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Study on Thermalhydraulics in Thermal Striping Phenomena
- Evaluation on Convective Mixing in Sodium and Water based on Sodium/Water
Experiments and Quasi-DNS -
(Research Report)

Nobuyuki KIMURAY, Kazuyoshi NAGASAWA?, Yasuhiro MIYAKE?
Hiroyuki MIYAKOSHI?Y, Hideki KAMIDEY

ABSTRACT

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

In this study, a comparison of convective mixing phenomena in sodium and
water was evaluated by using triple parallel jets sodium/water experiments and
a quasi-DNS code. The triple jets were set to the same discharged velocities.
Temperature was measured by using thermocouples in sodium experiment, and
temperature and velocity were measured by using thermocouples and the PIV
method in water experiment respectively.

Calculated results, which were obtained as the time-averaged and the
instantaneous data, were in good agreements with the experimental results in
sodium and water experiments. The prominent frequency component in
temperature fluctuation in sodium experiment was equal to that in water
experiment. The flow field in sodium was similar to that in water. The
temperature fluctuation intensity in sodium was smaller than that in water at
the neighborhood of the structure.

These results show the water experiment could simulate the sodium
experiment as for the frequency characteristics of temperature fluctuation.
And it seems that the temperature fluctuation intensity in water was more
conservative than that in sodium.

1) Japan Nuclear Cycle development Institute, O-arai Engineering Center,
Advanced Technology Division, New Technology Development Group

2) NESI Incorporation

3) NDD
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FRRERICERT 2 RELTEARA L, BEHICER ELBFESEMS L,
BV A INVEFCLIBENELZIHERHD (—v VATV TEHE,
AT, &Fg) U, - 8 Y o ABHEEF CTlE, GHEM OBRERIKIT A
THI 100 EREVZ &b, WEFOREREIFE, FICEEMEFITENT
FRUTALKRTREHRREBRRBLEZDONSD,

RIERCRATHEELEIEET. MEOEE, BET506%., 7u—14%
—v, BEFIORESICEEESNS, BEMICEELHNBETIBRELT
X, BEMAIBEOERBICBWTERELBORENET I LBEILLND,
T, WED LEEM ~DEELHOEERRE, BIUEBEM T ORELED
EEIBRE TIL, Fils2 o NTHEEM OMEOEEL R, MEFORELED
FERIRIRIE, BEMOEALREIZL - T, BEMNBCTRETIRSHOER
/[ Y UN ' |

BREH A 7 VERRBE T, ARRIIH LT, BENPOHEEET—ELT
PRI RE 7R FEE H BN B BB O BT S R T LA DEE LT o Ty 580l
¥, ABRB~OERNRT Fu—F L LT, TEREATHERMRIC LI-AR
BREEBBLTREY, BEOMELEZNRTA—FE L7 a2 —RE—2DEN,
BLOT7a—RE—VEOEEEEOREA I =X LTHONTHLMIZLTY
phd, X512, KEEBHEL LIZFHTAR Y v D D 3 RERETTABRE
& (WAJECO) % F\, B OMEIRSEE 2B o hic LizhelesEl, Z oz
TFELOHATEIEDF MY U ARHHT BHIHEEAEEZBEDT N T A
AT B REHEAEREATHWAERE 2 KEMICBYVHLEZLDOTH B,
7=, WAJECO :RBRE2AET ST MU v AKEBRERE (PLAJEST) AW,
FRR72 5 NG OBE Z3EMIZEEI LT3, ZTO/RER. fE» oEE
~DRETEOBREEE & Bl L2405,

RAEFOESEELITET 72010, RENES SR, MERFEDOE
At Enn, KEEERREAL L-BURBRBRELZ ERmEINTWS, X T,
ARERET HEECOVTE, BABBRERICL 8T A 7 VEMEFICET S
REHREIBER SN TVS, L Ldb, BEFERTERASND T M) UL
LAKTIX, BEHLRYENRKESRAREED, KRRICLVEON-BREEZZD
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ATREN I, R—FRE2F O 3 ARKEEEEMAREROT NI v AH B L
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shEpEEE L L |z DINUS-3UOZ L AMEREY I 2 v—Yarge T NI ULl
CIeARBRICHO N TER L. KRBOF —Z 12 LY Foki & 2 OLEBICHT 5
FRATAE RORSMERIE LT LT, BER/ BESOTEP ST Y 7 ALk
DHHEDENC L BEHREEARE~OYELEET5 - L EME L,
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2. EB

TRV U LEAROREBROKBEZTIICHLY, BROBIER—DK
(WAJECO) 3L U7~V 7 A (PLAJEST) REREEICL Y. FMailz
EfE Lz, ARBRIZOWTIIBEN 2/ U7 IRE R & ERFURREE
(PIV) (X 2EEFBIEZER L, 7 MY 7 ARBRIZOVTIE, AEMCEDIE
ERHEZER L, |
LT, ARBRBIOT M) v LARBRIRBOFEMZTT,

2.1 KEBREE (WAJECO)
2.1.1 HEBREE

Fig.2.1.1 KW EREBRHKEEZTT, RBRERIT, FBHE (K 2r—F~
AR T BT ODIKZ 7, MEFORMP ERETHIEDOT 4 VE | Rk
FEAERER Y, EEKERAERGHES. BEKEEANEE (EKXAA
5). RBRIERAES, RBREO4F—\—7 o0 —RMEEEREY B2 72 bR
ENTWB, BFKkE v 7 b ENT=KIZ, KBRS E BRREIC B S,
FNENICERBENT-EER I TMEEND, MEESNEZIEERKER
LFOBERTOKIT., ZEAHNBBIOMARIC LI - TRERGINS, &R
BRI NE Y TRTSBIC 2 ZICHIESh, BRRD 1 BHE L bIcRR
WIZFHEAT D, ERERHEBLOBRBERKICITIERMRESH. REAHAIRES
nNTEY., RRHBFEAREBEOREZOVCIWZHEIZFIEEBIZL TS, BIRRD 2
RFEITEERICBELEET A FP—F L AL, TOEEICIVRENEFL
X BRAXH TG LT -T2, BRBRBIZCHWALEAKEZEY R T2 HWTREAZ Vv
JIZELZEIZE Y, —RKOBREBBFERIND,

Fig.2.1.2 IZRBR DM 2~ 3, RERIIT, 18 2438mm, BITZX 500mm,
B 2438mm OEFRBRER L, (FERAELZERL L THHS TS0 D0ER
) AABLEREN TN S, EER I UEBREL O ORI, EiirkH )
Az LY 3 KOEFERE Y, RREBANICHBEIND, BERIT, KF
FANC x. BITEXHMEICy, SREFME z & Lz, 3 ADOMHERIX, F.0MEE.,
EENERLRoTNS, W XV RIS 2 oKL, &
REECIR o - (BEMERR) & L, BEEEEORN L BELBDOERICERT
XB LI LT, 3ADERIZ. BREOWEESZAE L2 btitkizcie> T
FRLE%, BREBOERICHHES 2000mm)DEEZF—1—T7a—L, &
ETHOHPEE LV RET 5,
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Fig.2.1.3 I 2 XAVOBEL T, BERIOBER»D ) XU
ALTKIZ, Ny ZVIRCEREINZ%, ol TRONZEREY , XV X
DERBRABICHEAT S, OoATHRESEAZEICEY, BRLHD Ti—#
TSR ORERE & Lk & & 72, it 0 ORI, 18 20mm, B1TE 170mm
T 3ARDMEFHH O 70mm MR CTREEIN TS, / Z/VHOEH 5 110mm
EFEAICI, EROIRE % AT 5 D OBER:, 210mm AN IR O
HENAS LV AEHERTAZDOE V—FLZREL T3, '

2.1.2 REEAI

C EERNEX. BITEFFE, SEFRICBEFRELRREERICERARDOREST

ﬁmbﬁﬁantﬁﬁﬁvv—%mmfﬁot@ngL4mﬁ%ﬁ®yu—%
SR, BERY Y —ITiE, FEELEDEDOF A 7Ty PEHERIROAE S—
IZ 5mm [EFET 39 ROBEXMNBEY fFiFohTnbd, BEI—RNE
0.25mm DO KEFERMZ A 7 TH D, BEIIIAKFENA—IZEY F1T 6252
Imm, £& 50mm ® SUS BREEOHZEY . oD Smm BREFIZED
nTW3, ZhboBMENT, EREBICIEREZ BV CEMRE L £
BERT L —RIEEDOREFICRIT S Z L THIMMREZITV. EEREIT. 0.1C
Tholz, BEXNDOERENES%2, BFEAMESRICAEL, BIE. AD £, &K
L. ZOBMMRECRDI-ZEMBRIC L VIBEEF—& & L,

