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Development of Analytical Model for Evaluating Temperature Fluctuation in Coolant (X)

~~Investigation of Thermally Response Characteristics of In-Vessel Structures Using the BEMSET Code ~

Toshiharu MURAMATSU *

Abstract

Thermal striping phenomena characterized by stationary random temperature fluctuations are
observed in the region immediately above the core exit of liquid-metal-cooled fast breeder reactors
(LMFBRs) due to the interactions of cold sodium flowing out of a control rod (C/R) assembly and
hot sodium flowing out of adjacent fuel assemblies (F/As). Therefore the in-vessel components
located in the core outlet region, such as upper core structure (UCS), flow guide tube, C/R upper
guide tube, etc, must be protected against the stationary random thermal process which might induce
high-cycle fatigue. '

In this study, thermally response characteristics of the flow guide tube made by SUS 316
stainless steels were investigated using a boundary element method code BEMSET under the
temperature transient conditions of Sine wave, quasi-random wave, and Sine wave with quasi-
random components. From the numerical investigations, it was concluded that the detailed handling
on turbulence phenomena in coolant is very important in the evaluation of actual LMFBRs, because
of the thermally response of the structures are influenced significantly on random fluctuating

components.

* : Thermal Hydraulic Research Section, Advanced Technology Division, OEC, PNC
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(1) IERE MR EEEN NG
(r — A A)200°C % 50 °C @ 0.5 Hz IERE¥

(4 — A B)200 °C + 50 °C @ 1.0 Hz LT
(7 — & C) 200 °C + 50 °C @ 2.0 Hz IEFLHE
(7 — A D) 200 °C + 50 °C @ 3.0 Hz Bk
(4 — A E) 200 °C + 50 °C @ 4.0 Hz IE3%#
(r— & F) 200 °C £ 50 °C @ 5.0 Hz %%

(2) BLE IR EEFI NG
(r — A G) 200 °C £ 50 °C % B KRR & 35 0.01 FrEfF 0 —FRELE
(4 — A H)200 °C + 50 °C # & AIRIE L 15 0.05 HESO—TRELET]
(r— Z 1) 200 °C + 50 °C & RAIMRIGEE T 5 0.10 B HAL O —HRELLS)
(4r— A T) 200 °C + 50 °C # BAIRIR L § % 0.20 HHEAL O —HELEF
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() Bk b B BEE S ¥ REHmEN
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(¢ — 2 R) 200 °C 50 °C % AIRIE L T2 5.0 Hz FHEIIC 0.05 BEMO—HEALN L ER
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EFEERELEIML 7258 (5 — A A-F) ORERRMNICE % Fig. 2. 2- Fig. 2. 712, $A-BEHLHRK
5 o,, DHAFIBEE Fig. 2. 8 -Fig. 2. 13 R T. 9 REBSIHT 22602 EATE. A/
EEAHAEFICAS ) 16 o TIERT 5 BEEEA 2RI MET 5 & & b2, /- EIE M A i 2
%o TIRM Y S IBEIRIBATRET 50—/, BEALALEICRY 52BN EETE, MHNEREO
WMEE% 200 °C —EE LTWwAEI DL, ARMEETORIEHREIROKRE (LD, AEPRAEE TR
bNEL B, P, ARNHAREEEY RS, SUBTORETHIEREGENMEEBIZKE CEEL Vv,
Fig. 2. 14 (2, FINAEHRE TS S/05 5 0BERES L CRIENIRIEO 57 % T 5. BERIES
BT A ETIE, ERENS LRSI THESMIICERT 2 BEREA A S CEL . B
B E 5.0Hz £ LARHTIEAELN TS 14 mm CTEREZEOHN 109 £ THET L, —F. HAETIERE
SARCET A IE T, ENNEEEAEINESE S 120t - T, SRIEEEREAROK S 2 S/ EmT i
WRESND LIRS, ThOORERIT, X 4 LEREETOENE LTHR<6RT WS [ENERE
AT 2.0 He LEE 25 L HEARERERTESSETLD 1.0 mm BENAICETT 2] %87 BT
BHELTw5,

2. 2.2 BLECGRIREEENINSGIH o ¢ A I0E
—HEHC L VRESNBEBEREZEMLZBE (F— A G-L) DRERZVILEZ Fig. 2. 15 -
Fig. 2. 20 1=, FA-EHEAILIE S o Syy DOEFRTIIE % Fig. 2. 21 - Fig. 2. 26 12T, 9, BEGEICH

