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Study on Thermalhydraulics in Thermal Striping Phenomena
- Effect of Structural Materials on Transfer of Temperature Fluctuation from Fluid to
Structure -
(Research Report)

Nobuyuki KIMURAY, Kazuyoshi NAGASAWA?, Yasuhiro MIYAKE”
Hiroshi OGAWAY, Hideki K AMIDE"

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 reactor
safety.

The consideration of decay of temperature fluctuation based on the phenomenological mechanism

enables a legitimate design with reactor integrity.
In this study, we performed a parallel triple-jet water experiment along a wall. In this experiment,
the material of the wall was changed to acrylic resin, type 316 stainless steel and copper in order to
evaluate an effect of thermal properties in wall materials on the transfer characteristics of
temperature fluctuation from fluid to structure. The fluid temperature was measured by a movable
thermocouple-tree and the structural temperature was measured by thermocouples embedded on the
wall surface.

The effect of the wall material on the temperature fluctuation in fluid was not observed at the
further position from the wall. In the vicinity of the wall, on the other hand, the temperature
fluctuation intensity in fluid decreased as the thermal diffusivity of the wall material was large. The
temperature fluctuation intensity in structure was small as the thermal diffusivity of the wall
material was large.

For each wall material, the heat transfer coefficient was obtained from a transfer function between
fluid and structure temperature fluctuations.

It was seen that the heat transfer coefficient was large as the thermal diffusivity of material was
large. In this experiment, furthermore, the dependence of Nusselt number on Reynolds number

was close to the existing correlation in every materials.

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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Nomenclatures

Representative Length (Slit Width) (=20mm)

Spectrum of Temperature Fluctuation in Fluid

Cross Spectrum of Temperature Fluctuation between Fluid and Structure
Spectrum of Temperature Fluctuation in Structure

Frequency of Temperature Fluctuation

Transfer Function

Heat Transfer Coefficient

=h/2

=.20/a

Nusselt number

Reynolds number

Power Spectrum Density

Non-dimensional Power Spectrum Density
Discharged Velocity Ratio of Cold Jet to Hot Jet (=V./V4)
Strouhal Number

Time-averaged Temperature

Non-dimensional Time-averaged Temperature
Instantaneous Temperature in Fluid

Instantaneous Temperature

Non-dimensional Instantaneous Temperature
Discharged Temperature of Cold Jet

Discharged Temperature of Hot Jet
root-mean-square of Temperature Fluctuation (Temperature Fluctuation Intensity)
Non-dimensional Temperature Fluctuation Intensity
Instantaneous Temperature in Structure

Discharged Velocity of Cold Jet

Discharged Velocity of Hot Jet

Space-averaged Discharged Velocity

Horizontal Position

Depth Position

Vertical Position

AT Discharged Temperature Difference (=T3-T)

&

Phase Delay
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¥. Coherence of Temperatures Fluctuation between Two Points
A: Thermal Conductivity of Structure V
o: Angular Velocity
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HMEOEMIZ., LA LR 2L, B, KEEROBRAREL RS> T
WA ETFRIEN A7, BIETE 2 TV IRELENO RN EHME 2 AR E
—E(B0°C) & LTE %, FHAIE & AR BYRERWGOOW/ N’ K) % 5 2 7=, MRHTIE
RO TIITRHERSEME & L, BREEEEHgE LT,

324 fEfT—XR

fENT & — A D—F % Table 3.1 IZ7RT, AMHT TiX. MADEEZEE O EHRE

(Sini®) 2135 XA—F & L, BEEEBOREOHE & AR EEEFE%
R L7, RBROBEFANT 200Hz > 7Y U TIThN T B0, Fifs s i
M OBRELBD L —L X3 SHz B2 LIETFT2Z L8R EINT
WAZEDPDLHEVBWVERIEREIZOWTIIARETHD £E %, 0.1, 1, 3. 5, 10,
30Hz DEREZ b Sin WERHERELEE LTRETD L LE, £,
Sin WHITRBREMHITEVE S LT, FHIRE 30°C, #RIE 10°C ZRET 5. &t
ERERIL Sin i 6 AHS EHHEXT v I3 1 EAH % 100545 LR 2% E L,