EEEFEIL, RAEXNY Y —2EREHHA LY 5mm TiE CTTiF72RENSE
5L, Ui 10mm, 20mm & 10mm FFEC 500mm THETO 51 T4 V&%
L L, BITEAMICE L TR, BAEAEMEZBER D DOERENS, 0.5, 1,
2. 4. 6, 10, 15, 20. 40, 85mm L 723 X 5 1CBE LEHAIEZITo 7=, &&HA
ArBIZI T, 10ms I T 4096 A (W41 %) OBERFIF—F BB LI,

2.1.3 ¥EFHA

AR COFREANL, R FEGIEREE (Particle Image Velocimetry ;
PIV) %MWz, PIV iZ, BUMRFRIBALLERNWGEZ V—F—STRHMLL,
—ERHEFRECTNE L ZATRICEREZERLEBE LI X - THRELZEDF
ETH D, PIV ITFEEMBOFHBEIFETH Y., 2 RITFE COBRRFOIIES L
HarRODBIENTEZZ D, ZLOHAROT—ZEZTB/BTH5HE. ¥
HIZEDRFEETH D, BEDIESCEEARICBITA2MABICELTHEE
WBIZE->T, BEEOHREAATAZZLAALMICR-TETNS,

Fig.2.1.5 IZARFHAICER LB EMEBEEIC L 5 PIV ORE LR, MEAICE



JNC TN9400 2004-064

AL BN FIZ L — P —ZE T — MROSAV R EBE L. CCD B 25 T
/ANEEFERERE D 2 OBEBRERE T 5, (Fig2.1.5 FORE®HZO[1]1L[2]), 2 /&
BOE® D 1 MEDSRERA LRI U A -V OEBRERRT S, BRFE
E LT, EMICBITHHEAEMHBABELERL TS, T74bb, HEMEBLE
X o THELNEBEREORKEZ RIE (FFD[2]) IZHENBEIL T
WAL LT . FD0BEHE L 2HOEROEBREHEREN O BATMELEHT 3,
1 EOZREROMEL T O LTRROHEZITI Z LITXo T, H#HREE
BERDDHIENTE B,

Fig.2.16 ICARBRTHEA L7 PIV VAT ADERETT, AVAT AL,
EEAEATEH T AR NEYAG V—F—, BERsBRETs a1y
TN CCD A%+ b AT (HFEH:640x480 ©°7 /L, 7 L— A L — b 60Hz),
BEIShFEBREING  7EFET5 PC (DOS/V, PCI 21 v MIEHINGEGR—F
EREA) BIUONGERBORMMEREZEET 224 I 7arybuo—50h b
REhd,

Fig.2.1.7 AT AT AOBEBINGIZE T 2RFHER L H#E T2 E50mN%E
~T, CCD I ATZiX, 1/60 BEIZEBOBREZITOERNIZ., BERBES

(V-SYNC) %415, ZOBERBESE2ZITI T, FMIvFarin—3
2L Y —FEOBNEEED 2 50 TTL L)V D/SIVRAERETBR, 20 2D50/%
NAZERNYFTELTEINA/2 VA NAd-YAG V—H—{ZAATHI LY, U
— P — FBRFRHENS, A I Tarbu—FF, BETS 2 2000
2%, BEEHBT7 V-0V BDLIELOREBL TRAISED X5 ICHET
%, CCOHAT DU %y Z—ZEHELTNBDOT, L—F—RITLIBRMT
DOREDOERFDOAHABEBIZINEEIND, XV, CCO AT D7V —AhL
— X VEVEREBETO 2 OEBRBIRETE B,

AL ERORE 2. RBREAOTERFM (xz FE) 2»6fT5Z & T, %, z
HryE xRl L=, EfIE. 1 ENC 200 & (100 #2) ¥ L. RUCMET 3
EfE0 R L TNE L, EfT—2i3, 2K T1O0OREFFEMTH20, I
O U GEFERMMRIL /30 B L 72 5,

Fig.2.1.8 ICEBIENME Z =T, BITZFREEEIIKESM 5 7. $hE
JE 10 BET CEBIGZ 1TV, BITEWE% 5 &7 (y=1lmm, 4mm, 10mm,
40mm. 85mm) BEIL T, K¥EFHM - SAEHF M TRRICEBRNFEFEZITo72, 1
MOBEBICHBT 5 INERBRIZ. 1ms & L7z, FEBEOBREHESIZ. Fig
2.24QNZRT L H1Z, CCD A AT OEFRE (B 640xHE 480 ' 7 & /1) 1Tkt L
T, KREFEEDH 40mm, FLAEFHGEOK 80mm TH 5, CCD v AT LHBE -
LB & DOEREL —BIHESTEDIZ, BETHIRTE FRAEBIZHE LT, CCD
AATDNELZRELT,
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AREECER L-EEMREMAE PIV X, Y77 8VEOEAICZLY, 1V
JENUTOEHBBITEERZE TR L LI, BilILOBEELDHEIZLY
Efr 3 SOMEBRE LD ANBEXEITIFETH D, V7T EAELZEAL
A OMHBAEIC L AEEIT. 027 BVEELRD, MECHEREL L
TiE, FEREIER lms OHEA, B|EIT 0.013m/s ThH 3, BEREHEEIISRE
WO BB EBEN O OEERMCEIVHEL TWA 720, HEMEBEE LR
 CEREEORENRESND, FLBEIZBWT, ZREEY A X3 640x480
B 7 BAEBRICR LT 22x22 B 7B E Uiz, = DOBBEEEY A X2 sH
DZEMAFEREICEY T 5720, REHRIOZERSAFEIX 1.3mmx1.3mm &725,
72, 1 OOEBRFICSREIIAKTES M 60 &, SETM 42 RERELTWVD
DT, EBEFIZ 60x42=2520 X7 FLRRD STz,

2.2 7 b)Y LRBEE (PLAJEST)
2.2.1 ABEE

Fig.2.2.1 ZEBRNL—TOEKEETRT, ERAL—71L, EXGHE, EXE—
Az kB mMEE (BRXHH 300kW), BERERY (REXT M UARE
1600l/min) . HEFEF. ERMES. BLUORRESR LV ERIND, EM
Ry LV EREZT R DA, BETFAVERBBRIA VIIHBEL, &
BIAVDHRBERE—FICLVMEEIND, BIETA VX3 HIT 2 RMITHIE
L. IEIBT A4 v 1%%E & HITHRBRERICTMAT 5,

Fig.2.2.2 T RBRAB O 2 ~7, RRARIIIIME 1400mm, &S 2900mm
DHEAERTHY ., RBREBICHALEZT M) VLARZERE LTHEI RS2
DO 2 X, HEROREZ T3 -DICEROBER BT i)
bz ETAHRBAERY V) —, BEMFORELFET 5 OICBESZE
WA TEBSEHRAR L VBRI 5,

Fig.2.2.3 IZHEHHH /) ALVO#EKEEZRYT, / AVOBKIEZ, 20mmx180mm
LRITEHHEDEEH 10mm B RoTWBIZ EEBRE, ABBRO/ Ve
BLCEERUBRE 2o TWD, BERIL, KRB L FRIC, LUHRICET
RAKEF A E x. ROERFEZ y, ShESFMEZ z & LTz,

2.2.2 {REFH

BEFEN, Fig.2.24 IZRTHENY ) —X 0 1Tol, BERIBUSEHR
WRED DROERFS R (BATEHME) IZ y=0.5mm, 10mm, 40mm, 90mm
DALBIZE 25 RFTOWMY 1T 6TV D, FRITSWIEOBERIL. BHRAD
FRAEIRE P IEFICE 2 2 FHRAHI3KES M 5mm FR, £ 25N 10mm
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ﬁ%f RE LT, BERNT, K BSEEMA # 4 7T, /~X%P0&mnk$0
0.5mm TH 5, BESIFTRELDORT AT i@ﬁé5hmhﬂﬁdmm®SUS
BUEEZEOTAED . £ bmm B F bY v ARZBINSE, BAEXNY Y —
ETBET2LR8TE, FEORSNVETRETORELZFATIZ &w
T& 3,

