AR L L-BWHERRICET 5530 3 L BN
BERIEYA@mX 1| Mol Ehi, CORT, A AFINVITRHRECL LR
& BERTORBAFMTIE, T—A MLV LIRS V¥ —T x4 ALV ZERE
HICHEL, RALEBEYR TORBRETRERE L CTEVELEEEZT - T,
MR ZANF—REREBEY P I AN F—BERE (BINI0) ML S 5FEHR
SNz, ERER L OB LD SBROEL ZIRFEREFBR5 NIz,

Session 1. 31 : Elevated Temperature Design Methods-TI (7 iR & fE 51EE 1)

Chair : T. Shimakawa (KHI)
Vice-Chair  : M. B. Ruggles (ORNL)

AT Y VAGD 7 ) — TEFEHNEEE 4 . RUBEEOEMMEFMEE 1 4
DERNVH o7z BREIVINROEERDP L, 7 ) — L& oMW Bt
D7) — TEFHREF T N~ AFMHHOBR ZER TS 7 A 77 (R. Jetter LD AL
o E BRI R R), IEMEREERICE O 7 ) - THEFMEZ#M L 4% FBR HO
BEUFHET A FZ 4 > (EFH. HiEWRERE 20FM EHRIRT A —h)h%
hENRBXKIN,

Session 1. 3L : Piping and components I (L& & 425 1)
Chair 1 A. B. Glickstein
Vice-Chair 1 J. McCabe

HATENEZZITEEELVEORFME (Limit Loads for Pipe Elbows
Subjected to IN-Plane Opening Moments and Internal Pressure), IFROSEM % 21T 53
A0 T & OMPEEMEHT (Strength Analysis of Pipe Tees in Case of Support Displacement), N
H— X FURERDOHEMBHEE OFFME (An Evaluation Method of Elastic Follow-
up Behavior of Piping Systems Containing Bellows Expansion Joints), JF0 77 >~ } @
RV MRFOFREFZEMN Finite Element Analysis of Bolted Joint Assembly of Nuclear
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Power Plants) D 5 @DHCREP LA LY a3 Thb, ASME T 35 EMAER
sHic#Eb o572, EBE® Glickstein K & ) TV KO MR ESEMEITEAN S Nz R
Bz L CIAERESRRED ), T-HEEZERL TV AHEERI Goodal 7213 T
HH720, AEEHTIFERELAERZZERLABEOLVEDOEEZ. ABAQUS
TN L7z BESWEAEEE LMDICREZPITRICTHIT2ME 720 M
WL RERTRGELLERE o, TAREH L2 BERARETHL, WE
AND EBHERIFNIBISEL 2570, BEEBRRAFLEATS, TARLELIEE
X, BRETIIRVRENDH D, HEBEWEFRRLZL2ENPH 5,

Session_1. 4A (FS1-31) : Intemational Symposium on Computational Technologies for Fluid /
Structure / Chemical Systems with Industrial Application - I
: Fluid - Structure Interaction - 2

(EEANDILH 2 & 0IHMAR - #E - LE VAT A D700 BER
BEMICETAEBEY Y ARY T AL A - BEREER -2)
Chair : D. B. Spalding, Cham Ltd. (United Kingdom)
Vice-Chair  : C. E. Brennen, California Institute of Technology (Pasadena, CA USA)

EESBFICBITLRERENEB L TRNBT I - FESOHMAE - BEERAR
DENT (Computation of Fluid / Structure Interaction with Industrial CFD and Stress Analysis
Codes), PIEREEEFEIZAT AHG Y = VOREERE (The Structural Response  of
Cylindrical Shells to Internal Shock Loading), B EEHEHAERD 3 XTI E 7 )V (Fully
Three Dimemsional Flow Model of the Supersonic Volocity Impact Tester) ? E (ZAEMM T E
RHIER IR T 5 4 WOMIEERP LRL Y ¥ a v Th b,

EfE RO A7 v TIREERIC L 28E8Y OREFMAT2FEEORIXTHY .
B (20 B LTI OB B BT A2 kI o TR Sz,

Session 1. 4C (MF-03) : Residual stress ITI (B8 I 77 TIT)
Chair : R. Warke (Edison Welding Institute)
Vice-Chair  :S. Rahman (The University of lowa)

EIL AR AT SSRFABORFENHEELARERV I 21—V a Y OFF
fili (Evaluation of Residual Stress Measurement Techniques and Finite Element Simulations on
Reference Samples with High Stress Gradients), % - EHMFOREEE L ZE IS~
T ABILDKE 2 DFE (The Effect of Tube Strain Hardening Level on the Residual
Contact Pressure and Residual Stresses of A Tube-To-Tubesheet Joint), 3 RICHEZHK D
FEBERY 7 A FREFMATER (Fundamental Finite Element Evaluation of A Three Dimensional
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Rolled Thred Form), ZBE#HED XRERN~OREILT DXR (Residual Stress Effects
on Crack Driving Force in Multipass Welds), ? 4 fi0@mXEEPOK B LY T a v THh
b BERBICHOFHEFRERFBINELI BV I 2 V-3 VPRAITDR
TWh, @4 7 VEFTIIEHRIHRISBERBRL 22 L6, 55BER
TOUREDL . REBEHROBRE L TN ERRLIER L OBHI. BT LK
BIED Lo TELABMBLTEE T/7) DX BETH 5. dA Lo 0 R HIHR
BROFABOBLITOIL TS, ED /O A ERUFREZBRETY I 2
V=1t FAHZLICX), HRTIMADNT A -2 OB BTHE, HEOBIEE
FRECHEFTHLIEzWLPICL, BREHOBEAPRES AT,

Session 1. 41 : Elevated Temperature Design Methods-TII (& intg & /% a1 )

Chair : Y. Takahashi (CRIEPT)
Vice-Chair  :R. Jetter (L A U w EIEEFFIRFZER)

WFEZDEIE T EHFEO 7 ) — THRTEE) (Creep Rupture Behavior of A Reactor
Pressure Vessel Lower Head Forging), #IC/1ICL 5 Y E—RAETFND S ) — TEHFE
ER & 4 (Creep-Fatigue Tests and Analysis for Y-piece Models Under Thermal Stress). 316
FR #@#ERF D7) — TEFREFmE (The EvaluationMethod of Creep Fatigue
Damage of 316 FR Stainless Steel Welded Joint), B AMIIRES A DD R LBENL 1T
% 316 FREMEHEEY O 7 1V — 755 a5Fl (Evaluation of Creep Fatigue Life of 316
FR Cylinder Subjected to Cyclic Movement of Axial Temperature Distribution), #8587 =
I AEEAERIO EROFEE L #E (Crack Initiation and Propagation at Structural
Discontinuities Under Thermal Transient) @ 5 f§ D@ LEEXPOE ALY > a Y Th b,

7 U =T KT ) — TEGTHIERE 4 . ECWEY SRERTMEE 1 o
KPEHo72. 1 HEEED L, BRKFOZEMAERO S ) — TEEFFMICHET2H
&, MIZHEDPLORRTH > 72, HEEF OO ARDBH O (RER U2
— 7). FEGEEEED 7 ) — TEFFME EFHRTA—0), SRIEIEICED
CIE T EBUEREFMGE I X A EWRABE RO (EHRIRU A7) BEnfh
R INT,

AEHTIIBEDV IV KEN S OREIRE (AL RN, 20Hh0—>TH
BIEY D 7 ) — THRERMGIC SR H ik % EE L 72 Huddelston 12X % HiE% @M
L7ZRERDER STV, BRIZRCRL, TOEE L LTHKEDFEEHET
T2, HERANOEBEDKE WS 1) — TH#RIZ Norton HIZFIB L TWw5 %, #hE
BT S FH B L ThHho7z, BETIE, Huddelston DX ) ITKETRES WS
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EEEAFHE L2 BRIFTZ LS TH 2D,

BHRREAEORREL LT, NELS Y E— ARG X8 EA | BERABROK
RPRH SNz, RBNAT A—F I BHOFEREY LELTHS, HEITER
b —% EKICL ) FIREE 10 SR 15 2 TRVELBEHEMR 2 SHOE
EREFrry Vv Fuy 7TREL 2, ERBEFML. BREBFOERL BIBE
DEBDVPEE > Th i, FRLELOBHRIMEEFT S SZERFMIE. UKH
RELTWABY 77 VVAAMVARLIESEFMTA2HEEHVTNS, Y ¥—
ADYTLrAHE, €E—2RNDEERLT, MPRATERLTWED, EH
THEL 2 5FVERIIWT HFMREIREVERDN S,

[ C < EXBFTRED D 316 FR FHMETFFHEEOBAGPBN SNl BHELSE
[/HAZ | B OD 3 BEREFVEEZTVWEY, EBOFETII HAZ LM THEHL
FHzEAL TS, R, BEBEEOV TAEHRITEEE 7V TIEIERITH
S BWETNVIZALEML TS, o, BESBOEAEIRMD 1114 &
LTHEY, BRI IAFTKELBTFEHEOER L 2o Twh,

Session 2. 1A (FSI-32) : International Symposium on Computational Technologies for Fluid /
Structure / Chemical Systems with Industrial Application - IV
: Multi-Phase Systems - 2

(RO % & Uik - #3 - L% X7 40 d ORfER
BREMICETAERY YAV YAV MRV AT 4 -2)

Chair : A. Tomiyama, Kobe University (Kobe, Japan)
Vice-Chair  :J. Banaszek, Walsaw University of Technology (Walsaw, Poland)

BERBE 3T AR TRIT7 70— FOfNOBEEE (Effect of Fluid on the Motion of a
Particle Approaching to a Solid Wall), AZEFZDOHE AR OLMEMHIT (Numerical
Simulation on Boiling Two-Phase Flow of Liquid Nitrogen), JlEX v EF5F—3 3 YD
181k & & 7 VAL (Visualization and Modeling of Acoustic Cavitation Fields), RiZWEZ %
A &E 5 B HKREE O BEfFNT (Numerical Analysis of Free Sueface Motion Ensuring
Burst of Bubble Dome), B ) ¥ v U5 — 3 a Vil OBENRE Numerical Study of
Cavitating Flow on a Hydrofoil) ®, EI- A€ 7 MEFE (BRH 5V IZERO M
WETY YT, BEZHEBETY) V7 RIBEELERET) V7, BEREF v EF
— ¥ a YEBRETOREARETY ¥ 7)) KET 2 SWORLREIORL LY ¥ g
YTHB,

HEEBEZREFTNVOBREICER L2 AFICL 2 EBHEORETH ),
BRHHRLEE DO DERZERCEF A SN,
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Session 2. 1F & 2. 2F : TUTORIAL : Flow-Induced Vibration (i JJIREI O EZ L v 3 3 »)
Tutorial Leader : S. S. Chen (ANL)

PVP @ Senator T, ASME N - 1300 SEEDFEEA »/3—TH&H5 S.S. Chen Ik 5
HRBEKROHEE Th 5, Eiltr LFHEEE T, B 2BTEEL3HHE NI,
FTOLWEXFENLEDOI T ANIRE), T2+ v 7 EE 4 EPHREE IR
ZUADEL, BIHRIIE 2. T2 BFNTS5 Y VTBITAESI L L Tid,
BARFCTOROEE E KOFTICERT A POBREORE BT LA TW2S, O
HTHREELDDALwHEEOFICHERL TV, 4BOZOHPHFTONIED =
—ZXE LT, BEEELREOEE L LTEBETAZ L, BB BRORE BT
— FOEBEFICEFRIC L ZEAER ) OFERELBES FORBEEOMY, S8
D7 ¥ AEE, EREVTE Re BEBTO St HOIBIR, &L HEOMHERH.
L BB — AR/ LTV,

Session 2. 2A (FSI-33) : International Symposium on Computational Technologies for Fluid /
Structure / Chemical Systems with Industrial Application - V
: Multi-Phase Systems - 3

(EENDIDH ¢ B UK - #85E - (bZE YV 2T A0 D 0K iER
BEMICHET2EBRY VRV T A VSRRV AT A -3)

Chair : S. Kawano, Tohoku University (Sendai, Japamn)
Vice-Chair  :J. Ishimoto, Tohoku University (Sendai, Japan)

