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Study on Unsteady Heat Transfer with Fluid Temperature Fluctuation
- Effect of the low-frequency fluid temperature fluctuation
on the heat transfer characteristics -

Mamoru SENDA*1, Kyoji INAOKA*1,
Shinya YOSHIMURA*2, Toshiharu MURAMATSU*3,
Satoshi MURAKAMI*4, Masa-aki TANAKA*3

Abstract

Heat transfer experiments have been carried out in order to clarify the effect
of the low-frequency fluid temperature fluctuation on the unsteady heat transfer
in a channel, which is related to the thermal striping phenomena. In this study,
fluid temperature fluctuation was realized by the periodic large-scale shedding
vortices in the channel with a rectangular cylinder, where the hot and cold water
flows into the test section from the lower and upper parts of the contraction. The
frequency of fluid temperature fluctuation was controlled by changing the
width-to-height ratio of the cylinder. The unsteady heat transfer coefficient of the
channel wall was measured by the thin-film heat flux sensor. The experiments
were made for the Reynolds number of 9000 and the Strouhal numbers ranging
from about 0.15 to about 0.2. It is found that the time averaged Nusselt numbers
in the fluid temperature fluctuation field are almost equal to those of the constant
fluid temperature regardless of the Strouhal number under the present
experimental conditions.

And numerical simulation was carried out for typical experiment condition.
By the numerical simulation, dominant frequency of Nusselt number fluctuation
and fluid temperature fluctuation showed good agreement between experiment
and calculation.

*1 Department of Mechanical Engineering, Doshisha University
*2  Graduate School of Doshisha University

*3 Japan Nuclear Cycle Development Institute

*4 Customer System Co., Ltd.
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D 1EIOHEZIT o7 (FD7D, £311005ER3ITRT I IICENENORIENE
TERESMERET R T0D). BEFHANCIE, #420.1[mm]0 K BIEESH %
EH Uie. SREEREIXY 7Y o 7H@ 0.02[f] (50[HzD), b—ZEERE
X 2[®] (0.5[Hzl) TITvy, & HIcRN5AMBEIELTWA.

2B, BICEHE LS BRREABYREREETIE, BEDLEDOHEBALELT, TA b
HMAODODay b7 7 v aryNIcE S FEETFICOREZZ ST THERICRASEZ
BAEL, ARTHRICEED X ZECRWVWEAE LT LETIRBEEZEZMT T ADEE
—iRkE LIGEE DR EITo 7.

AL T, BEW L EDORHEZFMET 2 72 DIEIER b — R Stz AT
5. —RC, BEBROBEINT-EEDERICAECHRED D EOFMICITA hr—
PVER SERRV GBI, AR S A LARED D WOITHEEOREY O _LTEIIT oY)
Ji Un CEZEIND. LOLARNRL, RERO XS ICAREOMEHICETR LA T 5
ERIZBWTHE, ARELRAICOEYRE Uy LV b, AR X 2 BB E ORI
EEE LT ARFEALE COWEESIE Un"% HOTEER s a— VB SR H
HAThHs.

St = AL (4)
Um
u -y H_ (5)
H—h
Sﬁ:ff= S h =&H‘h ®)
U. U, -H/(H-h) H

AR TIL, AREDOT AT MeEE2HZ L1022 TH 0.16= St=# 0.2 OFiFH
CTHEERETo7-. ZOEE, MEEEDSXOENE £1%, 1.80Hz=f =3.34Hz T
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HoT.

2. 5 &M

2. 5. 1 FEERSEME

2RI & L72BAE, &8 10lmm] T7 A7 b (b/A) 28 1.0 O
vy, Re$% 1,500, 2,700 3 X 1015,000 (5% MEA R TOWEEHFEIZEN
Zh 0.5, 0.9 BXWN1.6lm/s]THD) LBMIHTMERFEL T2, Re T,
T 2 AL OWITEEHIE Uy, HSE S H B X O REky TEHZ L. Ak
THOL —F ZRAISETEEDSELZALZREL, BRI TITEEDLEDR
WIRE L DI E{To 7.

AKEESHEE LESEICE, &S 20lmm] 7 2227 M (b/h) 28 0.5 DA%
FVS, Re % 4,400 (5 A FEBA O TOWEEHHHEIL 0.1[m/s]) TEBREZITo7-.
Re BOEHBIILERDOBEE LR L THD. TAMBALDDO ETH CREEZZ ST TR
EPLEXEZAUIEEERLE. TA MIALCRIVEEORAEZMASTEEDHE
DIV E & DOl EITo 7.