33 fENTRER

BER DR bThé%%& R B L TVRWEESE DR O IR AR B 58 & Lk
15 LT BER ME PR LT, Fig3 3.1 ICRELEEEE 2 L3 5
FHANLE %77, E‘l’(ﬂ”.[.%ﬁ BT X HFAIC 0.15mm OBERFLE (LT,
EEXE L T3) ZEHAART/C, BVEXEA D 1.0mm EJ5 DALE 2 EHR DHR(EL
FVEGORE ET5)E L GHAA Plate" & 35, P DO 7 —i, JEHEE 0.15Hz
DEBETHRMBT 7 U VIROBEIHE N BRRREEB OMEITHRTH 5,

3.3.1 YEU’EF'T éb‘f‘eéb
Fig.3.3.2 \[ZBEXEEHAR T/C) & F5R O ETHRR Plate) DIRE LB ZEE D
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i ERd, A LZEREEBOFRKEIX, 0.1, 1, 3, 5. 10, 30Hz TH 5,
SUS #&., $RAMKICEE L Cid, &AL CRER & &IE OB DR E LB 2B H
IFE—BLTEY, AENREBIZLD2EEITHTNTHRY, 77 UV HRIZEL
Tit, BETEBNERREERSIZRPI1CH-> T, MEXNEFThIEmMCHD
D, ERICE L Tk, BEXNS L BIFORTF TIZIER URE S & R>TN 3B,

332 IRIBOWE LA

WEROFREELE & S NS OREEEICE LT, EIEORE & AH
BN 2 REXRBEEAT. BREOKR. BERECHE L, EREIZ OV T,
WINRTREERFERORXE Az, B

R

Ji + k) + k2
h=h/Ak=\o/2a

NARDEN : ky +¢ (3.2)
g=tan” [ /(07 + k)|

R —DORE : [ axp(—kx)} (3.1)

T 2T h EBVRER, MIEEM ORYRE R o IIREEELE O AREEL,
a IHEERT OBILEER, y I3EEM R DEEM N O FHRIR £ COEREE R
T, SR RORBORBE. MMAOEBNICEL T, FHEROBRELEBHO
Peak-to-Peak Z MR L. Jifl & &M FHUAIE COWRBIL., B — 7 BRHFRFORZ]

ZEITTIZIRATRO TN B,
wiEoRE . L (3.3)
AT,
ALFE D' e=(t,—t;) 27 -0

T T T, ATr, AT IXRERE., BEMBEOREZ., tr 1 30E, EEMO
XIS DWICBITAREEBO Y — 7 KA Z2 R,

Fig.3.3.3 IZIRIEKIRE L AEXNTHB L OCEREORBOBEN /LN ZIREE
BNOMEEBAKDO AT — (RIEOZFE) LAHOEBNOREEFEZRT, F—
MEZBT B EEEEO Y — L EOBNE, Bl CIMeERE O T —
NKEL D EMBEOBNUN/NS L, BEBEO T —D/NEL 25 LMD
EBNNRKEL RBERICH D,

BAEARKT THE O NTARER O T — I3 B5HE & bICBELEN 5 B
LB TNELRY | ZRICHEVIHOBIIERE 2o TW5B, SUS
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W, SHRICBI L Tt EEBEEO T —, ﬁﬁ@Lnk%K‘ﬂ%m&%f@
*ﬁ*{s(ﬂﬂum Plate), ZEMEGEHHELA T/O)TIRIE—HK L TRV, BENREIC

EENRNT ENHERTES, 77 UVIURIZE LTI, 4ELE§§5WD/\‘7—
uW&%L@mma%%@mmf;< —H LT3, BEFTIICEAL T, U
—ZOWVWTCIE, 10Hz £ TIER < —E L, 30Hz T, 14— —RE T/C{LED
IE) BN KEL 2B, MHEENIZOWTIE, Hz £ TIERL —EL, 5Hz TIiX50%
FREE T/C LB DIZ D BABNIIKRE 22D,

ITNHORBEND, BEROREBICLAEEFRA~OEEII/ IS, WHEE
M OEELTEZBIIROMERRR > T THIELLFHBTED Z L 2
WL, AL, 77 UILDBE 10Hz LT OFEEIZ OV THBID R Y 2R %
ExBLEZBND,
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4. EBRRERBIUBE
4.1 BRI HT DEEM M E ORE

