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Evaluation of Thermal Displacement Behavior of High Temperature Piping System
in Power-up Test of HTTR (No.! Results up to 20MW Operation)

Satoshi HANAWA®, Takao KOJIMA, Junya SUMITA and Yukio TACHIBANA

Department of HTTR Project
Oarai Research Establishment
Japan Atomic Energy Research Institute

Oarai-machi, Higashiibaraki-gun, Ibaraki-ken
(Received January22, 2002)

Temperature of the primary cooling system of the High Temperature Engineering Test
Reactor, HTTR, becomes very high because the coolant temperature at the reactor outlet reaches
950°C,and 400°C at inlet of the reactor. Therefore, it is important to confirm the thermal
displacement behavior of the high temperature piping system in the primary cooling sysiem from
the viewpoint of the structural integrity. Moreover, newly designed 3-dimensional floating
support system is adopted to the cooling system, it is meaningful to verify the thermal
displacement behavior of the piping system applied the 3-dimensional floating support system.

In the power-up test (up to 20MW operation), thermal displacement behavior of the high
temperature piping system was measured. This paper describes the experimental and analytical
results of thermal displacement characteristics of the high temperature piping system. The results
showed that the resistance force induced from the supporting system effects to the thermal
displacement behavior of cooling system, and the analytical results have a good agreement with
the experimental results by optimizing the resistant force of the floating support system.

Aadditionaly, structural integrity at the 30MW operation was confirmed by the analysis.

Keywords : HTTR, Primary Cooling System, Floating Support, Thermal Displacement,

Structural Integrity, Power Up

+ Department of IMTR
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1. #8

BRIZERMEF (HTTR) EEREAN MW THY ., LRAMHFEENEFRF
HOTES 950°C, BRFFAOQREN 395°CLERTHD. EEMBICRETIEBESE
BT LI2BEE. BEREEOBANCLEETHY. HTTROBRHICE 3 XTORE
XEAXP_EBEL LEREZRSE FLOVEASMRYAALONT LR . BRXHFAKIL.
JVRBUMNARVY Sy FNAVHEONABRVBEHRBEREZCLIVEREIL S,
EARICEAE. BRERSOSEBLEREHILENEETHY . BSOS HAEHE
MEFRBICEVAERT S EATES, 1 RADNZFOREEZ Figl.1 ITFRT, Th
BOAVARAVIMNA VO rNAVARVHEGRESZROMAEDOEICLE3IATEHX
BAXTIE. BEOEERTCHRELLIZHOMTFENFTECLALI LI L. RGEEHEHED
N TEERY . BENICEFFEMEFTORDELETREET D, HIS. HTTRT
HERBEV CHITHRLRBEEINEIRLTLECEND. 3 AEOENERARE
AOr-AHBS0OREREDERBTLI_LFEETHS,
HTTRTIR.EHISEIE29E8MS3F1RICAT THALRRAR(2)(BHE 1 20MW,
BRFFHOAIHMEE 600C) #RMELIz, HALRFRBRRTE., L RANBHFORELM
BHREFHNI3LABICFOREHERRAT ST, 1 RANRBEZERTHIERREROD
BREREBEZAT L, ABRICBFWEMACEY. 3 AERRXFFIXZ2RALERESR
DEERBEEBCICTBEOBESELZHERLE., A TIEX. HITRO 1 RAFNBRHBOHEESDS
FURHIZONT, FL-HALRFABRQOTHELN-EERER. BV EBERs L UVESY
HEBERETRT
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Fig.1.1 Bird’s eye view of primary cooling system.
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2. HTTROAXNBREEE

HTTROBRFFEANRBEI, BEXEERICEFFEZADTIERNRE. BRFFRY
SARBEDRERICRFFORIEREZRETHIHMAIREBRUFERADNBRBENSB
BEhd, EAHMRMIE. Fig2 1 ICRTXOILC., 1 RADRE. 2XNUDALLHABR
UMEKSHREISABY, RFFTRELLCBEREBNICEMEKAHNBHBOMEKS
HBICKYVKBAPARHET S, | KSHBEE, PEABRLSHEE (IHX) & 1 RMEKS
# (PPWC) D2 BEOBRZARZUIICREL. RFFTRELEBEZ 2RAYIASL
HRABXEMEKRSHBHEICEETS. PPWCR,. UFa—TBOGREZRAVEAUD
A-MEKBOBRZRABZTHY. IHXIZ. ANUAHIIIAANBOGREERAVEAU I A-
AYYLADBRSRBTH S, | |

BICIXRRDOEAEEL. B I50CH 1 REDHEZRVTEHES. BRXBRBOBESKICII-E
BEZHDO__E® (Fig.2.2) 2R8ALTWVS, BRFELSDERANYD AT RIE. RED
ARz, PPWC XA IHX TAHAHENEH 400COANV T ALAH AL, AT LEABEORM
Efhd. CORIC, HBAMEFEBEZIETEIET. MEBOEREEEZE<T5E
DRIEEEE-> TS,