FAAINATT B <V F R & — VEHT (Multiscale Analyses on Bubbly Flows), B
BRICL 2EJRRE "BNERES X UTHEHOFE Boilng Liguid Expanding
Vapor Explosions: The Influence of Dynamic Repressurization and Two-Phase Discharge), %
REEFNVICLAFERY I 2L — 3 D20 DEMEEHEY (A Numerical Method
for Bubbly flow Simulation Based on a Multi-Fluid Model), 73 % Z#H#iC & 5 BUES A%
By DO BAERARTIFIC & % F# (Two Phase Flow Coal Pipe Erosion Predictions Using CFD)
DARBOBLERPOED LYy T a v Thb,

FER - BIBEIRICL 2THEETY V7V FEER, BOTa=—7 BoFR%
TETH B, WN+) MEETFTNEENS 3 XICIEEEILRBREAE T 7 VLEE
. RIS S | lHORBETALEABT A X NBORAEFTLVZIDIES b
Ty KD 2 MBEETNVICHRTHBOTRFERREEE5 L5, ZOEFMEFKIE,
BEORL BN HOBAP TORLIBVOFMHICOHEBTE S,
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Session 2. 2B {CT-06B) : Linear and Non-Linear FEA Applications II
(B & CIHEREARERBENTOIA I

Chair : S. Yoshida (Koyo Iron Works)
Vice-Chair  : D. Metzger (Ontario Hydro Technology})

BAEEWONHAREZMBIT 70 72 ADHAE (Software Assessment of General
Purpose FEM Programs for Composite Structures), =BT EROHEBMERETO7-0
DR (Yield Criteria for the Elastic-Plastic Design of Tubesheets with Triangular
Penetration Patterns), PEZ ST 2R Y ~ 7 OB Y = VEE 7 BV /- i
BEJE FEMT (Elastic-Plastic Buckﬁng Analysis of the Uplifted Shell-to-Bottom Joint of Internally
Pressurized Qil Storage Tanks Using Axisymmetric Shell Finite Element Method), FE#RTEME
T BAF Y LVABRORY ELBED /DO 2 BEERTE FVIZET{ ABAQUS
DL —H 7 —F » UMAT (An AQAQUS-Compatible User Subroutine UMAT Based on
Two-surface Constitutive Models for Cyclic Plasticity of Non-Linear Hardening Stainless
Steels) ? 4 MOBAREI LA LY Y arThb, SMiPERERVLZEROR
FrE S ER TR S T3 A, BBRICHLTIREE TS0, BROR
R ENTw5h, BENSMHERICET LML ETVOREFE STV,

Session 2. 2E (DA-04) : Stress Classification in Design & Analysis
(GRET L AT BT B0 174E)

Chair : W. 1. Bees (BMX Technologies, Inc)
Vice-Chair  : LNishiguchi (Kanagawa Institute of Technology)

NEZZT A AEEREAMELE o FOEE Buckling of Imperfect ellipsoids &
Closed Toroids Subjected to External Pressure), BIPHRERREZ W2 E# B L UHD
REMEFZOBRFAFTEDOTMBAE (Lower Bound Limit Loads of Cracked and Notched
Components Using Reduced Modulus Methods), CBA $FDZE £ 7 VI 5 7 R
#47 (Finite Element Investigation of A CBA Reactor For the Effects of Thermal Cycling). B
MHEERY 2 VORFITED LROWLETE (The Approximate Calculation of Upper
Bound Limit Loads for Axisymmetric Thin Shells), ¥ ARIBEWE L FHIT 5720085
D HEBHIFE (A Comparative Study of Simplified Methods to Predict Plastic Collapse Loads).
D 4 WOBMILBERPOBRA Y Y a v Thb, 2 BIOBEBN»HHMEBERHE
KD, FNICETERTTETAIFEFRESN TS, HE DL I3 EEH X TDF
ZHADOBREFRR SN2, FEOFEIFEIC X 52V EASHEFER S L TY
5o
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Session 2. 3A (FSI-34) : International Symposium on Computational Technologies for Fluid /
Structure / Chemical Systems with Industrial Application - VI
: Fundamentals and Novel Methods - 1

(BRI & Sl - 5 - (%Y A7 AD LD ORE
BIEEW T AEREY VRV & VI BB L OEFHE
5 - 1)
Chair : Y. Matsumoto, The University of Tokyo (Tokyo, Japan)
Vice-Chair  : W. Jia, Yamagata University (Yonezawa, Japan)

PP AR K B IR R DBER (Tracking Material Interface by the Transport
Coordinate Method), (LT b 0¥ —at v BHRMRARNEIEICBY
5 IRERFRZEDFE (Calculation of Residual Error in Explicit and Implicit Fluid Flow
Simulations Based on Generalized Entropy Concept). 3 KRN EHERERENRIED 725D
LK |4 {Computational Flow Visualization for Validation of Numerical Solutions of Three-
Dimensional Flows), #LHLY = v b IZx9 % M (Coupled Solver for Turbulent Jets),
ATE A% — APURIREIC X 5 BEM O 5K (Bifurcation of the Numerical Solution with
the Dispersive Error of the Scheme) D 5 DGR XERP LR LY ¥ 3V Th b,

VOF IRl EA L EERREFEHFE (LB 3. RE0OMEE
THLSELRVILRE LT =27 TH S0, BIROKEBRME DM 8
B E DI R INT, FHERA X — ARORFRZEIC X 2 HYEE 05k (INRIA,
France) NHEF T, FEFREBER 2 BTV B4, BEMNEAX—2%H
b DEGRBREIZ L o T, BEOMAFRSE DN S TEEITRHE IR,

Session 2. 3G : Can the Code be Simplified ? (ZE#& IR TE B 5D

Chair :N. G. Cofie (Structural Integrity Associates)
Vice-Chair  : M. Ueta (The Japan Atomic Power Co.)

BRI LBREHB L EEND S X — (Image of Simplified Codes & Standards
System), % 7Y x 7 MEFIC X 5 EF IS O BUBIE S 7 1 T 2 M SR
(Object Oriented Design Procedure for Nuclear Components Against Thermal Transient Stress).,
75 Y ADRFFa— FIZBIT 5 EFEMN (Fatigue Analysis in French Nuclear Codes),
i 2 M IE H R D 72 DY R 7 72 —F (An Improved Approach for Performing
Simplified Elastic Elastic-Plastic Fatigue Analysis), REDBREFHELED A & —F v b
¥ (United States Nuclear Power Internet Resources), @ 5 RO RERIr LKL Ly
arvThh, BMEEDHEMICET Ay v av, SO OHEBLERE
BHEEEAHA (RKR. HHEERTES), FuBEICHT 2 HEEMETIEL
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1L LR Z TR L TAMITa— FORE @K - SHEER). LEOETIHE
BEREIIBIT A O TATFMAORMERIEE ASME Sec. II & ¥ L CFiHBE (EdF), [F]
BOBBIZOWTORE RED LY V=71 V&) OFhERICOWTHERDY
Hol. EARBEEREEOBBIR SN, BHEIL, BETEDIWBEERLS,
EREBES LT — XA ETOBBROUMAZIEY . RPHEMZID AL

LB THb, $/- 78S & ASME OMENFAALTEL TS, T LAEHEZOF
BT, A—FEETHCBT A 2 TANORBEER LB K & BINTELER
DHEEHEEOFEEEF VD L. RIULP S, B A 7 VEFFMICLE R BB
O AT BERITER 2O T T 2HMEBEN 0T AEPFRBOUBEIEA S
7oo 9 L7-Bh &I ASME OEFREFRETHAE L L OFEBILZShTWE2D
ThbrLEbhs,

Session 2. 4A (FSI-35) : International Symposium on Computational Technologies for Fluid /
Structure / Chemical Systems with Industrial Application - VII
: Fundamentals and Novel Methods - 2

(EEANDIL % & Uitk - i - LE Y A7 A D7D O RfER
HEMCET2EEBY VRV A VI 8B X CEH B
-2)
Chair : Z. Ziang, Tohoku University (Sendai, Japan)
Vice-Chair  :T. Suzuki, Toyohashi University of Technology (Toyohashi, Japan)

KO BRI S KUK 220 DL RIMARERT VT X 5 ORFEFH
(Analysis of Validation of the Semi-Implict FEM Algorithm for Natural Convection and
Freezing of Water). FEEFMEEIED /- DH LW EREFRE (A New Finite Element
Method for Unsteady Analysis of Fluid Dynamics), % B & UFEEHWMAIZ T 5K
Bt/ 00F T4 2 - Ab—7 AFHHEI—F NSFLEX DF%
(Development of the Navier - Stokes Code NSFLEX for Large Scale Numerical calculation of
Steady and Unsteady Flows). FEEMMREBIFE I3 2 #HiEoEE (A Domain
Decomposition Method for the Solution of the Incompressible Navier Stokes Equations Applied
to Rotating Flows). &tE N, BEKAENTF S L UBEEDFIEICIBIT ARV F<—
72— FIZETAEE00DT A 77 (Some Ideas of Benchmarking Computer Codes in
Computational Mechanics, CFD and Heat Transfer) ? 5 SO L BRP WAy ¥ a ¥
TH5b,

BB OLERMMEIC XA ERERE T — FRETIE, MEFERRO FET -
M EAT ) 201, HREFZRFEICENKRET NV Oynamic Large Eddy Simulation
Model; DLES) #3E A L7720 DLES Tid, 77V v FEFNIZEHNAAYI) VY A ¥
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—EBOBEHREZTARWICATIRELAEL. FERX r—VIRETL LI LT
FHETOFBRZANETHLDTH 5,

Session 3. 1A (FSI-36) : Intemnational Symposium on Computational Technologies for Fluid /
Structure / Chemical Systems with Industrial Application - VIII
: CFD for Complex Physical and Chemical Processes

(EFENOILR T G T - 8 - LEY 27 A D7D OREST
HEMICHTAEEEY Y RY Y A VI EHERWES X 0L
FO 120 DEAEFTAETIF)

Chair : C. R. Kleijn, Delft University of Technology (Delft, The Netherlands)
Vice-Chair : A, Krishnan, CFD Research Corporation (Huntsville, AL USA)

[o] Bl e 12 3B 1) 5 BEOBEFAETE (CFD - Simulation of Electrical Arcs in Circuit
Breakers). Ar/Cs FEF5 75 X< 71 A7 MHD BERICH T 5 il o KR EmRAT
(Numerical Simulation of Discharge Structures in Ar / Cs Nonequilibrium Plasma Disc MHD
Generator), FF= 2 — b UM - (LEREIZL 2 IC EBOTT AT 1 v 7 RELIC
BI BT 4 VBN DOERFEREE 3 RICEIE (Time-Accurate, 3-D Computation of W
ire Sweep During Plastic Encapsulation of IC Components, with Non-Newtonian Viscosity and
Curing Chemistry), SHE I NV I =T AR FHRETICBITS 3 K77 X< EOHKE
FFETE (CFD Simulation of Zircon Particles Treatment in Three-Jet Plasma Reactor Under
Dense Loading Conditions), 3.2 MW 7& v 2S—RIGHIE — ¥ O ENEEEE) O B EFi &
71 % (CFD Simulation of Fluid Dynamics and Heat Transfer Phenomena in a 3.2 MW Hopper
Suction Dredge Motor) D 4 DR LERDPORA LY ¥ a v Th b,

EFESICRHE A LR & 4 BRBTRR T WV D TELSH T, RASTE L
A, BUREIRTE L BEYNASTE 2 E2 BB ICIIR Y, IS 0F MM RIcE
DWTRETT L ABROBHENM L ELMIB E LD L. LFERBEOME T,
TNEROER) ZHWIZW YD) & FRICHELEHAE b&WcEFvEL T, #
BOBRDEAEBINZ 2 LEFDH B, D2, FRFROEEOFMTIL, B
WHEE BIERL SRAEER UL F R COR AR LTWS,, ERBRONY
iz, MOBEZRIET 2BRL 0. BNLTVTY XAOFBHFE—H 2L

TH5bo
Session 3. 1E : Design I (BXET I
Chair : D. Bhavnani (Hancocks Bridge)