2. 5. 2 FEEBCEHEABRSEM

T A NN O OWIE N TEE Uy, ilsE & H B L OERMESESYy TESELZLA
I NV (Re=UzHlv) % 9,000 T—E& L7z, ZDL XA VIZHEEAD
TOPFARDOBH)EHNRE BEmP O DABEIT/ NS, ADRERFELWZHART
D ERAANRE & RIEAKANEE & 0BT EHE) x4 5EE2 Aviz.

#z 217, BE®LIBRRWES (NDIRE—H) OFEREHEZRL, X3 10PLER
3312, BEDLERHILEE (AOREH K OERFLELERT. RIROEY,
TRl Re 399,000 & L TERZ L ORKEBEOEEEZE L CHELREL
To. £72, BEDLENHDHEDOADREIC, EiEA L IKEAK & DREZE%E 20[°C]
LB KO EMIBAKROBREZRE L. BEmIEEE, SEARMOEEXVH 5[ClIE
XIRBEIBEINTNS.
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#1 AREORIREBIRFRBIEAE

Case b A b/h wH | wH
[mm] [mm]
Al 2.0
5 20 0.25 0.4
A2 2.5
Bl 5 15 0.33 0.3 2.0
C1 2.0
5 10 0.5 0.2
C2 2.5
D1 2.0
10 20 0.5 0.4
D2 2.5
E1l 10 15 0.66 0.3 2.0
* H = 50[mm]
#£2 BREDLHXODRWESDERSE
M=| NZPA V= 2 Eﬁ%ﬁ?ﬂ)#, TW {OC]
Case | b/H | wa | NPUERE | SPRME ) o -
Ty [oC] [m/s] SEHE | e
Al 0.2 2.0 13.3 0.20 8.34 x103 38.3 0.21
.25
A2 2.5 28.5 0.15 9.09 x103 52.4 0.41
Bl 0.33 2.0 13.0 0.20 8.27 x103 38.9 0.2‘8
C1 0 2.0 12.8 0.20 8.23 x103 38.9 0.28
b
C2 2.5 17.0 0.19 8.73 x103 41.9 0.36
D1 0 2.0 13.5 0.20 8.38 x103 38.2 0.39
5]
D2 2.5 28.8 0.15 9.15x103 52.9 0.31
E1 0.66 2.0 12.8 0.20 8.23 x103 38.0 0.42
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@ Upper Tankl @ Partition Board

@ Upper Tank2 Contraction

) Flow Meter © Test Section

@ Pump Lower Tank

®) Valve @D Stainless Steel Heater
® Straightening Section

®

Hot water

Cold water

X1 EEEEE OIS

\ Heat flux sensor

»_Rectangular cylinder

cold

hot

e,
g,

K 2—1 3EEEARERBREEOT A MEORIKX
(TEBhT AR TEAK)
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\

(D : Thermal insulation
@ : Copper plate

H=50mm

Test plate

Heat flux sensor

>

2.5H

1.5H " ’l ﬁ
R R e oo |

cold

hot

10H

2—3 KREFEFEE Lo PHREREE DT 2 MIBOBEH X
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t=3[ 4 m]
. 33.6
4.5

T

\

Detector Reference
(a) FEEEGEE T —OREE

[mm]

Copper plate
Copper block

Heat flux sensor

(b) EEEGEHE v — O 1T
3 RGP — OIS
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3. ERERLEE
3. 1 EEREGIHRE I — OB R ERR

3. 1. 1 BEhfeHRBR

EBRZSNL D, R R Y — OBhEFERER & BERBR 21T o 2. BhReER
BRIgAT A RraYae 7 ¥—2HRETHH VOV R E FWT, BURRE VY — %K
BT 5. HRE B —DRICIIEEREZRIT vy vy X —RERIT, ZhzE
HREH 252 &Ik o> T ON/OFF s 1:1 DN VAP EED H U2, S v A D
BRIy v v X —ROEERERIC L > TS E 5. BRI L 2V A O
& BGR e o —DH RO EEZK 7R Lz, K 7T@IZEA T2 2O fE 3
s F=5[Hz], & 7M1 10[Hz], B 7(e)iz i 50[Hzl DY v 23 Do A SR Gk
HERORIEM) &, EEAGRY L —0nbD0MHEEE TN EIRLTHS.
AR OBRZ R 5 1R T, KOBENIRE U2 OV AL O FE WA, it
A B T OB R Y — D S BIED R.MSTE % A3 5[Hzl T 0l % FHEic
U7z, M OAERCHEHTHEBNREOHMEED S ik LT, BWikE
P —lF S RIEEEEZ R LTV Z L R TE 5.