HTTROE&EGEL. PPWC TH 20MW RU THX TH 10MW OR#ZT O AIEE
&, IHX BERE T PPWC DA TH 30MW DRBEZT5HREGNSHZ. EHEE— R &
LTR.EFFHOREN 850C. B/ SOMWOEREERE - . BEFFHOBERN 950C,
BN SOMWODOEEREREENH S,

HTTROZIBESYICE BRREBEROFEEZXASBANS . ARSI MNIAH,
YSy KAVHRURTUCINCHERVWTEY., —F. BBEBORHZNHNTIEM
THEBIRBEAVNTNS, IVRAS S rNAAHAR. TAMNRREY o8B ERIED
HEBET. BBRETROLTOBHICHLT, FLRESNAEA—EOFMETEXHTHC
ENTES, EEL. ARSIV MNAHBRAZFAE. KEFRICEBELEL, #
2T, XFENIBBBRKEFRABHTSE. BRABY ETFHICBECERKEFHNEE)
ZUHTFBFAICEHK CLICAB, HTTRTR. BiCL5 L TFTARAEMSRENIHX RU

2 RMEKASESE (SPWC) ICAVARS Y MPNHZBRBEBELTWS, HERIRSIS. 45
EEROBLEMEZMRT B LA HEZRES LT . HEBCLIBBORMDEH L.
MBS EDHLENTES, 2L, BEBHRSBICEK, ANV —IBOEBEBAH, #VU T4
ATORMERANE. ARHERAVFET S, HTTROE/AMRAMO S 5. PPWC. IHX
BUSPWCICREHW AW EDBEHERSJ[EEIhTNS,
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Reactor Pressure Vessel )
Intermediate Heat Exchanger

Intermediate Heat
Exchanger

Primary Pressurized
Water Cooler

Primary Herium Nozzie \\ Liner
Outer Pipe Thermal insulator ’
Reactor Pressure Vessel! ' . b bl
inner Pipe Co-axial Doubie <~ >
#all Nozzie

Primary Pressurized
Water Cooier

Fig.2.2 Cross section view of co-axial double pipe.
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3. BB/

HTTR OBERBBORTHE., BEELBITRAEERICETI28RMHETEEZEH L.
TNOBBNETERG P OBERERIBHCH > L BEIFMEETD>. 2T, EETS
BENETERGEI. AE. BE. BRWTE. BERSLUNBBICLSAFTETHD. EET
3. RACBITIIBERBAFEICOVTERT,

3.1 IR ,
R ELCBITITEREREREHORFICIE. AFEREZI— K MSAPVEZR Y,
PPWC. IHX. “EEFOEAHBFORBEERIE. FVERICKYETIELE., &
MEFTIVE Fig. 3.1 ICRT, B, RFFENESS (RPV) BETF Nt d. RPVEE
EEAH " RELCHEUEABHEMNEZE5AS LT . RPV_EEEAMOEREEEBL
o BBOXHEHEZ Table 3.1 IIRT. RPICIE. WMBERFBLUVCBERFICETSX
REGZHRELTHD. BROIHFEZHR. BXEORERBITLAETHY . BEERBHF
TREFBEVZZBLAN., BEBFCTEIWBLBEZBLZAVICASIVINVHD
HERBLED., BERATREBREELIB LAVAINORZAEBULAVERHEELLT
W, £, BBREROETNELICBLTE. RELEBBOES/ ANVBOBRBIE
EZRUE. BRICERBLULBEHBIM% % Table 3.2 [TRT .

32 RHIKBIISBEREHOMTER

EREEREOBEERFTEREZ Table 3.3ICFKT, b, ARERFMUASI. BF T
FI(Fig. B.DFILRTHOTHY., HALRERICBLTHRABOAEZFML TN S,
BAGRLY. XFAZEME_FEOEMICBXBRBOLENBRLTSY. 8 40mm
BEZEMLTHOS, YARBAETHY., IHX BHEZLEICH 15mm. PWC @1ZH 12mm
ERLTWS,

Table 3.1 Support condition for thermal expansion analysis.

XBOEE BERER * i AR AR *HERH

RPV & £ 58 EWT 5 EHT S ERT S
Doy RUR— b ZERITD ERT S EZRT S

i £ B i 25 EZRUEL EETS ZRL W
AVRI Y MNAVH ERELHEW EZ@LEHL ZET S
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Table 3.2 Local rigidity at the connecting point between the pipe and heat exchangers.