Vice-Chair  : H. Kaguchi (MHI)
i CHA IR E % %) 5 BE O #EHTFIE (Design Procedure of Piping under Thermal
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Expansion at Elevated Temperature), EIFDRFH 7SV FOHEB L A L
FLE D747 (Resolution of Degraded and Non-Conforming Piping Conditions at Operating
Nuclear Plant), FERPEMEATIC X 1) F3l L -8 0648 8 % RV - Bl E S R O B g
#l (Structural Design of Demonstration Fast Breeder Reactor Applying Elastic Follow-up
Factors Estimated by Inelastic Analysis), @ 3 fiORXEEFOKL LYV a v Tha,
REEERECE T2y Var, BEOHEER,. 5F v N RSN HEH
BREEM U SSGEFARERINEORSE (EERTA— %), 35 ERmmT L
O CHEMBRBBORE (BE. BPRRETA—%) BT 2REND -1, EEE
LIPSy S P YVAR TR S 0 cEREL EE RET OB AN
MHI &) %3l YMEREORIIEINEY = 4 7 7 VI Ohdo Tz,
CITY A7 Ty FHERNE D L L72d% Fz iR IE s sk 1 2
WHICBIS, 2V—TEH, 5Fzv b, ERFHESLEE L o720 2 Y — T
71 2 AL EO TV R CHMERAE U 2B TR TN A IME L, S HIZ/ET
HIERERRZ A TRMES %0 T F = v FEFMEEIE, ABAQUS 1L 1. KEE +
Y VER + HESBERITRN TV, FORRCESEERREER L. B
BEIEEFME IS 2P VRIS TR WOT, EBRLEBRL b FHEE &
PEEL Se HlPRE 2 f512F 5 2 LSk, DLEDRSE, 2 FTAREEEZ, 2 #h5
3T BILNTET, REBEIF HX BRD 2 U — FESHBE I A X,
HETEIBE SR BN D RTA 12 BB 55 BO L FEREMEMRAR (Partial Inelastic Analysis) %38 L7-. 3k
MR TORL SIXEN L BRI BRROBELHEL R M 75 A DBETH 345,
RIEICH LT, PR BT O R L M 2MNEE P L TAE LN ED -
2o WEIH L TId, RELZBUEBFELIFRIE2 07 3 HTHEH-D, B0
BLMEICIBBIIGEL2nEELZ LN,

Session 3. 2A (FSI-37) : International Symposium on Computational Technologies for Fluid /
Structure / Chemical Systems with Industrial Application - IX
: Semiconductor Manufacturing

(BERNDISH & Ui - i - L2 2 7 L D220 O Bflst
HEMICBET2EEY VR Y Y A IX L BARE)

Chair : V. V. Kudriavtsev, Watkins-Johnson Company (Scotts Valley, CA USA)
Vice-Chair  : H. Yang, CFD Research Corporation (Huntsville, AL. USA)

YA BRIV 7 Ay AGFICBT BEMERETEEM ORI (Adoptation  of

Computational Fluid Dyamics Techniques to Emerging Disciplines in Microelectronics), 33
BDTIX<=MIIC BT BEEE TN (Computational Model for Plasma Processing of
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Semiconductrs), BIE{LEERILBIFOT -V 274 32— 3~ (Large Eddy
Simulation in a Rotating Disk Chemical Vapor Deposition Reactor), Czochralski EI#% =
VAT LB BIFERIEHROFRER / BFENA 7 v V@I (Hybrid Finite
Element / Finite Volume Analysis of Turbulence and Heat Transfer in Czochralski Crystal
Growth System) D 4 RO/ LXERP LWL LY 3 ¥ Th b,
BFABOEGRICIE, ZRRICL > TETETF) — FPMER DRSS EL,

BEOHEIIZ Y — FALHSFHL Ho CTETORBIC Eb, ML BEWETH
ZB L UCBENHEEER £ U ARESEMELR B0 A AD—FIA A &
hiz,

Session 3. 3A (FSI-38) : Intemational Symposium on Computational Technologies for Fluid /
Structure / Chemical Systems with Industrial Application - X
: CFD in the Process Industry

(BERNDICH & & Liih - BiE - b# Y 27 A D70 ORfERY
HEMICET2EBY YRV Y A X BETEITBT 5 5l
AN

Chair ' : A. Krishnan, CFD Research Corporation (Huntsville, AL USA)
Vice-Chair  :V. V. Kudriavtsev, Watkins-Johnson Company (Scotts Valley, CA USA)

BlE 70 A TOBEFE NI FEFEDOFIE (CFD Applications in the Process Industry),
PRV VB BHRBEY Y 7ARNDO T V2713 Iab— a3y (large
Eddy Simulation of Stirred Tank Flow by Means of Lattice Boltzmann Scheme), ¥ 70+
ABERKFTZ BT 5 BUEFRAIFEFHDOF A (The Use of Computational Fluid Dynamics
in the Design of a Pharmaceutical Processor), A X F o KELER A &RET D72
DX 5-E 77V (Compartment Model Approach as a Design Tool for Large Aerated Vessels
with Multiple Impellers) D 4 DR/ ILCHERPOE ALY a v TH b,

BESTFIC BT 5 BIERARHE T, BATRLEBIRITIEHE ke2 HRREF VA,
SHBATRFIABLTET NV (ASM) FRASh TV, BEHELHEHESOFMT
X, FFESFUMREERT 5720, ASM ZEOLERITRL 2000, FHE
B CPCREDB RO 7V F A 7 M ERD IZHE ke 2 HREXEFTIVOFAICLE
o TWb, ZMHARAMI RO Tid. STERBECINERECEIITDE D00,
ALOFFETERREZR L T NTHEZERTE 2w L5, ASM OFFA*
—IELo2® b, 2L, EHERE, BHERLZLDICELATHE L) THS,
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Session 3. 4A (FSI-39) : International Symposium on Computational Technelogies for Fluid /
Structure / Chemical Systems with Industrial Application - XI
: Various Applications of CFD

(BEANDOILHZSUHRME - & - LRV AT LA D0 ORYERT
BEMICETAEERY VRV Y A X BEREHZOSEIEG
HD)
Chair : R. Hold, Daimler Benz Aerospace (Munchen, Germany)
Vice-Chair  : M. Okubo, Tokyo Institute of Technology (Yokohama, Japan)

REEARNH 2 S NIER S v 7 WERB IR OBAEMENT (A Numerical Analysis of the
Stratification Properties of Chilled Water storage Tanks Charged at the Freezing Point), &[>
Ry TF4 € 2—FHNEEREORME - ESRKEF  (Simulation and  Experimental
Investigations of Rotating Stall in a Centrifugal Pump Diffuser), ATL/UGBED 72@ OIRE) R
Y TOBMEETEIC X 5% (Computational Design of Vibration Pumping Device for
Artificial Heart), Bark R A T OFHEEE A& Bk (Computer Aided Optimization of a
Bark Boiler), ZER.%¥ 7 M EREICEE 9 A9 (Study of the Performance of Airducts) @ 5
WMOBMLRERPOSL LY Y a v Thb,

Session 4. 1A (FSI-40) : International Symposium on Computational Technologies for Fluid /
Structure / Chemical Systems with Industrial Application - XII
: The Use of CFD in Shape Optimization

(FEE~DILBEELWE - BE - LFEVATF LD OOHMER
BREMICETAREEY VRV Y A XU : BIREE{LEEA~ADE
BT ZDOFH)

Chair :F. O.wens, CFD Research Corporation (Huntsville, AL, USA)
_ Vice-Chair  : J. Derksen, Delft University of Technology (Delft, The Netherlands)

THEITH—-HKER/D tb@%?l_,ﬁ%(ﬁ. & O H #h#bi 7 #E(Automated
Optimization of Porous Registances of the Flow Straightener to get a Uniform Flow in the
Downstream). o BARAEEEIZL 5 CAD B X UF CFD B DOERBEDO# X (Overcoming
of Barrier Between CAD and CFD by Modified Finite Volume Method). / X ViRET D728
DO ELFRIC IR R BEILFE (A Turbulent Flow Shape Optimization Method for Nozzle Design).
FEARFES CPD 12 & AR D Ha# 1Y (Shape Optimization Using Geometry Integrated CFD)
DAT/ORABRIPOEAL LY T a rThbo

FEEEFSCEREECHE T, ERMT 7o—-F L) SREFRE7 Yo—F
W HE LN Thb, EBRWT SO0 —FI0 T 5B ELERT S - 0RERR
FRBMICIEZ., BREKD S A — VEZELGRVWERI S, EBREL EDTEH#N
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FA—FRTMET HFMETE CEHEL, RDEEL TERERFO L~ %z
LTWa, Lo Lads, BEOMMEEKELELETAEH~OEHARIIAILD
BEOLITH b, HEFERTS =001, BIERF RIS 2 EEE 0 S EF
WA RE L 225, |

Session 4. 1G & 4. 2G : What is New in the Code? (ASME Z£# D Bhif))

Chair :D. Canonico (Combustion Eng. Inc.)
Vice Chair :M. D. Bemnstein (FosterWheeler Energy Corp.)

ASME B & PV Code D4 Section = & [ZEEDEIR G L Eh o2 H) OREBEHST

bhiz,
Session 4. 1E : Transient Thermal Hydraulics and Coupled Structural Response-I
Chair : Y. W. Shin (ANL)

Vice-Chair  : S.Kimura (£iRX)

HAEE Dy ¥ a . REHERTICHET 2 E28EROEMBRESRBESNRT (&
R, BBEE). £7— 51k, BRFESOBE & CRBESHERE B EEED
L3FEDI 547 TITBWTHERSE Cn% 2.5 LLE (PNC A41Cid ASME & [
C12lE) ¢ LTWwWaE Z L LEEBRT L7~ D0 LDTH D,

Session 4. 2A (FSI-41) : International Symposium on Computational Technologies for Fluid /
Structure / Chemical Systems with Industrial Application - XII
: Thermal Radiation

(EXRADIEH T & UHE - i - L#E Y 27 A0 7z0 O
BT 5 EER S VR U7 A X : REEE)

Chair : V. L. Colovitchev, Chalmers University of Technology (Gothenburg, Sweden)
Vice-Chair : N. Behera, Numeritec Corporation (Lebanon, NH USA)

FE 3 REHICBITLHBEHABRE (Radiation Heat Transfer in Arbitrary Three-
Dimensional Systems), 3 KTTIESLIFMENT 7 — F AIOLOS D EBMEMEE (Industrial-Scale
Validation of the 3D-Furnice Simulation Code ATOLOS). FEZE 5 MIEIK YRR 3 kT
FEST#{%E (Three-Dimensional Radiative Transfer in Anisotropic, and Nongray Media), &
IR BT B - A HHGDE T VL (Combined Radiation and Convection Modeling
in an Industrial Furnice) ® 4 fwmO X RENLOHK L2 LYy a vy Th b,
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Session 4. 21 (DA-12A) : Fracture mechanics analysis (838 ] 5= #4T)

Chair : 8. Kubo
Vice-Chair : K. K. Yoon

Kig D 2 REEEITHE D { TEMEELMEK (Compressive Thermal Yielding Leading to Heat-
Check & Hydrogen Cracking in A Fired Cannon), HXI#ITE & %7 5 HEHROEEON
EOBIR EZII§ B I IHE KRB (Stress  Intensity Factor of An Arbitrarily Located
Circumferential Crack In Axisymmetrically Loaded Cylinders), 7V I =77 AR DFE -
& ZLILHAFE DISORER & #5F (ISO Test Method and Results on Sustained Load-Cracking
Resistance of Aluminum Cylinders), SR A L v LV AHOREEH X RERICRIZTIC
TIEBEEDFEE (Bffect of Stress Frequency on Fatigue Surface Crack Propagation in
Stainless Steel at High Temperature), EFHELE OKREE & R O BIERE N F58)
(Elastic Plastic Fracture Mechanics Behavior of a Part-Through Crack in Nuclear Piping) . @
SWORMABEPLOEL LYy Y a v Thb, .