3. 1. 2 #RHEER

BRI B R o Y — A R E SRR O L EARICHRE LT, L EARIZ
BT A BREROBRBAUCE SN TR P —0FBR WEBEEORE) 2E Lz,
B ORE R 2, Mz X'V M, BN LA 2 VXD 0.5 L & > TG
R LTz, XN e VA ) VZBEORFRZER, EiR/ AVOBERTHS. KT
R LB R B Y — O BNRGIE 7 © QNS BRI RRERRE 1T, JEE W VR ZE R O R
2119 BRI THHZ L ERL TN S,

3. 1. 3 IEHB=ZRERR

B2 - 2R LT A MBEHOTEREGIRE P —0BEL MR T 57203
EHEVE SRR A B U, BEEROFRIIT A MEAODOKEF.LTHY, i
NIFENC xifill, B S HEC vl a & 0, TN ENOMNEIXT A MR & H(=50[mm])
TR AL LTl x/H, y/H % AWTHET. AT 10lmm] X 10[mm] D IE 5 #AE % H
VY, T A ML AREORTE 2 x/H=0.6 LR AMEICHRE L. FEiAITEE T
HY, —HRIE (Un) TT A MRIZHATS. ERIILVA NV (Re=UnH v)
% 16,000 & LTITo7-.

X 7 (Z BRI X2 v M AR B R, M T X e NG BT R M ERA O
O OERTTALEERE xH ThD. 7T —F KTV 7Y v A 2[kHzl, 7Y
v 7 REE 60[sec] TITo 7=, F29)IB Wz ko TIThbh - BVEEZEROBIERHE S
BRI RT. 72720, PILOERTHE, 222 EEmEE L, VA VAEIZ
15,000 OFM4T, AREEZRASETICT A M THICHREBELEZAT VUV AELESE
ML CTEMRZEDNPE SN TS, REBRE AR TORAFTERREoTND I &
WWEBAET S, ARZEE LL2WVEEORIICBNT, EiEt o —ORIER R
R TTAY LT x/H OB BV MNMER T 2 F AR TE D, 261,
BRIZBIT DXV M EERGIZ L ARERR L R LGS, BEROEN 7.2%
ThHoTe., FleT AT beM/M)A 1.0 DA ZHFE LA I8N, HEiEE
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— BT ABERS R /1.8 x/HE2.6 PR E TARM OB &N Iz k- T
X)L NEREEINL, x/H=2.6 THRKAE 79.56 & 5. TOBRRELNPIEAD L TH
HEETFRHEERTEX A, ZOREEZPILIC L AHIERE LR LSS, BRKOZER
25%¢ LWVW—&EZTR L, TOZEND, F4xDOERET—IZBWT, #RHERR
TROF-HEEY P —OEPREFET A LI XN MEEREHT A &
M THBHEERL, FAREZRELEZBEOX BN MED RMSMHHEIZRL
7o, XN NEPIBRERAMNET RMSMHELBREE & 5.

WIZ X'V MEBRNAE 2 R THE x/H=2.6 2RI 5 X /v MMEORSRYIZE{L L
ARy MG HER S IR T. XA MROEEBEY, RIBIXIZE-EL R, A
7 N VAART B W TIXLARTORE R O B S L 1FE—8c3 5 85[Hzlic v’ — 27 33
HH, ZDEEDBEEX bu—rVE (St*=Ff W Uy" 13 0.1832 TH Y, &7
—BERPIC BT AT A7 My (W/h) % 1.0 & LTEEAD St*=0.124 L R%EDEZ
RLTWAD, HEFENPKRELZ2oTNSE. ZOEBIZOWTIEfHFE TR 5.