Fig.4.1.1~Fig.4.1.2 12, BEOWEM Z T A —F L LI =ZEREERMEF, BX
OFEEREHIC BT 2R EREORITE FMaofmE Ry, R, KEE
MEPLE L, AKEFmZ x, BITEAM%Z y, $hiEH W% z & LT, BRI,
AEFE (x) XEFR. BITEHR (y) 1%, BEIOEENSHF. $hEFR
(z) RhFREZENENIEE LTz,

BB DRERISESGIL, £INERT— & 20000 /& (100 B/ (2% LTITV, BER
R EIZLAT ORCEKR T Lz,

(T,

avg

* TC)
T,, =————
AT 4.1)

EREF B ITHDMEFTOEHBREIT, FET7 Ty Mgz RLTWAED
Wt Ly FESEEM T, BEICESICONT, EHRENEL R-oTWVD
T eNbnB, £, BEMORRBE S — B THAS L, EPMCERIZAEL
TWBD, EEOHMERIZT—H L TWBZ LRNbhnd, BENHEOEHEE
B LT, XL EL. TZIVABREBELS RoTWAEZ L¥bhs, &
X, AEIROERREROEHRE (3AROERPMES LEZBORET, &
WEMEDOEE 0.67. HEEEFHEDBEIT 0.75) T2 TWVWBZ LT, BzEER
BRELRBIZONT, HUIROEROBREDOREL ST TNWEEDEEZD
nd,

42 BEEBBEICIT DEEMHE DR

Fig.4.2.1~Fig 42 2 IZBEDIEEM & 3T A —F L LI MBS ESM., FEE
GHFIZB T BAEHRNE x=15mm, $AEFH M z=100mm ORFEM NI FEEM
FmE L V-0.125mm), BLOMEFOREREE EEMRELY 1mm) OIRE
DRFRFNE T,

AT ORRIBERCIZE L CiE, S#EEM, FEEESRGFOET —RITE
W, BERHEHEERRKE S RBIZONTRAHNEL RoTWB, Tk, Al
BFEGR UL YT, ELBREEBIIERHAOKBAREICL > TEL BME
ROBENZER LTBY . BRORE)NL, EiROHHEEIZE-3< Strouhal 2T
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BETEXS, DFV, ERMEHEE IS LT, BROERBEEBIIREL R
BiHTHD, MEFOBREEONTIE, BEMORR S 7 —ARHIC
IREVITHEIET T E RV, EBEMRNEORELENL. WAEPOBEELENIC L,
BIEEH & BIFEBNBEL TNBZ RN, BIEEEN NS T Z I A0
BEEBRHZLRKEL, BIEBENKREL RDIZHONTRELHORIE /NS
(77 UN>SUS3I6>E[) 72nZ &b d, T, BILBENRKEWE
E. EEMHNBTOREIXEVER T —bInNs ), BEELBIIXIVHMS
N, BRESBORBNNELRDEDTHD EEXBND,

Fig.4.2.3~Fig4 2.4 \ZBEDIEEM % 3T A —F L LT =MREESM. FEE
SR A RELHREORITEFMSMAETRT, REELHREITOX
AWz, '

RELTREL, BELBO _REY (FEERFZE) & LTROKXTRDIE,

JZ (T avg
Trus =
N

ERIZEVRD DNEELBRET, UTFORITRY & 5 [T Fr: R EE
Z= CTERT LI,

(4.2)

_ Trus

T =
RMS AT

(4.3)

LS, BXOIESESRMI ﬁﬁé%%@@hﬁﬂﬁﬁﬁéﬁﬁﬁmit
B —ARBITHARS &, BEmD» LEENALE TIX, SHEENM & bamEnmid
& ﬁbfkb%ﬁﬁﬁgw%@#&m &bbméojiﬁﬁﬂ%u%hMI

. RHEEHIZ X > TEDRR->TWBA, SUS36, HOERBM 7 —ADIR
EI@J%@E& 77 UM A% LEFEF/HISILRo2TWD, ZhiE,
HEM OBIBEBRREL RBIZONT, BEETORRRENPKEL 2D LEZ
BB, TDH, BIEEESKEWEEMIE ETRE L ORI EERZE <
7Y, FORE, BEM CH SN ERELEHNREOCERELENZT 4 — FA Yy
7 &h, BEMIEOREDORELERENMETT5LE2bND,
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Fig. 425 \ZBEDIEEM & /37 A —F & U ZEIREEFM. IEEHEFMHFITBT
BHEGLHER L EEM NS BEMRE LV -0.125mm) OREEEERE, BIW
WA OBEEITE (EEMRELY 1mm) OBRELEMEOBERERT,