BEHENL, ABEXNOORENHNEF2EEAGHEBICEAL, ERT V7
IVHEEL.BE/ A XELHEETHEOD 40Hz D —RAT7 4 VFEELE
%Iz, 16bit ® AD Effan H—%Z2 8L TEETo 72, FOMOYEE (RE.
Na L, I NN—FREH) BEEBRBICEV T —~EFEE L TN Lz, EE
Fﬁ%Mﬁi%k@vﬁxmﬁﬁuﬁmféﬁ&k%ﬁén#“Mf%ﬁ
RBREBROOLETIEC L VEMRERZITo T2, BVERIL, /zw&mmsxé
BATHESRELZITV., BEXY U —8 X OBUSEMHERR O KE 5 O BERTT
250°C. 300°C. 350°C. 400°CizH\\T, /xwmuwaxwaﬁﬁ@@ﬁﬁﬁ
B RO %2 RICHEMEEEZITo 72,

ERIX. TEOHE - BEICRELLZ., ¥FEEEEEREZREL, BE
®Y Y —B KOS EHER OB EHEEICEB 2N 2R LRI
F—Z NG E A LT,

#wm EEXY Y — %%T%(Eﬁ&mmiw5mm) TR BT

. FO%, EBRrrEEE»S 10mm, 20mm,. . . . . 500mm (%J:ﬁﬁ
LL%) L 10mm By FTHAEXY V—% LR XE, FMNETHRERNY U —,
SRR, B R, kinnYX§%ﬁ?Lto%ﬂ§T®T
—# X, 10ms (=100Hz %> 7 U v 7) RRET 20000 s (=2008)R &k L 7z,

2.3 FEBREH

Table 2.3 (Z/kB L OF MU & ADEBREMEETT, FERICBIT BEFHEH
BoOLA I NVAEIZUTOERIZESLS,

V,D
Re, =
v (2.1)
V.D
Re =

ZIZT, RRRE DITERHAORERRE (RY v MMEB) (=20mm) TH D,
itJEF%&mF%AT3$®$ﬂ%ﬁmﬁﬂmm3$®¥ﬁ&wEWV@wA
ZUTOXRTEERL,

AT =T, -T. (2.2)
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T, = T +2xT,
. 3

V,+2xV,

Vspace = _—'—3—1—'

(2.3)

2.4)
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3. HMEfENT

V=< NVRA I TA LV TREEZFET 27201218, FEHSRERTOREE
BIZE8 2. LHIRE. V1 78, BEESER EEENICHERT 2ENLE
THDd, :

BERIOEELSZEE 2 MTAITRD 28, REAESERET VEFERT
5&. BLMBIRFRMEHSNZbD LD, RBAREICERT 3 EEKED
BEEBRSICOVWTIBER(LLE LTEL26ND OO0, EEHORELS
LRERICEMICER T 2 RFISLCEB A FRE L RO D Z LT TE RN,

ZZ T, BEBIUCEELEFHORASHCRIEL EEMICHEEBT 572012, &R
EFNEERLRVEESEY I 2 L—Y a3 v (DNS) 2 BV TSR TEGREIART
R LTz, BB, VA7 NVBEBCHRBEINEZEBEE Y I2L—Yava
— R.DINUS-3 W TEM L=, '

3.1 fhi— KOWE

DINUS-3 =1— Fid, *iREIZ SIKBELFOR LEEMEEF AW BERE Y I
2b—Vv3ara—RFThHo, DINUS-3 =— FOEKEFEZ Table 3.1 1T7R7

3.2 fEMT—2R

Table 3.2 IZ/KB LT MY U LARBROMBTEEL TS, EBRE LTIX, 2.3
IR L2 b DI 5, KBRBROMBT TIXBREEZENR R > TWVBEN 10°CHE
ECThHEBEEmERlc CEREHEEETHEBL T A LICL VEERIC L
HPFMTE D ZENASLNIRoTNES, ’

AREBRMITIZ, BEOPRMBE CEF /LTS LEEAHFNEL ., AT
HBT, 2EIBIT/HT THENTZER U7z, 8% 11X, SEMIETORER L
OSEREEBNI R 2 EM OB E L BT 3 7= DIZEEE S 14mm (y/D=0.7)
EFTEET MLz, R 2 3. BEHERCB T 2EAEE BEEOFRMNE
90mm [y/D=4.5] OafE) ZFEMTD & & L,

33 AR

Table 3.3~Table 3.4, Fig. 3.1 IZfBT A v L 2 OBMERB I UOR v ¥ 2 K& 77,
U 1 OFEATEEIL, KM 410mm, $AE 5T 40lmm & L, BITE S5
ZAEUTIMRRKRE L Y 1dmm & Uz, KEFRB L UREFROMETERT, Rk
ETED ) ANVEEBRTD 4 DOER 7oy 7BEL0T vy 7 OEREHENE
THEORRELE, Ay vaP A XZELTIE, FOEROLELE80mm %
lmm, X HIZFDO/MEAZ 2mm, 3mm, 4mm & BRFERICERE % LT, SHEF A
X, JANVE Y TE (85mm) % 3mm & 2mm, / XV EIEND 50mm £ T
2mm, 50mm~150mm ¥ T% Imm, 150mm~250mm ¥ T% 2mm. FHLL
£% 3mm & U7z, BITZ HFmiT, B2USEHFR L Y 2mm £ T% 0.5mm, 2mm
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~4mm ¥ T% 1lmm, 4mm~14mm £T% 2mm & L7z,
SEIR 2 OENTEERIL. AFEFEB L OEFFICSWTIE, FJK 1 OfEH L
FAEL L, BYTEHFMIcE L TiX, 1mm EFE T 5mm & L7z,
KEEWNETNVOEEER ) ANVE L S0ETA Yy Va2 8iE, 8\ 1 8
230x11x226 (xxyxz) Tk . FEIE 2 2% 230x5x226 (xxyxz) & L7z, AR
72 A w2 iEiX Immx0.5mmx1mm & Th > 7=,

3.4 JWREMH

Fig.3.2 IZFiA. FHEE K CBEOEREGE2TT, MEHERT, BREOH
BERR Sy D8 & B ERFRIBHI T D &EF L LT,

A B DREATERITFEATER O L E B I OMEEOISIEREA R HER L 257
D, HOBRCORENELRLTV, TI T, MEHFDOA vy =2id, A bb—
FOEEEL-EE L ICHOERBOERFAICR>T 1 Ay ¥afyDEl
£ (Permeability) # ¥ & LizELZBRICREL., WME7 FABRHARKR
R UTEEICRS L) CRE L, £, HOEROREX 1 MR LT
EOARERER =D, BT HER LS HOERDOAICIIHDEREZEE LRV EL
BERE LT,

FADERSGMIT, HESHAITFEHEE L TEEES2En L Lz, BEZ—
ETHDH, BERICELTI. / AVEERTS 4 DOERTry 7 O Lin%k
) VR vy TER, BEBERICET VL L BRI EZ T U — R ) vy TRERICRE
U=, BEEICEILC, ik 1 13, BEEEOBRBICL I BEERBOEELER
TAEDICEERE /R ) vy FER, a— FENICE Y BEERZ TR
RIZBRE L, Zhicky, BEEEOERE (WEOAR) X HEELHFR
OB DLETMET R LB TES, B 2 3. MHOEREREZT7 Y —RY
v ERE L, BRBERZBEBERICRE LT,

3.5 MEMTFIE

KN B BITT B0 h o Tlid, BERBEEH SO TIIRTFIETE
BE2{To7z,

O SELGOTNEE 1 KRB LEFTTE

HERMAT v 7R 02 (9
vIalb—a VEER :850.0 (s)
@ Bt LZE L -RNEE 1 RELESITTES,
HEREAT v 7iE 102 (9
a2 l—va URFE : 2650.0(s) .
@ BRESITEVHBZ THENEEZMHEL, (ZZETREEHEAS TV aY)
HEREMR T v 7 iE : 0.0002(s)
vIalb—a VR 250 (9)

@ BREFCIDEEHEDOET (FFA LAT v T TRFHEELT))
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FHERMRT v 7B :0.0002(s)
VI ab—3a VR :5.00 (s)
® FHEFEMZ 0.0IZRE L. BMIRESIT X BB % ki ik i b
0.01(s) T 1024 E DEERFIT — & BN B,

HEMMAT v iR +0.0002(s)
a2l —a VEEE :10.24 (s)

AN OB 113, ELERONS hVEER vpp300 (2T, HEEK 21X, B
TEMDORY MVEEH vpp300VA TEELTZ, v I=2b—Ta VR 18%
175 OICET AR, 8K 1 0F b Y v L K5 ENT (PLAJEST) T# 8 H,
KERBRAENT (WAJECO) TH9 20 H, i 2 7 F U v LRGN (PLAJEST)
TR 5 BRRE. KEBET (WAJECO) T 10ERITHo 7=,
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4. KRBRITIRIT 2 AT OEHEE