Kx Ky Kz Ko@x K@y K@z
kg/mm kg/mm kg/mm kg/mm kg/mm kg/mm
R HNEXEE
P 2.32x10° | 6.64x10° | 6.64x10° | 1.69x10" | 1.72x 10" | 1.72x10°
Visng/ L
7.52% 10° 3.23x10° 3.23%x10° | 1.57x10" | 3.14x 10 3.14x 108
ﬁigﬂﬂ L | RE/ L
TR 3:50x10* | 4.92x10¢ | 8.80x10* | 1.30x10" | 8.67x10° 1.84 x 10°
f—é LN -V d .
X | C
= 1.98x10° | 4.50x10° | 5.84x10° | 6.67x10'" | 8.05x10' | 2.60x10'
. RE/ XL
H 2.87 x 10° oo oo oo 1.30x10° | 1.30x10°
X | nE/ XL
1.15%10° oo ) oo 6.67 x 10° 6.67%x10°
AE/ XL
vtz 40 S 4 4 10 g
S S 3.29x 10 2.07 x 10* 3.39x10 4.91x10 3.18x 10° 8.91x10
%HHHW o
~ - HE/ X
1.61 % 10° 2.40 % 10° 2.77%10° | 2.23x10" | 2.63x10 | 1.10x10'°
Table 3.3 Analytical results at normal operation condition.
(mm)
X Y Z
RPV T jL7R 0.88 — -15.19
{nodel04)
PWC TR & 41.77 -11.83 6.70
(node200)
PWC / X )i 88 41.76 474 -17.3
(nodel120)
TLR 41.76 12.68 -15.15
(nodel32)
IHX L& 41.73 14.68 46.13
(node304}
D == &
2RR_EFE 39.37 - 16.82 54.47
{node422)
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Yo/l Node 1 Coasinl douhis piping
l/}(l Fixed point
y Rigid Hunger

"@w‘ xSpeimg

1Rigid connaction

P’y

Yy |

e ? Soacondary Pressurized.
i
‘ i

Gt pipe o~ 8

Water Coolar

Curer shell igr:g"; DA

w»@«‘

Kiﬁ?ﬁ. ?Zr.«abtm Proveurs V ass&];
\ laner shall N j 4
_ Par—— ! L7
L@é};z‘ Inter modinste i : i
e Huat Bxchenger! b

Outer pipy

7 uter shell

Snpvor.shell

Pritmary Pressuriznd

Whster Cooler

i/ L Zo-anial dovble gxipifsg—l

Fig. 3.1 Analytical model for design.
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4. EHERER

4.1 HBAE

SRREEOBLERTEIL Fig. 4.1ICRKT 6 ARRICDNWTHITW, FHMOEEFEEHQ Fig. 4.1
ICRTHICRPVo L RRZEETHOSFRAE X8, TOEARAZ YH. HEHFRAZ L
WEEBLE, AL, FRACRVTHRS-OAEMFER. TOHNIE A/D converter
ERLEBICEMBEZT >/, BERT—S R 1 BHMBICNEL. ARKIC. BRFFAD
AHMEE. & He F ABHRBEOEBE. IHX AREE. 2 XANHBESOISUMF
-5 EZNMEL L,

42 HBEBZR

B EGEE LU ER 20MWETO. BREELERE2HOREKTFMEZ Fig. 4.2 TR
7. AR&LY., BHOBREREHIEELLICHLTIRE-RBICEALLTNS, IH3:E
GEORFFADRE 203CILBI3RALHEHIHTFEESEEHOFMEE
293°CODfEE L THIE)E Table 4.1 ICRT . RAE &R TFMETIEL. HIC IHX LEIKF
FEOERLEHICEOSARDOON., R TIE ITHX LHA IHX THERICERK LAVEBR
ER-TWWA, Fig. 43 CRT X FRAEROBABLELTIZ. X1~X4 FEFFADO He
BEOTRICEBRHRLABELEEEFHERL TSN, IHX LB THS X5 BXU X6 (3 He
DEETAICEBRLAEEEHEZRS AL, HIC. X6 [d He REZLIIHNTHEREO
BRMNEBNSBEETHS, AXBLU X6 TR, B REGFBEAINEGHORUERER
BICBWT, ABOENELZRLTHLAL, ZhoE,. IHXPSERRBEMTHSLICM
Z. BAKRBESIHERBEEYIEELTVNDEEZOND., BB, RABHICHBVT
. MBOLS CREREHICH L TXFBEEVOREEERL TVWEVLI ED S, Table
41ICRTERDPREL TS LMBENS,

EREBEYS S EAREOBREREHCHEEREITRELL TR, N H-—FHOKES
HDERMEHRESOEREHBICETS2BHBERNASZEAISONS. BIHEBKRSEEL. €O
BES—BUTHESEHERCEENICARABEEE TS0, EEBYIHICI. BHE
BT 52X CORERNASBLURHFOHERHFEISELET S, BEOIERKBTR
BLASRER%. B4 180COKEBICHELLEES (Fig. 4.4). FANES[ICEVWTATE
BLEFOESD>EARHONSE, ChiZ. BERICIVRETIRERNEENICHT
BZEBOBMEMESOEHEBERREOBEDS. SHBREBLCBVTELRTSILIELDD
DEEZEND,

BEFFEHD200MWICE T2 LN EGREERBEEBSOREELHOLEZ Fig. 4.5ICF
T, 7SV FBEEE— RICKABERLZHAOERIZ. IHX LBATORES X525 &

_._9__.
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U X6,26 THETH S, chid, BREEBE 2 RAU Y ARNRAEES N TOANE
BIC2RAY T ARORBEENENED TS B,

Table 4.1 Comparison between experimental results and evaluated results by the design at 20MW.