BET 50 AR A S EIAREE 13, 50T B BB IEH O B R DK/ M
5 k- OMEEROREDEWNC LY, 72 UM, SUS316 L0
ﬁﬁ%@%ﬁﬁwé<ﬁofwézkﬁﬁﬁf%é F 7o, HEMPEORE
BRI, SESM:, FEEESRM L L, BMREHEELMFIC L LT, ERA
RETHY OHMHER L, EEM OBJEBESKE S RDICONTRELER
BEIINE 2B RN D

Fig.4.2.6~Fig.4.2.13 \ZBEDREIER % X T A —F & LI ZMHEREESM. FEFEH
TR BB BITEWE CORBBELBHONRT —AT MVEE (LUF,
PSD) %/R"Y, PSDIE, &7 —V =&# (FFT) ZHAWVWTKRD~Z, PSD i, &
DREE10245—% G120H) OFVRABEHREL., ZORBEHELT—F
I3k U7~ ECFFT LB 21TV, &7 — Z #f (100 BfE) 2 —73 5K H1T5
WOOBEBHIRIZLICLVELNEZ20@ONRTY—2FETHZ LITX
S>TEELEEBDRARY MUVEEZBEH L, TOBE, o0 —IZ8BE#
WWES>TETLEEADOMHEZITo7, X ha— A Hid, UTOXTEERL

77,
&:fD (4.4)
Vspace
E 72, PSD ONRU— I T O THEEIL Lz,
PSD-V.
PSD’ = 1 ~ space
~ (4r) D (4.5)

SMEWRSESM, EEHEFGOK T —RTBNWT, BEEm» RN RAEF O
ﬂ%(r%mml%m)fi BB E RSy 0> b B R B 5312 52 T PSD 1

E—HL TR Z B2, BEEHEME Imm 2BV TH, A TiX PSD
Kﬂ#é%ﬁﬁﬁgww IR TE o, £ T, BEEEEME TOR
EEEC ?5%ﬁﬁﬁgwﬂﬁmﬁﬂ%% B 5720z, BEmD DBt AL
B y=20mm & BEETENLE y=1mm, 36 L OBEm D> BN 72L& y=20mm & BEME
2B OPFINLE y=10mm TOEEEED PSD OLERDZ, T2 TiX, BEmH»
HEENTZALRE (y=20mm) |2 WTIdEM DBV & {RE LTz, Fig4.2.14
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I SIETR A (Vy=0.5m/s,Ve=0.5m/s) & FEEIHSEM (Vy=0.5m/s,Ve=0.33m/s)
DFERETT, y=20mm {ZX9 3 y=10mm @ PSD D% B2 & HEMHED
BT X B PSD DEDEITA BT, 1.0 ZHLICE B LK D PSD D Hd
S LTNDZ 0D, y=10mm OOLE TiE, MISREEBNIXT 2HEEM 0%
WIZEBEEITFIEAERNT LR TE 5, TR L, y=20mm (ZX§ D
y=lmm ® PSD DHIZBN\TIZ, FEEHEDOHE, wWEABEES D PSD O
102 TES & & BIEREHKD TOPSD DM 1.0 LY KEL RoTWVWB
LB, El. T Y UMTHA, SUS316 EERDBE D PSD DL, &JERK
BEROMEIR (St>03) TEMINEL Ro TRV BEMOREBEZ T CUREER
BRA/NEL RoTVBZ L NRERBTE -, FEEESFMEF T, BEEUREE /N
ELXRBHDOD S0.1 DEWVEREIZBW T, 727 U MIHART, SUS316 L6
D PSD DHIT/NEL 2o TRV BEMOEELZIT TND I B0 D,

" Fig.4.2.15~Fig.4.2.16 [ICBEDIEEM % /37 A —& & LT =ZMEIREERSR M. %
HWEMIZBIT 2EEM N OBRELH DO NT—ART NEBEERT, &7 7
7 OREEIT R AR S fEEIE R IR R 2 TR L L2 R e T — (s)
Thb,