3 AEEEEERAERDOKRBRB LT MU v ARBRIZOWT, #DNS 22—
K DINUS-3 Z FV\/= 3 RITBMENBIT 2 M L7z, TNETIZFT MY U A8 Bk
B L Cid, BB COREELERFMLE M L2k, ARBRICBWTIE, B2
OB T IR PR T OMBIR S B SI L OELTAFEIZ OV T DNS ORE#EED
A A 4T - 7= (201 [21]

AETIE, BEHRERICR L7 AKRBRIZR L, MERESICHT 2ECEEIZ OV
THEESHE D TRAEE L OB AITV DNS OMFE#EEMEZ M L2, T,
FDORERERT,

4.1 RRFHIRES R L EESIZBT 5 DNS OBt

Fig.4.1. 1~F1g 4.1.3 [ZEBRB LU DNS DOETIC L > TH LN BITEF
FALE CORMIEHRE a7 —, BETEHRENS M B X ORELEEE
SN At

EBROIREFANL, 40.96 FH . FHEFHANIZ 6 % 3 [E], % DNS OfETIX,
10.24 BEOFETH D, BRI, KEEROPL OKEFM @ x), BERE (B
IT& M y). BiREHES GREFM :2) & ULk, BEESHOFmEIL, 7J<¥7:7
M (x) AL, BITEFRE (y) 1, BE>OEENDFH, SREHH (2) |
WA EZ W ENE L L7’L° BALBIX, EHRHEHPAORY > ME (D—20mm)'
THEIL LT,

Fio, BEMICLPFHEBER LB T L DITHTERICR L THEM
$0.25mm DFAEXF DRFEE (5.7ms) RN Y 2 — BN 2N Z TFAE L 7=,
7B, EBRERO x/D=-1.75,-1.5,-0.5,1.75,2.0,2.75,4.25 (RFIZ“T/Cs were

Lost”lZ/R L72 L&) DIREIZOWTIEL, BEXIOWRRICL D T — % DREBE
Uiz, YUBUEREOREMECL ZBETF — X ICESEHELE, '

RETHRET, HTFICRTRCERELET> T,
. _(Tog-T.)

" AT 4.1
BELERERL, BELSHO FEXY (BERZE) L LTKROXNTEREINS,
Z( T-T,.)

T — j=]
s N (4.2)

ERZX O RD N BEEHBEL, UTORITTRT LS Jﬁ{dzﬂ_-l:u'{‘:hf?
ZTERTELL,

T" = TRMS
RMS AT (43)
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FEETEIRE 2 v 7 — B LU EMER Y MM E A B E, DNSBIUE
BRE Bz, REERIZIZIZSRESFMICIN, EFO0FEERIZ. FLOEKES
- TRIZAEDP o TR TWA Z E¥bhd, ERTIE, BEIZES KON THH
BEZRHZEL TV AERER TRANCOVTVWA Z L¥bnb, £, FEi,
BEEEEE C/hE L 2o T3, DNSIZBWTIX., BIZEOFIRIE ONZBER D B
BOEEBIZ L AEEREME (y/D=0.05) TOEREEDBENMENERBER L
—FH LT3, e ,

BELEFREICE LT, DNSIX, EBRE T, RELHEE OHEMEIZKR
X<, BEEHOREWVEEBENIELS RoTWBERE, oM RITERER
E—EHLTWBZ LRbr3B, :

Fig.4.1.4~Fig.4.1.11 IZERE I O DNS 0TI X > TEHE LN FR/ITX
Wi T ORHISEHIRER L NEELEERE O/KFEF E LMD LB ZTRT,

ReESEEREEEICEI L C, DNS I, FRITEWEICRBIT A HMESFMETOME
BWTHEREEDOSMIERFBR L —BH LTI BN D,

BELHEEIZE LT, DNSIZ., ERIV HVEELHREDENIREL, B
EESHRELZBRFML TV 55, DNS BLUERL bICHOMOEMITIZIE—
BELTWBZ bbb, )

" Fig.4.1.12~Fig.4.1.19 (2 EEE L U'# DNS DFETIZ L > THE LA BT

S BFE COKTHETERS (0 5H) 35 URESRTERS (v HH) Ok
YFH G O e ™Y, KEFRFUERS (v), SAEFMTLERS (w) O
MTSE, 2 En TR RE B e, ST LI T b
Vispace TITo 72,

" uavg .
u,, =
% Ve (4.9)
* wavg
W = '
‘"’:g Vspace (4. 5)

KEFFFEERSTIZE LT, DNS & EBRE B L, BITZWE y/D=0.5,
0.2, 0.05 TOEMEFFNLE 2/D=3.5, 5.0 TENIEENELTVDZ Lnb
N5, Zhit, ERTOEREBERMNMENCT T AMAUOFEEHRANZENTHS
EHERIENDB, HHAOEMITIZE—HLTVB I ER¥bnb,

SATE T MRS LT, DNS B L OER L bIZomoEmRmIE—FK L T
BIEBNDLND, EBRIZ, KEFRTERS LB CAE T, KEERSERIDO
BIEERANZENIEN TR Z &b 3,

Fig.4.1.20~Fig.4.1.21 {2 3EBRE L U DNS O L > TH O =& BT
X Wi C DR EENEE R X ONRE LBV E OERE 7 A1 5370 D LB & 7R,
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RN EAEEICE LT, DNSiX, FRITEME COKRKEFRETOMESL b
WIEIEERBER LB L TWBZ LB bh 3B,
BRELEMEICBEL T, DNSIX, ERL AT, BEEXSHRECEIKE S
2o TWBER, HAOHRITIZE—ELTWEZ LB DLN5D,

Fig.4.1.22~Fig.4.1.23 IZEERPB L U'¥ DNS DFEITIC & » TH Lo & RAT
X WTE CTOKEF BFERS (w5 3L URESRTERS (WD) O
B 5 5 H D B A R,

KT EFEERTICE LT, DNS BLOERE b2, IREFRRQROMHIRE
RLTWREZERbRrd, Ll BITEHANE y/D=0.5, 0.2, 0.05 T,
DNS IZER L R, V' —7 OREMEX TRACFEL TV I B2 5,

SRTELF MIPERR B L C DNS 13, EBR L IFERRZ ML 2> TNDH T L
MBohB, Eiz, DNS Tid, KFHHFLERS & FERIC E— 7 EOFEEME
THREITHD Z L B015,

Fig.4.1.24 IZE5E L U#E DNS OFETIZ L » TR O NI BITEWmEIZ BT
A EELEREORREY BATEX FRICE A/ OLEETRT, 7Ty M
BiX. #Eh2S y/D=-0.1~0.6 £-1.0~5.0 ® 2 K EZR L7z,

DNS B X OERE R 5 &, BITE HFHANAE y/D=0.5 5 HEEEITE S < IZHEW
BEIIRELRY, BEXEZRLEZIC, SDIERIZTI /AR5
L%, DNS DRKEIZIEZZ OO0, EROEMEZFRLTNDHZ LR
bbb, F-. BEEEAE y/D=0.05 &BEE DO FRAE y/D=4.25 DIREZLE)
BREER B L EBRIT, y/D=4.25 OB LY y/D=0.05 DALEDHFHBEIIC
EELTEMEIT/NS <. DNS X, y/D=4.25 DAIE L ¥ y/D=0.05 DALED )
BELTEHRERIRELRoTNEZ X5,

4.2 BETENEENCIIT 5 DNS O

Fig.4.2.1 {2 FEBB L U DNS OTIZ L > T LN B BITEBriEm DOIRE
EERENRREL RAMEIZBIT HIEELE NNV -7 MEE (LT,
PSD) OB %#RT, PSD L. @&E7—V =& (FFT) AV TRDE, R
N7 MOEBEOFEEL LT, BOKE X512 —% (BEFER5.128) ©
HIABEREL, ZOBBEHEELT—FICEL T, BEEHONRY—EH
L, FOB, BoN=RNUV—BBERICLPETLEEIEDMELITo 2,
&7 5 7 OBENIEERERS . BENIERTHREE CTRE LBk Y
— () ThH D, :

