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Extension of Application Spread of Green Function Method to Thermal
Transient Stress Analysis (1)
- Responsive Stress to Two Thermal Fluids of Varying Flow-rate -

{(Research Report)
Yoshihiko TANAKA', Hiroshi HOSOGAL?, Ichiro FURUHASHP and Naoto KASAHARA?
Abstract

PARTS, Program for Arbitrary Real Time Simulation is being developed: it is expected
to make great contribution to fast reactor components' designing work by enabling
integration of thermal hydraulic and structural analysis. Since PARTS is a tool to
perform the integrated thermal hydraulic-structural analysis under various conditions, it
needs to calculate rapidly. At the point, the Green function method seems to be the most
promising stress analysis procedure for PARTS. The Green function method figures out
thermal transient stress arising in structures in the form of \convolute integration
corresponding to fluids' step temperature changes. It is expected to calculate faster than
“Finite Elemental Method. Hitherto, the Green function method has been used to
describe the response to sole thermal fluid with a constant heat transfer coefficient. In
this report, the Green function method is extended to cope with a cylinder touching two
thenﬁal fluids with variable heat transfer coefficients (inside and outside surfaces
contacting with primary and secondary coolants respecti_vely) and is confirmed to be

sufficiently applicable to such condition.

1 JNC, OEC, FBR System Design Gr., System Engineering and Technology Div. and Structural Mechanics
Research Gr., Advanced Technology Div. (Concurrent)
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1. B8

EEFRERIL. 77 v MNEGRER OB A BEE IS I BUSHBXENE L 25,
Lico T, BEFEEOSENEERF BE T Ok, BBIRAET 8055
PRHMBREELEN (77 v ViigE) LEEDESEROBRTHHZ L EH/EL
e ET, MEEZHE LT - R TE AREFEFEENTHD, —F, BRRo#EE
%?&ﬁ'77/P@ﬁﬁ%%ﬁhﬁ&tﬁ%ﬁ%héﬂ@ﬁm#%%b ¥ELREE
TSI EITO EW S FETITEh TR Y AN —RIIThh Ty,
U EDRREZEE 2 CRANEEO DO —/ k LT, BEHEHY I 2 b— s
> 22— R PARTS (Program for Arbitrary Real Time Simulation) DEZRMHED BN T
W5 [1-5], PARTS {3FAFRENRNT LIS NER &S Lic 2 — FCTH Y IGTENTIL FEM
FRICTRDBEDOBRHM AT v 7TREZBICHTIEEBL L UEHABE (Green
B2 &F0707 7 ARARMICRE L TRE, BRAEAILREDER DBEEE(I R
THRELEBHRAHENC L > T M ERERBITET O Z L < ERT D5 E =
— FThD, Green BEIEOWRAMEICOWTIL, B [RlIC THEMIBEH &M (1
PO  AE LR, FIRIANE « TR, BV — ) R B BAMARI ST
WS ARTE, PR RETREOCESNEES L ER T AMELBE L &4 (H
FIPOTE « 1 REGAST L, FIESME - 2 IRBHE L BEfih, BVRER  BEFEREOB
ARG CTEAL) 1575 Green BB OEREEZ BT 5.

2. Green BIEED#E ASEH O ILE

2.1. MEELETIHAMD 1 BETHIHEIT OV TOERKRR
PARTS iX. EEOGHMBRERIC L CHEEDP AT IRERCAIOBERFE
TAHFEL LT Green BAEEZEA LTYWA, Green BIEIEIL, ABRERMBITEIZTER
DI DBHRE DB AT v 7E KT HIEE (FEWTHOBRE - f5h%)
FTFORE L TRE, RHEGI LI E SEEOBESICH T BIEE & BHARES
2 & o CHMARERERMNE LTS bl MET5RETHS(6, 7], Fig 2.1
IR PIE S IR & Bk L ﬂﬁ@%ﬁea&ﬁémmmﬁ%ﬁ%mu EARER
Green BEIEDOE 2 FIZD "Cil"’\é

A ORETCIC & 0 BEICR AT 5 BRBES AL, T ORAOBRHMHAE L Th
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UHOBREELOBBREBESNEbDL 25, Fig 2. 1 KR TAEEEDES. B
MOBRETELHIL, WA - BELCH—BEL 2oTHY ., EEAREL 25, =0
L 52T, BEMRER AT v FRICET 286, FETICIEE (NG5
T A7 TORESED) 2 L, Z IR U CHBER N0 E— 7 RRBAET 5, Z 0%,
BURER M BIRE ORI U T, Bl L S 7EEH LT & | BOER e
KLV TnS, BEDHEEZRTT5 & Fig. 2.2 a), b)D@EY &7/ 5[8-10],

ZO &S RGBS ORELRBER EHT BHIC, FEHTHE Creen B 6 (1)
R A VTR L,

G() = C, -exp(-4) ‘ @
k=1

n: Green BF Ok
Co 1! Bk IRD Green B OFE

Fig. 2. 2bHTRENS, WHM O 1 CORT v PRBESICHT 2 SUBER A DB
B, EFRE L LTEMMCARERBNEOEEEOSVRERICL VRO LATHS
BE. TOERGEIZRES T3 & 5 ITEEC RU L 2B LT, Green EHEBE
T, C-DRITENT, K#n 2 KRE< LTAEOEEZ L RETIIE, SR
O RERICE > CTRBHIUSEIS OB 2R T N TEL LHFTEER, —FT
DEDPREFEOENC LY | ITESERICER T 3 BN D 5, 2B CIIRITHE
DFER. BIEDEY n=16 &L LTERWERFBE TS @ 2H2H),