TRET SRS, B XU ESEERGFOE S — XITBWT, PSD ZHEEM DR
2B — A THAD & RBEEEER S T, 727 VIV bRE L. SUS316,
FDNEI /NS 22> THY ., BREABERSCR 522N TH PSD OBEIL, 7
JIUNBBEGEETHY., FRKL/NENI ERLPD, DFV ., BEEEN
K& L BRBIZHONTEEREES D PSD OBEN/NE L RBEMERLTHNS,

WEM ORFBREZTFMT 2 LT, BEMEITIC LV IREEEORIE & HE%
RODBUENSD D, 2T, BRTHELNEEMAT CORELENI LT,
BARNT 21TV, TOEWE R L, SEIOREMHEITIZIZIV A 7 a—ER
AWz, LAr7un—kRo Vv FAEEZRBOBRBLERRZLT, £ TOKER
PHXEORRE E LTHRYHL, XTE2EZEEIELRVWIKEEZZENENTRIZE
BT AFETHY., BYRERFZSCELLFAISNTHEPL FHAGEIHRE
BAMNERZME L LT, KEFEAE x=15mm, $AESFFALE z=100mm & L
7o

Fig42.17 \2Vb A 7 un—kX W ROEZEREESRG. FEERHFOLT—
AT BIEEMNER DB E B D Peak-to-Peak (AT) Dt R F 77 ADOHEKE
RY, AL Peak-to-Peak DK & X% R L, #iBHIL 0.0~1.0 T, 2EIRIZ01 &
L7z, fishix, 1 BN ZY OROERDLID X IICERLT —F OFEOEZEFH
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HIEERT (1008) THEI-METHY ., 1YY OREORITH T 2 SME K
&L,

EEEME, BLOEEHREREEOERr —R2BW T, BELBEOIRIE 2 48EM
DRIRD7T—AMTHARD &, BEEM &b, 00~0.1 DFETHENKE R
S2TWB I ERbND, £, IRIBOKE SOFEATHS L, 03~0.5 DFiH
TRT7T 7 IABRERBREL, FAREL/NELBRoTWNDZ LR LNE, 2D
LTk, BEMOBIEBENKREL 2B IZo0 T, HEMNBTOIRELE)
OB K E L 2V | IRELH D Peak-to-Peak DN/NEL 725 Z L BWHER TE 72,

43 FRIKIEE SAEHRE OB T 5 EM T RO E

Fig.4.3.1~Fig4.3 2 {ZEEDEEM & T A — & & LT ZMEIREEEMN, EEE
EMFTBT A, MERE (BEMRELY Imm) CHEEMEE (BEMERT XL
D -0.125mm) DORELEEBOGEEBEONRT — LAMHEEN OB EZRT, {EEH
B, 2 SEOBET—FZOMEEZRLTOVE L0 THAIND, 2 AFOBREE
BEEOabt—L R (BEHERCTOMBEREE »/hSWEBRERS DIsE
RSB Z 2 &2, B, EABREKRS OREEENIT. SAKRERS DR
EEEBCHERTAF—NVOREVBRER LR o THEELTVWE LEZLND
ZEMD 2ABOae— VLU RE A= L DOREWVE EAREERS) TK
L. A= AONSVR (A TS 25, 22T 2 AHD=
B LA 0.5 Rl & Ao T AR E LEVWEE LT, LEWEX Y IEH
WS DIEEBRE O 2 BEERMEE LTER L, GEEKT, fiEPIoR
Lz & )i, MEIRE & EEMREDREEED HRD T,

SR, B I UOESESEFICBW URERS O N Y — 2 EEM O R 57
— A THAS L BEEEESD (~1Hz) TiE, 727 VAo T—REEbXK
X<, ABBRB/NELBRoTNWBRZ ENPND, ZiUE, BIEHEDO/NZVE
EH T, BEMREICEELERELEIEEMRE CIEBR L2V 2D, it
EOBREEBSHBI/NSWEEE CEEMICET DI ZLIZE5 LB bND,