DNS BLUEREZ A B &, BRI I KON TEEREMRS DT - K
XL ROoTWABZ EBNbhnd, EBIT, BEEICES I o0 TESE RN
NDWELTWADIZK L, DNS Tk, BE»LEBECEOTIZER CAETE
HEBRERSDEEL TR I EBbMbd, £z, BREHEKRSDONRT—BE
BR XV DNS OFPENIKELS R2TNBHZ LA D,
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Fig.4.2.2 [ZEBRB L O DNS OfFTIZ L > TH LN FRITE BB DIRE
TERRENEKRE L R DMBIZEIT 5 KEFARELE Y —AXT bVEE

(BLF. PSD) Dit#%~9, PSDIE, BOKE I, 1287 —F L LTHEEY
— Y ZEBABEIT, BE 1 F—2EBICTHLTET—FICE-sTRRLK
BRI TEZ L LV RO, 77—V = EHAEIT, BERREOERITTINEIC
5t L TITol=72%, Boii= PSD DkTtit(s) & 723,

DNS B L UERZ BITEWE THAR S &, 1ZIE RSB E CE R KRR
SPFEELTWB I EX¥bnb, £z, BEmEmIEARE y/D=0.05 TiZ, DNS B
FOEBROEBERERSBHER L TNV I EBERTE 5,

4.3 EM2EE— A MIBIT 5 DNS OFEHME .

Fig.4.3.1~Fig.4.3.2 IZ EBRI L #EDNS DIRFIZ L > TERLNE x2 BFEIC
BiFBEM2WE—A L ba v ¥ —%2737 Figd. 3. LIZEEISH (e . ww'),
Fig.4.3.2 l3BWIIEH (we') TH D,

BEEAWY . wwBEOBEISA wa' i LT, DNS & EBROMEXEZ
B2 L. DNS OFRESEMIZKEL RoTWVB I ENbM5,

KEFHOBEISH o' \ZEL T, DNS L EBEH3 &, EBRIL, y/D=05
DOALED HEmIZIES I ON TEELDIIHRL ITET T 2HmEZR L, DNS
TiE, yD=02 DB TEAKE S RoTND I LRDRD, Eie, EROHR
(7B y/D=4.25 TiX, DNS BLUERLE bICBELNDOEIRE 22T S
Z L BDBB, WEFMOEERS Ww ICBL T, DNS L EREL~DH L, &
BRI FTRITIZIE—R L TWB Z L ibh b, BiROESICREET 5 3k

JEA WK I LT, ERIT, BEICES KON THESHENSED LT 0l
%L, DNS T, y/D=0.2 DLETKE BoTND I LAbns, BITER
LB y/D=4.25 Tid. ER L LT, DNS OERHER /NS R>THBH T E
Bbirb,

Fig.4.3.3~Fig.4.3.10 |2 EBR I L U ¥EDNS DEFTIZ L o TH LN K BITE
MECORERA (W', ww) OKEFHSHD LS Z R, BEhIkEs
BB, WEEIMEIRH IR CREL LB 2 RE—A L FTH B,

DNS IZBW T KEF AR DB L UEREF R L., BT & FAALE y/D=0.5,
0.2, 0.05 DIKIRMET & BWIRMET N S20H 2 $pE HF MM E 2/D=3.5, 5.0 T, DNS
TOEBEGDERX, ERELRIKRELR2TWVWEZ L3N 5, BEFOFR
{7 y/D=4.25 TiX, DNS O F B EER & LARBEIS N DEB/HSI<BR>TND
2, 2EEROFEMITIZIEERE -HLTWHZ LBb1D,

Fig.4.3.11~Fig.4.3.14 |2 EBRE L V¥ DNS O X > TH LN K RIT
EXWECOWEIEH (wa') OXKEFRSHOLEZTRT, Hihd e
LREICTH D,

DNS BLUER L LICBRESS & FBICERER L BEERRSONBME
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(z/D=3.5, 5.0) THWIEAIZ, REREERLTNDZERONS, £, B
O RAE y/D=4.25 Tix. EBROF DNS L Y HEIS I DEIIRE L 2o
TWD I EBLND,
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5. #DNSIZLBKET MU U LDOETREIRESFED L

KL T b U 7 ABRERIC & 5 DNS OESEMIC VT, BRI RIS L g
ECR LR, AETIE, ¥DNS (X BMFEREZEIC, KET MY v AOHE
DENC & BERRSHEOTMEIT o7, UTFIC, ZORRETT,

5.1 EEFEEHEERR X OEERICBITA/KET MY U ADOLE

Fig.5.1.1~Fig.5.1.3 KB I UVOTF MY U LADFETIC L > THE LN FRITE
FENLB COMMEHEE= L Z—, BELEHEE 2 ¥ —B L URFHEFEHX
7 M OB R R, BEEEEMLIILFHET —% 1024 (10.24 ) OFEHT
»H3, BABOESEL IUCHBIIZANKO Fig.4.1.1~Fig4.1.3 LR L TH 5,
F 7. EERBOLE DT, T/IC OEBNEEEIXZE L TV,

RRREEER I ONRELHME X, RADITFRT L3 ICEBKRTEE L,
7o, BETEREIX. XA TRELEHO _REY (EHRFEE) &L, R4.2)
TRD O IRELEREIIRA.3) TERT(LEITo 7, ' \

R ERE o v ¥ — B L ORI EEmERZ MH B L, KETFT YT LA
X, IZIEREREEE L R-TEBY., EAOERBEEKITH.LOKBERAICE
WTHENRTWAZ b5, BEERIZE-S IO THEIRMET O Tl
WCEDTR Y, BRERMEEERICAE2 > THRLSRY BRELR22TND
Zenbhd, £, BEOBEOFEIC L VETECTOEKEENMETLT
WABZ LDBERTE S,

BELTBREIZOVWTIE., ABLUTF MU UAEHIZ, BIERRRSHBIR
PRLTEY., EEEK L BEERASSONIEIRTEELHHREN KX
STWVWDH I LHPHERBTES, LarL, TR TLADFRKIY HIBELEIDK
ZVVEIRDEN D I/ EL ., BEEHEEDOHEMEN /NI RoTWNEHZ &N
LMD,

Fig.5.1.4~Fig.5.1.11 IZAB LT MU U LD L » THON T E BT
EWEIC R 5 R FIRER K CRELBREDOKEF RAZMOLEEZ R T,
BEMEHEEICELT, KEF RV DAZERB L, ZERBERBESAE
RLTWAR, FRITXFEICBITA2ETCOHREFFFAME 2/D=1.0 BW\WT, T
Y A, BEZH—EPIBESTWVWARI LR TE S, £/, ERMoOFR
fIE y/D=4.5 TiX, KBXVF Y UL EBIT, RESMOFEHEEREE
fZE y/D=0.05 LV EALTWBZ LBbh 5,
BEFTBREICEL X, AEF M) U ATIRERERSHERZISLTY
B0, TRV TLEZ, KEDHBEELEERECHEI/NISRoTND I LIHE
%“;‘LJJ"G% 50

Fig.5.1.12~Fig.5.1.19 IC KB L OF F U ¥ A OFEAFIZ & > TE LR K RAT

& W1 2 BRI FRK T H MFRERS (x 518) 36 & U T395hE 7 ik
RS (z 7)) OKRFEFRSAOLEERT, KEFEFERZ (), SREHT
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MRS (w) OREIEHEIX, ThthX (4.4) @WHITRTXNTESLE
1To7, BRTCIIERFHTHEE Vispace %‘fﬁﬁ‘/\f:o :

KEF BFEEZE L OREFHRERFICELTABITT M vALY
I, FEITEFACBT 2L TOREFAMBICBW CRERRESHTEZTL
TWAZ BB

Fig.5.1.20~Fig.5.1.21 IZKB L OF MU 7 LA DEITIZ X » TH LN -Z BT
EWIEICRIT DREETEHRER L CRELERE DREF RSO LK ERT,

RrREHEEICELT, KEF PV TLZERRB L, KEFEME
x/D=+2.25,£1.2 @ LA TEMNMIEZENRELCTWS, ZhiE, it~z XLH
12, F R U ATIZBREDH —{LAN 2/D<1.0 TTTIZHBE->TWVAZ L ERL
TW5, BELHBREIZBWNT, TR AL, FRITEHFEICBITZETD
SRE F AL E CIRELEHHREDMENB ALV /IE L RoTWVAR, f\zﬁi@@r‘l
FIEKRE—KLTWBEZ LB¥bhnb ,

Fig.5.1.22~Fig.5.1.23 iZ/KB LT b U 7 LADETIZ L o TE LN F BT
EWIE IR AAKRESFAFGERS () BLUOSREFHRERS (w) @ﬁf\‘éji
MR 43R D LB 2 R,