—HRIZ, T7 v PRFHIB VTR, BHBNEEIR R T v PR T SEERIC L
. Green BEEIEZREHERICEA T35S, THESRL 2 BRI E 2 ORI
EEICEEI»> T, s ORAEBICRIT 3 BRETLERT v PEREFLE BT,
Pig.2.3 a) iR HICIL, BUNRRI 0~At, At~2At, 2At~3At- - - G LI
HHBEZEE AT, AT, AT, ¢ - - DRFT v PRECOERESDEGEL LTS,
IHODRT v FREERICT 3 BBESHIZEML AT v P EEE{ICHT 2848
BICAZERRTS -0 60t) LEEEELRE T - Ly FcEHTE 3,
TROG, BAKE (-1 At~iAt ETRELABEMBEESL AT, 5 385
t (> 1At) BB MEBEORBESS o, (1%KL 4 B,

0,(t) = AT, - G(t —iAb) (2-2)
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Gas (Adiabatic)

Cylinder Inside:  Heat transferable
Cylinder Outside: Adiabatic

Gas (Adiabatic)

Thermal

medium Coolant

h: for primary coolant
Thermal
transfer | Where h changes depending

rate on coolant flow velocity,

= temperature, etc,
Gas (Adiabatic)

F ig.2.1 Assumed structure: A cylinder of which inside and outside contacting with
coolant and adiabatic gas respectively

Temp. A - Stress T
Steady stafe <<— // / > Steady state Steudy state -— / k Steady state
/1
1/
1T
J /! . L i
t=0 Time t=0 Time

a) Step-like coplant temperature increment b) Responsive thermal transient stress

Fig.2.2 Green's function of stress response to a step temperature increment
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Temp. " Stress TAY
AT !
\ Y Gl(t) =AT; 'G(t)
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A \e—"1
3 : i t G'z(t) -'ATz'G(t—At)
i Y '
" :; H oa(t) =AT,-G(t—2At)
AT[ 1 ; H ,
1IN 1
\ " ) 3
X —> S — >
TATTAU: AL Time AL AT AT Time

a) Arbitrary coolant temperature change b) Responsive thermal transient stress

Fig.2.3 Green function of stress response for continuous temperature change

Fig. 2. 3bICRTEY . HERSICRAETABEER o DR ICTEHIIS
o, (DDBMTHD, THRbLERXDEY L1253,
o(t) =) 5,(1)
_XAT -G(t—iAt)

=AT, - G(t)+AT2 G(t-At) + AT, - G- 24t) +---
.LG(t T(f)

(2-3)

o D EBHBIZTHETDHEIE. BHOMD t TTE, ty ty, ty e, t; &M
L, CARITC-DHARALELLT, YUTOL S TEET S,

olt)= Z': {o,-1.)6l - tj-l-)}
-z(( ) 3ot 2-4-0,.))

(2-4)

t,: BRf] ¢ & 1 BOMKEICES Li-Eo j 8 OXE
T;: LACRIT S RHRRE

G(ty): %ﬂﬁ?ﬁli’%’é{m:i WAETSHNEFITET B Green BEL
N: Green BEE Dk

Co L ZEkIRD Green BEOEEK
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2.2. WMELETHWAMP 2ETHHBE~DHEH

RIE T, —BEOWHIM OREE(LE 2T 5 BE#EIC OV TRE Ui, AHi T,
FEFORREREBED X DI, L RFGHEM L 2 KRBHMD L7225 ZBEDOBE
EReBRT DLERH DWEIHT D Green BEIEOHEAELRAT 2,

PR 2 TR B AR (&« (o 5 SMREEA | 1) DEEL(LEARICE
FHEE D% Fig. 2.41ZRT,

Cylinder Inside: Heat transferable
Cylinder Outside: Heat transferable

Thermal -Primary Coolant

medium -Secondary Coolant

-t for Primary Coolant
Heat -bp for Secondary Coolant
transfer
coefficient Where hy and hy change

depending on coolant flow
velocity, temperature, etc,

Fig. 2.4 Assumed structure: A cylinder of which inside and outside contacting with
primary and secondary coolant respectively

Green BBECIIC & 5 SUBIR A EHMOE L F1E, BEMA—EEOBE & EAHICH
CTHhD, ==L, O1 2D Green BIEIT 1| FEOBEEOBELS LIS 220G EN
NETZHEBRTESLZ L, BT QGreen BEIIMH RGN LDOESZEHTAFET
HoT, FHEFTRBICBO TR+ 0 LR BEMTHRRTERVWI L, 2EBET S
E)hB,

OQIZAWTHE, 2 RFHEAM OBEE—TEIBE LS5 L REHHFICEM T v 7
BEZ(L R 5.2 B2 5 Green B G, &, 1 IKRAKIH ORE# —FICRbRN
b 2 KRAHRCEM AT v FREELE 525 EMICHT S Creen Bl 6, 2 FOR
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DTELERDB,6, & 6, ORDHFIIEAMICHE TR LI HNS 1 BEOBS L
RLCTHD, /2L, B L KRBEM L 2 REBAMORFCEA L TEGEEEET
D7, BEREXIZ ST 2 BEOAHM OBEZ TS CAROEE 252 LicE
ETOUERDHS GHMR IBETHS Fig 2.3 DBEO LD I, BEERKTE
H=0 &b, REMEZIIBV TR, FHEREEICRIT 3 | KRAHME
EEE 6O, 2 REGHFNEELRLE 6, 0BT IEICEH L., BE248T 3,