3. 2 AHBEMERTOREERESDLE (FHHER)

FiEHEER E LT, (EEIRAICZERRB LUK E AV, A TR TOMKEED L ED
IR L, EREEEHAE LEERICLIVIRE (Re 80 KFHEIZOWTOMK
F]EiTol. M2 —2RBXOK2 — 3R LETA MERAWTENENZER EKE
EBNR & T2 FEREFER LTz, KERTIIYV—< /LA NI A VU TBSZ R
ST AMEOREGIEE D S E 2 RIHT 5720, T ERERERICAEZRHRA LA
OLETHoLEMECHEENEIRELA r—VO@EFHTS. HEDO XX, =X
EVEERNR & TGS IITAREDO THEDO A% b — & TNAL, AEO LAlZ@EiHd 5
PR L TRZ @R AW E O CIREZEE DI CTEBLLE. 7z, KOGEIZITT
A FEBIZTRAT AR E ETFICOBEL, ZNEREZEZ DT TIEAM & mkfl s L
7z,

9 \Z 22K B FBRiIk & L, Re=1,500 (Um=0.5[m/s]), AT A7 Lt (b/h)
1.0 (5=10[mm], A=10[mm]) & UL7=3HA D x/H=2.0 [Z81T A AREERIER 2R
9. F£72, K1 OWELE TDOARY MAGARICOWTRT. Byt h— LT
WhHEE x) SR AHEEE BEmad 1lmm] & 5imm]Of & TRIE) OFF
BHNF—H, RN ARY MDA TH D, BEEREICBWTHAMBREED L
ERECTNEZ RS0 5. MREED L EIZxs LTX /L ML Nu bIF UEH
TEEBHL TS, Z0OZ LITAY MASHICE CEBERE (8 9Hz) 138l
AZEMBLHALNTHD. RBAERTHEHA L TWAEVER Y —138 100Hz
DEBGETRETH D Z L ZEBRIMERBR CHER L T d (K520,

M11BXOK1 2CKkEEEHAESE L, BRe=4400 (Um=0.1[m/s]), AFET A~
7 hie (0/A=) 0.5 (b=10[mml], A=20[mml]) & U724 D x/H=2.5 12B\T 5 £
Bo—flE e, 1 IEERIIEIEZRL, K1 23R MOz R LTz,
KEEBRAE L LB, ERERIIZERKOBE LIEREROME R 27920, A
oS h R2ER0854 (10[mm]) @ 24% (20lmm]) THY, /-, ADETHEIE
KEBEAKZBMSETEEPLELZER L VB R EERSERRER>TWND, 2B
K[DBAEIWHART, KOBEOFMEEEDOBEDLERELTNEZ ENTN5.
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ERB LI OKEEENRAE L L FHEEROERZRABLIVER S ITENLENRT.

Flo, 13 IWREDLERSLIGELEVWESEORTEHI L VRO
(Nu/Nup) EAREOES (h) 2REEIE LIV A VR (Rep) OBRERT.
X)L MEOEZRICHAWAREEE L, BEmEE & BREROBEME I 5
BIRAREE (BEm2 5 1lmm OME) AW, Nu/NuphdZR 0546 T 1.1~1.2,
AKOBZET1LETHY, WTINLRETREFE XL ML, BED L EORWEAICH
NRTEEDHEDOHIBEDTHTREL RoTW5A., ZRXOBEATIE, LA 2L
BT x/H DN EWAFREIZIEVLE T Nu/NugDEP/NE L T2o TWAED, T IR
EBRCTHEEDLEZELLIE TV AARENLDREWD D ERFH IR £ Tk
LEELZ RITTIZETW W= EBbhs., —J, BEDLEOEEE (EEX
Fa— oV St BIZIERI U TH AT bbb BT, BRI TKEEIREK &
L7EB AT X'/ MR BN MEOEF D RMS BERREL RoTWAHR, T
ITAEOES (A) OBV AWMBEOREDR L ZNIC X 2AENLBEBEN SR
BEDOEELEZ bID. BUnEREICKT 2R ERT 2 EEL LT ER5 7
DI, BIREZ BT B /37 A—& & UCHEiESE & C IS S RED 6 E ORHED
DOWVWTHHRIFT A ENEETHSD.

FIEBRERND, KEEBFREE L2 R, BEREHE CTORED S EDRIFEN K
&L, AMEOER & THRED L EEZH T 28GENE TOBEBSEEZ TS LTI
WEEFETHLEE2D. o T, WEHOIEFIMSENTE TIIKEERRA L LT,
AOTREDOR:DHEE T A MRICHASELIZ LICL - TRED LT EZEHL,
AET AN N EEFTHI L TREDLEOEEREZRMET L& & L.