?%@ﬁu‘—ﬁﬂﬁﬂﬁ%i%%Eﬁﬁ%%mumME&ﬁ%ﬁTéﬁé:auﬁﬁ)éﬁauﬁof,
MRS ER T 5 RERRINAT 2, —F. BEAGHRSOILE@REIZoVWTH . — Il s 2
LSRR EZENS A LItk o> T, FAEASIICE L 2 BEHBOBREHRIEAEML TV 5B 2 L4595
A5

IROOERICETE, —~FEEICE 2 SBRAARE SIS EBEORERES L BE 5 EBUG
T OWRIBOER LA % LB L 7R % Fig 2. 27 ORT . BRI V59280, BERES L OEHER
DESFAIL, RAZIAEE RS  LTHEAREICENT 2 BEZEZET S €2 o TR ERIREEERT
BERHRIEFMICILD D . ERRRELENL 256 & REMRERERZ R T, L LEHEL, BEDE
1By 2o, Bt R w—HEREEmMEsEC 8ic kb, BEAAEOKR/NEBIZE
L EERETRL TV R, B, HEAERESS 20 mm T TOBESETOMENT, FRERKRIRE % A
LEBELERESELD, SFBHEBIZHENP IV EFLLERLE2-oTwE, COFERIT, BINT 2R
BIELEMET — A GEEEARANBRE) L35 L2k - T, FAREEYSEEE 2 2 EEHRE R E
THEEL LI LERBELT D, |

2.2.3 EFEFCREFEETHRENMEHICHT 2RE
EEEHE LI KRR EE S EATRUBERERELEINL 56 (5 — A M-R) ORERRTISE®
Fig. 2. 28 - Fig. 2. 33 I2, IMEBILIMST o), OWRRINGE % Fig. 2. 34 - Fig. 2. 39 5 ¥, 28, &

FERERFIGE % 7~ L7 Fig. 2. 28 - Fig. 2. 33 Dbui M RE AN L - R 8 S ¢ o Tl R
LThb, T, BEGECHETIEAMTIE, EREOATAMLASE L RIS, BN % Bk ERER

THEMSE B - THERNZEBRT 2RERB/IRET 5. LALLYS, BRRMICHERET (AER
— 4 —
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D IR AN SIRES S XIEFEEIERECES THRO TR, ERROATRESERMAFL LT
EIMUBETORREERE(BRoTWE,

—%. EERCHESOEEEH T, AT 2 ERERER BN S I TENETRET S
T DEDSRA HEM 2R T b 00, AEHNKXE TORICTHRBREEREIKS TIRIF—E0ELR
LTWh, Zihid, MEHNEE TOREIIEE (Fig. 2. 34 - Fig. 2. 39 TO © ) #6455 X5, HII
+ 3 IEEAE RS 5 126w, ZhEER% 5 LY ERVIREE -~ FAERERE & —HRELBUI L 5
FBEC L B8 L o CAEL, BREUICZ OEBERES T — FISRE LRGP SEERICE LD T
HbHEERTE S,

Fig. 2. 40 1. FMNAEHZ BG4 ORERES X CRICTHRIRO G4 & 8T 5, RERED
SAENIER I H L TAE CKEST, CoBREBMBEE 005 B Lo-HEETNL5ne
(7 — A H. Fig. 2. 16 ) *EERERMERL T3, /o, BEHRE\EOHAICELTY, BN 51E
B B P BUTAR & TIRERIE IS G L2 MR ENZ R L. ARARESS 13 mm HCEETLIE—2
EEFEFTLD0ATH S, _

DEDERL D, BEDCBTAIEETRICNEE* TR T /97 A— 53, RRBEHECEL TER
B o 2 ATBESE: (D OB A EREEEE) TH 00, Zoamidt LATHAEBEOME @l
HEIEE) THELEER Do
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H£3E  REHBLUEE