7}<I—jimf";$ﬁk Y & USAE F TR 1 L'Cﬂ(kﬂ‘ N U A DFSES
FTFF—HLTVBZ L3b»b

Fig.5.1.24~Fig.5.1.29 IZ/KB LT b U 7 ADOEITIZ L o TEH LN ZERRFE
BEEBICRELSHREDRITE FRANHAOLRETT, Yoy b LEME
i xz FEOF TRAEIFEDOH HMAE L LT, x/D=-0.75,0.5,2.25 T z/D=1,
3.5, 5, 10 DFKEL Lz, B y/D=0.0~0.8 & 0.0~5.0 ® 2 KD Hi%
AL, BITE FRALEX. y/D=0.0 BEEmTH Y, y/D=0.7 BEEE D5 14mm
DALE T, y/D=4.5 BFHEDOFRALE 9Omm TH 3,

REBIEHBREICE L TE, AKBXOTF MY AL BIZIZIER—DOSHAETHY
7Ty MNRGFERLTWS, TEL, $hEFEALE z/D=1.0 TiX, kK&TF h
VO ATRATAMNERTH TVALDENIEZERRETCTNB I EBbMn3,

BELSEEICELTIX, KET R TLEZEARZ L, T M) TLDFRK
&9 iﬂﬁ”@]é‘ﬁ?ﬁifl\é 7o TWAIZLEDHERTE S, 7MY U LD
%T ET7 Ty M aofERL, BEEBRESEEL TRV L23b

—~ja‘ KOBEEIEEIZ, ShESFMHAE 2/D=1.0 %Fﬁ%u\téfmuﬁm\
TYE’L)’E‘T@ﬁ@)’E‘blﬁE LTWAZ EBbnsd,

- Fig.5.1.30~Fig.5.1.35 IZ/KEB L VT b U U ADMBITIZ & o TH LN = FEH T
BRI RFRIERS (wFm) B L R SFHRE T MFER S (w FR) DR
ITEFRARHOLERERT, 7ay Hﬁﬁ&iﬁﬁkﬁ CTha,

KREFHMFEER 7 E L OSREFRMERSICE L TE, KEF MY T AR

FERBERSHRTRE R L TCNB I EXbY . BEEEHE TR, & x-f’l:}[é'_jil"’]

TR IOV TEROBBEOFETIENIEE L TWVWA I EBHERTE S,
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Fig.5.1.36 ICKB LT F I U ADEITIZ L > THONZERTEHETO
BEELHBEIRRLRAMEBICRBIT ABELEHRE L BT HFRICET25
fazrT, Rk, BITE FRAMEZ T H#E) y/D=-0.2~0.8 £-1.0~5.0 D 2
EE AR LT, - '

FRU UL, BEERIGES o T, BRITEFAALE y/D=0.2 f:E% TE
NIEERENKEL RB2ERERL, Z0O%, EEOFEETIIZEZI v b
ROMERLTNBZ RN, ZHIEKRL, Kix, BITE FRNME y/D=0.7
NOEEICE O KON TRELSBRERX—BERERY, 20%, BEEILE
S EBETAEMERL TSI BNbND, £/, BER DR RAAE y/D=4.5
L BEETEEALE y/D=0.025 #tb B &, F MU T AX, y/D=4.5 & y/D=0.05 T
IFIERERZEZ R L TWBDIZX L, KTiX, y/D=4.5 XV y/D=0.05 D5 &
DIZRELBROTWNWB I LR35,

5.2 BEEBZBIMIBITLIKRET VI TV LDOHLE

Fig.5.2.1 IZKB LT MY U LADHITIZ L > THLNFBITEHEm TOR
EEXERENSRRE 2D UEBEICBITHEREQCREE(ILETRT, 7oy MBI,
FHEERDS 0~10sec & 0~3sec D 24 TH 5, :

KEF Y T LAOBBMEEELND L, F MY T AR, KX VIRERED L
TEY, MBMARMREHRRLNE Z Bbhs, FRIZH L, KiT, X
VEHEREPRONT U LEFNREEL TIN5,

 Fig.5.2.2 IZAB I T MU 7 LMEITIC & o TH S 72 K 51T & Wik C O BRe
DKREFH E455F %R T |

KEFBEDFHD EARBEOF MU AL BT, BRORENIC XV IBENE
HIEL RAMBREELTRRSTNAZ ERNbNE, T MY TAiT, K&k
~NB L, BESRLE RAMENBABICHERTE, (KIEMER L HEEENE
BT BB (x/D=%1.5 {13F) RPN RIEEARRTZ EBbhrd, —HF,
KiZ, (RIBMER L BEERSIESTAMET, KRELBEOASBREIZAY IR
D, BHERSHELTWAZ EBNHERTE S,

Fig.5.2.3~Fig.5.2.4 \ZAB LT MU 9 AT L > TELN-FBITEN
ECORELBRENFAME L R BB HT 5 RELHS & OKTH R
EEIDNT — 27 NBEDRE ST, BHEICONWTIL. 428 L FEA=
e Lz, A |

BEZBOAT—Ay MBEICELT, KT MY LATE, IRERE
RUBCESERERSPHFEL, TN U LAOENMENTH 203FRAFEER
FBREYNELIRoTND Z 309 B, T, y/D=4.25, 0.5 DILETOE
BEHRS L, KETFT R UALBIZERRAFERLTVDDIIRL,
y/D=0.3, 0.2, 0.1, 0.05 DLETIZ, T F VY 7 LADEBBEEELSHBAKL D/ E
X e TWAI NN,
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KEFRREBIZBE LT, KEFTFY T LEHERD L, ZIERRRMULET
BB R S FETE L, BEEISES I oM CEEERER 2P EET 5 E
mEZ AL, BEEEE y/D=0.05 Tix, ERBEREERS I HEERT 5L, 7
T7ANVBEL —HELTWAZ EBbnd,

53 LAy 7u—|zk% Peak-To-Peak [EDAKEF kU & AR

HEM OBEY LM T 5 LT, BUEITIC L VIBEELTHOIRIE L EE LR
DEAVERDHD, FI T, B TELN-RETFORELEIRT LT, K&F
MU D ATERET 2TV, ZTOHERZLRBR L, SEOEMETICIZVL v
Tu—%RAWE, LAy T u BT U ARERSBOBR LR LT, 2T
DFEEDEBOEREE LTHROVHEL, XTZ2EIEEELRZVEEZZFNENR
FEIZHETIFETH L7120, RFBERHFCESFRASATHDRE, &
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Table 2.3 Experimental Conditions.

Left Jet Center Jet - Right Jet
Case Velo. | Re |Temp.| Velo. | Re |Temp.| Velo.| Re [ Temp.
@/s) [ (x10% | Cc) | @vs) {(x109] (0) | @) [(x10% | CO)
Water (WAJECO) 0.5 1.5 39 0.5 1.3 29 0.5 15 39
Sodium (PLAJEST) || 0.5 2.8 348 0.5 2.6 305 0.5 2.8 348
Table 3.1 Numerical Methods used in Experimental Analysis.
Analyical Cade DINUS-3
Turbulence Model None(DNS)
Coordinate Cartesian
Descretization FDM
Time Lntegration 2nd-order Eler
Convection Term 3nd-order Upwind
Diffusion Term 2nd-order Central
Solution algorithm Leap-Frog
Matrix Solver ICCG
- Table 3.2 Calculation Conditions.
Case Left Jet Center Jet Right Jet
Velo. | Re |Temp.| Velo.| Re |Temp.{ Velo.| Re |Temp.
@s) | (x109 ]| C0) | @vs) | (<109 | (Oc) | @vs) | x10%) | (O0)
Regionl Water || 0.5 1.6 45 0.5 1.5 41 0.5 1.6 45
(Wall Model] Sodiumf| 0.5 2.8 350 0.5 2.6 310 0.5 2.8 350
Region2 Water || 0.5 1.6 45 0.5 1.5 41 0.5 1.6 45
(Free ModeD)| Sodium|l 0.5 2.8 350 0.5 2.6 310 0.5 2.8 350

Table 3.3 Number of calculared Meshes in Analysis (Regionl).

DNS
x-mesh Number (Typical Mesh) 230 (1.0mm)
y-mesh Number (Typical mesh) 11 (0.5mm)
z-mesh Number (Typical mesh) 1226 (1.0mm)

Table 3.4 Number of calculared Meshes in Analysis (Region2).