FH AR Bf; | PID S, EHAGIE | WFEEEAE R ETETMEE
RFFAOQHe RE © | - 13A130 295.0 —
RPV FHT L AKERS mm X1 026 0.7
RPV FHTILREME mm Z1 -13.39 -13.4
1 XRPWC HEREME mm X2 24.70 31.0
1R PWC REZEM = mm Y2 -11.22 -8.8
1R PWC EEEME mm Z2 3.09 : 5.0
1RPWC _EEHERBENSE | mm X3 26.15 31.8
1 X PWC _EEEHHMEME | mm Y3 -4.14 -3.4
1 RPWC —EEHGIEME | om 73 -9.52 -10.1
TIILREME mm X4 25.54 33.8
TIIREME mm Y4 8.59 12.2
TUREME mm Z4 -10.90 -10.7
IHX ESENE mm X5 9.48 31.0
IHX =#EfGE mm Y5 5.85 14.0
IHX EEME mm 75 30.46 34.2
2RA_EEMEME mm X6 1.90 29.1
QRFZ_EEHEME mm " Y6 2.47 144
2 RA-BEHREME mm 76 30.87 41.0
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| X6 SX aXiS)
XS'éX axis; o
Y5 (Y axis) -~ g
25 (2 axis) | dmr ™
@\
SPW(
N Xz (X a'xiS; \
| ® Y2 (Y axis
/ 22 (7 axis)

IHX

RPV

X3 (X axisg
@ 13 (Y axis
- 13 (Z axis)\

éX a.xmz
Y4 (X axi L axis
@ Y4 gY ax@sg
74 (7 axis) Z
X
B : Measurement point
Y

Fig. 4.1 Schematic diagram of measurement points.
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Temperature (°C)

Fig. 4.2 Temperature dependency of thermal displacement behavior.
(Single operation mode at 20MW)
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Fig. 4.3 Thermal displacement behavior with elapsed time. (X direction) -
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& 99-Jun

98-Mar
1 97-Sep

X1 X2 X3 X4 X5

z
.
|

_

%' Y3 Y4 Y5 Y6

X direction

Y direction

.
Z directoin

Measuremsnt point

Fig. 4.4 Previous measurement compensated at 180°C.

i Parallel operation

Single operation

X2 X3 X4 X5 X6

X direction

Y direction

Z directoin

Measurement point

Fig. 4.5 Comparison of thermal displacement behavior between
parallel operation mode and single operation mode.
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5. RBREROBIROFNME
5.1 B Fix

BITICIE. AABREZI— K TABAQUSI 22 AW, BIFEF I % Fig5.1 IZRT,
EFUTICDONTIE. PPWC, [HX, ZEEZDEANRGOBRREERIIRAS®BHF L
BEICIVEZFZAG. RFFREHEE (RPV) BEFhiET. RPVE_EEHESHA
BREICHNELEBRHENEEZ5 X2/, £/, BRBREROETNEICBLTIE. BRELS
BHOEE/ ANBOBHBEEER L, BIFICERLUZBABIMEE. Table 3.2 TR L
ERARGELARTH S, BE. RERXRBREERBF  CAXFEBEEVEIZBLEIVONEE
WTHSN., HITROSBERBERICIE. FLAEATHE 3RTOZHZIFEZERAL TW
55 ERFTEAXIREEVOREBELEZERTHLED. NHAERVBENSRSEZLL
TFTIRTEETETINELE,

NZABOETIVEBSEZE Fig.s.2 CRT., NYHEEIBBOFEILCLHNLT—FANT
BREZZATVWHLED, BHDPKEFAABHLEABSICER. ANXHAOBY LIFAICHIE
THAKEGHADPREL, ELBBOKEBHEOEMICENVEMT S, > T. ZBHFT
[ENHBENREBERICEVETIIEL., BOWENRZREHIT. ENVHIOBBRY LFH
POEHULL, BRICERAUENREHREZ Table 5.1 ITRT,

HEBRSBOEFIEBSRE Figs.3 ICRT., —MNIC. AEBRSPBE T HEIC
. BEERHICBEVTHERADPREL., EETOB/BERAOS SEXRETHDIDIEA
AIN—NVBOBBATHES. FOEBRAE., BULRKELSBHZHBODIBOBRERN L.
REB9POMBEANICKBUTES, H-oT. BHLOSBEBREASAONBRAN, BHE
BiRSFOBRBENAL T ThHONE, AENESEBHEITBREEEINRENS, —F. BB
DODRADPBESRROBEEHZHZINIE. BEBERBES—COHEEHEZELCLAD
SIEETES, BRBFTII. AEKRSE Figs3 CRITEBNMNAZETHEERERICLY
EFNEELE,

HERBREOREA ~H—TR. BEEOMERTE L TEBHEE 1mm/sec [CHF 3 EH
NEREL. EFAICFOEBERHEZHERL TIVE, Imm/sec LHBIFTHAERMEHR H% Table
52 [CRY., LAL. BEBRBOETNIICBVWTLEEBRNAEZEZALES. BEDR
RHMICBSVWTOKEFMOBEMEY, FICHXABFEBSRMICHEARESHREZN
BERMPEONT IS, Chid. BREEROBEERFOBIMFHIRZB/EEE (X 1mm/sec
JUEBRTHY., TOEHRNE Imm/sec DRABRALIVEBENVETHRIEHTHSH, o
T. EBAFCRAEHHRERSOEEERBHERNZEIIEIFATEEEEL.,. RUEHZ
BRLE.