Qi >\ TiE, THERRBICBT 2SI EMRHELTNETEHLER DS, M.
ZOMEIE, BEOX ST, Green B E R DB EDDOREMI AT v FREICHT BIEHD
FRERMITOBET, BRITRHONEETHS,

Green BISEIZ CHGBER N o (D ERD AR, C-)OXEHLELKRROED &7
Do HDETENIMER 1 O, SRS 2 DRET/LIc & 0 ST 3 HEE
BhERLTHD, F—EiL, B0tk 3B kOREZRIC L Y £ 29857 T
BB,

a(t) =o(0) + J:Gl(t—'c)-ig[ﬁdm- J.;Gz(t—r)-%dt (2-5)

t, T : BHesRTEEK

o (0): SEEHOBEED t+=0 LB A BREZIC L VAT IMEES

T (t), T,(t) © EMEME 1, Btk 2 DBEE |

G, (t) : ARG 2 DRE—-FEDOT T, BEA 1 0BEETIICLVETS
ST BT 3 Green Bk

G, (1) : B 1| OBRE~FEOT T, BEF 2 0BMBELICLVETS
BUS BT 5 Green A%

2-9)FKFD ¢ (0) 1%, PHEFRBICBITS 2 00BEDERE T, L T, 0= X
VEEICETIRICHTH S, —F, B2 DBREZ—~FL LTRNT, Bk 1
B AT vy 7TREEECESEAHBO, TERE (t=0) EBTBBEH 0.0 (3. 2
DOMBERDOBMIBEZ (1°C) K VEEICETIEEALEIDZ LN TES, L
FeB3oT (T Tog) & 0 e PfEE o (DIFHELL 2B,

ZIZT O aropotds (2-4)RUZBWT,

1 (G=1)
T,-Ty = o 4 — o | (2-6)
0 (j>1)

EBETDOILIVEHEhAETHD, Thbb,
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G () (2-7)
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G(O) = (‘Ti,[) - TZ,O ) Ogtep,0 = (7;,0 - TZ,O ) Gl (co) (2-8)

o (0): 2EEOBEMED =0 IZB T 2EEEICL VAT A HHES
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G, (o) : PIEE 2 DIRE—FEOT T, 2k 1 OBMBESICL Y £F 3857
IZBH7 5 Green BA%2 6, (1) DEFIREE (t=c0) 1ZBITB1E

(2-8) D G, (o) i3 Green BIEDREZ R % 7o DA TREFRART OB T, BT
BERAT v MG ERFEN 2T LIRS ICREBETH B, LizdioT, Green
BERWEEGRERT o (1) OFEFEE LTI, -8R % -5 RITRA Lk %
3 DR EBETH B,

o) =T0-T,0) Gi@)+ [ Gyt - 22 (t)d +j Gat=) mgft) du (2-9)

t, z : FEERTER
T, (t), To(t) (e £ 1T DR 1 . BstEk 2 DIREE
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G, (1) : R | OIBE—FEOT T, Sl 2 OBEMEELIC L 0 & T28u5H
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B, BEZl t IC BT 2 VAR A2 B CHET A EE . BEGEE 0~1, t,~t, t,
~ty ot~ EREIo GRERIFHEERTS 2 LIZ2 0, @O RREROL STk B,

olt)=(G~Tp) Gl(w)+z{( )Gl -t G, T n) Gl -t @10

J=l
%ﬁt%1@®ﬁ$ﬁﬁ KRS LD j BB OXM
T, tCBIT D 1 RRGHIBHEE
Ty, 1 IZBT D 2 RS EGHEE
Tyof e 0 12B1F B 1 IREHBHBHEEE
Ta o R 0 12381) 2 2 KRR HHEE
G (t): 2HRFEHMBE—EDOT T, 1 KRAHH OBMEESLIC XV AP 58
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(2-10) D Green BAEDEY | FH C, L FHAVTERET B LKRADBEY L1235,
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Ty,0° BRI 0 121 A 2 IRFRZGHHIEE

Cio A 2IRFIGHNBE—EOT T, 1 REGHM OBMGZEESIC LD ET28YS
SBT3 Green B DO E k YRRk
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FZBE$ B Green BEDE k iR

Ni: 2IRBGHMBE—EOT T, 1 REAAM OBMIBESIC L v £ T 580
FNZE84 B Green D% EL

N2: 1 RARMGHMBE—EDT T, 2 RARHM OBMBELKIZ XL 0 &7 58085
JNZBE4 % Green Bk Ek

CI"(‘:F(EO"EG) ( ) Z<( u—l) Z[Clk exp{ A - ( )}]>

2.3 BMERPETAEE~DEA

BB Tl ~7z Green BISUIEIIATMI 5 & 72 B MMNEE RO 2 1 E Lz LT, S8
BEORERICH T 5EEN OISR H & FETEEETH S, L LR bEEs
B ORI TIL, BB RAPIERE « RENEM L LB kT 570
IS CTREERE L ED D, 20X 5 R4/ 28UEHiE, 2-9)EH D Green
B BMEEE h 1T L TR Lk CRilkT 3 FiE e RET 5,

