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Experimental Study on Thermalhydraulics in Thermal Striping Phenomena
- Comparison of Temperature Fluctuations between Sodium and Water -
(Research Report)

Nobuyuki KIMURA", Yasuhiro MIYAKE?, Hiroyuki MIYAKOSHI"
Kazuyoshi NAGASAWA?, Minoru IGARASHI" and Hideki KAMIDE"

ABSTRACT

A quantitative evaluation on thermal striping, in which temperature fluctuation due
to convective mixing causes high cycle thermal fatigue in structural compbnents, is of
importance for structural integrity and reactor safety.

Thermal conductivity of sodium is approximately 100 times larger than that of water.
Thus, temperature fluctuation characteristics will be different between sodium, which is
used as a coolant of a fast reactor, and water, which is used in general industries. In
this study, a comparison of convective mixing among jets was performed in parallel
triple wall jets with the same geometries between sodium and water. The discharged
velocity in the sodium experiment was experimental parameter and set at the same
velocity and the same Reynolds number in comparison with the water experiment.
And also, the velocity ratio among the triple jets was varied to change flow pattern.

It was seen that the water jets were mixed in slightly closer region to the nozzle than
in sodium jets. As for the power spectrum densities (PSD) of temperature fluctuation,
the PSD of sodium was similar to the PSD of water under the same discharged velocity
condition. At the neighborhood of the wall, the lower frequency component in the
PSD of sodium decreased in comparison with the PSD of water.

It was shown that the amplitude and frequency characteristics obtained by rain-flow
method, which was important to evaluate structural damage by the thermal fatigue, were
identical between sodium and water overall.

These experimental results show that water experiment could simulate the frequency
and the amplitude in temperature fluctuation characteristics in the sodium cooled

reactor.
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B C}_ﬁﬁﬁ TSI ONTEHREDORE VBRSNS B ENTND,

EIREESGEOHEIEZ. KRR ET N U ARBROKFESRESITIZE
Eil L'C&J D, EKBEER S BRSNS EWVIZIE DWW TR TWA Z E N ghbd,
BELEHMEICEAL X, AEBRET NI UV ARBRTREOHERZRLTEY,
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BIDESSICONTEREREN/NES 2D T EH0D,

3.1.2 %%ﬁﬁﬁﬁ\wﬁﬁfﬂﬁwm?

Fig.3.1.4~Fig.3.1.9 IZ =R EESLHF TDKE, . BATE F oYY
BESHABIVNEELERED ﬁ@*&f%}?A@%f%rT
KEFROBEESFERDE, KEFT PV TATIZERUoHER LTINS
2, BATE FEIC R T RAE (y/D=4.5) Ti, $hEF A E 2/D=5.0~7.5
T T, KDOFNRFT R U T AT TRESHOFEAEA TWD Z &2
Snd, BETEFREIIAKOENT M) VALY b ERAITRKEL Y, Tk
BIT/HSL RBERIIZH D, ZHid, KOFNEIR, EEREDORER T MY
UAZHASNTERBITHREY ., BEOH LR LY ERBAITIHREL TS L E
Z bbb, ZOEMIZERALEL D bREFRABOIZ > NEFICRENLTHS
SNEFASAAICE LT, BEESEEIIKE T M) U ATIZIEREDOS ﬁ
ETRoTWAD, BELEREIZE L TIL, y/D=4.5 THIZEZE TH DI MR, KD
FRF MU LS TE— 7 EDS ERAITHRA TS,
BATXFROBESMAIL, K, TR VAOETREREBEVZR LR,
BEELEREIZE LT, 7 M) U ATREAFEIS T, BEEmicao<izo2nT
EEREN/NZ IR TWBD, AKRTHEHEHEIA (Fig 3.1.9(6), (9), (11), (12)2FR)
K;ofﬁﬁmﬁ#ofwaﬁﬁﬁk%<&ofwé%ﬁﬁ%é F7, KT
FEEmEITE C— B, BRERENRELRY, I LIIZEEIZIE I E/NEL DS
# (Fig. 3.1.9(6), (9)&R) BR LB, ’@@miwD0%~om@ i T%
CENTWEED, ZOMBIZFHAAZFEZ20F MU T A L ITERBICIXHHER
#é_&wféﬁwo