DNS
x-mesh Number (Typical Mesh) 230 (1.0mm)
y-mesh Number (Typical mesh) 5 (0.5mm)
z-mesh Number (Typical mesh) 226 (1.0mm)
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Fig.2.1.2 Schematic of Test Section (WAJECO).
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(1) First Image (2) Second Image
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Fig.2.1.5 Principle of PIV.



JNC TN9400 2004-064

Laser Sheet

Power Supplies

of Laser
Progressive
CCD Scan Camera
NTSC signal
V-SYNC signal
Timing Controller

Fig. 2.1.6 Image Capturing System for PIV.



INC TN9400 2004-064

CCD Camera

V-SYNC
1/60s

N

At=1.08~1.14ms g § ¢
5 ; ;

v R

v

Timing

Controller

e, o

e ST

H

oI O N

A NGRS ST INGERE MWD SO e

T

s S

A

AT

A

s oo e

Y

H K H
TTL signal = -
§ 5 ¢ 4
2 3 ¥ = B
<t i <t
ST ATI ] <3 A‘Cl i %
¥ & b pa i’
£ g [

At

Fig. 2.1.7 Timing Charts of Signals in PIV System.

H
5
H

Nd-YAG Laser

AR SRR BRI

¥
H
%
H

At, At,

O

(O :Emission of Laser

AT, GROTETRR SRR




JNC TN9400 2004-064

A-line B-line C-line D-line E-line
~S N P d

CCD Camera
25mm| 25mm

N )

I 60mm | 60mm |
® :Center in Measured Region

(1) Configuration of Light Source and CCD Camera. (2) Measured Positions.
Reference Region:

, % 1.3mm x 1.3mm
| (22 x 22 pixel)
Time Interval between Images: 1ms
30mm |
(480 pixel) X %
Z
X

e

Center in Measured Region

_

€—— (640 pixel) =)

(3) Image Size and Spatial Resolution.
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Fig.4.1.2 Comparisons of Vectors of Time-Averaged Velocity

between Experimental and Numerical Results.



JNC TN9400 2004064
T/Cs were lost.

Experiment

Calculation

s
FRi\/fs

Fig.4.1.3 Comparisons of Contours of Temperature Fluctuation Intensity
between Experimental and Numerical Results.



JNC TN9400 2004-064

1.2
1.0
0.8
0.6
04
0.2

Temperature; T*

Temperature; T*

1.2
1.0
0.8
0.6
04
0.2
0.0
-0.2

Temperature; T

| L .
Ny B e W

54321012345

x/D
(c) z/D=5.0

|- I

T T e

54321012345

x/D
(e) z/D=10

Hot Cold Hot

Temperature; T*

1.2

Temperature; T*

0.0

1.2
1.0
0.8
0.6
04
0.2
0.0
-0.2

Temperature; T*

T

54321012345
x/D

(b) Z/D=3.5

e

5-4-3-2-101234%5
x/D

(d) 2/D=7.5

W

s
5-4-3-2-1012341%5

x/D
() z/D=12.5
Exp.
Calc. g

Fig.4.1.4 Comparisons of Time-Averaged Temperature Distributions
in Horizontal Direction between Experimental
and Numerical Results. (y/D=4.25)



INC TN9400

Temperature; T* Temperature; T*

Temperature; T*

2004-064

1.2
1.0
0.8
0.6
0.4
0.2
0.0
0.2

-0.2

1.2
1.0
0.8
0.6
04
0.2
0.0

-0.2

Temperature; T*

64341012345
x/D
(a) 2/D=1.0

Temperature; T*

54321012345

x/D
(c) 2/D=5.0

Temperature; T*

5-4-3-2-1012345

x/D
(e) 2/D=10

Hot Cold Hot

1.2
1.0
0.8
0.6
0.4
0.2
0.0
-0.2

5-432-1012345
x/D
(b) z/D=3.5

v R R
54321012345
x/D
(d) z/D=7.5

7 R R
£54-3-2-1012345

x/D
(f) z/D=12.5
Exp.
Calc.

Fig.4.1.5 Comparisons of Time-Averaged Temperature Distributions
in Horizontal Direction between Experimental
and Numerical Results. (y/D=0.5)



JNC TN9400 2004-064

1.2
. 10 .
- [
;gJ: 0.8 é
= ]
2 06 2
S 04 o
£ 02 5
= -
0.0
02 v 02 v
543241012345 54321012345
x/D ‘ x/D
(a) /D=1.0 (b) z/D=3.5
1.2
il l
) )
= 3
@ ©
[0} [V
[} o
. :
}-— e
02 ' |
54324012345 54321012345
x/D x/D
(c) z/D=5.0 (d) z/D=7.5
1.2 12
. 1.0 y 10
-
s 08 | . g 08 |
gaeﬁﬁ#\wana) 2 06 | RV
S 04 | g 04
§02 §02
00 | , 0.0
0.2 , 02 :
54321012345 54321012345
x/D x/D
(€) z/D=10 (f) 2/D=12.5
e Exp.

Calc.

Hot Cold Hot

Fig.4.1.6 Comparisons of Time-Averaged Temperature Distributions
in Horizontal Direction between Experimental
~ and Numerical Results. (y/D=0.2)



JNC TN9400 2004-064

12
. 10 .
K8 (=
9’ 0.8 qj
= =
S 04 g
£ 02 5
[ [
0.0
02
54321012345 5-4-32-1012345
- x/D xD
(a) z/D=1.0 (b) 2/D=3.5
12
~ i
) ]
2 2
© ©
:
5 5
02 | | 02 |
54321012345 54321012345
x/D x/D
(c) 2/D=5.0 ‘ (d) z/D=7.5
1.2 : 1.2
. 10 « 1.0
" 08 | F---08—
g . o i g . W
Eos- £ 06 |
0 04 | §OA
€ 02 ® 02
= : ~
0.0 |} 0.0
02 | ' | 02 | -
543-21012345 54321012345
x/D x/D
(e) z/D=10 (f) z/D=12.5
e Exp.
Calc.

Hot Cold Hot

Fig.4.1.7 Comparisons of Time-Averaged Temperature Distributions
in Horizontal Direction between Experimental
and Numerical Results. (y/D=0.05)



INC TN9400 2004-064
04

0.0

Fig.4.1.8 Comparisons of Temperature Fluctuation Intensity Distributions

Hot Cold Hot

-5-4-3-21012345
xD
(a) zD=1.0

i

5-4-3-2-1012345
x/D

(c) 2/D=5.0

54321012345
/D
(e) /D=10

Trus

Trus

Trus

04

04

0.3

04

0.3

0.2

-5-3-2-10 s
x/D
(b) 2/D=3.5

54321012345

x/D
(d) z/D=7.5

-5—4-3-21012345

x/D
(f) z/D=12.5
Exp.
Calc.

in Horizontal Direction between Experimental
and Numerical Results. (y/D=4.25)



JNC TN9400 2004-064

0.4 0.4
03 |
*
g
202 |
l-_,
041}
0.0 o v ) % 7
54321012345 54321012345
x/D x/D -
(a) /D=1.0 (b) z/D=3.5
0.4 0.4

Trus

54.32-1012345 54321012345

x/D /D
, (c) 2/D=5.0 (d) /D=7.5

04 04

03 | 03 |

Trus

54321012345 54321012345

x/D x/D
(e) z/D=10 (f) z/D=12.5
® Exp.
Calc.

~ Hot Cold Hot

Fig.4.1.9 Comparisons of Temperature Fluctuation Intensity Distributions
in Horizontal Direction between Experimental
and Numerical Results. (y/D=0.5)



INC TN9400 2004-064

04

54321012345

x/D
(a) /D=1.0

54321012345

x/D
(c) z/D=5.0

54321012345

x/D
(e) /D=10

"Hot Cold Hot

: (] @
543210123425
x/D
(b) ZD=3.5

54321012345

x/D
(d) z/D=7.5
04
03
£ 02
1—-
0.1
00 b v
5-4-3-2-1012345
x/D
(f) z/D=12.5
@ Exp.
Calc.

Fig.4.1.10 Comparisons of Temperature Fluctuation Intensity Distributions
in Horizontal Direction between Experimental
and Numerical Results. (y/D=0.2)



JNC TN9400 2004-064
04 04

Trus

] N7 .
-5-4-3-21012345 —5-4-3—2-1012345
x/D x/D
(a) z/D=1.0 (b) z/D=3.5

04

Trus

54321012345 54641012345
x/D x/D
(c) z/D=5.0 © (d)z/D=7.5
0.4 0.4
03 r 03 |
.kfl) *U)
= 0.2 =
= =
0.1
0.0 b : ] ,
54321012345 54321012345
x/D x/D
(e) z/D=10 (f) z/D=12.5
® Exp.
"""" Calc.