LI EZTHEEO S RERTMICELTLUTOERZERVEO NIz, B
B DBESAOFENLEENZEEIT 3 RTEN TRLILEND L, EEIHF
ETHZEXLBREBOENIILEETLILEFD S, wmE ¥ TOREMEF 712
HY, EREFOFMEL AL LEBAHAE. BAMNE L WEFAEOEIIEL 25,
Ll BAMOEESMICL D, BHE L HESNEOBESIZ 255681, Wil
7 ) — OWENRESAI L 20T HRRE L . WA RIS IHRBROE &%
EZIERHOETERTLIEPLEIL R S,

Session 4. 3A (FSI-42) : International Symposium on Computational Technologies for Fluid /
Structure / Chemical Systems with Industrial Application - XTIV
: Combustion - 1

(EEADICBZ BUMME - BE -LFEV AT AD0ORMER
EBRMCETA2ERY VR YAXIV BE-1)

Chair : R. R. Linn, Los Alamos National Laboratory (Los Alamos, NM USA)
Vice-Chair  : N. Hamill, CFX International (Didcot, United Kingdom})

KA T B & UBRHPR OB ORBEE RIS (Computational ~ Simulations  of
Fossil Fuel Fired Industrial Boilers and Furnices). BEHVIFBREZEYE TOBREIE
(Numerical Simulation of Combustion in Waste Layer of Stoker-Type Incinerator), 2 MW X
SRH AELIRREEAR D b O RBAELRICEDO BTl (Analysis of Local Turbulet
Reaction Rates From CFD Predictions of a 2 MWt Natural Gas-Fired Turbulent Diffusion
Flame), BELICFERISFIC BT 5B ERGREBREBROSHESEAF —L104
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A &HE (Numerical Study on Combustion of Hydrogen in Supersonic Airflow Using High
ResolutionScheme for Turbulent Chemically Reactive System), JEHIZEILREBRBRED
v 2 2 b—7 3 ¥ (Suimulations of Swirl-Stabilized Premixed Combustion) @ 5 #f @55 3C
BEDPOEDEY Y aryThh,

FEM MR BRI T, ELREBIC L VRIEEFXRE NS, 20D,
B R 2 IMTICRER (RBET 52 20 P5IEEeROBEZEAT 5, KIDE 238
I HRNERIL, V1 VARARERBRIR L ED 2 RE—AV M THEI LD
b, BLETFTNVOMEIZIL->TIE 3 RE—A VMG LTOEUERENRE, &
DIEPTiE, HEEFHOETY ¥ FHFRASATHE L) TH b, BT, £
Rz XA TARE - BEAF -V EETE A v o fE, BHAAE, €711k
FRELZBEA Y — )V & OMIEHEBRIEROPLL o7,
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HexE & M

PVP S#% HABMFEROBUOAEM L BT 5 &, RERRFCETRED
B OBMAEDIHLT, & D EBICER LBRIS W EPE T2 0O 4 DHIT (3
ERTOBIEN ., EEOREESMH L WRFN) #5255, PVP TRESHFN=—
W U THEEICLEHOR RN L ENTWS, EEEEEREtME0ELa» 5
BREELHBEEEDOLy Ve YEEE L, BiRHER T%ﬁ®777487
1 2B LCREAMICEER NSV, #HEOBREEICEY 280 2HRITKET
bITHLNTVEY, BRICHTAERIEL DLy Y a Y KEHIT - TB ) FEER
LV, £y ¥ a v TLIERERLOECRASLZERNT VL L) Thb,
WEW AT OB A, b, B - BE, BFory v a v eHE L. A&
B L, MEZCBNTHERF L ENORICTOMESFSH ), ¥ Pk bl
BrERONLE, TOBHYIFKEDOEFOLSZER LS. (BF)

- R, [EZEAORHAZSURE - BE - LFEV AT 5070 OBERHERI I
BE§ 5 EES ARV A (International Symposium on Computational Technologies for
Fluid / Structure / Chernical Systems with Industrial Application)| Z81F % KEDBILFE
ZPEE Lz, BERLIIBO TLVEMHERICEo b 00, BEFHERMA ICH§
AREHREL TE B ORHERICHLTRARBEREZBLII LTE 2, L
LD, WRERZETTELI LD D, CEELEOERSCHNIEA
TLEo IR &,

BB E & HBESH L LAY -~ VAL A FHED L5 REREEIC
Xt 5 HFRIEENE. FOEMMERICROIREI LS LI 2P L, FRICBIT
5y vavOBYLEBRET) I LOBLICOER TS, BAMWIZ, ThIT
BRI ERS N T ERZREROEASDED T LI 2 2 BRERFF L, [
Bl EVvoltF—T—FOART—HEHWIITEILER BHEFD L, §ROIHEI
EEICHRF LI, (1))

4B D PVP £ ASME / ISM Bt & v 9 2 L €, BERL HERTKED»H D
bOWEP oD, Ky ParELRATHERT A2 )ICRLTLLZ-oTEL T,
HADEyar, kEOEy Y aryrEn3 X3P Tws X ) LhERE T
oo T2, BEEHILOEY Y avAOENFITHITCHN LD FTITPRATWS
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IIT, v T avOF—<hiEoE Y LTV BGENE LA hPor k) 10k
Clzo ZORBDD, DEDDRIABRILDODADBAY PRETH o720 2D BT
DHEREEOHL VEZAHLZOPD L, '

B ORE L LT, —BHIAEYN., ROCHEOENRPER* RIEREFHE LT
Borhwve, HEEIZIATEIDDP > TOARWMPRIEVWIZ L, ) Ly —2A
PHASNLZOT, BHELTESHELD ) LASIEET L LII1TL,

JREETIIBIZEEZFIA L2205, & 7 BIADHETH o770, HEICEET LK
BRATE 25 DL EROBEF R ko TuE Vv, FRBECREFRHLTREL 2k
LY, RO RERREFORTD, ﬁ”ﬂmwa/b#@@h&bﬂ
$m®mﬁfﬂéﬁﬁbmuiﬁ)
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PVP-361
PVP-369

PVP-362
PVP-363

PVP-364
PVP-365

PVP--366

PVP-367
PVP-368

PVP-369
PVP-370

PVP-371
PVP-372

PVP-373
PVP-374
PVP-375

PVP-376

PVP-377-1

PVP-377-2

PVP-378

i1  PVPFOY—F 1Y FAVAD

Structures Under Extreme Loading Conditions - 1998, Edited by H. Levince

Pressure Vessels and Piping Codes and Standards - 1998, edited by B. Lubin and
T. Tahara

Severe Accidents and Topics in the NESC Project, edited by S. Bhandari

Flow-Induced Vibration and Transient Thermal-Hydraulics - 1998, edited by
M. K. AuYang

Seismic Engineering - 1998, edited by G. B. Rawls

Fatigue, Fracture, and High Temperature Design Methods in Pressure Vessels and
Pipng - 1998, edityed by K. K. Yoon .

Technologies in Reactor Safety, Fluid-Structure Interaction and Sloshing, and
Natural Hazard Engineering, edited by Brochard and S. J. Chang

Analysis of Bolted Joints - 1998, edited by K. H. Hsu and T. Sawa

Analysis & Design of Composite, Process, and Power Piping & Vessels - 1998,
edited by D. K. Williams _

Integrity of Structures and Components; Nondestructive Evaluations - 1998,
edited by H. H. Chung and C. Monahan

Finite Element Applications: Linear, Non-Linear, Optimization and Fatigue &
Fracture, edited by J. F. Cory, J. F. Gorden, and Y. Narita

High Pressure Technology 1998, edited by L. Picquer and M. Kawahara

Risk Assessment Technologies, and Transportation, Storage and Disposition of
Radioactive Materials, edited by F. L. Cho and R. Hafner

Fatigue, Fracture and Residual Stress, edited by S. Rahman
Fatigue, Environmental Factors, and New Materials, edited by Har Mehta

Fitness-For-Purpose Evaluations in Petroleum and Fossil Power Plants, edited by
M. Prager and M. Zako

Component Analysis and Evaluation, Aging and Maintenance, and Pipe Supports,
edited by L. I. Ezekoye and T. Sawa

Computational Technologies for Fluid / Thermal / Chemical Systems with
Industrial Applications, Volume-1 - 1998, edited by V. V. Kudriavtsev and
W. L. Cheng

Computational Technologies for Fluid / Thermal / Chemical Systems with
Industrial Applications, Volume-2 - 1998, edited by C. R. Kleijn and S. Kawano

Seismic, Shock, and Vibration Isolation - 1998, edited by H. H. Chung and
K. Ishida
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ASME/JSME Joint
Pressure Vessel and Piping Conference

July 26-30, 1998
San Diego, California

M. Morishita and K. Dozaki

Power Reactor and Nuclear Fuel
Development Corporation
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Outer shielding wall

HAeactor sontalnment vessel

Caontrol rod drive
machanism

Intermedlate
haat exchanger
\

Primary
pump

[SHTS tamp.
isolation vulve f480 c
e —

J

PHTS flowrate
48 %

| Reactor power
o 310 MWt

b

Leak location
3

SHTS
/ flowrate

39 %

Secondary

Alr cooler-

Supertieater ¢

Evaporator

- Electrical
Turbine speed outpust
3600 rpm 112 MWe

]

. Generatol

. Condenser

.

Feed water
tam;

193°C

Isolation vulve

[ Feed water |

flowrate
40%
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I

e g e o T R S R R

~ Sodium Leakage ncident Development

w Plant Operating Condition (December 8, 1995)
— Reactor power: 43%, Secondary sodium temp: 480°C

19:47 Alarms activated (high sodium temp., fire, and leak detector)
20:00 Normal shut down operation started
<= Leakage was judged to be small scale
20:50 Number of activated alarms increased
21:20 Reactor manually tripped
<= Judged that leakage enhanced
22:40 Sodium drainage from the loop started, completing on 00:15

e The reactor was safely shut down and sodium leakage was ceased.
o Total amount of leaked out sodium: 640kg (estimation)

There was no release of radioactive material nor sodium
compound to the surrounding environment.

July 27, 1998 OEC/PNC MM ASME/JSME PVP ‘98 Monju 1

Sketch of the Affected Area .

Containment Vessg
penetration

Thin layer of deposits over \ (/‘15
the insulation cover plate S
7 ‘ plate ) ‘_y‘

Temperature
gensor Hot leg of SHTS (Loop-C) -~
Y
i
'i L~ Pipe hanger \ K ,
QR

A lump of deposits
on the hanger support
=

/ Ventilation duct

e perimeter of the veniilation duct facing the wall is
/ lost to a width of about 25cm and lumps of deposits round
. the opening

/ A seri-spherical lump of deposits at the temparature sensor and
the external insulation cover plate directly underneath lost

@ Quter shielding wall (Concrets)

A semi-circular pile of deposits (3m in diameter, 30cm high}
formed on the steel floor liner

The color of the concrete wall turned blackish An hole formed in the grating with globules of deposits adhering the edges

— 37—
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Kenji Ogura® Masaki Morishita™
Akira Yamaguchi**

* ; TOSHIBA Corp.
*% : Power Reactor and Nuclear Fuel Development Corp.
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Obje@i’ives

& Flow-Induced Vibration Test
Numemai Simulation

© Conclusion

e

¢ To Investigate the Fiowwﬁndui.._
Vibration of thermocouple well

& Flow rate dependency(100%
and 40% flow rate{sodium
leakege occurred))

Effect of crack growth

Effect of sheath condition in the
well
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Well \\ Pipe wall

d=10mm q/ Neck \
| N

L‘ 185m@ ?

/ , Connector
’I

© High temperature water fiow a‘ééi loop

Pipiﬂg : 568.8mm(0.D.) and 9.5mm{wall
thickness)
"""" > Water temperature : controlled
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erature water fio

Thermo-well
Flow d:rectlon

g _.445_.—,-

C@ Flow rectifier

Device io add cwculatnon
1o the flow

py 1:

i 4#;1!.., J,{_
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TES T{Paramete

& Test Parameters

1. Flow velocity and Reynolds
number (effect of flow condition)

2. Natural frequency of T/C well
(effect of crack growth)

3. Sheath condition

& Flow Velocity (v )
- Sweep from 1m/s to 8m/s

40% flow rate : v=2.2m/s
100%flow rate : v=5.5m/s

© Vr(=v/fd) : 0.4~ 3.2 (F=250Hz)

where v.Average flow velocily (m/s), d: Diameter of
well tube (m), I Well natural frequency {Hz).