Fig.3.1.10~Fig.3.1.15 IZ=MEMIEEHEHTOKE, $hE, BITEHFRAOREH
THRESABLNEELHERELSAOKE T M) U ADOHEEZRT,
KREFEOEESMERD &, BRESMOIEMPENKIZEHE~ST MY 7LD
FRBEEIZRNLTWD, o, EEHEFHOR L FRIZ, KOFPIRESHOY
— (LB EFREITEA TS, BEEHEEICE LT, 7 U ATRHEERS
FAMENTW A x/D<0 ) DIREZEGREISEV TOARWENZ TR E
T2o TRV, FEXHENREEIIHENL TS, LL, KTIRHIEESHICIER
RMEITH 505, RIBERAEWDTOHZRVME (RFEHE) OBEEAESKED,
ZFDEH, KT iﬁm”;mmﬁﬁlT@{mfg’?}%%ﬁf;ﬁﬁ‘ U D LZHANRTRE
<TpoTW3A,

EREF AT L TiE, BESMITEEERMEODTHBANX, KEF YD

IERARO S ERLTVED, KIRERAE (Fig. 3.1.12(5)) OEEEEEE

(iii) TOHAME (@D<S5) Tit, T MV AOFRBRIZR-TVWS, Ih
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iE. TR U ARBRIZAWV LN TWAERER ) AVRNTO ) ZVEERE DR
T L AEEROBREIZ LY | BIREOHEHIBEENERNINTEY | Fi,
BEETECIIRAT VLV ABEYOEEZZ T CNWD EEZXLND, BELEM
EOHREFm ML, KOFREBREO L — 7 EN ERAICEL TS Z &
DHER TE D,

FATEFANCR L Cid, IBERK, 7Y v AL HIZ2D=75 £V EREITIX
BEEIZIESIZONTRENEL RBEMICH V. Tl TIETFEHERLSH 2R
LTz, IBRETEHBEICEL L, 2D=75 O TFHEEITIIKE T M) D ATELL —
HLTWAD, LAl (Fig3.1.15@MDG). (6)) Tik. KOFMNRKE L 72 B
WZH B, T, KITEEFHFORFLFRIC, BEA T—H, EHFEENIKEL
RoOTWB I ENGn5,

Fig.3.1.16~Fig.3.1.21 IZ "FEJE LM TOKIE, hE., BITE HFMORHT
BRESAB I ONRELERESMAOKE T ) U LADEEERT,

AKEFROBE DI, KERE—BEFHEDOT M) ULAT—FHLTWVDHA,
REFRMNE (y/D=4.5) TIHAKOEFBET. IREDOH—LD LAl (#D=7.5~
10.0) TEALTWS, BELEMREIZOWTCI, EFEAITIHEAETFT NI TAD
SFN—ELTWAHR, T, BIRBEFRMABICBNTL, EHREOY
— 7 EBRKDFTBR/NSL Ipo TN B,

SNEFROBESHIZBWT, MEFRABTIIKRE T M) U LATIZE—EK
LTCWAN, BERETIIADENSF NI ALY S ERBITCIRENS EA LT
%o E7-. IBRELHEEZ. AKOFBFT M) ULED L ERAITREL RS,

BATE FRIOBESFAIX, KEF M) U ATRBROBERICHD, BEHREIC
L CIE, ZHEROIZIEFH LB KEFRAME (x/D=2.25) Tik, LR
(2/D=5.0~10.0) TOEEEITFEIZB VT, KDFHRF MY U AT, EBEIE
ENKEV, EEERISEVKESRAME (x/D=-0.75. x/D=0.0) TiL, KDF
BRIV TLAED LQBREEHRENRKEWD, oABRIIMLTEKRTH S,
L. 7 RY U ADFBAESD NS, BERITETOREMRMER ILHE T
ECAJAN