3. 1 HES IR
3.1 1 HEMAIREE

EFWE LI — AR T BEE ST RNRERBESRGFZEIMLAES (5 - A M -R) DEEYAEEIRE
AT ZBEES AT . Fig. 3. 1 -Fig. 3.6 IZ3T, 7z, &7~ ABORBEHEESFIFEL Fig. 3.7 12
W8T 5, b, WESBICELA Y 70— 5 2EH LA, KRIRLAERLIVSP2EY . THRA
IREEZ FINY 2 HEsEmS» S FEARE (AERES ISHE»9) k- T, SME THE I N5 AHABIR
EHORBVFEZIIRLI T oL L 012, 2OFRMELSFINCRT I3, F7-. EXEBERTEmMEES
TEitkoTh, BEMNBTHHINZBRERIGE 2OBENETT 22 L2505, LTiC. HHEAES
RIIBU ARERKIRBXE AT EBERERETOZNE BT 5,

L S r=0.417 mm r=2.502 mm r=4.587 mm

AT x| Count | AT x| Count | AT oo | Count | AT . | Count

05 1y |ecnER| 230 16 | 180 10 0.2 16 0.05 15

B | Case-M | posact 1.0 — 0.7826 — 0.0008 — 0.0002 —
i | vome |ocmER| 90 18 |7.0/13.0] 10/10 | 02 15 0.05 15
CaseN | poe® | 10 | — Jo7s/144] — [oo222| — [oo00ss| —

20 He |PCER] 30 4 | 5060 10110 [ 0.1 16 0.02 12

B[ Case O pae* | 10 — |ue720] —~ (00333 — |o0o0067| -—
2.0z |oC/ER| 90 12 17.0 9 2.5 9 0.02 10

i Case-P | pam* | 1.0 — | 18880 — |o2778] — [{oo0022| -
401 |oCER] 67.0 12 5.0 14 0.3 2 0.02 13

B | CaseQ [ pae* | 10 — loome| — |oooas| — |o00003] —
| som [Cc/mER] 430 12 | 5080/ 10110 | 0. 16 0.02 13
CaseR | wae* | 10 — loa2m19] - foo0023| — |o00005| —

* BRIIBI L EEGRBE ST 5 L3R

FEEEBER L YSEMEY, HENAEEDS 0417 mm B TOMETIE, BRABICBVWTRRER
FHAEERARIEEL ) b A S BIRBEFEEE % 258 (F—ZN,0 BLUP) DPFFEL, BRABIC
BUIAHESMEEI O OIMEICL o THENE TORUEF—BIIHETERWI LERL Tnd, 20k
DYFEAELLERE LCTE, EUAEEE CIHFERERICEIML HACEECBEIE NS [H2 0
(Beats)] (2L BdDTHHEELONS, B, AEAERLY 2.502 mm B LU 4587 mm DEMEICS
WTHEE N 2 AR LERER, BERIIBIT2200 YO DLFTOEEZS,

HEEY PR IREYA W B O HEES AR ® . Fig. 3. 8 - Fig. 3. 13 i, F-RMBEESMOLBE Fig. 3.
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141557 T . BREESAORBERE L V058D, —HELBICS A B RRRE TG 2RE) R EE (10
Hz) O RESH, EHBEEEEMISE 2 /o TRP L TnD, 22 0MHREHRNOHIE
ot ETMERREEREKRE L LEBAOFFEE L ko T, BT, ARAEESRIZBT 5RER
BREEBORKERRR f_,, RAEFTOTRELET 5,

e r=0.417 mm r=2.502 mm r=4.587 mm

fax | Count | Ffrax | Count | fmax | Count fmax } Count

0.5 Hz | H/EER] 100 78 10.0 65 10.0 28 50 [ 12

BN | CaseM| pa* | 1.0 — 1.0 — 1.0 — 0.5 —
o | Lo |weem| 100 | 86 [ 100 | s 00 | 30 5.0 14
CaseN | pae* | 1.0 — 1.0 — 1.0 — 0.5 -
= 20 g | H/EE| 100 67 10.0 63 10.0 36 5.0 10
% | CaseO [ ppwe* | 10 — 1.0 — 1.0 | o5 —
st | 3.0 pp | H/EEBL] 100 35 10.0 48 | 50/100( 16716 | so0 | 14
. Case-P | poae® | 1.0 - 1.0 ~ |osno} - 0.5 -
) 40 Hy |PHEEL 50 39 100 | 46 10.0 43 100 | 13
B[ CaseQ[ yae* | 10 e 2.0 — 2.0 — 2.0 —
# | s0m |H/EE] 100 4 10.0 67 10.0 26 5.0 1
Case-R | g 1.0 — 1.0 - 1.0 - 0.5 -