JNC TN9200 98-001

& Reynolds number ( Re )
Simulation of sodium kinetic viscosity
as the actual condition and flow velocity

as parameter

- Water temp. 57 C (sodium 200 T )(~ 1 x 105)
- Water temp. 78 C (sodium 325 C )(~ 1.4 X 10)
- Water temp. 98 C (sodium 450 C )(~ 2 x 105)

- Intact T/C well model : ~250Hz

- Reduced natural frequency

T/C well model . ~110Hz
(assuming a cracck)
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Concept of thermo-well model

Connector

Nipple
Accelerometer

Accelerometer  Reduce wall thickness to

1 mm (30 mm range)

. *Fill the resin to keep well
diameier 10 mm

J Thermo-well
intact thermo-well model Reduced natural frequency model
(f=250Hz2) assuming the crack

(f=110Hz)
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FLOW-INDUCEDVIBRATION
TEST(Parameters)

Reduced damping
R LARYONOR
n = 3 g
pd Le ¢n (‘x)z dX
m, Total mass per unit length of well (kg/m)
£, Damping ratio{-)
Yz Density of fiuid (kg/m?®).
P n-th vibration mote
L, Length of well ip the fiuid {m)
L . Length of well (m)

(Ex.) Cn(test)/Cnfactual) = 0.92
(sodium 200 C simulated condition)

Natural frequency in the
velocity sweep:test

Cross flow direction

In-line direction
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Transfer function
of thermo-well displace, {

Vibration mode
L 1st 2nd
1 ) 2n\:l
012F 4
i ©
% -
3 AN
= 0.08}-
E L
<
0-04 | : 1St
0.005— 100 200 300
Frequency (Hz)

In-fine displacement of the weii
(intact wel

0.9 ln-llne drrectlon _(T/C) sheath not aftached
' Water temperature 57 "C e _ 1
= o [ v ¢ flow velocity in the piping{m/s) f_250HZ(Cn"02)
TS [ #: natural frequency of the well{Hz) ! [
e~ 0.15 | 4 diamater of the well(m}) i
8 a“) ' |y : displacement of ihe well top{m) '
o) |
o Ay
S5 Of A
3T .
55 oosl_ / \
oL [
o 0.056 - / \
"(3' L i
i - / |
0 0.5 1 1.5 2 2.5 3 35 4

Reduced flow velocity (v/fd)
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Crossflow displacement of the weii
(intact well;

Cross flow dlrectlon

0.2 ———rr—p — T r
— — Water ternperature 57 °C
c o [ v : flow velocity in the piping(m/s} f—250HZ(Cn 0 2)
ga | f & natural frequency of the well{Hz)
© %= 0.15}F d © diameter of the well{m}
5] _,G_J. ) Ly & displacement of the well top(m)
8o i
85
°T 0.1
T3 | |
z =
S
oL i
o = 0.05}
L
0.....- R o e | .-’,_{....L-
0 05 1 8 2 25 3 35 4

Reduced flow velocity (v/fd)

Visualized symmmetric vortex
around the thermocouple well

Themocouple well
!

Symmetric vortex §
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Effect of natural frequency of
thermocouple well

In-line direction

e 0'2 """
c O I Thermo-well (natural frequency reduced) 1
o =5 [ |-~---- Thermo-well (intact) !
g 5 0.5 - Water temperature:57 C :

. ~ v:flow velocity in the piping(m/s)
% D I f:natural freq;.lency of (the well{Hz) f=250Hz
o I d:dlameter of the well{m) P -
% 5 [ y:displacement of the well top(m} » . / i
T o 0.1 £ "-\ b
% —E- l. _‘-—\\ \‘ f—1 10HZ :
=3 : 4 </
[T . L 2 ] 4
52 005 \'/“
O o ' 1 1
= ’ £ \,\
o I KR

L. N N RV i s

o 05 1 15 2 25 3 35 4
Reduced flow velocity (v/fd)

Effect of water temperature

(T/C) sheath not attached
ety ekl ot

0.2 ——————rrrr—— T - —
Yoliol t Water temperature:57 G : i
- [ f---=--- - Waler temperature:78 C -

g = [ | Water temperature:98 C f=250Hz
® 21'5 0.15} v:fow velocity in the piping{m/s) ]
g "G‘) F fnatural frequency of the well{Hz)
roll = 1 d-:diamater of the wellim) /\/ 5700
0 & [ y:displacement of the WellE top(ry -, &
T o 0.1 - N - 7800
-g -q_s B ; l: ‘\ ‘-A’ o

L I/ L]
ez R 98°C
O = 0.05 ; Lt
.9 [ i : ' ‘| LW +
© [ pf \ A R
o ol I ”‘ . Rttt Barer

0 05 1 15 2 25 3 35 4
Reduced flow velocity (v/fd)
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Effect of water temperature
mmwaﬁ frequency reduced well)

0.2 In-line direction (Note) T/C sheath not attac e

-:%; § [ Water temperature:57 C ]
o [j------ Water temperature:78 'C = |
(IE) bl ———— Water temperature:98 T f—'i 1 OHZ )
O .@ Q.15 [ v : flow velocity In the piping{m/s)
5 o . f : natural frequency of the weil(Hz) ]
2 £ L d : diameter of the wallm) 4
2 0 Ly @ disptacement of the well lop(m) :
T T 01 ; -
— 3 o, - c 1
5% | 57°C |2\ 78 |]
= = 0 ; c ‘“Qi:;:-., 1
G 2 005/ — XD, ]
'.,g - ] i '1 - _“\‘ 5 k
o ! - 08°C %
o . b NS
0 R Y /8 S B e e N i

o 05 1 15 2 25 3 35 4
Reduced flow velocity {v/fd)

TEST( Pm'a neter S)

¢ Insertion condition of thermocou,
sheath

- A sheath condition of the damaged
well was presumed to be different from

other non-damaged weil.

(1) Damaged well ) Bent at the neck

(2) Non-damaged well =) Almost straight
{not bent at the neck)
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FLOW-INDUCEDVIBRA
TEST(Para

Test parameters

(1) without sheath ) (

(2) with straight sheath 1::} :

(Sheath of damaged T/C)

Effect of sheath on the dampin

20 : < 8traight sheath
s - © Bent sheath(i0mm/150mm)
@S - 8 lKW/G shaeath
o 15 ¢ - e
et B
Y (80

1.0 Ko v OO
b ° o
R-JE
ﬁ I Gy p
E 05 F°F o

. o 83

© 0o B2

0.5 1 1.5 - 2
displacement{mm)

o)
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Effect of sheath condi
in th

Gl

0.2 nline direction e

[ Water temperature:57 C i f—250HZ

v 1 flow velocity in the piping{m/s}

| f: natural frequency of the weli{Hz)
| d : diameter of the wel{m}

|y = displacement of the well top(m) R |
i : : g 5
- t ¥

o
-l
N

to welf diameter (y/d)

Ratio of well displacement

o
o o
[4)] amb
e i
\?'
. N
'I
{

1
i
i
|
) - oA L -
0 RO PRV SR ) el sl il T 2 T

0 05 1 15 2 25 3 35 4

> Simulation code

SPLASH code : 2-D fluid structure
coupied model by ALE method

& Analysis of actual operating condition
100% fiow rate (200 C) : intact well
40% fiow rate (485 C) : infact well
40% flow rate (485 C) : reduced
natural frequency well

— 51—
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Time history of the displacement
response of th ]
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Time history of the displacement response
of the well with reduced natural frequency

Infine ¢ . b 4

il wmumn'n 3
o PRI il |1| |

40% Flow : ' ]
-3 - h= 005% S SO CE;TOSS~!?IOW g i : -1

o
f_145Hz, ]
MR SRR TR A | l r....'_2

In-line Displacement (mm)
(Ww) Jueweseldsiq Mo|-4-ss010)

4L Ll
00 01 02 03 04 05 06 0.7 0.8
Time (s)

of the T/C well was measured which started at
Vr~1 followed by a peak at Vr ~2

© It was shown that the displacement response
of the thermocouple well was represented by
the reduced flow velocity for both resuit of
natural frequency : f=110Hz & 250Hz.
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was investigated by the test. And an' msemon
condition of T/C sheath was found o be

influential on damping ratio and in-fine vibration.

& Based on the water flow test and analysis,

it was probable that in-line vibration occurred
in the T/C well with the 100% flow rate and
also with the 40% flow rate when the natural

frequency of the well was reduced due fo
crack growth.
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ASME/JSME Joint
Pressure Vessel and Piping Conference

July 26-30, 1998
San Diego, California

M. Morishita and Y. Wada

Power Reactor and Nuclear Fuel
Development Corporation

ASME/JSME PVP ‘98 SMRS/OEC/PNC Monju/Fatigue - 0
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FractograEhic Observations

B : Crack initiation/coalescence —'~ : Steps

{1 : Low propagation rate <~ : Direction of Growth
FFEE : Striation - . = : Estimated Crack Front
: Dimple

High CYCLE FATIGUE CRACK:
- Initiation, propagation and final falure -

Main crack was formed by
coallescence of several initial
cracks on the upper stream side

Line a: Extremely low propagation
rate

Line b: Relatively high propagation
rate

Line ¢; Extremely low propagafion
<> rate or crack arrest

Subk Crack '1‘1

Final rupture at dimple region

ASME/JSME PVP ‘98 SMRS/OEC/PNC Monju/Fatigue - 1

Stress Analxsis for Structural Discontinuig

Strain Concentration at Taper Corner

5
} I
. —« Inelastic Analysis
=]
‘g 4 — - - Elastic Analysis
iy
=
2
§ 3 ——
-
£ H—
= R L PR Sy
=3 ——es
N N Y Y el M A T -
0
a
2 1
o
L
0 T 0.2 0.4 0.6 0.8 1 1.2
Corner Radius R mm
ASME/JSME PVD ‘98 SMRS/OEC/PNC Monju/Fatigue - 2
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Flow capacity(%}

10

0.4

Strain amplitude ¢ ta, %

0.01 b+ rni

Expected upper

bound -

g 350°C
A 316
O 300°G
® - 325C

Expected lower  Average
bound trend

ALl TR RTINS RITY

1.E+02 1.E+03 1.E+04 1E+05 1.E+06 1.E+07 1.E+08 1.E+09 1.E+1{0 1.E+1

ASME/JSME PVP “98

Number of cycles fo failure Nf

SMRS/OEC/PNC

Monju/Fatigue - 3

325°C

200~

Temperaturs(°C) A 208°%; 1

l

1wmjll 1L L

TS

Flow capacity(36) U 40% flow
| 74 flow | | rL

1994 1995 1496
Period Temperature C Flow Rate % Duration hour
May - Aug. 1992 200 100 216
Sep. 1992 - Jun. 1993 325 100 500
Jul. 1993 - May 1995 200 7,40 2000
Jun. 1995 - Dec, 1985 450, 485 40 3000
ASME/JSME PVP ‘98 SMRS/OEC/PNC Monju/Fatigue - 4

B 8 & ¥

Temparature(°C)
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100% flow rate operation

Temperature C 200 325
Duration Hour 218 500
Flow Velocity mfs 52 5.2
Natural Frequency Hz 257 251
Reduced Velocity  --- 2.02 2.07
Reduced Amplitud  --- 0.091 0.097
Nomina) Stress MPa 100 101
Fatigue Life Cycles 1.0E+06 2.0E+05

Hour 1 0.2

Fatigue Life corresponds number of cycles or time to
fatigue crack initiation, NOT to final failure

“QUESTION:

WHY DID FINAL FAILURE TAKE PLACE H
NOT IN THE 100% FLOW RATE OPERATION, |

ASME/JSME PVP ‘98

BUT IN THE 40% FLOW? :

SMRS/OEC/PNC

Monju/Fatigue - 6

Initial Crack Length START A B
>y <:_1A
7 A
Natural Frequency 5 2
[= 9
[=2
| y <t—B |[§ \ E
-
] Response Disp. | 5
‘L 3
———— 24
I Nominal Stress I Crack Length Reduced Velocity
J <—=C C D
IStress Intensity Fac.l Formula for 2,
o
<:3 Stress Intensity o
Y D Factor g
| Crack Growth Rate I s
i) K =20,JmF(alD)| |3
Crack Increment el L N
Stress Intensity Fac.
ASME/SME PVP ‘98 -SMRS/OEC/PNC Manju/Fatigue - 6
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Crack Growth Analysis - Frequency Reduction by Crack Growth -

1‘2 [ 1
o Main crack only
. T Main + Sub cracks
T 08 o \o\
=
@ : . ‘
3 .
o
= . o
5 061 —
i
"
E R
S o4l .|
A
0.2 " Suberack Main crack
0.0
0 2 4 6 3 10
Crack Depth in mm
ASME/JSME PVP ‘98 SMRS/OEC/PNC Monju/Fatigue - 8

Crack Growth Analysis - FIV Response with Crack Growth -

Reduced Amplitude y/D

0.1

(1) 100%-325 C
\ Operation

2 Flow rate change
from 100% o 40%
at325C [

'
I
(3) Flow rate cthge

between 1UUT and 40%

Y

2] 25
i Reduced Velocity Vr

ASME/JSME PVP ‘98 SMRS/OEC/PNC Monju/Fatigne - 8
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Crack Depth a(mm

CraCk GI‘OWth AnaiVSiS - Crack Growth Behavior-

10
10

M @ - @

325C 100% o 325¢C _ 40% Flow
® Fiow Oparation 100% to 40% 100% <=> 40% b

Flow Decrease Flow
8 | 8 x
A e Final

r ! I _L Failur

> Crack did not grow  small growth

Crack Arrest  dquring ponymotor  and arrest
4 and 40% flow

ﬂ operations

4 Crack Arreit Crack Arrest

vMacroscopic 1
Crack Growth

0 Iy MESPS PR ! e et ireerea s taenn e aaaaneen PR —
0 5 10 0 1 0 1
t{ht, tthr i(h
ASME/JélV{E PYP ‘98 EIJIRS/OEC/PNC MonjulFatiéurt)a -10

Frequency change due to crack growth

300
N — . Analysis

—Test

250

Hz

200 [

150

Frequency

100 |

4

L Test tetnperature : 57°¢
50 | Flow rate: 5 misec

] PR T T T S S S SR TR N1 P SR S |

-50 0 50 100 150.
Time, min

ASME/JSMEL PVP 98 SMRS/OEC/PNC Monju/Fatigue - 11
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Fati

ue Test by K1V

Variation in FIV Response due to Crack Growth (In-line Oscillation)

(1) x:  Flow rate ascent to 100% of capacity
(2) +&® :Crack growth under 100% flow

(3) O&# :Flow rate ascent to 100% of capacity
{4) C1& A ;Flow rate descent to 40% of capacity

0.20

™ 0.15
=
L)
©
|

5 040
=
L1
g
3

2 0.05
=]
o

0

35
Reduced velocity Vr
ASME/JSME PVP ‘98 SMRS/OEC/PNC Monju/Fatigue - 12

Failure Process Estimation

Fractographic observation indicates high cycle fatigue failure

Fatigue cracks were estimated to initiate at an early stage of 100%
flow operation by in-line oscillation of thermowell.