3.13 RELTEREORTE FROMNOLE
Fig.3.1.22~Fig.3.1.24 {ZBITE FANCEBE 2 ME CIRELHEENRKERLD
MEBIZBIT AREMTEHIRE,. EHREDCRITEFMOM LT,
=HEREEREN (Fig. 3.1.22) Tid, BATEFRAICEEREE CORELE R
ENRHEREZRHMABIZIZERCKE, SREMEBE TH o7z, RRNIBRELBRED
BATXBEAHE RS L. F kU A TIEEESES < 10 N CEBE NN &
KBBEMBHY . VA NVAR—BEHOFPRE-BRHEL Y b ZOEHN
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NEZE TR TS, 23U LT UK COEIREIL, BT R,LE (y/D=4.25)
CEEREEIE (y/D=0.025) ZHETH L, BT, BEOFEOFI/NI2>TH
B0, TRV U ACHERTREYRMEN? D DIREZTHRE DK T /NI,
F7-. KTIHERL OME (y/D=0.2. 0.3) TEHFRENKE LR, BECH
Do TCHWhEL 2o TWNB I ERGMD,

=RERIESEE S (Fig 3.1.23) TIHRELSRENRZKRNE RDMLEN, Tk
U ATIHEESHRMES, SEERESOND FRAIOERIZREA TS, L
HL, KTIHEEBROMEE S IIKFAIOERICHIANLTEY | LEREDK
KERBENAMBIZIESDENEL TS, ZHDOHBNBICBIT AEES
EMEORITEFMamERb L, EEFMHOHE EERIZ, K, TR UL
EHIZEMITES I ONTRAICEBREN/NE SR> TWBHDS, KTITEE
EEED y/D=0.2, 03 ODE TEEFREN—H, RE<R->TW5,
MRS (Fig 3.1.24) TIHRELERENRKE RBMEMN, T Y
UL L CREBRITEFAICEE 2B CIZIEFR UEERICEA TV D28, K
TRIESSPVWTHENTWS, FBITEWE CORKNBELEEE DRITE HFH
SFERDE, TV U LATIIERICESICONTEEREN/NESL 2 B1E
Mz b, £z, VA /I NVAE—HEHEOFPRE—BREHEL D LEBSEEIT
KRESEHET D, TR LT, KTOLEEEREIL, =IBREEEMtRE L Fi%
2. METRAE (y/D=4.25) »LEELEME (y/D=0.025) ~DEENFEE DR
FXIFEALERL,, BEEEL ONE (y/D=0.2, 03) TEETRENKEI IR,
BEIZ[AI D> THONESL RABEDELEIND,
ZIEHEHHEEICRBWN T, BERAETIE, KTORELSEL, TV T AD
BEALREE, HAVEIKRELRoTWAEZ b, KTORETDIRELE)
DOEEM OEFEREFMEITI BN TELLEZLND,
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3.2 BELEEMEICBITIKRET M) U LDHE

32.1 RU—Z~7 NVEEOE

Fig.3.2.1~Fig3.23 ICEELHRENRRE L RHMNEICBIT DIRELEEIDA
T —2_7 MVEE (LLTF, PSD) #7879, PSD %, &7 —% (KRRIZHE
LTI 4200 /5. F U 7 ARBRICE L Tik 20000 &) 25 512 & (5.125 %)
o010 5BE (0.1 B8 ICRYHL, FFT 25 L= RICEH LB EZT - 72,
E7-, BHN 7z PSD IXEHRMHIREZAT THEL L,

SHEREELFOBRELEHDO PSD A5 &, MEFRAEIZBWV T, K&
ME—EEHEOF MY U A TEBAFRESIZIER CAE TR TV D D,
y/D=0.5, 0.025 DALE TIL, KOEBFEEL S HEE L. (KEKRERG DT
—BF RV TLAIY HERELSROTWEZ ERGN5,

SIS ESMHDORELE O PSD Tk, MEBEFRMNETIEAK, TRV T A
& B IZEBEFEITIRATWRWE, BEEETIRT MU U A SRR
Rond, . BEEAFE CREERRHFOHE & RRICKDOEBERER S D/~
T—BF R I TAIYHERESRS>TNS,