5T2 ®
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h, : 1 RFAGES B 1R

hy : 2 RRGHHM AEER

T,: 1 RGHFHBEE
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Toot B 0 (TBIT 3 1 RBRAHMRE

oot Rz 0 1Z381T B 2 IRRMHBHEE

Gy (t, by, hy) 1 1 BGRBE U 2 IRRHE OBVEIERNE % h, h, TH V.| 2 IREHENEE
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—EDTT, 1 KRB OBRELIKIC L 0 ET B Green B
Gy(t, hy, hy) 1 1 KRRV 2 RABBHM OBSERBE 4 h,h, TH V. 1 KBEHFERE
—EDT T, 2RBBIAMOBELIIC L 0 £TBI5HD Green B8

Green BB Z BRI OW TR LA Z &k v . BEL 5 5 Green B OBEE!X
RIBIIENT 2 2 L0 0, BRACE U 5 52 TORBERIHT B Green B E AT
CEHLTEL 2 LIEBEEG TR, —F, BEOBBREEE 2 C. HEPlEoRs
CBV T, AHMRESERGENE T TREMEICET 2 ERS D, 1 KRS
HHRY 2 RERAM S EEEOMEEREYRE L TRITES S E/T 5 05—
BETH D ABTH, ZOMACESE IMEERE | KRRHFICOV T 2 78,
2RIMAMIC OV TR SBEOMIZBRET I 2L LT3 (3.3H51R),

EEFHEMICRT 57 M) ¥ AOBMEERIT, Tk - BEOERIC#S TELT S
B, ICHENZERETF L 2B, Creen ESIEOBAKERETS 2 L2 BMET 5%
O, TR (G & 13 & 188) OB LAEMORIET SV TREH B,
REIFEHOBRTRE S, Lo TABORFHIRTIL, SEERIIRFEOE
Th U, HEBAICHIT B | KRBEH OREEEL 2 KRAAN OTREROE A&
R—BMICRED (TbLAREREITHIST S Green BEOIEL 2. 1KR L
2IWHRTRBHIITY) LOXRETRILNTES, TOLSREERATEL LI-ES
DEPERISNFEFEE LT T RET 5,

T, RETRE L R ABBEORMEBELZIEIC 0~t,, t;~ty, tg~ty " EEH
L. SREESCEEENAEEER by, hy, hy, - ISR 3 Green B8 G,, Gg, G
w & VRRREMREL L 2 KRGHHEEELIC SV TE L RDTHL, KA
AREERTSERICIE, BRI t,, 1y, tg - ICBWTE-NRO 1 KRAEMRD 2 %k
R EH DBEL(IRT B Green BIKE (611, 6o)— Gygy Gondo ey Gyu) = G G
W G Gon) =+ LNEREIE 2 T E 22 5. BB HEEHET 5,

. Green B IRRIANICEIE X 3 & | SADHEENREGC 2 5BARSH S, =
NERFT 57201, 4 D Green BEEICHEER ALt REL, BF t,~t+At 128
WTRE Y (F(t) /A, 02XZ1) 2D, EXOEICKROEDERT 3,

: o, (t=t,)
a () =< (1-D o+ Yo, (4,;<eZt+At) (2-13)
Ty (t,+At; <8
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t: R

o (t) : tIZBTIRERN

t; BMEERBARA (=t ty, bty o0 0) :
At; 0 t{THIT D Green BEEEIB Z I AREESR (At =At;, Aty Atp, :+)
X: I BEEOTRERMER BRI H AT A—F T (1) ALV EES
o RF] ti~t [C8FT B Green BAEI G IT L W E SN BIEESS

(2-13) A TIHERINTWER, At X 1 KEHEHHIBRESLE 2 ‘ﬁ('f"f’Ad-&pH?"m)#
TR LT, BEICRET A NERD S,

BEERALIL, HBRERE BREROBATREICHIET 5 HGBER 72543/
S<BRDETORMEARART LR CTES, £ 2 TRMTIE, Green BEDOMEERD
B I HICEH LI BAL 2 7 v TREE T 3 BB RSN O EREREITH R, b
WELE (4.3E628),

3. Green BEEDE A M ORIEFIE

3.1 BT eF

ﬁiﬂ{ﬁlf%ﬁlﬁ LARRMSEAIC & B BB FRICE 1) 5 BHRROBER & LT,
NED 1 JREGEM, SMER 2 RREHBHZ Y 558 5200mm, HR/E 30om OAEET
NEERY BT, YE5R L7 Green S OBRAMERIET 5. M, FEEEO IHX BiRiEE~
OEAMBIELRBCENT 5 FETHD,

HERIED = D DERERMFTCHVER v 2 EF AR ABHER % Fig. 3.1
AT, AREREMIT = — FIiX FINAS Ver. 13 26/ L7z, BFAER I8 A=
7 (HOAX8/QAX8) %, BMmIESTFERICIZEhAIFF 3 EiARVREESR (FCAX3) AV,
FT VL7 5 S OB HoM12A 8% RV, BEKRTFEL ZEET 460°CItRT 3
ExA W,

3zéﬂﬁﬂ REERE

KEA—THF Y 7 AR EEREH Y v FOBRICE T B BB
SHEBE L, REA—FRF M U AFOFH b Y v 78O 1 RRGE (FRIT
#ﬁ%1&+xm)azwﬁ$ﬂw(¢ﬁafmﬁz&+&u)wmgzm%mg32
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o, MEBEL%E Fig. 3.3 ixd11],

Properties of structural material (HCMIZA at 450 C)
- Young's modulus: 180,000 N/mm®
- Poisson's ratio: 0.298
- Thermal expansion rate:1.23E-5 /°C
- Density: 7.86kg/m’
- Thermal conduction rate: 32 W/m K