The crack grew during 100% flow operation and arrested due fo
the lowered natural frequency.

The crack advanced again during the period of flow rate
variation(100%- 40%)

When the crack further grew, the natural frequency was reduced
and in-line oscillation began to occur under 40% flow condition to
lead to final failure.

The above failure process estimation coincides with
fractographic observation. Similar crack behavior was also
reproduced in FIV fatigue test.

ASME/JSME PVP 98 SMRS/OEC/PNC Monju/Fatigue - 13
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ASME/JSME Joint July 26-30, 1998
Pressure Vessel and Piping Conference . San Diego, California

MODIFICATION AND DESIGN GUIDE
OF THERMOWELL FOR FBR

Koji DOZAKI, Masaki MORISHITA & Koji IWATA

Power Reactor and Nuclear Fuel
Development Corporation (PNC)

PNC/MONJU
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Contents

=z MODIFICATION OF MONJU THERMOWELLS

s Cause Investigation=Modified Design
— Stress Concentration at the Neck=> Tapered Cylinder
— Flow-Induced Vibration(FIV)=> FIV Design Guide
—~ No Suppression of leaking sodium

= Suppression Mechanism & Leak Detection System

=z PNC FIV DESIGN GUIDE FOR THERMOWELLS
¢ Basically follows ASME B&PV Code Sec.lll Div.1 App.N-1300
*  Some Additional Evaluation Methods

PNC/MONJU

Existing thermometers and their modification plan
on the secondary cooling system of Monju

Well iength : as short as possmle, but long enough to measure the B
average temperature over the pipe cross sectlon e

@ Temp. Distribution Not Negligible AIG In

@ Temp. Distrioution Negligible (;;55("@ > atmosphere

q’) Low Sodium Velocity 3 E : Air Cooler
q') Possible to Hemove ) (A/C)
Containment Vessel = éé‘)é’) ACS
C"‘P’IHX QOut (Failed Thermowell) =l AIC Out exhaust fan
0
a O
N | l
IHX In i1 i Evaporator
{(EV)
Secondary ) ‘ D
Circulation @
Pump EV Out W,
intermediate Heat —l @
Exchanger{IHX} -

PNC/MONJU
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Modified Design Concepts of thermowelis

Conlact Type

Contact Type
Leak Detector

l.eak Delector

Existing
thermocouple
- well

PNC/MONJU 4

PNC FIV Design Guide for Thermowelis
leference from ASME N 1300

s PNC. T
FI’V Desrgn Gmde

| (b)on>64
o (e)Vr<3.3and Cn>1.2"
| (d)in<0.7fs or fn>1.3fs

Criteria for Avaidance and
Suppressmn of Synchromzed

- Resonant °
: .'_'Vortex-lnduced _
i Dlsplacement Amphtude f

hit '.Vbrtex-!nduced
Dlsplacement Amphtud,

1 Predict Basedona Poweri
: Spectral Densny Function owe' 'Spectral D '
: 5 Functlon

Bu.ffetrng) Vlbratlon

_ _Al_lowable Fatigue
- Limifi for Design:

Prepared

PNC/MONJU 5
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FIV Evaluation Procedure

Reduced Velocity Vr
V=t
ano

V: Average flow velocity around well
De: Minimum outside diameter of well
fa: Natural frequency

Reduced Damping Cn

CodniMs
" PJ DX¢E M

p: Fluid mass density

D(x): Outside diameter

&n : Fraction of critical damping
Mn: Effective modal mass

fn 2 nth vibration mode

T—i.:f

PNC/MONJU

Criteria for Avoidance and Suppression of
Synchronized Vibration

Cn>64 |

100 ‘ \|:;'|:‘i ;
O j AL
é 10 (3)V|‘<3.3
S ; | and Cn>1.2
8 RN e
- 1
4]
[ &)
-
2 0.1
(Vs

0.01

0 1 2 3 6
Reduced Velocity Vr
PNC/MONJU
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Flow-induced Displacement Prediction

sForced Vibration Response by Karman Vortex Shedding
_ _PV2e ], D9, {x)dx Vaay,), D(X)p, (x)dx
Y ot yeTim 00,2 L) Y o) = Z?Zﬁn;)zfémr((x))ﬁ)ng(zc)dx AotnlX)
AL, Ao : Dynamic Amplification factors '
oL,oo : Fluctuating Lift and Drag Coefficients,
Determined from Experimental data
sResponse to Random Excitation by Turbulence

(ASME N-1342.1)

(0= C L Gr(f 2] 02(x)dx )
= o MR )
Gr : Single-sided power spectral density of turbulent fluid force per unit length

J2: Joint acceptance - Gelf) = BN pY 2 D F O/ V)
Co : Peak factor
En 1 Structural damping, &n @ Fluid damping

PNC/MONJU

Power Spectral Density in PNC FIV design guide

I I
= 10+ il
LS
= i
D 1.01
E;:’ & () in the design guide
G oAir
"g e T
@ 0.01
g )
2 0.001f 1.60 R
E Mulcahy {(water pipe tests, Lift Force)
= 0.0001 T
£
o i
Z =
| : Mulcahy, T.M., 1984
0.001 0.0t 0.1 1.0
Strouhal Frequency,LVE-)-
PNC/MONJU 9
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Coefficient for Fluid Force by Turbulence, Ca

o
o

. ,CRin the design guide

Coefficient

. -

- .
= Ay e
» 8% A K

o]
m <
T T

CR in the design guide

Drag Direction Lift Direction

Coefficient

=]

== .Qe °°...""3’%\"—"7—."“““

o ei— ST T )

-
o

PNC/MONJU

&

10° 10

Nr

© 10

’o?r':i:&' . _ _ _ _ J s

?

1 Mulcahy, T.M., 1984

10

Limit on Flow-induced Stress Amplitude

g Koy (X)=ocp
K :Fatigue strength reduction factor

(Stress concentration factor)

ov(X): Flow-induced nominal stress amplitude in well
or: Allowable fatigue limit for design

Oyx) = jﬂi{cf_,n(xn p %)+ 0 X))

O n(X), Op () : Nominal stress amplitude induced by vortex shedding
L;Lift direction, D;Drag direction
Or (X} : Non-directional random excited stress ampiitude by turbulence

PNC/MONJU

11
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FIV Evaluation for the Modified Design

mSynchronized Vibrations can be avoided.

: : '!!!f";zrii il |
5 e
100f- L
& el
5 10fF 2 (@)WVre3.8
= niide | i and Cnet2 |0
o (1) | et e
Q gk |
o " @dTYPEC]
_g 01 - . e
e ‘ \ : : y |
0.01
0 1 2 3 4 5 5
Reduced Velocity Vr
mPredicted Stress Amplitudes for the modified wells
were less than the design fatigue limit.
PNC/MONJU 12

Summary

Modified designs of thermowells have been presented for those on the

secondary cooling system piping in FBR Monju.

2 The modified designs are based on a newly prepared design guide to
prevent failure due to FIV.

= The design guide provides a high cycle fatigue evaluation procedure for
stresses due to vortex-induced vibration and also random turbulent
vibration in addition to criteria for avoidance and suppression of
synchronized vibrations.

B As a result of the design study, each immersed length of three different
thermowells was selected much shorter than that of the existing
thermowells to satisfy the criteria in the design guide with enough
margin, also satisfying the requirement for temperature measurement.

m Tapered shape is adopted for each modified well to avoid stress

concentration. '

PNC/MONJU- : : 13
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& Simulation code

SPLASH code : 2-D fiuid structure
coupled model by ALE method

¢ Analysis of actual operating condition

100% flow rate (200 C) : intact well

40% flow rate (485 C) : intact well

) 40% flow rate (485 C) : reduced
natural frequency well

Time history of the dmpiacemem

= . In-line Q
E X " o
g Tr 3 &
" R -'n
c i i}
i o)
GE) N | 2 é
8 A 13
@ I Ty
] L o
() D
® 3
c i oD
£ 3 Cross-Flow . R
X —> 1 3
1 3
_4 Pt [ t4 1 1 | Ly Ly 4 . -2,‘-—"
0.0 0.2 0.4 0.6 0.8 1.0 1.2 :
Time {s)
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In-line Displacement (mm)

Time history of the dmpﬁammem

response of the well at 40

2 _1 T I 7 &1 ! LENELD I | ] 4
C 40% Flow 1

3 [ E— h=0.5% g
X In-line f=254Hz ]

Ak 1

2f e - 10
I Cross-Flow

-3f 1.1

“00 01 02 03 04 05 06 07 087

Time (s)

(W) Justuaoe|dsi(] Mo|4-8S040)

Time history of the displacement response
of the well with reduced natural frefguemy

In-line Displacement (mm)
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© As a result of a water flow test in-line vibration
of the T/C well was measured which started at
Vr~1 followed by a peak at Vr ~2

¢ It was shown that the displacement response

of the thermocouple well was represented by
the reduced flow velocity for both result of
natural frequency : f=110Hz & 250Hz.

9 Effects of several factors on in-line fv 1]
was investigated by the test. And an msertron
condition of T/C sheath was found fo be
influential on damping ratio and in-fine vibration.

Based on the water flow test and analysis,
it was probable that in-line vibration occurred
in the T/C well with the 100% flow rate and
also with the 40% flow rate when the natural
frequency of the well was reduced due to
crack growth.
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Objectives

1 Anaiysns pmcedure oﬁ'_ thermal transnem stress is comphcated one, whlch uses

1al hydmuhc codes,

st ucmral fanalysn codes and strength evaluatmn codes.

100-86 00Z6NL ONI



Example of Thermal Transient Problem in FBR Plant

Temperature of Coolant(°c)

-

T 1/2=20sec

Time (Sec)

% 1/ + Time Constant of
Pump Coastdown

PRI M |
St AR

L

e

)

Wall Thickness |

316FR

Coolant

Material

100-86 0026NL ONI



Thermal tansient penomena in Fast Breeder Reactor Plants
Pl
RS
[
1
1 N
l .
== 2 Thermal
SAD S ~“Response
Concemmtmn ] I (Thermai}
e P
ey i1
ve | A
Tubesheet
=== el ~
I

== . - Secondary Circuit

100-86 0086NL ONI
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Object Oriented Approach for Large Scale Simulations

Methed Data

(A) Encapsulation

(C) Message Passing

Autonomous System

Software Parts




Conventional Design Analysis Procedures for Thermal Transient Problem

(

Stress & Strain at All Nodes } :

v

Strength Evaluation

Conventional Analysis Procedure :
Sequential Engineering

1.Several Differemt Codes are
utilized

2.Each code consumes
computational power

3.Complicated Operations are
requires to make interface

4. Monthes/Case is needed

v

100-86 00Z6NL ONI



Proposed Design Analysis Procedures for Thermal Transient Problem

PARTS-FLOW
(Thermo-Flnid Dymamics)

Detailes Design’

PARTS-FLOW
(Thermo-Fluid Dymamics)

—
E‘low Rate and Temperature

of Coolant

v

PARTS-STRESS
(Thermo-Mechanical
Dymamics of Structures)

Structural Responce of
Temperature and Stress

\,

v

PARTS-DS
(Material Strength
Evaluation)

!