Hot Cold Hot

Fig.4.1.11 Comparisons of Temperature Fluctuation Intensity Distributions
in Horizontal Direction between Experimental
and Numerical Results. (y/D=0.05)



JNC TN9400 2004-064

0.6 0.6
= 2
5] S
Q O
T 03 | o 03 |
> >
F B
C el
S 00 } S 00 |
[/} 9]
ol o
£ £
8 0.3 F A 03 |
ot o
(@] [e}
z . z T
54321012345 54321012345
x/D x/D
(a) z/D=1.0 (b) z/D=3.5
0.6 0.6
2 2
G v ‘G
S 03 } 203 |
> >
® . ® .
§ 00 | 5 00 | it |
£ 03 E-03 |
] -]
c c
S 5 : ,
< -06 W@ Z 06 e
54321012 3475 54321012345
x/D x/D
, =5, d) z/D=7.
0.6 (c) z/D=5.0 06 (d)y z/ 5
2 2
5 3
S 03 < 03 }
> >
T T |
5 0.0 M .S 0.0 W
(] 1]
[ ol o
(O] @
£-03 } £ 03
] a
s <
(@] \ O ( ' »
Z 06 i urrrr Z 08 bt rrrrr e
54321012345 54321012345
~ xD x/D
(e) z/D=10 () z/D=12

(@) — EXPp.
() — Calc. |

Hot Cold Hot

Fig.4.1.12 Comparisons of Horizontal Component in Time-Averaged
Velocity Distributions in Horizontal Direction between
Experimental and Numerical Results. (y/D=4.25)



INC TN9400 2004-064

Non Dimensional Velocity Non Dimensional Velocity

Non Dimensional Velocity

0.6

0.3

o
)

o
X

o
o

o
w

o
o

06
0.3

0.0

54321012345

x/D
(a) /D=1.0

5-4-3-21012 345

x/D
(c) z/D=5.0

R st o |

54321012 3425
x/D
(e) z/D=10

—

P
coa o
L T2 e

i)

Hot Cold Hot

Non Dimensional Velocity Non Dimensional Velocity

Non Dimensional Velocity

0.6

0.3

0.6

0.3

0.0

-0.3

-0.6

06

0.3

0.0 7

-0.3

06 b

; o R
54324012345
x/D

(b) z/D=3.5

5 . ,

5-4-3-2-1012 3465
x/D

(d) z/D=7.5

AL, '

54-3-2-1012 345

x/D
(f) z/D=12

— Exp.
- Calc.

Fig.4.1.13 Comparisons of Horizontal Component in Time-Averaged
Velocity Distributions in Horizontal Direction between
Experimental and Numerical Results. (y/D=0.5)



JNC TN9400 2004-064
086 0.6

0.3
00 00 F

0.3

Non Dimensional Velocity

Non Dimensional Velocity

0.6 v R )
543241012345 54321012345
x/D x/D

2/D=1.0 =35
0.6 @) 0.6 (b) zID

03 | 03 &

00 et e, |

Non Dimensional Velocity
o
O

Non Dimensional Velocity

RRCT 7 w7772, R 7727720 R
54321012345 543-2101234°5
x/D x/D

- (c) 2/D=5.0 (d) z/D=7.5

0.6

0.3

Non Dimensional Velocity
(o)
(o]

Non Dimensional Velocity
o
(o)

12 3405 543210123425

x/D
=10 (f) z/D=12

— EXPp.
— Calc.

Hot Cold Hot

Fig.4.1.14 Comparisons of Horizontal Componént in Time-Averaged
Velocity Distributions in Horizontal Direction between
Experimental and Numerical Results. (y/D=0.2)



JNC TN9400 2004-064

Non Dimensional Velocity Non Dimensional Velocity

Non Dimensional Velocity

0.6

0.3

0.6

0.3

0.0

0.6

0.3

0.0

:- 1 i t
5-4-3-2-1012 3425
x/D

(@) 2/D=1.0

‘ .
5-4-3-2-1012 3425
x/D

(c) z/D=5.0

A e

LMJ‘V'/Z'V} 7,
54-3-2-1012 3425
x/D

Hot Cold Hot

Non Dimensional Velocity Non Dimensional Velocity

Non Dimvensional Velocity

0.6

0.3

0.0

0.6

0.3

b 4321012 3 45
x/D

(b) z/D=3.5

l ‘ ,
54-32-1012 3465
x/D

(d) z/D=7.5

- .
54-3-2-1012 3425
x/D

(f) 2/D=12

— Calc.

Exp.

Fig.4.1.15 Comparisons of Horizontal Component in Time-Averaged
Velocity Distributions in Horizontal Direction between
Experimental and Numerical Results. (y/D=0.05)



JNC TN9400 2004-064

1.6 16
& =
8 12 | & S 12 |
@ O
> >
g 08 | § 08 |
2 kel
[2} 2}
é 04 | é 04 |
8 00 |t B8 00
= o
2 2
54321012345 54321012345
x/D x/D
(a) z/D=1.0 (b) z/D=3.5
1.6 16
= =
8 12 8 12
3 =
8 08 | S 08 |
2 S
[0} 0
S 04 | S 04 |
E E
0 0.0 0 00
[ e [
2 2 .
N 7 v DRI 772 R 7772 R 7
54-32-1012345 543210123475
x/D x/D
(c) z/D=5.0 (d) z/D=7.5
> 16 5 18
g 3
S 12t S 42 ¢
> >
T 08 S 08
2 ke
(5 [%2])
g 04 | S 04
E £
a & -
= 00 f = 00
2 2
04 v 04 b mra v
54321012345 54321012345
x/D x/D
(e) z/D=10 (f) z/D=12
M
e e Exp.
d — Calc.

e T T atne Tt T o)
OO0
ReuP BN AL SN

1

A

Hot Cold Hot
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Fig.4.1.24 Comparisons of Depth Distributions of Maximum Temperature
Fluctuations Intensity at Each Cross-Section normal to Wall
between Experimental and Numerical Results.
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Fig.4.3.1 Comparisons of Contours of Normal Components of Second Moments
in Turbulence between Experimental and Numerical Results.
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Fig.4.3.2 Comparisons of Contours of Shear Components of Second Moments
in Turbulence between Experimental and Numerical Results.
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Fig.4.3.3 Comparisons of Horizontal Normal Components of Second Moments
- in Turbulence Distributions in Horizontal Direction between
Experimental and Numerical Results. (y/D=4.25)
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Fig.4.3.5 Comparisons of Horizontal Normal Components of Second Moments

in Turbulence Distributions in Horizontal Direction between
Experimental and Numerical Results. (y/D=0.2)
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Fig.4.3.7 Comparisons of Vertical Normal Components of Second Moments
in Turbulence Distributions in Horizontal Direction between
Experimental and Numerical Results. (y/D=4.25)
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Fig.4.3.8 Comparisons of Vertical Normal Components of Second Moments
in Turbulence Distributions in Horizontal Direction between

Experimental and Numerical Results. (y/D=0.5)
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Fig.4.3.9 Comparisons of Vertical Normal Components of Second Moments
in Turbulence Distributions in Horizontal Direction between
Experimental and Numerical Results. (y/D=0.2)
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Fig.4.3.11 Comparisons of Shear Components of Second Moments in between
Horizontal and Vertical Distributions in Horizontal Direction between
Experimental and Numerical Results. (y/D=4.25)
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Fig.4.3.12 Comparisons of Shear Components of Second Moments in between
Horizontal and Vertical Distributions in Horizontal Direction between
Experimental and Numerical Results. (y/D=0.5)
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Fig.5.5.3 Comparisbns of Horizontal Turbulent Heat Fluxes Distributions in
Horizontal Direction between Sodium and Water Condition. (y/D=0.5)
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Fig.5.5.8 Comparisons of Depth Turbulent Heat Fluxes Distributions in
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Fig.5.5.9 Comparisons of Depth Turbulent Heat Fluxes Distributions in

Horizontal Direction between Sodium and Water Condition. (y/D=0.05)
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Fig.5.5.10 Comparisons of Vertical Turbulent Heat Fluxes Distributions in
Horizontal Direction between Sodium and Water Condition. (y/D=4.5)
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Fig.5.5.11 Comparisons of Vertical Turbulent Heat Fluxes Distributions in
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Fig.5.5.12 Comparisons of Vertical Turbulent Heat Fluxes Distributions in
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Fig.5.5.13 Comparisons of Vertical Turbulent Heat Fluxes Distributions in
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