BEZMGGEZ. BRXRZTORMWEERVT 1 XAHFMEBEEZAWNE, 8. HHYMEEICD
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WTR.TREBRFHARBCBITIZEESFTOETEECE(BNFEE BEESETEE 501
) ICERL L,

Table 5.1  Hanging weight of constant and rigid hangers.

Types of hangers Hangers No. Hanging weight Spring constant for
{(kg) modeling (kg/mm}

Constant hanger 3001 38400 20.2
Constant hanger 3002 37800 19.9
Constant hanger 2001 18600 233
Constant hanger 2002 18600 233

Rigid hanger 1001 17600 5.5

Rigid hanger 1002 17600 5.5

Rigid hanger 1003 | 17600 5.5

Tabie 5.2  Measured resistant force for hydraulic snubber.

Types of hydraulic Capacity Measured resistant
snubber (kgf) force (kgf)
SHP-260T 260000 2500
SHP-100T 100000 750
SHP-40T 40000 350
SHP-25T 25000 130
SHP-16T 16000 100
SHP-6T 6000 40
SHP-3T 3000 | ¢ 30
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I/O/l Node : . Co-axisl dovhie piping
\:&\ Rigid Hunger : . 2001)

' Outer pij b -
l/ﬁ' Snubber =% Secondary Pressurized
Water Cooler

ras Chrcurator

L
1003 (M,

Mo

Primary Pressurized
Water Cooker

Co-axial double piping

Fig. 5.1 Analitical model by FEM.
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F=fysin 6 = x/L
k= fo/L

k : spring rate of hanger

Fig. 5.2 Schematic diagram of constant rigid hanger modeling.
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(a) Without restriction

)

Reaction force
4

S F e

F )\/ __._%

— F

s

P
) o

Displacemeni of snubber

{b) Reaction force < Restriction from snubber

Reaction force

A /,f [
S LNt
A%
~
=S
- (c) Reaction force > Restriction from snubber

Displacement of snubber

Fig. 5.3 Schematic diagram of hydréulic snubber modeling.
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5.2 MRITEEME
. 5.2.1 BIREENDOBITAIFEE

SAEEDORERLEFMICHENT, MEHRBIORBIERNBRANTH SOBABOELY TH
%, —A. BERGREIL. BHHBEICSVTR IBEEORXHEE] CH-L-TVNSHHOD, ZNHE
BERZT - N—ALYREEND /2O, RBOBEEFBIINERESNLBEEFTRBLZ
EBEBZAOND, - T. BERGRREBEHIREBOEBERNENTA-SLLTEZ, BRERICD
WTRBEHZRBLE, BT —X—E% Table 5.3 TR,

KT, BERGRHICOVWTHERT 5720, BERGANE BEZFORMELE) ITH >/ —X (Case
1.1) BLXUBREREHZ BESOXMEE) LHMED 90%& LT —A (Case 1.2) DRRFERIE
Ureo (58, mEBREZOEMNIL Imm/sec [CHIFTERIHEZA T IVS,) Fig.5.4 ITRTBEIAE
K&V, BRERFEHZ BESORMEE) DERENSEHISHSH & T, BRERIIRUEEE
DL EDBHRENT,

RIC, BRRFEHEZ TBESOEMESE] LEED 90%E L. HEBIRSBOERNZNSA—5 &
LegihzxRE L. BNA% lmm/sec ICBITARAMBED 50%& UI=#BHF% Case2 & LT Casel.2
EEHEB U, BEZE Figss ICRYT. BEKY. HEBRSBOBRAZELARICERZESZ LT
BITBREIR< RPBHZEPCE, 52 THX EBED(X5~X6. Y5~Y6)ICDWT. BERRIED
BHRAICH T HBHETLSHEEICRNE,

LUEXY., BERFRES LCHEHIRSOBRNEZRBILT 5 TR Z R TE 506
DBRENED. S HICRBICHETHIMREEZ/IHE. HESIRERICEL CIIME2 TS0 THERE (3#
ﬂﬁﬁﬁ)ﬁiﬁé:&ﬁ%iénéoﬁaf‘&7WZ&LT@QW%EME%®ﬁﬁﬁé$ﬂE
PEFLIHIFRATELEZBEELS . REBEOEBEEME (Case 3). Fig.5.6 ICRTHER
£V, BeDBEPBRSBENRNNZEZBEESXA 5 - TREBEHEZERTEZ S LMRENT,