3. 3 PIVIZLAmNDAEIE

B 1 41 388EHEALC X 2 IARIE TR E L 72 AR ITIROMADRF TH 5. At
BRI DAL EIR & ARE ORI ZEICE N, FHIRIREE D b EHREH ST
DI ENTIND.

PIV CRi-fE{EFHER) (12X > T xy BiEOFNZRIE L, RRFIEED SRR
HEHOH DA =0 BL W t=n) TOMHEFEERE ST NVoM RO MERE
M1 51RT. MAHEREZ RO HERITIE, BRIIT—F & LTHELNTZRENS |k
V% B U TATEEEORND B HALE TOR S 718 () OEERS DRRIIZE
bz, fiRZROHEOEMEREE L LTHVWE. M1 5 DERKITETE HHPRTo
(LFREERE A7 b b, HERNIBATE SR OMESMTH Y, ORI AT E D
b OFNTIRERITHEETHD. BUTRLIEX DI, AEO LT RE S5
Lo THEHIRIZEILT 2IEES (REYPLE) 2H5 IR TES.

VAT AR PREE I BRIE L 72 A D BT 2 b AR S vz —xt ok, e
o BEEENC |22 0 A 2N Z2FHE L, T ODIZAED T CIIBURES MR
SNDHTEZZIETOMEWTHLNZ L.

3. 4 WMBEREDDHEEBEERME L OBE

X2 — 1R LETAMBERNT, AFEOT AR M EEONEF L TARET
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TIWZAE U SEBEREIE CORED S EREEERAGCRIIKIETHELRAND EREIT
o7, 3. 2EICORFERE ZEERAEZAKE Lz, AEBRTEONTZEEDD
EOEBERE E EEFICEREEORELZ2EZ T -1 0bRT—3ICELDH TR
K

XK1 6 ZHAEED b TR 2 BEmBG R & AR E DR RFIELE, Re=
9,000, Case-D1(St*=0.181, =2.57[Hz]) DBAICHOVWTRT. AR EIZE R E v
YL JE U F R E (x/H=2.0) T, BEHEDOERES 1 mm (y7H=0.48) THI
ELEERTHS.

M1 7@BIOE1L 7OIR LB X OWMAEEDLE DAY h v
AR UEREEE A BN TR Y, BEmEWE R B R 2R AREE D & & & [FH
LTEEBHLTWAZ EBNbnd. £, K1 8ITRLEZL 51, HMAEMBEGREILEN
BEFRIANIEIE O CRDOMBENRER K LAY, BEEmEYER & FIRIEE OB NI FRIZ 22 o

TW5., ZHEARERTIIEDOEEZSRAKDEEL YV GEIBELTNLED,
BE OB WIRNEREGER E Y —0 L F 2884 2 BRI, B bRk~ 2
EENEAD L, WIZRE RO ERE T D BRI, BdmEEN Nl WA L%y
RLTWD. 728, MAMEBREOADHENEKR L 25 BREIE, RERSEMHTIX
A ha— VL L o TEALT A Z L idle o,

Bl 1 9 ICIRIEIRE W b EIFIHT D RPTRFEFES XV M Nu LIRED L E D72
WA TOE Nuy DIt Nu/Nup %, TRREE W S & DB StATR LR L. it
KIEE D L G TORREOBRERIE, ROWRLEL D TR T, LB R 2
HE LN T E COWMMKIEE Th b OETERELEZ. K1 9@IFEEmH» b DR
HE y/H=0.48 TORMEY L7emRRELZRRBE L L, 2K 1 9L T OBk
DR ELZRFIRE L UCEREEO X0 MEE L LT 68 L/ AV
TEHLELBERTHS. WITNLOHAED, MEEREW L ERHITEBT 2 /PTEE Nulk
BEDLEDRWVEAD Nuy E1EIEE UL 725, TRISEE OBRRHEZ AV CEVmER
%Zfi&’)tlzl 1 9M)DFEREDIZ D B N/ Nug T TN REL o TWVAD. 61T,

WCBL LT X/ MG HITIIRERBED RN LD, RERSEME (0.16=
&ﬁ@2)fi,%ﬁ%#@mf@%%ﬂ&ﬁﬂ®ﬁf IhEneEZLNS.