L Strength evaluation

[Flow Rate and Temperatu re |

of Coolant

Structural Responce of
Temperature and Stress

v

PARTS-DS
(Material Strength
Evaluation)

v

[ Strength evaluation

v
4 FEM: Non-liqear T

T
iy

[ Stress & Strain at All Nodes ]

v

Strength Evaluation

100-86 00¢6NL INI



Structure of the PARTS code

CODE

PARTS—

CATEGORY OBJECT

 __ PARTS-FLOW —— PIPE, VESSEL, PUMP e

 PARTS.STRESS —— PIPE, NOZZLE,
Y-PIECE, .......

| L—_PARTS-DS — RUPTURE, DEFORMATION .
CREEP-FA’HGUE ....... s

100-86 00GENL ONF
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&
.
&
£
g
B

HHRGE
10

WLESRT O
BESHNE

o

1 User Interface of a PARTS system

iCa

Graphi

Fig



Fast simulation of transient thermal stress based on Green Function predicted by Neural

> Geometry

¢ (t)

T ¢ (t)

Thermal transient Green function G (t)

Calculation of transient thermal stress o (t)
based on Duhamel integral

100-86 00Z6NL ONI



Stress (MPa)

Time (Sec)

t 1/2=15sec FEM

7 1/2=30sec FEM

T 1/2=60sec FEM
= ¢ 1/2=15sec NN
=== 7 1/2=30sec NN
— 7 1/2=60sec NN

100-86 00GENL ONI
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Design éode logic class

I

] _
' Evaluation calculation class

— 7 1

Material stre ngth library

Fig.9 Strength evaluation program using
hierarchical class libraries



Class Library for design code in PARTS-DS

‘bes‘ig.'“ code loggc fundamental class
(Abstract class)

Input/output

| Design code ;oglc class

(Abstract ciass)

L{;mit of Lil;nt of (Abstrac

| Elevated téhipéféture design"cbde' loglc class
t class)

Primary stress strain me of N
== time dependent

primary stress

Limit of Prevention of

time dependent
strain

Limit of

fatigue damage

| collapse ||

Limit of
creep-fatigue
damage

time dependent

collapse

Prevention of

[s )

: Inheritance

: Abstriact class

: Individual design code

100-86 00Z6NL ONF
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/| Definition of Damage Ca]cu]a tion Class

class Sdamage

{

public:
virtual void CalcDamage( void );

} _

/Il Definition of Fatigue Damage C’a]cu]&tzon Class
class SFatigue : public Sdamage

{
protected: ~
virtual vord CaleStrainRange( void );
virtual void CalcFatigueDamage( void );
v '

Il Definition of Creep Damage Calculation Class
class SCreep : public Sdamage

{
protected:
virtual void CalclnitialStress( void );
virtual void CalcCreepDamage( void );
/

Fig.11 Evaluation calculation class of creep
fatigue damage

—85—
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Fatigu(mat, temp, épd, epr,cnf,new),
mat:material, temp:temperature, epd:strain rate,
epr:strain range, cnffailure cycle number,
new: input epr and output cnf (new=0)
input cnf and output epr (new=10)

Fig.12 Function of fatigue curve in the

" material strength library




chmsi@ns

1. Analys;s pmcedure of mermal tr nswm stress was snmphﬁed by the
bjec iented total anal code "'k
thermai—hydmuhc dynarmcs_ and t he

mechanical behaviors.

2. Strengﬁh evaiuatl g ':’“mgram based o1 'tm_cwral desngn codes Was
sgmphfied by mtmducmg’memrchm il ¢ rari

"', which can simulate both

100-86 0026NL INT



1998 ASME/JISME JOINT PRESSURE VESSELS AND PIPING CONFERENCE

SESSION 1.3L (DA-09A)
Monday, July 27 (Harbor Island 2)

‘An Evaluation Method of Elastic Follow-up Behavior of

Piping Systems Containing Bellows Expansion Joints

K. Tsukimori

Oarai Engineering Center
Power Reactor and Nuclear Fuel Development Corporation

Japan

100-86 00Z6NL INI



1998 ASME/JISME JOINT PRESSURE VESSELS AND PIPING CONFERENCE

OBJECTIVE

To develop analysis method for elastic follow-up behaviors of piping
systems with bellows expansion joints.

* suited for parameters survey in design;
simple and easy to consider bellows configuration

* FEM analyses; time consuming since bellows configuration is complex

* existing studies; most of them are on the piping systems with elbows

100-86 00Z6NL ONI



1998 ASME/JSME JOINT PRESSURE VESSELS AND PIPING CONFERENCE

*simple Z-shaped piping systems subjected to thermal loading (Fig. 1)
(a) without bellows expansion joints:

(b) with two hinge type joints: elastic follow-up between ends

(c) with three hinge type joints: almost stable

(d) with four hinge type joints: elc

- * maximum thermal stress in pipe; (a) > (b) >> [(0), (D]=0

100-86 00Z6NL ONI
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(a) Deformed Line
by Thermal
Expansion

ik —— — — — — — — —

(b)

(Three—hinge system)

(c)

(Four—hinge System)
(d) '

1

Fig. 1 Mitigation of thermal stresses in Z-shaped
piping system by expansion joints



1998 ASME/ISME JOINT PRESSURE VESSELS AND PIPING CONFERENCE

* Threshold of bending moment is assumed to evaluate final deformation.

* example ; simple piping system model (Fig.2)

 formulation;
610 '
Y = = O=sa=<l)
0, | |
‘2;2 }kﬂl
where T §=;8'2"_
M =k, 0, =LP M, =xM, =xk,,0, = LP,
M, =ky0, = L,P - M,, ='k9292c =L,P,
| o =L6,+L,0, =L0,+L,06,,
example; |

y=1125 (=05 &=1 x=I) y=125 (@=05 &=1 x=0)
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Fig. 2 Elastic follow-up between two bellows
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Basic flow of the model;

1. Evaluation of mztml bendmg moments and initial angular displacements of

bellows by therma fic analysis of femn assuming that bellows
expansion joints are rotatlonal sprmgs

2. Evaluation of parameter ¢ 3’ which is related to elastic follow- -up behavior by

setting different bending rigidities of bellows which is to reveal creep behavior in
the piping System (Fig. 3)

3. Application of the equation of bending moment of bellows in creep region

(developed by Tsukimori(1996)) to the previous relation between bending
moment and angular displacement.

100-86 00G6NL ONI
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Fig. 3 Bending moment vs Angular displacement
(Elastic follow-up behavior of bellows expansion joint)
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Sformulation;

M=M0(1+[5‘%’) |

(4-1) (Fig. 3)

d*w |
dx (by Tsukim0r1(1996))
, H g
Y= q(—-—
il 4 [In(KO)] 2 4 [I (Ko)] 4
' d¢ E_ q n+2 1 (KO =
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£=ko" (Norton’s law for creep)
d*w dM |
2 - 0 dx 0 (constant curvature)
v g |
dx| _,  dx|__, - (B.C)
Consequently,
0=KM" (@11 where N = R "]
Substituting eqn.(4-1) to eqn.(4-11),
| ) n ﬁ n 1+ /5 n
0=RKM, (-90 ) ( B 0, - 0) (4-13)
The solution of this equation is
6 1 1
y = —=— 1 - 1
6, —

O,

ﬁ ﬁ{l . (I’l _ I)N ﬁMon t}ml , 6 =0, (t=0)

100-86 00Z6NL ONI
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-bellows spring constants: kg =ky, =795x10° kgmm | rad

.,pipe Zgngth . L, ='L2'=L/2=5.0x103mm
| | | d,=1160nm q=50mm H =60mm
-bellows dimensions: h=195nm [=700mnm

-lateral dispiacemem at the end: 6 =50mm

- -initial bending moment: M, =2M,, =318 x10*kgmm

-initial angular displacements: 0y, = 20,, = 40x 107 rad
'_ L6,
-parameter B: P=35_7 6, =4

-duration time: t; 0~20x10° hr

-parameters of Norton’s Law (k, n): casel; (1.024x107,  2.05)
case2; (4151x10°, 2.05), cased; (L.024x10°, 3.05)

cased; (8.358x107, 2.05), casé5; (1.024x107°, 3.45)

100-86 O0ZENL ONI



Non—-Dimensional Moment : M1/M10

0.8

0.6

0.4

0.2

0

—o—case 1

—oO-— case 2

-4 --case 3

— > -case 4

T | bt

_______________ “_‘ﬁ'f-_A;I ——— k=05
------ =0

= ‘
x_x__x_-n-

________ e A TR R R

0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05

Time (hr)

Fig. 4(a) Time vs Bending moment of bellows
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Non—Dimensional Angular Displacement ;

61/610

0'.9 . 1 : | . | :
0.00E+00 5.00E+04 1.00E+05 1.50E+05 2.00E+05
Time (hr)

Fig. 4(b) Time vs Angular displacement of bellows
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DISCUSSION

* Present theoretical model can trace time dependent elastic follow-up behaviors

“while the simple model cannot.

* The initial bendmg moment level and the dimensions of bellows are
considered explicitly.

* Creep characteristics of the bellows material are dealt with as the form of
Norton’s law.

* Present method is_simple and convenient compared with the time consuming
detaﬂed finite element analyses.

* Present method is useful especially for parameter survey in the deSIgn of
piping systems |

100-86 00Z6NL ONI
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1998 ASME/ISME JOINT PRESSURE VESSELS AND PIPING CONFERENCE

* The -éharacteristics of elastic follow-up of piping systems with bellows
expansion joints were discussed.

* An evaluation method of elastic follow-up behaviors of piping systems with
bellows expansion joints was proposed.

* The validity of this method was discussed through a Simple. example compared
with the simple model which assumes the threshold of moment.

Future improvement;

* Ratlonahzatlon by decomposing angular dlsplacement to elastic and creep
elements. |

* Development as a specific finite element (bellows expansion joint element) for
general piping system analyses by FEM.,
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Numerical Analysis of Non-Stationary Thermal Response
Characteristics for a Fluid - Structure Interaction System

by Toshiharu MURAMATSU

Thermal-Hydraulic Research Section, Advanced Technology Division
O-arai Engineering Center
Power Reactor and Nuclear Fuel Development Corporation
Japan

Thermal Hydraulic Research Seciion, Advanced Technology Division, O-arai Engineering Center
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Background

: - Occurrence of High-Cycle Thermal Fatigue Due to Interactions of Cold and Hot

Sodium Flows in the Fast Breeder Reactor Components, Namely Thermal Striping.

- Thermal Striping Phenomena Characterized by Non-Stationary Random Temperature

Fluctuations with Dependence of Geometries. |

- - Use Numerical Methods Instead of Experimental Approaches for the Evaluation of

Thermal Striping Phenomena.

- Finish the Developments and Velifications for Each Numerical Method.

Objectives

Understanding of Non-Stationary Thermal Response Characteristics
for a Fluid - Structure Interaction System Simulating Thermal Striping Phenomena.

- Detailed Validation of Numerical Methods for the Thermal Striping Fluid - Structure
Interaction Phenomena with a Fundamental Sodium Experiment.

Thermal Hydraulic Research Section, Advanced Technology Division, O-arai Engineering Center
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Due to Mixing of Different | Due to Mixing of Different Temperatu
Temperature Coolant at Check Valves Coolant at Piping Junctions in Normal
in Normal Operation Conditions Operation Conditions

& : S
Il Ee
e s :
} L ™~ Due to Thermal Shock
&%= Due to sloshing of Free | | After Reactor Trip
sorgepourface in Normal Operation - "
Conditions .
. - —1 b :
D.Ifle to Mixing gf Dllffe_rgnt e = : : W ™~ Due to Rising of Thermal
emperature Coolant in : A Stratification Interface After
mergency Cooler (DRACS) i Reactor Trip
Operation Conditions i~ -
Due to Mixing of Different d < ™ Due to sloshing of Thermal
Temperature Coolant in Stratification Interface in
ormal Operation Conditions Normal Operation Conditions

Thermal Hydraulic Research Section, Advanced Technology Division,_ Q-aral Engineering Cenier
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High-Cycle
Fatigue
Region

.