WHBEIC DTS, Case 3 LEBICHERGERE NBESORMNEE] DHMBO 90%. HED
REEDERNZRIMENP SRV EHHFRATEL2BES ABITEREL /=(Case 4). BITFEE % Table
5.4IC7RY, 2H. BEPICIIEMEBEEROBIFERCase IBHEELE. SN LY. HERIREZDIE
MNEBESZASET. BRT— RCBOOTRIEHZREBERTESEMNBLoNER S,

5.2.2 RS
RFFEH7 20MW I2H175. Bk - B EGETOERECRETIHMNELVEHE— A FOLLE
% Fig. 5.7 BX U Fig. 5.8 ICRY. ALY, #A. SHE—AY FEBICHNEGESBRERZ L
B3IEM. BARMICOVTEBERIIWIERICDRENS =D, BHEEOHDFHZEITD
SEELE. |
A5 T OBEREEE) I DUV T 20MW R FHEE S & UER LS GOMW) B D -FRIBRT R
% Table 5.5 XU Fig. 5.9 LY., 4B, BIRRMI Cased LAFTHS, EFMERICOVT, &
REBITREEIIH L T—RMICELT S,
EEMNBLVE-AY MIOWT, BEFERICBITIARBELVENLOBIRE Fig. 510~
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Fig. 5.13 ICRT. #WAICDWTIZ, T4 —BBE LU RPV TILARBOBIMEDBKENHDD, TOE
EIZEAITHUT—RHTH B, —H. E—AY MIT 14 —BBLU PWC / XIVEBDEBKZ D

DD, HAICHTHEMEEL, BHADLHICHENVETTIERERLTINS,

BWBOERHMEFM=UCB (S 1 KISNDOFHAEEZE Table 5.6 [CRT, 285, HITR D - EEOHE
RIGAIT, TERARIFE | BRBOEESBERHES LRV, 1 REBHICHESN S, -, BE
ADEBHELWNT 4 —BICDNT, —REF. DFBBLUS U— FHEHIEEGEOFIRIC T 2505
RE Table 5.7 IZRY . RPDEEBEIBEM VIRTECBICLSE, AH. MOFESIZHNT
b, HMOEEHREZ ABELTEY. SEGREBCBVTRBOBSNABESNS - S4B
L7,

Table 5.3  Analytical conditions.

BRs—2X BEEt—F MR RZFE T BABETREREL

Case 1.1 Lk Imm/sec RANE BEFORFELERT

' - EfE

Case 1.2 B Iimm/sec S=2ME BEBTORWELER
’ ELMED 90%

Case 2 B lmm/sec RAED 509% | Bia~F ORMELET
BED 90%

Case 8 ’ g &L BHIE RIEFEORMELET
BfED 90%

Case 4 i & 4 BEE EEFOHRHELER
EfiED 90%
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Table 5.7(1) Result of structural integrity evaluation at Tee.

1 R 51 DI BR (T« — 55 1) B (A :ke/mm’)
b=}
I IR RE BN nme | weE | wE
tcStm 430 — 174 36.8
MR RS
<P P> =158, 430 — 2.9 17.6
<P APHES, 430 — 44 14.2
BERREE IKPOSS, 430 | 6.00E+03| 44 15.7
1.1
(T) P +P *+P,+P,>ZK,S, 430 —— 4.4 190 |Ks< 1.34
<PHPO=KS, 430 | 6.00E+03| 44 176 (K= 112
<PA+PH>=1.2S, 430 — 4.7 170
e PO S8 430 | 300E+02| 47 20.8
WBERKAE t .
o .
PP +P P> S1.2K.S,, 430 e 47 228 K= 1.34
<P +P>SK,S, 430 | 300E+02| 47 235 K= 113
t, 430 | 6.00F+03
EIRRE| 2 — =B 399 | 1.05E+05| 004 100 |B= 1.00
I.OE, i ™
il t 430 | 6.00E+03
(m & =10 399 | 1.05F+05| 004 1.00
<P+P.>=28, 430 — 47 28.4
e pe [<PO=2S/3 430 | 300E+01| 47 25.8
LK RE R
v . .
<P +P 4B, +P, D> 2K.S 430 —— 4.7 381 K= 1.34
<P, +P>=2K,Sg/s 430 | 3.00E+01| 47 294  |K= 114
t, 430 | 5.00E+03
EERRAE) L+ =B 399 | 1.05E+05| 0.02 100 |Bg=  1.00
I.O. i
m y 430 | 6.00E+03
V. (M < =10 398 | 1.05E+05| 0.02 1.00
J _ . =
FE () (;) L;t‘gpﬁisﬁﬁ%w% BEEDORMEE | JRE20FHEETHERZHHBRKE
NG o

(2) EXOBfEmmET 5,
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Table 5.7(2) Result of structural integrity evaluation at Tee.