FEM analysis code and element
-FINAS version 13
-Axial symmetrical 8-node element (HQAXS and QAXS)
for cylinder wall
-Heat transferable 3-node element (FCAX3) for thermal
boundaries

Heat transfer coefficient
-Simulate top surface (inside) and bottom
surface (outside) of IHX tube plate
-Varying with coolants' flow velocity

Cylinder Inside:  Heat transferable
Cylinder QOutside: Heat transferable

8
R=2570mm N >
z

. Cylinder Inside:
Heat Transferable to Primary Coolant

AN Cylinder Outside:
Heat Transferable to Secondary Coolant

Smm QAN
Mesh model

Fig. 3.1 Cylinder mesh model for FEM analysis
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Fig. 3.2 Temperature of primary and secondary coolants after manual plant trip
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Fig. 3.3 Flow rate of primary and secondary coolants after manual plant trip
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3.3 BMniE

FEATRHE T 5 I | KR & 5N & 2 RRRHIN LT A ED 25
BOBOBEREE LTS, Thb0ERICHT 5 IMERRE L KE L 2 KBS~ O
BT L VBT B, 1 KRARN (REAE 2 kSRHM (AT ofsEs
¥, A PHSRBERO LEH L FHEAEEL T, UTFOBYHELE,

3.3.1 1 REBHHM OBGER

AESEOREERIL, KBA—TKT b O AFOFHBRHBBER TEOEE

BRT 5,
F YU AGHMOBMEERIRR TE L b,
h=Nu- 1L
h: BfmE=R
Nu: X &= b
AT MU AOBRESR

L:fARRS

HEAE (FHELEE) 120 Lubarsky-Kaufman S AV 3

Nu= 0. 625 XPe™*
Pe: 7 L#¢

Pe=Pr - Re
Pr: 7% %
Re : VA J VA

Re=v-L, v
v & EIE S
v 1 MY L OEEE R

BERO TH EBOEB O RHEE R Na fiiE ., [HX FRONTHBERITICL T
EEECROSOIEETH S, 2 TRAEZMIC Na Fiil, REROTEL (H#
RIBERITIC L VRD BN D), Na LEOBICIRADBHKIIT B LIRE L,

v =I/AX g/ v

g: @Eﬁ@l&ittiﬁt{%ﬂ—ﬁ@ Na fi &
v : T MU TALLE

A FRESTERE ~
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BET (C) 0O THB v, 1. Pr, vIZoWTiE, XER[12]1A5 3] L= 200C
~600°COFEDT ~# (Tabled. 1) ZRFWLELIFHHLLL LT, KRXOBEY

ELT,

v (m*/s) = 0.000011508950 X T~0-591907033205

A (kcal/m s) = 0. 041913725000 X T + 78. 554902647059
Pr = 0. 106772818937 X T 507083531019

y (kg/m’) = -0.238581764706 XT + 951. 536

BRI NRTF A —F Th B ARPLICOWTIL, HI2 EEOXBL—FHF +
U U LFRRPCIBREBORFZEE X T, Table 3.2 DBV REL S,

PElZESE FEH MY v FPROBEEICET S X TR EEOMEEED LY
RERE Ui, AFHE T, AHM ORI R R 2 MBEE TR L TERLT
Va7, EROBERED BN AREIECE R, $AFEICER LT
FNOFCEICHTDEATR LS D Z &b b EERITCAV A REERIIFHEM S
PETIEIICHRELE, ZhbOHEELBERES Fig. 3. 410571,

3.3.2 2 R EIM DEREE
MREAEORGERIZIE., KEA—FRF Y T AIFO PSRBT R TEO
EXERT3,
h=Nu-+ 21,/L
h: BfzER
Nu:XE/L

A :Na OERER
L:AREZ

EWRTEAIEIZ I Maresca-Dwyer DR Z AV,

Pe=Pr -« Re
Pr: 75> b VE
Re : Vo /7 VXL

Re=v-L, v
v : Na e
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v : Na OBRESHEIREL

v =1/AX g/ y

g: BERD 1 KREFIT2EKREGEHZD Na F%
vy T PV OLRE

A.F%ﬁﬁ

Pe2100 OHF4E

Nu= 6.66+3, 126 X (P/D) +1. 184X (P/D)%+0. 0155 X (T - Pe)”'5
T=1—1.82,{Pr- (e, v)¥}
(eM/ v)=Re™®¥7"x 3. 338x1073
P/D: BEVE L v F LEODH,

Pe<100 OEA

Nu=—2. 79+3. 97X (P/D) +1. 025X (P/D)2+3. 12X log,Re —0. 265 X (Log,.Re) ®

RETOBEETHD v, A, Pr, vIiZ2WTid Table. 3. 1. ETHEHNRF A —FT
HBL. ATV TiE Table. 3.2 10 X DR 7z,
CUERRESE, FH N v VROBEEICHITS X TR TEOSMEEZED MLV
RestE L, SFEEZRETIREME I Fig. 3.5 12571,

3.3.1 & 3.3. 2 1T THRE LIS HEARN Al DBMEIEES Table 3.3 I0F & D TFT,
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Table 3.1 Properties of Sodium