~
Damping of

Non-Stationary

/ Laminar

Temperature
Fluctuations
Due to the
Laminar Sub-
Layer Passingj

Production,

WY

Cold  Hot
Sodium Sodium

AT ~ 150°C

Transportation
and Damping of
Non-Stationary
Temperature
Fluctuations
Due to Sodium
Flowing

Typical Region of Themal
Striping Phenomena
(UCS Bottom Domain)

Structure

Fluid Flows with
Non-Stationary
Temperature
Fluctuations

Sub-Layer

3

Damping of
Non-Stationary
Temperature
Fluctuations
Due to the Non-
Stationary Heat

Transfer Effects
e "

@

Damping of
Non-Stationary
Temperature
Fluctuations Due
to Heat
Conduction
in Structures

~

Thermal Hydraulic Research Section, Advanced Technology Division. O-arai Enqineering Center
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Fluid Temperature
Time-Series Data

Near Struciural Surface

Fluid Temperature
Fluctuation Intensity
(Lower Frequency Range)

Fluid Temperature _
Fluctuativuon Distribution

Multi-Dimensional
Thermohydraulic Code

D AQUA

Random
Numbers

]

Fluid Temperature
Random Fluctuation
(Higher Frequency Range)
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Transfer Phenomena

Fluid Temperature

Time:Series. .

Direct Simulation
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Temperature

Time-Series Data
of Siructure

Non-stationary
Heat Transfer

Data

ToEoom EmEooAen BMHHH MY MEYHEEs

F=

Coeff,

Metal Surface Temperature
Time-Serilgs Data

Direct Numer

pgamogomo\nog

Thermohydraulics

Simulation Code
@ DINUS-3

ical

Thermal Response
Evaluatio.n Code

BEMSET

MMHHMORo WD odedeacaoan

h:>

Metal Surface
Temperature
Time-Series Data
of Structure
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Thermal Hydraulic Research Section, Advapced Technology Division, O-arai Engineering Center
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ltems @D AQUA

@DINUS-3 (THEMIS @&BEMSET

1. Basic Equation Time-Averaged Instantaneous Boltzmann Thermoelastic
N-S Eq. N-S Eq. Ea. Linealized Eq.
2. Mathematical Models
Descretization FDM FDM BEM
Solution Algorithm Modified ICE  Leap-Frog DSMC

Approx. Method for

Convection Terms 2nd Order 3rd Order
QUICK Upwind
Boundary Elements
Matrix Solver ICCG ICCG
Coordinate System X-y-z / 1-6-z X-y-z / r-6-z

3. Physical Models
Turbulence Model ASM/RSM = None
Molecular Model
Collision Model

4. Others
Numerical Stabilizer Fuzzy Fuzzy

Controller Controller

Rectangular

Direct
X-y-z/r-0-z X-y-z/r-0-z

Monoatomic

Sphere
Bird's Model

Thermal Hydraulic Research Section, Advanced Technology Division, Q-arai Engineering Center
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 Perfommed at PNC (TIFFSS-) -

 Apparafus of a Fundamental

s
Entrainment
Region
Free
Surface, =
= X
i3 Parallel Jet 2
= Nozzles
. Potential
Trnean +20 € . , Tmean - 20°C — Core
< X

Tmean = 300°C

Thermal Hvdraulic Research Section, Advanced Technoloqgy Division, O-arai_Engineering Cenier

100-86 00Z6NL ONf



o

Th@[rmc@@@)ug ole /\Wamgem@ms to the Test P

ﬁh@ TIFFSS-] Experiment

14
5 4 5 Jet Nozzle
y J=
2
9
2
X . Thermocouple
[

— .
= Fluid Temperature Fiuid Temperature Struciural Temperature  Structural Temperature Structural Temperature
I in Fully Turbulence in Laminar Sub-Layer on Test Piece Surface at 0.2 mm from the Test at 0.5 mm from the Test

Region Region ) Piece Surface Piece Surface
@ _ @

CA Thermocouple

AN AR

"

I

|
Il

haantey

L]

S G
———
0.50¢

e

0.25¢

Thermal Hydraulic Research Section, Advanced Technology Division, O-arai Enaineering Center
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Case-1 Case-2 Case - 3
Hotter Side Nozzle 320.0
Sodium
Temperature Colder Side Nozzle 280.0
(deg. C}
Temperature Difference 40.0
Hottef Side Nozzle 1.0 1.5 2.0
Sodium -
Velocity Colder Side Nozzle 1.0 1.5 2.0
(mys)
Velocity Ratio 1.0 1.0 1.0
Sampling Speed (Hz) 200
Sampling Length (sec) 100
QOxygen Concentration {ppm) ~ 1.0

Thermal Hydraulic Research Section, Advanced Technology Division, O-arai Engineering Cenfer
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DINUS-3
Coordinate System : x-y-z 3D Cartesian Coord.
Mesh Division : 108 'x 3’ x 80°(0.5 mm Uniform)
Time Integration : Leap-Frog
FDM Scheme for
Convection terms 3rd Order Upwind
(K Wall Condition of
80 the Test Piece : No-8lip
Intet Velocity
Conditions : Case-1 (Vh = Vc = 1.0 m/s)
Case-2 (Vh = Ve = 1.5 m/fs)
Case-3 {Vh = V¢ = 2.0 m/s)
Inlet Temperature o o
Conditions : Th =320C, Tc = 280 C
BEMSET
Coordinate System x-y-z 3D Cartesian Coord,
Element 260 Boundary Elements,
Arrangements : 203 Inner Elements
201 (0.5 mm Uniforgl)
Temperaiure : 22 mm“/s for 300°C Condition
B Conductivity of SUS304
10 A A Upper Wall
1 | | Temperature :  300°% Constant
Vh,Th Ve, Tc
M 40 50 58 68 ()

Thermal Hydraulic Research Section, Advanced Technology Division, O-arai Engineering Center
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Thermal Hydraulic Research Section, Advanced Technology Division, O-arai Engineering Center
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Thermal Hydraulic Research Section, Advanced Technoloqy Division, O-arai Engineering Center
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Thermal Hydraulic Research_Section, Advanced Technolo Division, Q-arai Engineering Center
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- Decrease Rapidly of the Measured Temperature Fluctuation Amplitudes
in Laminar Sub-L.ayer Region

- Numerical Analysis of Non-Stationary Thermal Response Characteristics
for a Fluid - Structure Interaction System

* Time-Averaged Distribution of Temperature Fluctuation Amplitude

* Damping Characteristics for Temperature Fluctuation Amplitude
in the Course of Heat Transport toward Structures

- Numerical Methods are Applicable to the Thermal Striping Phenomena
in Arbitrary Reactor Geometries

Thermal Hydraulic Research Section, Advanced Technology Division, O-arai Engineering Center
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CONSTANTS IN INELASTIC CONSTITUTIVE EQUATIONS
BY CONTINUOUS EVOLUTIONARY ALGORITHM

b 4
% S

.

ASME/JSME PVP 98’ , 27-30 July 1998, San Diego

~ Nobuchika Kawasaki (PNC, Japan) , Sunil Felix (CEA, France),
Naoto Kasahara (PNC, Japan),

Tomonari Furukawa, Shinobu Yoshimura, and Genki Yagawa
(University of Tokyo, Japan)
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Realistic constitutive equations have physical
models of material with a number of constants.

Difficulty to determine the constants yields the
mitation of the use of constitutive equations.

This paper presents a general method and its
parallel system implementation to identify

unknown material constants.

C.B X' =(a,nk ,Ky,ay,85,0,,C,,0,,C5, 00,0, Bry BostisTas ¥ 51,1, 14,055 Qs O
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° Curve fitting approach with a trial and error
procedure are not suitable for general use.

* Stepwise and iterative local operations are not
always adequate from the viewpoint of the
global optimization of all the constants.

e The whole set of constants can be identified
simultaneously by minimizing residuals between

measured data and predicted model response, in
corporation with an optimization method.
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bjective function f(x)
esiduals
(x) = zf, (x) - 2121 0P (e;) - P (2, %)

X: A set of material constants

where n is the number of experiments,
m number of evaluation points,
input strain at the i—th evaluation
point in the j-th experiment,

100-86 00&6NL ONI
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ADVANTAGE of this formulation
(1) All m aﬁemaﬁ mns&an&s can be identified

simultaneously

(2) It can be applied to any kinds of constitutive
equations

(3) Anyone can get the same results automatically

(4) Any scattered experimental data under

different experimental conditions can be utilized

(3) Various optimization problems can be designed
by changing weight functions.

100-86 00Z6NL INI



of this formulation

A general method , but
this direct formulation needs huge calculation time

— 621 —

Solutio

e

The most effective search method
Continuous Evolutionary Algorithm (CEA)

s

The most effective calculation method
Massively Parallel Processors (MPP)
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o
S
En

e

Initialization
o
21| x| x| G
W A4 Y

Evaiuatidn of

objective function

f(x)

RGN

Selection and
recombination

t [- ]
X. : a set of material constants

!

if f(x

BEST)
converges

CEA optimizes the material
constants by the object
functions

V

Xt At last CEA obtains the best
BEST constants
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Ohno-
Simple, Easy to identify manually
Manual and CEA identification

Reliability of CEA

ang model

—Ie1

" Chaboche’s model

Comphcated, Difficult to identify manually
| CEA identification

Effectiveness of CEA
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180 F 7
160
140

100
80

[Mpa]

kinematic hardening rules
with a critical state of

A predicted[CEA]

STRESS

o 60

dynamic recovery 3 O predicted[Manual]
—t  measured
20 - . PR [P
O = ai ﬁ = ai —_ }/; — O ]
i=1 0.0E+00 5.0E-03 1.0E-02 1.5E-02 2.0E-02

: 2 . . O
a; = §f[§’}€p -H(ﬁ)<€p :'(7_i>ai] STRAIN [mm/mm]

(r.,,¢;), i=1,---,10 Manual and CEA identifications

Both methods can obtain

the best material constants.
This case shows reliability of CEA.

9
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]
i

| Chaboche’s m

In this modd, viscoplastic characters of material
are expressed by viscoplastic potential £2.

Q =—4K—-exp(a<av /K>n+1) o, = J(J —X)—OCRR -k

a(n +1)

Material constants are 23 and mutual-related

ES ®
xt = (aan:k :oKonaK:aR:a'pc17a27623¢oo:b: ﬁp [32: rprz)’}/amana MnQoanaxngr)

Almost impossible to manually identify,
but CEA can obtain the best constants

10
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Three cases of experimental data
to reproduce features of the Chaboche’s model

Austentic stainless steel SUS304 , 550°C

Conditions of experiments

Case Strain Range Strain Rate | Stabilized Cycle
(mm/mm) (mm/mm °s)
1 4.88E-3 1.00E-3 50
2 1.01E-2 1.00E-3 80
3 1.54E-2 1.00E-6 75

11
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ICGI '
Ay — 4
2 2.0 o
7 > A @
il . = = o measured
% 15 : B 00 pw - 4 .
» L A reproduced o
v
< 1.0 F -} h -1.0 -
o
A A reproduced
0.5 F O measured -2.0
| | |
| |
00 ® * ‘ -3.0
0 2 4 6 8 10 -80 -40 00 4.0 8.0
NUMBER OF CYCLES STRAIN [mm/mm]  x10~3
Variation of peak stress Stress-strain curve at stabilized
(case 3) cycle (case 3)

CEA can obtain the best material constants.

12
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EriiiCdl
Conditions of experiment for verification
Case | StminRange | SrainRate |Sabilized Gicle| .
¢ " i el Gcle| Tyifferent case from
(i) (mmijmm °s) . . .
identification
4 Z02F-3 LOOE-3 300
3.0
20
g S 10
= =
i ® 00
;‘E 10 ng ° |
L s+ predicted
. s measured -20 f __ = measured
05 | e : " s predicted
-3.0 L .
0o & ~40 -20 00 20 40x107>
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The material constants are valid for other conditions.
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Aﬁ general method to automatically identify unknown

material constants in complex constitutive equations
was developed using a CEA and MPPs.

Through application to Ohno-Wang model, the
proposed method has been found to be able to identify
constants as accurately as the conventional manual
technique. |

— 8T —

e 23 material constants in Chaboche’s model, which
was not possible by manual operation were
successfully identified from experimental data.
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