1R+ 280G HOHBR

S'n=¢P* +P"+Q™

Sn=CP P PP +Q+Q™,

Sn'=¢P AP PP +Q+Q™-Q 07 R

BEH AL 2E S#n<35mH Sn=35m Sn= B s(3m)

Sn’§3§rﬁ ﬁ %
ey (kg/mm2} (kg/mm2) (kg/mm2) (kg/mm2)
sz 430 31 426 — — p— p— p— —
2c c 430 — B 52 69.2 — e ——— ———
Srh=42.6(kg/mm2) Srh=42.6(kg/mm2) Bs=
SaD IR
To=401(°C)
P'=<P, +P_*+(Pb+Pb")/K>max=7.84 (kg/mm?)
Q'=<Q+Q"R
amd o) | BEIHSREE <Q+Q™R P'+Q'<Sa 1 il
B 5 (c) (kg/mm”) (kg/mm®) SaDFfiixX  BE (°C)
2A01-S1 © 430 20 439 12.2 8.1 1.25S¢ 430
AN=HNSFTIrDOFIE
Xs= <P +Pb>/(1.5 g,H)
Ys=Sn"/(1.5 S, '
BEYAIL EEeBEaE Snx=< Bs (3 S)
Xs Ys i et
B =2 c) (kg/mm?)
S2 430 6.3 106.5 0.376678 | 0.295034 E E.S1,82P
Bs =25

— 29—
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Table 5.7(3) Result of structural integrity evaluation at Tee.

ARENBERROEEED)
Et=K\ &, +Ke +Kr e Ky =(S78)K*
BEER €, €, E¢ K K, £t
VI HFLIN B E# Se Ke s! Nd n/Nd | i &
9] n (kg/mm?) (kg/mm®)
2A03 ico 430 250 8.713E-06 | 0.000E+00 | 2.474E-05| 1.27 | 1.27 | 4100E~05 1 1,000,000 0.000 B
2A01 C 399 198 3.505E-04 | 0.000E+00 | 3.085E-04  1.37 | 1.37 | 8.536E—04 | 1,000,000 | 0.000198 B
2A01- S1 C 399 1 6.233E~04 | 0.000E+00 | 5453E-04; 136 | 1.36 | 1.508E~03 | 1,000,000 | 0.000001 B
3A01 C 399 1 3.77SE-04 | 0.000E+00 | 3.319E~04 | 1.36 | 1.3¢ | 9.150E-04 | 1,000,000 | 0.000001 B
1A01 C 399 89 3.419E-04 | 0.000E+00 | 3.010E-04 | 1.4Z | 1.4Z2 | 3.497E-04] 1.000,000 | 0.000089 (o]
3BO1 2A02 430 211 2.367E~05 | 0.000E+00 | 2.756E~05! 127 | 1.27 | 6.342E-05 ; 1,000,000 | 0.000211 8
S1 430 200 2.746E-04 | 0.000E+00 | 2.423E-04 | 1.21 1.21 | 6.255E-04 | 1,000,000 ; 0.0002 A
T [ 100 40 e — 3.257E+01 —_— - -— 1,000,000 § 0.00004 D
KT=121 Df= ;(ni/Ndi)mo.OOOSS
ER () REORSOBRE. ROEBYTHS.
A TR AR SR HEVTAHEEA
B: [ RS [STF HAVTAHEEE)
C: IS A% (SR IRV IO
D: MESOHRNESM; NEPALT,
@ ZBERBEOFE(SKoSNE. DFAYIoLH HESORFEE) NEE2OREGENICHSHSIZHND,
RRI)-TEERBOEE(FDI)
(1/2) Do D EE
Sk R fer FrEEm
VFHRYLIN T t T, 2_WTH B E
. (kg/mm?) ) (hr) (hr)
2A 1A 3.26 430 | 6.000E+03 | 1.015E+07 | 0.0012 A
2A St c 3.26 398 1.050E+05 | 1.034E+07 | 0.0203 A
. DON= 2 (DCN)K=2 X (t/Td)K=2.03081677453528E-02
Tic FEORBORKIE. RDEBYTHE,
A8 =<P +P +P,+P, +0+0"
B:Sx=Min[1.25S,ji,Max{(<P,> +0.5<P +P *+P,+P, + Q+Q">p).<P +P, + >}
C:S=S§,
(2/2) DepMEE
WTFHHAIN et Max(3S,,/E,2S,/E) n D* nD** H &
2A c 1.508E-03| 2.389E-03| — — 0.0 0.0 3Sm/E
T=(°C) Dcp= Z (nKDK**)=0

R WBICE, 3S,/EXIX2S/EDSBEREVFERT,
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Table 5.7(4) Result of structural integrity evaluation at Tee.

7 —TENEEG O FIR

IR B Dy De Di+Dc | BFEME
D¢+D;=D | 0.001 0.02 0.021 0.602
De=Den+Deep
Doy =0.305
Dgp=0
EEE DAL
e 5 BB | SISE | A
3] ——g.u“ﬁ.—-
B E = i " 8 °C)___(kg/mm2)|(kg/mm2) =
it Fo/A+DoM/QyDES,/Fb 430 04 11.89 }’Tég
=
A4 Fo/A+DoM/(2y)=S,/Fb 430 0.15 15.85 }’i‘és
=

R R AR, AEICESEIRENNRE OB IERARDETDY
BB D ERELLVSH, BRIRET SERBISFMOBELIN,
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Thermal displacement (mm)

Thermal displacement (mm)

40

40
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B Experimental data (single operation mode)

2 Case 1.1
Case 1.2

X1 X2 X3 X4 X5 X6

Y2 Y3 Y4 Y5 Y6 Z1 722 73 74 75 Z6

X direction

Y direction Z direction
Measurement points

Fig. 5.4 The effect of thermal expansion coefficinents.