T v A Pr
T. m%/s kcal/m s -
200 5.00E-07 0.019562 0.007391
225 4.66E-07 0.019245 0.006905
250 4.37E-07 0.018931 0.0065
275 4.13E-07 0.018621 0.006159
300 3.92E-07 | 0.018314 0.005871
325 3.74E-07 0.018011 0.005625
350 3.58E-07 0.017711 0.005414
375 3.45E-07 0.017414 0.005233
400 3.32E-07 0.017122 0.005077
425 3.22E-07 0.016832 0.004942
450 | 3.12B07 | 0016546 0.004826
475 3.03E-07 0.016264 | 0.004726
500 2.95E-07 0.015985 0.004625
525 2.84E-07 0.01571 0.004488
550 2.74E-07 0.015438 0.00437
575 2.65E-07 0.015171 0.004265
600 2.57E-07 0.014905 0.004175
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Table 3.2 Geometrical parameters for thermal translate rate calculation

Cross section

Part Model Background Length area of flow path
: Lm 2
Am
1. is assumed to be the deference
between diameters of the outer
shroud and the inner.
A is to be the area painted.
. 5.44m ,
Cylinder inside
surface Lubarsky
(simulating tube . | -Kaufman 2.23 15.14
plate top surface)
L and A are assumed to be identical
to those of the outer surface of the
heat transfer tubes.
L is total of the bold perimeters of the
tubes.
. . Ais the gray area multiplied by 9660,
Cylinder outside the total number of the tubes.
surface Maresca
(simulating tube Heat transfer tube 30 878E-03 3.6742
-Dwyer
plate bottom
surface)
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Table 3.3 Heat transfer rate for structural analysis

Thermal transfer rate kW/m?> °C
Time s Top surface Bottom surface
(Inside surface) ~ (Outside surface)
- 0~25 2.09 - 929
25~49.01 1.28 .69.7
49.01~ 1.28 62.7

4. Green B9 DRE

AEORERVAE DA EEHT 5750 Green BEELTFOL S ICREL R,

| RARBAM & 2 RARBAMIC LD RBEEZITBIEOBE. | KRBHMSEE
IZ& D Green BI & 2 RRWHMBBIEIC L 3 Green B 2 BENNEICR S, T
EEZEBEL TREN NS WBRTH 5720, BASFLIIESMEGERD. B
RADH. 0y &7 BERLSBEAEL, 0, &0 EEEEHERS, LENoT
AETIRO, LW ELOBITTHIETS B HH Lok B8, BEO 0 RO 2
TrEETB), | ' |

4.1 Green BB R ET 52D DA RERMITSLH:
MR B MBI 23 BT 500 Groen MKOREERET 3D,
() 2 RFRGHAMREE —FICRoEE, | RABAMEEIC X T v TIRBERN
(I0CER : BRLOHEBEBT B0 ICO 100 fEELE) 2543
O | RABHMRE S~ R E, L RRARMBEIC X7 v TR
(I0CER) 2523
DHEHET, HRERMFTETS. ERBEZRICOVTIE. Teble 3.3 KRTHED.
BRI EHICET B0, ThsOREOSEABIDVWTRNEF S RENS S, ©
N5EEEDHT Table 4. 1I0RT,
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AT v THRBEELEZ 5L BB, B 0 #~0.005 BORMIC 100CERETHLL
Tro E T RBARC 2 RABHMONMEEIE LWERELTCHEL, EROBHE
B OWHRREZED b 72 b TN OV TR BRI 2 72, :

Table 4.1 FEM analysis conditions for Green function coefficients

. Temperature of . Thermal transfer coefficient kW/m® °C
Analysis .
condition | L1+ primary coolant Top surface Bottom surface
T2: secondary coolant  (Inside surface) ~_(Outside surface)
T1: 100°C step rise .
Case 1 T2 constant 2.09 92.9 ‘
T1: 100°C step rise ‘
2 . .
Case T12: constant 1.28 7
T1: 100°C step rise 7
Case 3 | T2: constant 1.28 62.7
T1: constant
Case 4 | 12: 100°C step rise 209 V29
T1: constant
Case 5 T2:100°C step rise 1.28 . 69.7
T1: constant
Case6 | 12:100°C step rise 1.28 627

Time steps for all cases

1st: stationary, 2nd-11th: 0.05sec each, 12th-21st: 0.1sec each, 22nd-3Ist: 0.2sec each, 32nd-41st:
0.5sec each, 42nd-51st 1.0sec each, 52nd-61st: 2.0sec each, 62nd-71st: 5.0sec each, 72nd-81st:
10sec each, 82nd-91st: 20sec each, 92nd-101st: 50sec each, 102nd: stationary.

For casel, 2 and 3, T1 rises by 100°C between 1st and 2nd step. For case 4, 5 and 6, T2 raises in the
same way.

In this stage, initial temperatures of primary and secondary coolant are assumed to be same. The
stress due to the initial temperatures' deference (30°C=550°C-520°C) of the real structure is
calculated separately and then added later.

4.2 Green BB DEE

Table 4. L ITRTRIFICT, FMREFENICLVIEHZFEH L., Green BEIC L 55
BEE HB LD B, —FF 5 & 91T Green BIEER (2 1) TEB LA HEDOEHDE
BEBELE, | |

FRESE (2 RAREHFR) 120V T, Table 4.2 (TERIFITH L TRE LT Green
EEROREETRT, BEOREROERET LTV AR, KoWTHE, STERE
FEBLTA,=0& Lk, KICHEERERRK 1000 BRETHHI LEEELTA
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~0.001 & U7, ZIZIHH2A,=0.002, A,=0.005 A,=0.01, 2670.02, + -+ - LS
TTNE, JKERDV ‘fii%ﬁ_ﬁﬁﬁ‘%@%%lw:% ICBRE L (T 72355 Green B
DUWEIL 16), THICH U CHRERMEIER L R DBEONS W, 2R/ AREICT
RO, THOHDCRUA L VIRES Green BISIC L ¥ BHEA N BEHEL FRE
RFTEOLEZE 7 — ROV T, Fig 4.1(a) ~Fig. 4.1(F) ITRd, E. HE
AE (1 KFRHEAFRD 20 THEREIZ Table 4.3 IT Green BRI —E % . Fig.
4. 2(a) ~Fig. 4.2(8) 18— R I T Green E@ﬁi’f&ﬁﬁﬂgﬁﬁgWQfﬁﬂﬁfﬁﬁ
DUBETRT, Groon BIKIC & 5 3HEE L HRERMITEL L < —KL T3,