PARBIIZBE L TIX, 727 U AR B RE S, SUS316, $RDIR TAAREND
INEL RRBEAERL, BEEERREL 2B ONTAMBEENS /NSRS
Z eV B,

44 BRBEEHHEICR 5 REERE H A EOZ YT

TR OBELED O EEM~DREEEZEREBZ TS 2101E, B=E
ERBELRDS, T4 7 VEETIE, B—RHORELBICEY 2 EimfficE
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BRCHELNIRE-RER OEEBBRDEEZ 74 v T4 v 7 T5 2 LI LV RME
ERAPEETIHEEZRRL VB, LTI ofMEERTS,

HARRRE TR LT T = Asin(ot + ¢) TRENEENT 2 E» 6 BYRER h
TENF D LHEOBEREFIIUTONTRE D,

AR’
1,0, 1)= exp(-ky)sin(o t + 9~ ky — ¢)
V@ + kY + K g

k=.\o/2a, K" =h/1. £=tan"1|_k/(h'+k)] (4.6)

T, AREBRELBORIE. ¢ 13RFE. olXAREER. o 13HEM OB
R, gl IBIAAE, B IIBMRER, UTHEM OBURER, y [IHEEMRED D
DHERE BEEMAE) TH D, |

K@4.6)1 5, BEEBHD Y —DOBE L BT TORE 2D,

- e A ’
PR — D : (—ky)
(J@‘+k¥+kzam yJ

ALAR DE ky+e
4.7)

2T AT (y=lmm) EEEMANES (y=-0.125mm) DOREZEENDH 2
BEOEEEEZRD, BN EEREO RV —2EmK 4.7) 2 h &35
A= L LTR/IIRECLY 74 vT 4 7 &%, FEEMOBIGERE K
Dz, FOFZHEEM OMERNC Fig4.4.l (o T, TOB, BERBABERSS
DIGEBB DT — 2 EAT B0, FM L #EHUOBREEB O L —
VAR O0S U EDBEIRBR S DRI IR LT T 4 v T 4 T &2{To7,

E72. EBHEOMME Q REOMMBEENIZHY) BN ERLHR
R 4.7) ITRALENAEEN & OHEREIT o T2, Figd 42 [ZHEEM OMERNC,
EMERERSEM (Vi=0.5m/s,V~0.5m/s) & FEFHSEM (Vy=0.5m/s,V=0.33m/s)
DI BN OHBRE RO ZRT, Thickd b, ZEREESEE., BL O
BLRPMED I —RAZRBNT, ERTHELNMAOMBEENNERMEL Y b/hE
o TVWBRKEZERIERCE LN GEEEROMBEN L EHRX 17)
PORDONIAHEENEIZERKTH D L6, EEEEO Y —2Hin
H @7 ERLTTIA YT 407 THZEICE Y ROZBYERIIF Y R
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DELNTWDEEEXBNSD,

L TRLONERBGEERE AN TRIEP ORELE» OEEM N ORER
BOMEEITV., FEEM TELONEEMEEROZ Y ZHER L, UTILE
DFNEZRT,

O MABELE (y=1mm) DEERFT —F % FFT 2 X Y BEEEE~ER L,

@ i @4.7) LV BOoNEBEEREZRAL, EBRBEERSICRIT 5HE
M ORELEBORIE & (B EHE, TOEE., 7—F OFEBREORT2 A
M DBET — % DEBRTFHORDZEE L FREBRERD 0.5 DLEDORAREKEK Y
DIRIE L MO EER LTz,

® B OLNT-IRIE LM W FFT 2 X W BELBORRSIT— X 2HH L,

Fig.4.43 12, ZMEREMWEMH, FERFUEOBEMNT TORELBZHE L
 EREREBEMOMENCRYT, RRIZIIHEELEME MEMERELD,
y=-0.125mm) DEERIERI L OHEEIZH W EEM REEE EEMRE LD,
y =lmm) OWRERELESEOETRT, BEM (R X, ROEmES,
13T 3 RKDOEFRDOEBAFEHEEIZR > TWA DT, WEFBICERIRE SR
NEET D, V=<V A A BV TFEICBNTURRELBRSPEETH
B, ZZTOYEHEE (REOEFRRNS) 1%, HEEME L EHRIEORHFFEY
EZ—HIED L ICHEBICREDERRTZMR T2, £z, EFROHEIZ
FRLEBMERZUTOREY Th 5,
SRS T U 1242W/m’K
SUS316 : 4675W/m°’K
il : 8570W/m’K
LS T2 U 869W/mPK
SUS316 : 3112W/m’K
i : 8116W/m’K
EHRCTHONERELH LHE L ZEBELHORBRESEEM TAHB L, K
g, AL BIZIEREROHAEAZRLTNDZ RN, BEMMENE
STHARFEZLIVEONAEAEERZEAT A Z L THEMNORELD %
WETED I LVMHERTE,