B Experimental data (single operation mode)

X1 X2 X3 X4 X5 X6

Z1 Z2 73 724 75 Z6

Y2 Y3 Y4 Y5 Y6

Measurement points

Fig. 5.5 The effect of resistance force from hydraulic snubbers.
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Thermal displacenemt (mm)
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40

B Experimental data (Single operation mode)
O Case 3

X1 X2 X3 X4 X5 X6

Y2 Y3 Y4 Y5 Y6 21 22 723 24 725 Z6

X direction

Y direction Z direction
Measurement points

Fig. 5.6 Comparison between experimental and analytical results

of single operation mode.
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—6— 20MWE 14
—5— 20MWii 5 B |
T
A A\ /
" /\ ]
L\ ]
RN L3 7 SR X PN [ 05 9]

Fig.5.7 Axial force distribution of single and parallel operation mode

at 20MW.
—e-— 20MWES 3
—=— 20MW3i 51 P
A
“// \x
/N
@\%’ / \\\ )
=
/ N/ N\
VR N\
& NE
I 3 T oA = JHX/ XL
rev 2 VT Y we sz IHXTILAR

Fig.5.8 Moment distribution of single and parallel operation mode

at 20MW.




This is a blank page.




Thermal displacement{(mm)

Thermal displacement(mm)

Thermal displacement(mm)

60
50 [ ¢ X1
X2
40 M x3 %
30 | X X4 -
20 |H* % "
® X6 X
10 %
X X
°T * : 3
-10
-20
SMW 20MW 30MW
=30
Thermal power(MW)
Fig.5.9 (1) Predicted thermal displacement for X direction.
60
40 —= Y3
Y4
30
X Y5
20 X Y6
10 X y
0 K- %L
0 %
_1 0 A
=20
SMW 20MW 30MW
=30
Thermal power(MW)
Fig.5.9 (2) Predicted thermal displacement for Y direction.
60
| e z1
ez %
40 — Z3
X Z4
&
0 % zs
20 |28 5
10
o '
0 , . .
3¢
—10 % N
20 IMW 20MW 30MW
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Thermal power(MW)
Fig.5.9 (3) Predicted thermal displacement for Z direction.
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2000
—e— OMW P
1000 e oMW T
| —e—3omw| [ //‘\.
0 N , A , . 1
~
£ -1000
¥ NZER\Y/
-2000 -
\/ \ /
-3000 /
RPVI LA
RPV/Z L PWC/XIL  F4—  HXTJR [HX/ZL
-4000
Fig.5.10 Distribution of axial force at parallel operation mode.
4000
3000
2000
X X
~ 1000 & ®
e & N R ¢ RPV/ X)L
] 0 - : i ® RPVI LK
& 9 10 20 30 PWC/Z L
~1000 A G
~2000 S % X HXT LA
o HX/ X)L
-3000 X
-4000

H F3(MW)

Fig.5.11 Change of axial force with thermal power

at parallel operation mode.
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—o— MW /\

—=— 20MW
—o— 30MW / = \

RPVIJILH

RPV/ X)L | pwcl/z’;[, Fq— IHXT LK IIHX/X}L

Fig.5.12 Distribution of moment at parallel operation mode.

X
L 4
X *
4
n
X
@ &
@
0 10 20 30
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Fig.5.13 Change of moment with thermal power

at parallel operation mode.
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6. &5
HTTROHAEAHBRQIT. SEREOHRERITHARERB LA, FHBRICL YL
TOZEBHESDER ST, |

(V3 RERHEBFXERALLRERICSE T, HROBE  RERORH TR
FRAY. TOBREREHEFIBET 5D CEERBENPSOBRNEERT B4
ENBECENREDEB R,

QOREROBEEL. BECHLTIEE—RMOICERTEH. —TRECHT @G
EoDOEMHY. RERRERRERCHISMEHREBOEMARENRENICLS S
DEHMEND,

AXBBED L SDOBERNE. NV HEDSDKERNS & FREBHREEDEEBIEH A
BEEL, HEBBRSOERNER4BESAS_ LY. RBORTHEHEH
RTE5 - ENRESNE, |

WEEBERECHLT. BEOBLUIMEI NI ENBBENE,
nE. BE VEYNCHEDPSDAESAORBEIBRLH-THY. TOHB(E [HX &

ODRRBEMICHLUTEELLS, #oT. BBONVHRYTHUELBERNTSC

ET. NVHKFERNOBBERI S EBRENDESHBZERDPTRICEDEEX BN

5.

B
AEBRZETOCYAY. EFFOEGE4ALLE ATTREREOEEROE 15 L R
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R ABSAABREREICE<EBIBLET.
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analytical study on thermal displacement characteristics of cooling system applied
to floating support unit., ICONE-8, 8251, 2000.
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