TIEREESEORELEHO PSD A5 L, WMEFRAE TIIKE RE—HK
SO F N U T A TEBERESIZIER UBAREIZERALTWA A, y/D=2.0 DL
B 79> 5 y/D=0.025 DALE TIE, 7K O E R BRI 3 13 TER L TV 5, £72,y/D=0.5,
0.025 DALE TITAKDIEBEE KD RT—BF R U ALAXD B RESRo>TWH
Do

322 A PE—ANVEIZL BT — AT NVEEDHER

Fig.3.2.4~Fig.3.2.6 ICIRELERENRAE L ROMEICKIT HIREEE DN
=Y MNBEIZRTHA ba— " WEBOEEEZRT, R ha— Vi,
UToRIZL W ERENS,

__/D
St - Vspace (34)
¥72. PSD O/U — T T O THEL Lz,
Power(s)xV ., (m/s)
Power(-) = (3.5
D(m)

SIS TIX, PSD 2 A hun— B TCEETAILIZLY., KEF
rU U ADOEBEAEER I OEBEEIRICBITSPSD 07 a7 s A AR L —
KTBHZEB8m05, ZEMFESEERFHIZBNTS, MEFRRABIZE LTI,
BRBREEOPSD DT T 7 A NBKET NI VATELS—HLTWDS, £/,
BEEIRE T, BREEE T PSD DT —RBAKOFRF M) UL L0 HETF,



JNC TN9400 2003-077

INEL o TWBN, A ha— " NWERKE L RBIZoN, ESLERICH D,
THERSELAETIE., BRI RAE TOEBEEER X OEEIRER TO PSD
D77 rFANBKETFT P TLATEIS—HKLTWAS,

INHORRML, A hr— A EEREERRES THEMLLZPSD 2 H
WBZ LWL, KEF R T LAOBELTHFFEMIZIIFE T PSD TRENDZ
EnnoT,
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4.1 (KIEEFROBENIBIZME D MEEESAEORE

BTEICC, ZEREREFEORBFRMEIZB T, KOFBFREFIRE DL
iéﬁ%ﬁfkjﬁAiD%LmM WHBZERghotz, ZOHREZBOER%
BA SN2 B 7201, [KIEEHROERMRIENBIZE L CTEE2ITo 7,

Fig.4.1.1(a)t mw{ ARERIITOIL A MEFRMEBIZRBT 2BEEOKES;
MIBEESH 2R, ZAOETHHEEENE CFHE, KEERITERICEST
5L MARARBR THONLR->TRY, KEFHEELSHAE R THIREN
BEHIEL RAMEBENGEA TR > TWD I ENERTE D, BEOKESM
BESHML, BEARLEL RAIMNEZEHROKBEROFPIMEL T 5,
Fig.4. 1. 1(OIZRIBRETR DKL F FALEICEE T 2 BEZE 21, KIRERAE D
LML (x/D=0.0) 28I L CRABMICEE L TW\W5 Z &8 49h 5, Figd.l.1(c)
IARIBERBEESEEDOREFASMOKE T N U ADOKEKERT, KIR
EAIEOLEERE L, KOFNFT R LD ERAITCREL R-oTED,
KOFWEERBFHROBEENPRKELROTWVWARZENHEETE D, TOREDH, K
DFRF P Y T LTERT, (EIEER & BIEERS ERAICER L, BELE
BEORZVVIEN EFANCZ->TWB EEZLND, ZORENL, KDK
N RV LI EFRAICHREEESBEAERIZ, KOFHT MU T AIZ
HART, BEOERBPEIESIRKE ZoTNBd I LizksLtEELLND,