+ BSRIC BT A IREIRE) SR E BB B

DL E iR L RE e, MEAEE D 6 RER P (it TESRBEEDERRMICY 7 b L,
L.@{fﬂﬁciHﬁﬂiﬁumuﬂ'%ﬂi?*{&}ﬁﬁzﬁ%i%tné-&f*bﬁAoﬁﬁ>ﬁ§%r&%o hB. AMAEEICS
A ESEERE. MEARETOZIAO 12 MEEFMAHEFKETH 5,

3. 1.2 HEYREE ARG

Eikif b e —RE R 58 s ¢ FHEIBERELGEAMLASHE (5 — A M -R) DEEWHNRIDER
BT BB SRS S Fig. 3. 15 - Fig. 3. 20 &R T, BRI Vo2 58Y . MESRmICENT % 5
BN A LS80, AEABEEE (r=0417 mm) 6E TORTHRIGEZEER 0 - 60 MPa OFLEID
[EERb . 72 FIESPRE LR (r=2.502 mm) T 0- 30 MPa DHIFDIEIREALRIGE &5, L L
HHe . OEAEEEEE (¢ =4.587 mm) MECOENRGEEL ., PRSI 5 R REE 8
RGBT, FORKNERZ FTIHREXEIL 0-15MPa A5 30-90MPa ~LERB L T 5,

Fig. 3. 21 k. &% — AW TORBHEESEEE LB 5o MR VAL L) 12, HHNRE
ENINY A SRR R N & £ 5 ICHEv, B8 TE D IRIE B IEIRIE R 2 & BRI AL IER LT 2,
2B, EENEEICENT 5 EREEERERNT 3 2 20k ) BREMOFS T 2 ZEE, MEN
FEIRIE (r = 4.587 mm) MBI BT 2 BREEOBERA, BRIEEO £ THEHICHEALIZZDT
H3, L. Fig 2. 34 - Fig. 2. 39 R LA OBRFIZES» 5545 & 5112, FHEAREIENNY 5
R R A RINF 5 2 bt Lo T 54D 5 ERIBEAMFCEAED 52 LISRE LTV b,

— 7 -
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BEY A OREE R BT 2 S % Fig. 3. 22 - Fig. 3. 27 WoRT. 7. BREEST
DB % Fig. 3. 28 2R, AREEPHNEEICBITAHESMENS L URREEI R IX, Fe. 3.8-
Fig. 3. 14 1278 L 2R EEIRBIE O Z R EBEBML TE . O TEELBERICH 5,

PECRLARES L CRIENORESMIZHT 2806, BEHoRmeESHtt % 3EHT 2546101,
ZOEREN L 2 A ARANRERIE RS ORI, BRI R BB S & RBR RS OMEEE»S
WAL ) Y BERBORELEENISFMT A EFEETH S,

3.2 {RENETE & PRED R IR 0 R TTAER A

EgE LA B ERE SEATHANRERESEG LN L 560, BEWARBEIRI ORI & Bk
B(LA 70— Z e AnEBHMRIC L ) CBT 5 2 RITTHESH % Fig. 3. 29 - Fig. 3. 34 2R T, 7.,
FMEsRE (R RS TOHMOERE LT, T 2 EZERREIEVEE (05H2-20Hz ¥ —A M
- =2 0), EREEEEF CIEIRIBRERY. SRS B kG C I EIRIBEREE S AR EIRE RS
DEFEFEZEL TS,

—J, Y 5 EZEERESE VIS GO0Hz-50Hz; ¥ — A P -7 —AR) 12, EiREBIEHRE B
7 ASIRBREEOSEIEML TEY . TR EZEOEEEE —HELEFTNICOBBMER - bk 2 Bk
B (ZOBE. 100 Ho) OERADEIGER L CRIRBREROSS VI LA EICX S, Lo T,
—HELBOBEES 100z —ETHHEH T, ERERERISVESOFFEVESICEST, BR
Fefbe LTOFRANRERE SR L ) Dako sl LRt E2 oL 51 %,