45 RELTEMEEERRICBIT 2V ERBERIC L 55
44 ENZRBNT, it EEEMNEOBEELEN LERERE RO S, F

DFEEROCTEREHEERGORZZ 7 —R X LT, WEE X v &L R
BOBRIZOVWTRD, BEF O RFTELR A= ZMAERP L ik Uz, Fig4.5.1
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WCEER OREEM 2T 7 Vb, SUS316, $L L7 =MEREER M. FFFESKGD
Bl —ZRIZBIT BV I NAREEX BN MEOBR., BLXOHBEROLEE
R, FHANIEL, MARANERRAE L LT, KESMNLE x=15mm, $HiE
HHENLE z=100mm & Lz, VA JVAEBIOX v MiERDHITH -
Ttk FATERDBYRER L BT 5720, BZR I FHROEX L LT,
REESR ) ANVDEDOEE 100mm & Lz, $io, RFBREL LT, 3 KOER
R E OER R FER Ui, £, BEFORFTELRAMsERBERXZ LI TITRT,

o 0.0296 Re "’ Pr
* 1+BRe ™ (Pr-1)

B =0.860{1 +In[(1+ 5 Pr)/ 6]/ (Pr-1)}
Re =V

x Space

-x/v
(4.8)

x=100mm

EHETREES M. BLOESESFEOR S —RIZB W T, ERHEHEEN |
BTBLAENYORFERL, BEEMEBX VBN MO VA ) VAEK
FHERBEER E ZEREROMEREZR L TR B3, £k, Xvk
PR, SRR BREL, T IABREL/NEIL RoTEY BILBERPIRE
WHEEMIE PEVRERNREL B N3, Tt BIEHBEIRKEW
MG OBEA 428 TR LULE L D ICEREEOREREEREIIZENTH Y.
BEERAS /NS WVEEMIC AT, B O MEIREEE 2 AW TRD 728
FERE, ARICRES<EH LTS D EEXLND,
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BEOCRRIBENMBATAZ LTIV RETIRELHC LV EEM ~D
B A I NVBRBDREET DY —< LR R T A BV THRBIZOWT, FEEHR
BRI X T D AREM ORWMEIE (R IZBEREER) OREBLZHALNIT D
WIZ, BEROREM 2 7 7 Vb, SUS316, $i& L7 FIT=METKERBR % i L
7o UUFICHRZTRT,

O WIEPFORELEENCEL T, BEE»DEN-AIE T, BEMMEOEEIX
BNV, BEmAEEME TIX. 727 Uk SUS316, SDRELE
WINEL 2o TRY ., BEMMBEOEEZZITTONDZ BRI oTz,

O HEMNBOBEEBREIZOWVT, HEMMHEOBIEBEROENNI L DF
BT T UANELKREL, SUS36, ADIETRELEN/ NI 2B L
Dol

O HEMANEBEDNRU—ART MVEE (PSD) O RBEEEEFEICI OV T,
EREEER TR, 727 UARKRbREL, FRZRL/IEL 250, BEE
BORERBNKREL kol bEDPSDIX. 727 U ANEHREL, #XED
INEV, DED . BMEBERPKEL 25 L PSD OBEREII/NSLSRBZ LR
Lot

O EEBEEO/NT =220, EEABRERSS (~1Hz) Tk, 727 I v U—
DEHREL HFHRFK LNV BTz, i, MAREBNIZOWTI,
72 UL SUS316 SADNETRKE L 2o TWBZ ERNbh o7, Z DEMIL,
ALEOEHZR., BLOEEERRCEROFBRE—E L,

O BnERX L ACERXOBEHAUICHEE-BEDORELSOREREE T 1 07
AT TR E>THELNIBYRERIZL Y REBELE > CHEEM
NEOBRELESEZHETE DT BRIz,

O Xy MKIE, SRR BREL, TZIABEG/NIELRoTEY, WL
BEAREVEEMIE CIMBERPRE LD L BT, o, &
EMEBLX BN NIDO LA ) VB FEHIZEFERERFETHDIZ &N
Loz,
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A

AMEETICHEY, ) BAPRHAFTEBFHETRARFEROTE
PE— FERBICE KRR CHERBV ELE, . RELY Ly 7 —HiEE
RS N — T OERENT N —T) —F — 2SR ZIRE - TffEXHEE
¥ L7, TSIV ELET,

BB, ARBREITOICHEZD ., BBEE B OF X ICIRANEEELL,
TR LETS
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Tabele 2.1 Physical Properties of Fluid, Structure and T/C.