42 LA r7ua—EIC X R RETHEEOLE

BEM OB A 7 NVEFBELZFTMT 5 LT, BEMFOISNIORIEE ZD
HEELZRODILENRD D, MEFOBELTEL, ME»OBEM ~DOREESL
BT, BEM P~ 2N, BEMP CISARREBRINAEEIXEELSOR
B AT B, 32 EiC T, AT ORELHOBEKEEIT. FrY A
ERDBTRERBEWVIZRNI EE2RLE, £2T, BHEMEE LT, FiAEF
DEELENIS L THEBET 21TV, BEELEHOKET M) UV ATREELHO
RIBOENEZ R LT, SE., EE#ETICEZVAr7e—EE2RWE, L1 v
Ta—kET LR ESBORRE R LT, TRTOEEZEDIXKEDOIRE
ELTEOVHEL, T EEIREELRVEELZZENTFNERICFHET B FIET
hHID, ERRERFEESABEER TSP F—Z 250 L Si3 8
ﬁ%ﬁﬁ@ﬂﬁﬁEMEngﬁﬁﬁEﬂmk&&éu%kLtoit\V4
7 ua—ETCROIZEFORFMIEL 2F LA LTERELT,
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Fig.4.2.1~Fig.4.23 ICBITE FRIZEEREEICBIT 2 BELHOEY (A
LIRIE (AT*) OBHNZRT, ZEHRBLOCZEROZEEL LICEAHNKE
B 75N T, RENKELRABIENGND, £7-, ZHEREESFHEB L
OTMERERFEMIZE L T, MBFRMLE TR, K TR T AL BICEH
25 0.01 ¥, IRIEDS 0.1 DT & ERIN 1.0 7, IRIED 0.8 DfIED 2 HFTIZ T 1
v MBEPRLTWS, KT, MEPRAE (y/D=4.5) &LEEmLE (y/D=0.025)
TOREZSHOEAH LIFEEOBMBRICKEREWVIR L2, —F, T hU D
LTI, BEEISGESUZON T, IBREEBORIENSET L THBE Z Ex3bn s,
F R T ADBEITBNT, LA I ARE—BDIr — 2RO FNE—KD r—
RIZHAT, BEEIFE CORELERIBOETARE L RoTNE,

Fig.4.2.4~Fig4.2.6 IZIRELHOEAH LIRED 2IRITTL A N T 5% T, b
A2 N7 7 MIBABMOEEEZ 0.0~42F, KFMEL 027 e L, RIEOFHE%E 0.0
~1.0. EMEZE 0.05 & L7z,

ZMEREESEH TR, BT RME (y/D=4.5) 2B\ TiE, B 0.2~0.6 £,
RIE 0.65~0.85 DFEIL, BLU, FEH 0.0~0.2 F, IEIE 0.0~0.2 OFEEE CHEE
NEL 2oV B, RIEIL PSD OERNLELN-EHERERSZNET S
HETHY., PLEBRBRERICENDS Z LI A RELTHDOEEL I Y ML
LbDOTHDEEBEZDND, BREIIASEAERERSICEE L/NESREED T
FL7=bO T, ZTOMOEERZNEEEL RWERITBEMNRIEE CTH B &
Wi B, BEEEREEAICH Y T B A=02~0.6s DEEEE B 5 &, KITIRIE 0.65
~0.7, 7 F U U LITIRIE 0.8~0.85 OFFEEH CTHEN T RoTEYD . KOFRE
FREP/ NS K 2o TVBED, E2FEROSMITITEFRROEmZR L TN B,
Fio, REOREZ W (AT~0.8) (FHBEAGEOBFAMTHAEL TS, #HE
MiZ, H5AHOBREEBICH L TISIOE—J7EZE T L6, [REEH
DEYZETIHEELHL, BEMHTREOD DELRE T TV 5 FTREM
oD, ZOXDRRFEZX, AKEFT NI ULATHBELRSTWNS,

BEEITEEDOME (y/D=0.025) IZBLTiX, KOFBF Y oLy bEES
FIZIEDDENH D, EREREHRSOEBICEL TiE, KiZF M) ovage
HENEL RAEESBEIZHEALTWHRY, £, TRV UAMBELTR, &£
BEEERSICERT A2HEORVERLS, MEBFRAE & A TRES /NS
KBRABFMEUZT T FLTWB I ENRghd,