H%ﬁ%%W%ﬁmﬁﬁ%ﬁﬁ@ﬁmﬁu\H%ﬂ%ﬁ#%ﬂ%ﬁt@#%u=am7mn+4%7mm
eV, FRTHE ST D EERORBHOTESRA T2 & & iz, SIRBERET T B S h 3R
BEICERI LTwB I EFGh s, £/, MEAKEDL S 2.502 mm IEH &L UF 4587 mm FEIZBIT R
RGBT O FEMIIKERERFE LTV RV 22 s, BN HoTkomEEic s, B
WICEZ05mIEEEcH S LEFTE 5, :

Fig. 3. 35 - Fig. 3. 40 {2, #EWAESICBT 280 HRE ORIE L BEE CET 5 A THREST L%
r=RAXDWTRT &7 — AOEROHEE T, REREITT 55O ME &L FRIc. FARARE? S
AREZA ) 56, BIREEEEE TR S W2 BB EFBHICEL LT, 2, SR 8E
DEOMEIL, ENNEEEER R ENEE5 I > TR THHENERL TS, B, #FOREHEIZSO
DFREAORHTRAHNRETORES 200°C —£& LTW3I e 25, MEREHNEE (r =2.502 mm
Tl TROMASRMELZY, MERKREEE =4.587 mm E) TROAZHELH5,

b X b, MEHEEYNESICSIT5IREIRE B L OBUSTHES O &R, BN £ Bo Eiikks
£Nb, BREFFTHOAHUMTBBTTEEE2 3, T4bb, EBOSEFYS » Mo L ) T
WREED O EEGFHELAMELFT2VWEELEET 2 L. LB NAEEDOIEE T BB HE
BHREPORBIBEREZEZO D DINHXESNL I L ZREL TS, T4, L2 FEHT 2886,
HAEFOAFBRERESZEH *ENTL2ERTH 5 ELMRAROFHEED), BOTEETH 22 L EMT
TV,
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i
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SUS 316 SAMHEEW ORI ESFEE . BREFEI — F BEMSET 2 HVTEHEL 2o SHOFFMHT
.o ERERE, 2 SEEEBRES IO Q) ERE LI -FEELEESEARED 3 BETERS
ERESEEE L, ChooFREREHS L UALEYIRBE RS ¢5 2 2L, HEEEDORILE
EirFEreafb L,

[ IEFZIRIBAE B ]
rﬁﬁ%WﬁEﬁmﬁu‘Eﬁﬁ%ﬁﬁﬁﬁméﬁ%KﬁOT%ﬁ%W%KEm?%ﬁﬁﬁﬁﬁkg<ﬁ
FEL. FIEERE 5.0Hz & L&BTlE, AEAE 1.4 mm LB TEREED 10% FTREL
fro —F. BEFMBSHIREG, EZEEEREEINS 510 o TERIBASSHED R BRI
REShAEEERL. FNEEEEZ20Hz U LE LAEHTHE, AELRIEZ R EBE/ARELE
% 1.0 mm PAPHICEDP L7,

[ —REEL BRI |
—BELMFNICES 2 DR EE L NS €5 10y, HEMAOREIRIES X CRICDIRIEF I 5§
MR LI, B, TEOHEDHNSHE., BEMRLHENESEs L CHERREFYERL,

[ B — & 8T EE S E/2EERE ]
BEYAOBERIES & CREIREORER, AR oEREAERICIIRE (REET. TH
SR I CRTF L 7ze % B, SN ORMERFEOTFME TR, ERERER L —HABSIRBEID
HEERORYFAFERL E 5,

BEEY., FRES S SERAHIRLEYIN 2 2 EROBEET 7~ P EFHONRE T EHE
i, PR ORMIGESE R ET ORI b FERICHEFT S I LICh 3D, IhE
Rk 54 BEFRAROFMIBO TEETH S I LITRENTo
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BEMSET ver 5.2

r - Distance (mm)

10+

Edge Address of Boundary Elements

Address of Inner Poinis

oo,

0

| 1 | | | T
5 10 15 20 25 30 35 40

r - Distance {mm)

Fig. 2. 1 Boundary Element Configuration in Analysis
of Plane Strain Problem for the MONJU Flow
~ Guide Tube with the BEMSET Code
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Sine Wave Frequency : 0.5 Hz
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L3l

(a) Position cf 0.417 mm from the Quter Surface

Sine Wave Frequency : 0.5 Hz
31 Uit i S

Lt g1

Fo A A A
BNV

Ll

£ 11 QL FENE FEWEN FE TS FTETE N PUNE ST N SRR e r(mm
0 1 2 3 4 5 6 7 8 9 10
Simulation Time (sec)