Table 4.2 Green function coefficients Ci* and A i* for the outside surface of the

JNC TN9400 2001-121

cylinder ,
Case i Ci Ai Case i Ci Al

1 1.1414E+02 0 I -8.2623E+01 0
2 -6.1175E+01 0.001 2 -8.8013E+01 0.001
3 8.0690E+01 0.002 3 1.1685E+02 0.002
4 -6.4301E+01 0.005 4 -9.4671E+01 0.005
5 6.5546E+01 0.01 5 9.8534E+01 0.01
6 -L1375E+02 0.02 6 -1.7812E+02 0.02
7 -2.9573E+01 (.05 7 -3.9091E+01 0.05
8 1.1356E+01 0.1 B -8.5081E+00 0.1

Case 1 9 253605700 | 0.2 Cased 9 1.79588+01 | 0.2
10 -1.3946E-01 0.5 10 -3.9211B+01 0.5
11 -4.0377E-01 1 11 1.2272E+02 1
12 1.6372E-01 2 12 -1.4533E+02 2
13 -1.6615E-01 5 13 3.1132E+02 5
14 1.5278E-01 10 14 -4.4936B+02 10
15 -1,3439E-01 20 15 5.6913E+02 20
16 1.3615E-01 50 16 -9.15826+01 50
1 8.7059E+01 0 1 -7.4047E+01 0
2 -1.8843E+01 0.001 2 -3.8662E+01 0.001
3 2.4991E+01 0.002 3 5.1292E+01 0.002
4 -2.0360E+01 0.005 4 -4.1385E+01 0.005
5 2.2241E+01 0.01 5 4 3047E+01 0.01
6 9.0135E+01 0.02 6 -1.8582E+02 0.02
7 -3.9717E+00 0.05 7 -7.4921E+00 0.05
3 4,6520E+00 0.1 3 -2 A226E+01 0.1

Case 2 5 33385801 02 Case 3 9 26699601 | 0.2
10 -2.6684E-01 0.5 10 -5.9809E+01 0.5
11 -1.0433E-01 1 11 1.2869E-+02 1
12 5.9473E-02 | 2 12 -1 4008E+02 2
13 -7.1242E-02 5 13 3.1425E+02 5 -
14 7.2613E-02 10 14 -4.3521E+02 10
15 -6.9213E-02 20 15 5.6303E+02 20
16 8.0006E-02 50 16 -1.2029E+02 50
1 8.6741E+01 0 1 -7.3939E+01 0
2 -1.7597E+01 0.001 2 -3.8738E+01 0.001
3 2.3339E+01 0.002 3 5.1274E+01 0.002
4 -1.9026E+01 0.005 4 -4.1072E+01 0.005
5 2.0908E+01 0.01 5 4.2223E+01 0.01
6 -3.9329E+01 0.02 6 -1.8495E+02 0.02
7 -8.8856E+00 0.05 7 -7.0780E+00 0.05
8 4.4170E+00 0.1 8 -2.3666E+01 0.1

Case:3 9 -2.5232E-01 0.2 Case 6 9 2.7499E+01 0.2
10 -3.0775E-01 0.5 10 -5.7794E+01 0.5
1 -5.7294E-02 1 11 1.2865E+02 1
12 2.5434E-02 2 12 -1.3554E+02 2
13 -4.6993E-02 5 13 3.1165E+02 5
14 5.1628E-02 10 14 4.2441E+02 10
15 -5,7447E-02 20 15 5.5240E+02 20
16 7.6892E-02 50 16 -1.2651E+02 50

16
*Ciand Aiare for the equation; G(t) = Z C, -exp(-4;t)
i=1
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Fig. 4.1(c) Stresses on the outside surface of the cylinder calculated by FEM and
Green function for Case3
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Green function for Case 4.
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Table 4.3 Green function cdefﬁcients Ci* and 2 i* for the inside surface of the