SIERFEERSMHICEA L T, MBHRRMLER L UBSREEME T, KET b
VU AOBEESAIXIFEREOERZRLTWS, EH 0.0~02F, #KIE 0.0~
02 DEBETHEENE L 2o T35, FERFERFITITF LI OHHT H{KIEE
RAESHETIC, ARAIOEEERICK > TIh A0, EEEETRONE L
D 2 BRI RS & R R AR E OEBIIBL TV R,
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THEREESAMH TR, BEYRABIZBWTIE, k&MY U ATEERNR
BESAIIFEOMERIZSH 5, PSD TE L - sl A B B FIZ OV T,
FKIZIRNE 0.6~0.65 DFEIRIZ, T MU T AIEFEE—EMH THRIE 0.7~0.75, LA
J VA — BG4 TIRIE 0.6~0.65 D THE &< RoTHY . LA /LXK
H—HEHEOT M U ALK CTEHERROGEL—HLTWD,

Fig.4.2.7~Fig4.2.9 IZ LA 7 —{ETROZAH (A) BITIRIE (AT*)
DA NSTFLEFT, BRI LAOHKEIIER 0.0~2.0 POFHLHET, HF
BIX02F & L. RIEIX 0.0~1.0 DEFEH CTHEMEIX 0.1 & Lz,

SRS T, BRITEFRICEEREEEICBWT, A 0.0~02 #
DEFETITT P VALV KOFBEOEFNBEEIELS o TWAH, BH 0.4~
20BOEHETIZ, KEF R VATRERZRZEL TR, EEAH (FEK
#) DEELBRSIZ. BEMNEE TV WD, BEMOBEICE
TARARISHDRAEIZITZESLR D, LoT, k& T NI U ADEOERHTOE
WOEE TV nNEEZ NS, BIBICELTIE, K, T RU AL BIZIRIB
0.0~0.1 DEFEDOHEENRTL 2o TW5B, ZNE1IRE—T7 &T5H L, EFR
LB TiE. AKITIRIE 0.6~0.7 OEE T, 7 U U AIIIRIE 0.8~0.9 DEEFHT 2
RE—T7 BEFEET D, Z02RE—ZFBEMIZIESL &, F M) U ATIIIRIE
D/INELRDBFEIZY T T AR, KTIHHEESANEHILL TWHERIZH
Do

ZRERIESEEETIX. BHOSMITEERSFEOR L FHRIZERY 0.0~02 #
DEHETIE, T MV LAEVKDOEPHEEIIRELS R>TWDEH, EH 04~2.0
BOSETIE, AL T M UATIRIZEREDERZRT, RIEICE L TIX,
K, TRV TAEBIZEERETRONZ 2R -7/ RD, £/, B
TE& FRANME y/D=0.5 IZB W T, K TORBIZT P T AITHRTRKEL RS- T
W3, JREFR (y/D=4.5) LEEmTE (y/D=0.025) LTI, ZMEREEEML
W2 K ET Y U ATOEESHDEWVIT/HIIV,

TEREREMH T, EFRREESTIT ZERIEEERRMFITEV AR
Lo TW5B, BHIZELTIX, A 0.0~02 BO&HHET, K&F ) 7LD
BEDENZBRFHFORELY /IS RoTWNE, 2RE—Z7IZE LTI,
VLV P RALE TIIHREE 0.5~0.6 12,7 MU U ATIRIE 0.7~0.8 ICRERR T X,
BEENIZE D IC N T, WIBB/NE L 20 | s iz @b > Emicd 5,
SRETRIESEM M EFERRIC, KET FNY ULATOHEESHAOERIIT, ZrERE
BREMEIZEEAR, B<—E LT3,
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P—< /LA NTA L TERBEAIZEIT-FEEO—RE LT, FEITEERR
BRIKRIZBITAAKET N U LADORELESFEOSFMEL LB LT, HBRSMAT,
SRS, ZEMIESEEG. THEREESFEL L, KETFT NI T LE
HETA-DORB AT A—FF, BRHEHEEZR CIZ L-RE—HEEL
VA I NVZEEEST VA ) NVAE—BEEERE L, UTIZZ0OERE
NN