{b) Position of 2.502 mm from the Quter Surface

Sine Wave Frequency : 0.5 Hz
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S [1s ) SN SO I PN RS RIS T PR BT R R St sy

o 1 2 3 4 5 6 7 8 9 10
Simulation Time {sec}

{c) Position of 4687 mm from the Quter Surface

Fig. 2. 2 Temperature Transients in the Flow Guide Tube under the input Condition of Sine Wave
Frequency 0.5 Hz to the Tube Outer Wall
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Sine Wave Frequency : 1.0 Hz
250 e o e e e

s I VA A AN
o LI
IRTRTRVAVAVIAVRTRTAEY
AR AR e

Simulation Time (sec)

Temperature (°C)

(a) Position of 0.417 mm from the Outer Surface

' Sine Wave Frequency : 1.0 Hz
ey ittt A A——

O o5 | :
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2 200 ¥ /\ [\ [\ /\ /\ (\ ’\ /\ ﬁ
Sl A VAVAVAVRV AV AVIAVIAVAVE
E F i 1
o 175
= C 1
¢ 1 2 3 4 5 6 7 8 9 10
Simulation Time (sec)
{b) Position of 2.502 mm from the Quter Surface
250 Sine Wave Frequency : 1.0 Hz
O 295 | 1
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= B 4
® 200 | e T e ~
a r ]
§ 175 |
. 1 ]
150 S PRSI WA FUUIN FU FUUT PRV PR T
0 1 2 3 4 5 & 7 8 9 10

Simulation Time (sec)

(c) Position of 4.567 mm from the Quter Surface

Fig. 2. 3 Temperature Transients in the Flow Guide Tube under the Input Condition of Sine Wave
Frequency 1.0 Hz to the Tube Quter Wall ‘
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Sine Wave Frequency : 2.0 Hz

2 200 [ :
£
c 175 [
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0 1 2 3 4 5 6 7 8 g 10
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§ 175 | ]
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Simulation Time (sec)

(c) Position of 4.587 mm from the Quter Surface

Fig. 2. 4 Temperature Transients in the Flow Guide Tube under the Input Condition of Sine Wave
Frequency 2.0 Hz to the Tube Outer Wall
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Sine Wave Frequency : 3.0 Hz
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(c} Position of 4.587 mm from the Outer Surface

Fig. 2. 5 Temperature Transients in the Flow Guide Tube under the Input Condition of Sine Wave
Frequency 3.0 Hz to the Tube Outer Wall
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Sine Wave Frequency : 4.0 Hz
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(c) Positicn of 4.687 mm from the Quter Surface

Fig. 2. 6 Temperature Transients in the Flow Guide Tube under the Input Condition of Sine Wave
Frequency 4.0 Hz to the Tube Quter Wall
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Sine Wave Frequency : 5.0 Hz
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(c} Fositioh of 4,587 mm from the Quter Surface