cylinder
Case i Ci Ai Case i Ci Ad
' 1 0.8944E+01 0 1 1.1545E+02 0
2 -1.1813E+01 0.001 2 -6.6532E+01 0.001
3 1.5048E+01 0.002 3 8.5877E+01 0.002
4 -1.0478E+01 0.005 4 -6.2898E+01 0.005
5 7.5289E+00 0.01 5 5.1512E+01 0.01
6 -1.0482E+00 0.02 6 -3.0429E+01 0.02
7 4.83936+00 0.05 7 5.0939E+01 0.05
8 1.4128E+0) 0.1 ‘ 3 -1.3065E+02 0.1
Case | 9 4.1547E+01 0.2 Case 4 9 -3.7238E+00 0.2
10 -4.3976E+00 0.5 10 1.8335E+01 0.5
11 3.3740E+01 1 11 -2.7878E+01 1
12 -1.6216E+01 2 12 8.3832E+00 2
13 3.6617E+01 5 13 -1.0965E+01 5
14 -3.3190E+01 10 14 6.8144E+00 10
15 4,2442E+01 20 15 -3.6200E+00 20
16 -1.4802E+01 50 16 4.3816E+00 50
1 -3.1229E+01 0 1 9,5339E+)1 0
2 -8.9745E+00 0.001 2 -6.0769E+01 0.001
3 1.1355E+01 0.002 3 7.8441E+01 0.002
4 -7.6804E-+00 0.005 4 -5.7420E+01 0.005
5 4,8018E+00 0.01 5 4.6735E+01 0.01
6 1.2908E+01 0.02 6 2.4842E-01 0.02
7 4.8304E+00 0.05 7 5.2519E+01 0.05
- 8 1.2804E+01 0.1 8 -1.5243E-+02 0.1
Case 2 9 27137E%01 | 02 Case 5 9 | 769598100 | 02
10 -3.3557E+00 0.5 10 1.5697E+01 0.5
11 2.1835E+01 1 11 -2.6506E+01 1
12 -1.0617E+01 2 12 7.7602E+00 2
13 2.2885E+01 5 13 9.8410E+00 5
14 -2,3684E-+01 10 14 5.7947E+00 10
15 2.6063E+01 20 15 -7.0363E+00 20
16 -9.0770E+H00 50 16 3.7748E+00 50
1 -8.1269E+01 0 1 9.5410E+01 0
2 -3.4208E+00 0.001 2 -6.1619E+01 0.001
3 1.0646E+01 0.002 3 7.9559E+01 0.002
4 -7.1963E+00 0.005 4 -5.8203E+01 0.005
5 4.5630E+00 0.01 5 4.7431E+01 0.01
6 1.2793E+01 0.02 6 -3.9730E-01 0.02
7 4.3333E+00 0.05 7 5.2415E+01 0.05
8 1.2900E+01 0.1 8 -1.5322E+02 0.1
Case 3 9 2.7095E+01 0.2 Case 6 9 9.1201E+00 0.2
10 -3.3565E+00 0.5 10 1.4630E+01 0.5
11 2.1843E+01 1 11~ -2.5565E+01 1
12 -1.0623E+01 2 12 7.3040E+00 2
13 2.2889E+01 5 13 -9.2930E+00 5
14 -2.3638E+01 10 14 5.3765E+00 1¢
15 2.6065E+01 20 15 -6.4460E+00 20
16 -9.0778E+00 50 16 3.5370E+00 50

16
*Ciand Ajare for the equation; G(t) = ZCi -exp(—4,1)

i=l
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Green function for Case 2
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Table 4.4(a) Time constants for cylinder outside surface

Case At Model
S )
B A
o [[i
o :
= :
2 Hf Thermal transfer rate:
1 112 sec. 4&__: : AS Case 1
“ : Se: 101.82 Mpa
: S1: 095%AS
At 112sec.
SO A. [ i) k)
0 2t 200 400 600 800 1000
Time s '
S -
" A
] LR ¥ ] S-‘
o :
= H
e Hf : Thermal transfer rate:
2 138 sec. © : Case 2
ot E ]
& : AS Se.: 83.28 Mpa
S1: 0.95%AS
At 138sec.
So J‘-lz*;l—l—l—lh‘i L W L L
o 2t 200 400 600 800 1000
Time s '
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Table 4.4(b) Time constants for cylinder outside surface

Case

At

Model

110sec.

So

Stress MPa

[Smin-Sol>2%|S..—-Sol

w51 Thermal transfer rate:
' Case 4

Se: —100.22 MPa
AS Smin: —263.70 MPa
' S1: 8o, -~ 0.05%AS
At 110sec.

v .
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0 At 900 400 600 800 1000
Time s

138 sec.

So

Stress MPa

[Smin—=So|>2%*|S..-So|

J .
e 51 Thermal transfer rate:
Case 5

Seo: —81.78 MPa
AS Smin:- 256.07 MPa
S1: S, - 0.05%AS
At 138sec,
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Table 4.5(a) Time constants for cylinder inside surface

Case At Model
S ----- ey
B A
N 3 mEm S1
© :
o =
= n -
@ : Thermal transfer rate:
1 22 sec. g : AS Case 1
« Se: 101.40 Mpa
- S1: 0.95%AS
: At: 22sec.
So__'...A.E-..-l--\. ) i :.
0 2% 200 400 600 800 1000
Time s
S )
wemennas s
MEEWN : am ST
© :
o .
> : Thermal transf
@ : ermal transfer rate:
2 64 sec. § : AS Case 2
) ]
0 : Seo: 83.10 Mpa
: S1: 095%AS
: At: 64sec.
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0o 8% 900 400 600 800 1000
Time s
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Table 4.5(b) Time constants for cylinder inside surface

Case At Model
Smax<1.05%S_
S max s
n L S‘]
& . Thermal transfer rate:
% : Case 4
4 ' 18 sec. § '.:. AS Smi 101.80 MPa
O H Smax: 104.53 MPa
: S1: 0.95%AS
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SO lf--nnﬁ--\-‘ am ! i ]
oAt 200 400 600 800 1000
Time s
Smax>1.05%S
eramaa SMAX
lnﬂﬂl..llllll S.i
--:luuun -------------------------- Sm
© : \
L :
:En : Thermal transfer rate:
5 98 sec. 3 ; Case 5
& P AS S.: 8287 MPa
Smax: 99.59 MPa -~
St: 1.05%AS
B At 98sec.
SO Il;l-ununl ' | ] ] ]
0At 200 400 600 800 1000
Time s
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FEM (shown in two different time scales)
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