(DI ERE ., BEISE O

RFETHNEEICE L TR, &&HE biz, KOFBFT M TALD BETF,
BEOH—N EFREITIHE > THEB, E2FEMRSsHAITL—&K Lz, BE
TEBEEIZOWTUE, KOFBRFT I U LEY b ERAITEEFRENRELSR
D, IKROFEBREDIRED EFRAITHISET D2 & bhrolz, TOFRRKE LT
i, KOFBRTFT MU T LADOFEIZHS, BRESRKESIEHILTHELLEDTHD
ZEDBHALMNIZ RS T,

QIEBEELEHD T —Ry MEEIZL B
BEEEONT—2X7 MEE (LU, PSD) i, MEHFRAEIZOWVT,
LFEEMHTIE, AKET M) U LAOE-EREIIZIER CALE TR, BEIZE
S EKRTIXEBE RS B HERE L. EEEERSONNT—3F FY T AD
BEIVBRELRDB I EBGI 0T, FEEESMETIE, REFRAE TIEK,
TR U T AEBICEBRABERIIEN TORWA, BEEIE CIISEELEOR L
FHEIZ K CORBIREE S DT =BT R ULE Db REL 2D ZENRSH
D fCo

T, Abho— N EHEBLLZPSD WA Z EIZE T, kEF Y
U LADBEELEEFEINISIER U PSD TRES Z L ¥bhotz,

QYA 7 a—iEll L BIEELEEE O R

LA ry7un—{EErBOCERELEORL L IRIBEOCEESRE RS L. =&k
SEWEMHIZOVTIL, BRAEAICEND Z LICL O RET 2 EH LREEOE
e, ZTOEBARKESICEE L/ EREEIT Y N LEER CHEERS
{Teolz, MEFRABIZBWT, E-EREES Z 3 HEORVERD,
AKTIEE FY UAZHAT, BEFRIEN NS REFMIZT T M 5HR &2
ST, 2EBRSAEIEIKRET NI VATIEE—K L, ZERFEERERGIC
BSLCiX, /K. 7 hU TAEBIZFLNLHETAEEERSIEESETIC, A
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RO BEEFITE N TR D 72, SFESRBFRRCR O I B s 1218
Y AEEEOEBITEA TR, KEFT M) U LAOEESMIZ. EEEMH
DFAITHA, TW—FKE R LT, ZHEREHETOKE T N U LADOEESH
X, SFERESESELRFEOEREZRL, KEFT R U ATIEIRERE VT
Renizhrot-,

EFROBEENS, MEFRMEICEL L, 8 LEARERS 2~ =F
TEEFM & ZHEREM. 72 b N EBEREES 2 b RV 2B RFEEES
HIZRBWT, FFFEHERE, 3L, BEEBORBESENIKET ) T A
TIEERBFOBEREZTTIEEZALNI L, o, BEERmEFIZBWT, KHE
FHREICE L TL, KET MY UL TEEBROERZR LA, RELBRE
B L T, KIZBW CEBERBR D DS HEE Lz, KRBRORERIZEELFED
BELSHBREZ T FIULEREEBE. DOVEIREFHEL TS Z L0k,
TR DIRERE ) CEEM ORFBREFMEEZITI ZLBFETHOLEEXD
no,
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ATEF

FHFEEAT DI H T2V | BATRTEFERBRFHAETOTEFE—ZFAFFTA,
RELF ¥ —ERFINARRREHE LES NV — T OMNRERF EENES

WWEKRBRIBE - ZHREZBVELE, ZIICEEWELEST, KEREITS
IZHiz0 ., BBEE (B OFXIIERREBENZWEEEELE, 2 ZICKE
Wi LET,
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Fig. 2.1.3 Discharged Nozzles of Triple Jets.(WAJECO)
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T/Cs were Lost.