Fig. 2. 7 Temperature Transients in the Flow Guide Tube under the Input Condition of Sine Wave
Frequency 5.0 Hz to the Tube QOuter Wall
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Sine Wave Frequency : 0.5 Hz
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Fig. 2. 8 Thermat Stress Transients in the Flow Guide Tube under the Input Condition of Sine Wave
Frequency 0.5 Hz to the Tube Outer Wall
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Fig. 2. 9 Thermal Stress Transients in the Flow Guide Tube under the Input Condition of Sine Wave
Frequency 1.0 Hz to the Tube Quter Wall
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Fig. 2. 10 Thermal Stress Transients in the Flow Guide Tube under the Input Condition of Sine Wave
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Fig. 2. 11 Thermal Stress Transtents in the Flow Guide Tube under the Input Condition of Sine Wave
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Sine Wave Frequency : 4.0 Hz
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Fig. 2. 12 Thermal Stress Transients in the Flow Guide Tube under the Input Condition of Sine Wave
Frequency 4.0 Hz to the Tube Outer Wall
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Fig. 2. 13 Thermal Stress Transients in the Flow Guide Tube under the Input Condition of Sine Wave
Frequency 5.0 Hz to the Tube Quter Wall
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Time Interval for Random Data : 0.05 sec
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Fig. 2. 16 Temperature Transients in the Flow Guide Tube under the Input Condition of Random Components
with the Time Interval (.05 sec to the Tube Outer Wall
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Fig. 2. 17 Temperature Transients in the Flow Guide Tube under the Input Condition of Randorm Components
with the Time Interval 0.10 sec to the Tube Quter Wall
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Fig. 2. 18 Temperature Transients in the Flow Guide Tube under the Input Condition of Random Components
with the Time Interval .20 sec to the Tube Outer Wall
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Fig. 2. 19 Temperature Transients in the Flow Guide Tube under the Input Condition of Random Components
with the Time Interval 0.50 sec to the Tube Outer Wall
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Fig. 2. 20 Temperature Transients in the Flow Guide Tube under the Input Condition of Random Components
with the Time Interval 1.00 sec to the Tube Outer Wall
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Time Interval for Random Data : 0.01 sec
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Fig. 2. 21 Thermal Stress Transients in the Flow Guide Tube under the Input Condition of Random
Components with the Time Interval 0.01 sec to the Tube Outer Wall
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Time Interval for Random Data : 0.05 sec
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Fig. 2. 22 Thermal Stress Transients in the Flow Guide Tube under the Input Condition of Random
Components with the Time Interval 0.05 sec to the Tube Outer Wall
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Time Interval for Random Data : 0.10 sec
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Fig. 2. 23 Thermal Stress Transients in the Flow Guide Tube under the Input Condition of Random
Components with the Time Interval 0.10 sec to the Tube Outer Wall
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Fig. 2. 24 Thermal Stress Transients in the Flow Guide Tube under the Input Condition of Random
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Time Interval for Random Data : 0.50 sec
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Fig. 2. 25 Thermal Stress Transients in the Flow Guide Tube under the Input Condition of Random
Components with the Time Interval 0.50 sec to the Tube Outer Wall
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Fig. 2. 26 Thermal Stress Transients in the Flow Guide Tube under the Input Condition of Random
Components with the Time Interval 1.00 sec to the Tube Outer Wall
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Fig. 2. 27 Calculated Responses of Temperature and Thermal Stress Amplitudes in the Flow Guide Tube
under the Various Input Conditions of Time Interval for Random Components to the Tube
Quter Wall
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Fig. 2. 28 Temperature Transients in the Flow Guide Tube under the Input Condition of Sine Wave
Frequency 0.5 Hz with Random Components of the Time Interval 0.05 sec to the Tube
Outer Wall
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Fig. 2. 30 Temperature Transients in the Flow Guide Tube under the Input Condition of Sine Wave
Frequency 2.0 Hz with Random Components of the Time Interval 0.05 sec to the Tube
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Fig. 2. 31 Temperature Transients in the Flow Guide Tube under the Input Condition of Sine Wave
Frequency 3.0 Hz with Random Components of the Time Interval 0.05 sec to the Tube
Outer Wall



PNC TN9410 96-136

Time Interval for Random Dala : 0.05 sec

250 e o ey O
TR I IRT I P
o , ind oy HES S ! 1
Y 225 b Lol i
o : 3
=
o 200
o
O 3
S 175 i
= ! : { 1
: ! PR
) -1 J T FEUTE FEER PENEY R STETE PN PET R i PR r(mﬁ?):"""},_o
0 1 2 3 4 5 6 7 8 9 10
Simulation Time (sec)
(a) Position of 0.417 mm from the Quter Surface
(Dotted Line : Boundary Condition)
Time Interval for Random Data : 0.05 sec
Sine Wave Frequency : 4.0 Hz
Q 225 = 4
e
g 200 ;
@ i
=3 - et %3"’
§ 175 : s LEE
[ = r H jrise H din 1
o H L ' 1 i { ]
150 Dotenbnnn e diieadlonn b nbvniednnedlennd g5 5
0 1 2 3 4 5 6 7 8 g 10
Simulatiuon Time (sec)
{b} Position of 2,602 mm from the Outer Surface
(Dotted Line : Boundary Condition}
Time Interval for Random Data : 0.05 sec
Sine Wave Frequency : 4.0 Hz
) 225 4
e
=
8 200
2
§ i TR
T 175 : S FAeE S
SR aim HE
j [{1 ] FEFTE FTTTE PR TS SUUTE FRTEE SNTTE STTTE NS I PN r(m:)—s—o
0 1 2 3 4 5 6 7 8 9 10