Fluid Fluid Species Water
Density [kg/m’] 995.74
Dynamic Viscosity (x10°%) [m?s] 0.808
Thermal Diffusivity (x10°%) [m?%/s] 0.1478
Thermal Conductivity [W/m-*K] 0.615
Specific Heat [KJ/kg*K] 4.179
Prandtl Number 5.451
Refarence Temperature [°C] 30
Structure Material Acryl SUS316 Copper
Density [kg/m’] 1190 7968 8879
Specific Heat [KJ/kg-K] 1.4 0.493 . 0.383
Thermal Conductivity [W/m-K] 0.21 13.2 397.9
Thermal Diffusivity (x10°%) [m%/s] 0.126 3.37 116.6
Refarence Temperature [°C] 30 30 30
Material SUS316 (Sheath) MgO (Insulator)
Density [kg/m’] 7968 3512
T/C Specific Heat [KJ/kg*K] 0.493 0.917
Thermal Conductivity [W/m-K] 13.2 48.3
Thermal Diffusivity (x10°%) [m%/s] 3.37 15.1
Refarence Temperature [°C] 30 30
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Fig.4.2.7 Comparisons of Power Spectrum Density of Temperature

Fluctuation under Isovelocity Triple-Jet Condition.
(Vp=0.4m/s,V=0.4m/s)
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Fig.4.2.8 Comparisons of Power Spectrum Density of Temperature

Fluctuation under Isovelocity Triple-Jet Condition.
(V1 =0.3m/s,V~0.3m/s)



JNC TN9400 2005-037

Measured Position T
x=15mm ! é’x’;f?
z=100mm ’K"’%{{:
/,,,
— Acryl Structure
— SUS316 ‘
e COPPEr
y-direction (mm)
1.E+00 1.E+00
~ 1.E-02 |- —_ 1.E-02 |
0 1E-04 | o 1.E-04 |
1.E-06 ' 1.E-06 - .
0.01 0.1 1 0.01 0.1 1
Strouhal Number Strouhal Number
(A) y=20mm (B) y=10mm
1.E+00 1.E+00
— 1.E-02 | —~ 1.E-02 |
o 1E-04 | & 1E-04 }
1.E-06 : 1.E-06 '
0.01 0.1 0.01 0.1 1
Strouhal Number Strouhal Number
(C) y=4mm (D) y=1mm

Fig.4.2.9 Comparisons of Power Spectrum Density of Temperature
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Fig.4.2.10 Comparisons of Power Spectrum Density of Temperature
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Fig.4.2.11 Comparisons of Power Spectrum Density of Temperature
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Fig.4.2.12 Comparisons of Power Spectrum Density of Temperature
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Fig.4.2.13 Comparisons of Power Spectrum Density of Temperature
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Fig.4.2.15 Effect of Structural Wall on Power Spectrum Density
under Isovelocity Triple-Jet Condition.
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Fig.4.2.16 Effect of Structural Wall on Power Spectrum Density
under Non-Isovelocity Triple-Jet Condition.
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Fig.4.3.1(a) Transfer Functions of Temperature Fluctuation between
Fluid to Structure under Isovelocity Triple-Jet Condition.
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Fig.4.3.1(b) Transfer Functions of Temperature Fluctuation between
Fluid to Structure under Isovelocity Triple-Jet Condition.
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Fig.4.4.1 Comparisons of Power of Transfer Function between Experimental
Result and Fitting Line.
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¢ Experiment
Fitting Line based on Eq.(4.7)
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Fig.4.4.2 Comparisons of Phase Delay of Transfer of Fluctuation
from Fluid to Structure between Theory and Experimental Result.
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Fig.4.5.1 Relationship between Nusselt number and Reynolds number in

Wall Jet Geometry.