y=85mm y—40mm y=10mm y—O 5mm y=85mm y=40mm y=10mm y-O 5mm
(a) WE3 (V,=V_=0.5(m/s), AT=12 (°C), Re=14000)
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(b) SE3-V (V,=V_=0.5(m/s), AT=43 (°C), Re=27500)

y—90mm y—40mm y—10mm y—O 5mm y—90mm y-40mm y—10mm y—O 5mm
(c) SE3-R (V,=V_=0.3, AT=39 (°C), Re=16000)

Fig.3.1.1 Comparisons of Time-Averaged Temperature Fields between Sodium
and Water under Triple-Jet Isovelocity Condition.
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T/Cs were Lost.
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(a) WN3 (V,=0.49, V_=0.34, AT=13 (°C), , Re=12500)

y—40mm y—10mm y. yOr.r.1'|;n yOfﬁm y=10ﬁ.1vr.n y5m
(b) SN3-V (V,=0.5, V_=0.34, AT=39 (°C), Re=25000)

y=40mm y—10mm y—O 5mm y—90mm y= 40mm y—10mm y—O 5mm
(c) SN3-R (V,=0.3, VV_=0.2, AT=41 (°C), Re=15000)

Fig.3.1.2 Comparisons of Time-Averaged Temperature Fields between Sodium
and Water under Triple-Jet Non-Isovelocity Condition.
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T/Cs were Lost.

y= =85mm y—40mm y-10mm y—O 5mm y-85mm y=40mm y-10mm y=0.5mm
(a) WE2 (V,=0.52, V_=0.49, AT=14 (°C), , Re=13500)
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yOﬁ;l.r‘l1 y-40mm y-10mm y—O 5mm y=90fﬁfn y=40fﬁﬁ1 y=10fﬁfn y=0.5fﬁm
(c) SE2-R (V,=0.3, V_=0.3, AT=41 (°C), Re=16000)

Fig.3.1.3 Comparisons of Time-Averaged Temperature Fields between Sodium

and Water under Doble-Jet Condition.
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under Triple-Jet Isovelocity Condition.
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Fig.3.1.5(a) Comparisons of Temperature Fluctuation Intensity

Distributions in Horizontal Direction between Sodium and Water
under Triple-Jet Isovelocity Condition.
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Fig.3.1.6(a) Comparisons of Time-Averaged Temperature Distributions in
Vertical Direction between Sodium and Water

under Triple-Jet Isovelocity Condition.
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under Triple-Jet Isovelocity Condition.
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Fig.3.1.9(a) Comparisons of Temperature Fluctuation Intensity
Distributions in Depth Direction between Sodium and Water
under Triple-Jet Isovelocity Condition.
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Distributions in Depth Direction between Sodium and Water
under Double-Jet Condition.
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Fig.3.1.21(b) Comparisons of Temperature Fluctuation Intensity
Distributions in Depth Direction between Sodium and Water
under Double-Jet Condition.
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Fig.3.1.23 Comparisons of Depth Distributions of Maximum Temperature
Fluctuation Intensity at Each Cross-Section normal to Wall between Sodium
and Water under Triple-Jet Non-Isovelocity Condition.
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Fig.3.1.24 Comparisons of Depth Distributions of Maximum Temperature
Fluctuation Intensity at Each Cross-Section normal to Wall between Sodium
and Water under Double-Jet Condition.
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Fig.3.2.2 Comparisons of Power Spectrum Densities of Temperature
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Fig.3.2.3 Comparisons of Power Spectrum Densities of Temperature
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Fig.3.2.4 Comparisons of Normalized Power Spectrum Densities of
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Water under Triple-Jet Isovelocity Condition.
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Water under Triple-Jet Isovelocity Condition.
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Fig.4.2.8 Comparisons of Histograms of Time-Period and Amplitude of
Temperature Fluctuation Calculated by Rain Flow between Sodium and
Water under Triple-Jet Non-Isovelocity Condition.
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(i) Histograms of Amplitude of Temperature Fluctuation Calculated by
Rain Flow Method.

Fig.4.2.9 Comparisons of Histograms of Time-Period and Amplitude of
Temperature Fluctuation Calculated by Rain Flow between Sodium and
Water under Double-Jet Condition. |