Simulation Time {(sec)

(c) Position of 4.587 mm from the Quter Surface
{Dotted Line : Boundary Condition)
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Fig. 2. 33 Temperature Transients in the Flow Guide Tube under the Input Condition of Sine Wave
Frequency 5.0 Hz with Random Components of the Time Interval 0.05 sec to the Tube
Outer Wall
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Fig. 2. 34 Thermal Stress Transients in the Flow Guide Tube under the Input Condition of Sine
Wave Frequency 0.5 Hz with Random Components of the Time Interval 0.05 sec to
the Tube Quter Wall
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Fig. 2. 35 Thermal Stress Transients in the Flow Guide Tube under the Input Condition of Sine
Wave Frequency 1.0 Hz with Random Components of the Time Interval 0.05 sec to
the Tube Outer Wall
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Fig. 2. 37 Thermal Stress Transients in the Flow Guide Tube under the Input Condition of Sine
Wave Frequency 3.0 Hz with Random Components of the Time Interval 0.05 sec to
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Fig. 2. 38 Thermal Stress Transients in the Flow Guide Tube under the Input Condition of Sine
Wave Frequency 4.0 Hz with Random Components of the Time Interval 0.05 sec to
the Tube Outer Wall



PNC TN9410 96-136

Normal Stress (MPa)
o

Normal Stress (MPa)

Normal Stress (MPa)

100

Time Interval for Random Data : 0.05 sec
Sine Wave Frequency : 5.0 Hz

Lo L I L I N B LN L LB B LN B BLILI

Ltb

50

WM

TS ETETN FEREE FRNTE SR FEUTE FRTTE SRl Peam

=

o

100

—
mmy 5 0
2 3 4 5 8 7 8 9 10

Simulation Time (sec)

(a) Position of 0.417 mm from the Quter Surface
(Dotted Line : Boundary Condition)

Time Interval for Random Data : 0.05 sec
Sine Wave Frequency : 5.0 Hz

50

LBESLIUS WLELLIL B LA S A L L N O I [ I

L1

141

o
T T T

AL
W

P PO AN A A g AP AN

o0
Ll Liadil et A’ M v

<

PN

Lbs

sl

. -
R EA N AN SRR SRR RS SR PN W SN SN N mm) 5 0

<o

100

2 3 4 5 6 7 8 9 10
Simulation Time {sec}

{b) Paosition of 2.502 mm from the Outer Surface
(Dotted Line : Boundary Condition)

Time Interval for Random Data : 0.05 sec
Sine Wave Frequency : 5.0 Hz

LN BN IR R R BN LRI N BUE NI AL L

Lyt

50

ih

Lt it

Y TR FTE N R EEE AN AN Nl ER TN R ]

mm) 5 0
2 3 4 5 6 7 8 8 10

Simulation Time (sec)

{c} Position of 4.587 mm from the Quter Surface
(Dotted Line ; Boundary Condition}

Fig. 2. 39 Thermal Stress Transients in the Flow Guide Tube under the Input Condition of Sine
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Fig. 3. 4 Histograms of Temperature Amplitudes at Various Poistions in the Flow Guide Tube

under the Input Condition of Sine Wave Frequency 3.0 Hz with Random Components of
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under the Input Condition of Sine Wave Frequency 4.0 Hz with Random Components of
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Fig. 3. 13 Histograms of Temperature Frequencies at Various Poistions in the Flow Guide Tube

under the Input Condition of Sine Wave Frequency 5.0 Hz with Random Components of
the Time Interval 0.05 sec to the Tube Outer Wall
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under the Input Condition of Sine Wave Frequency 5.0 Hz with Random Components of
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Fig. 3. 21 Comparison of Cumulative Histograms for Normal Stress Amplitudes at Various Positions
in the Flow Guide Tube under the Input Condition of Sine Wave Frequencies with

Random Components of the Time Interval 0.05 sec to the Tube Outer Wall
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Fig. 3. 23 Histograms of Normal Stress Frequencies at Various Poistions in the Flow Guide Tube
under the Input Condition of Sine Wave Frequency 1.0 Hz with Random Components of

the Time Interval 0.05 sec to the Tube Quter Wall
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Fig. 3. 25 Histograms of Norma! Stress Frequencies at Various Poistions in the Flow Guide Tube
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