X2 02 y/H=0.48 TORMKIEED XD BMSMEE FHNREFREZE (To— Th)
THRLELOZ, 2K 2 1IZIEREEED L EBICBIT 32X /L D RM.S.H
Numm&%ﬁﬁ@Ama@m%%ﬁ.Ez1m%w1ﬁus#v%ﬁm%ﬁ£ﬁé

A (WH=20 & xH=25) KT 5E, X/ NEDO BMSAEITFRAERE D
BMSHEIY HLIZE0XNHA 0D, il FHORENE X H B RKE WAL
RIBEDLED RMSMHEN/NEL 72D, TnEsE L TR ')V MO BRMSAHE
HINEL o TS, ZIVUEE 1 5 DFENRT MNP L BHEIND X O, Al
MDEHEENZmA TRICBEI T A LN WREN NS B itk b, 2K
21@EXN21B)EkKT B L, BUREROEHICHEEE ORIEZ AW ZEE
DFBR N NEDOEED BMSHEITREL 2o TWA I LBHERTE 5.

FRASIRE T,ORIEN B Z yH=046 & LTt 2 DBMEEROBRELH 2 2 26K

41, YH=0.40 & L7 2 ORREZR 2 5002 71087, FRIEZENE
NEWRLERL 906K 2 LIZHieLTWA, BIERRIT, yH=048 OBALE
BROFER L Ip o7z,
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K4 EREEEk L LI PRERRR

e s Nu (R.M.SfE)
etk | Ro | FTEOSL S
XIH=1.78 | xIH=2.00 | x/H=2.48
8 0'(19‘;4 30(2.3) | 3232 | 29(3.0)
1500 0.144
A '(9) 31(1.9) 35 (2.8) 36 (2.2)
e 158 0129 '\ 4370y | 45(76) | 37(6.4)
25| 2700 (14)
(b/h=1.0) 7.%‘ 0('21(;’)8 45(4.8) | 49(54) | 45(5.7)
m 0735 | a7 (11.0) | 52(11.9) | 50(9.7)
5000 0( 17)0
5 | 50@8) | 60(109) | 60(102)
F5  KEEELARE U P dERes R
. Re BEDL X St Nu(Nu® R.M. SfE)
TR Re | ot (Hz]) xIH=1.5 xIH=2.5
m — 78 (13.0 47 (8.0
A 4400 (139 (6.9)
(b/h=0.5) H 0.18 (1.5) | 119 (33.8) 71 (23.4)
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THHARZWEEFICHA LI Z S Ic Lo TRIKIEEMEE S L, 7 A MBI T,
WFIEH B OEE (EHEIRE) TH D T*=0.0 (i & 2> T 5.

B4 0 FmOME H) 2 0.25 BT AHNCEREZRFH (v) OERED
bEMENA T, BT CIIBERABIC L o THUAHREN D T-DIZEED S
ENI/NEL, TR MBHRETEERRN ENG05. vt PIV ITX 550
HEBEPO SN D LT A MEHFREICIIKRERA T —VOWMNRFELTE
D, WEOBRRAMENEESTAZLICL o TREDLERM RolzbEL NS,

X4 112 SGFEOME (x/H) 25 0.25 BT A2 MNICEE R A (v) ORI
BN VDS RT, BT ROFTREVEEZ R LTV 5, BERAGRAR
ERIZUEA_TBRKFEi SN0 Ex b5, M4 21N GFHEOME (H) 2
0.25 IZBIT BWAICTEE R FIH (y) DX B MNEEETRE DOSH 2wy, k5
TXEN MEIOEFHRENKE L o TWAHDIL, v HHAORFRAREE 2R FIRE
ELTBY., »OREEEII—EEELTVATZOTHY, M4 2R LERKOW
KBREEBREIC/E > 7o i & e o TS,

B4 3N GEONE H) 25 0.25 2B AEEmEHS 1lmm] () BIW
1.5lmm] (FEHT) TOXEN NEEEBDO ALY "NASHEZRL, K4 41CF UALE T
DFREIEED H ED ALY NSOV TEFNFIVRT, BENIMETER ha— )L
BRI LT BEBREZRLTWA., BITRER & ERGERIIEVW—E L, BE
Z = VTR 0184 ot T O L DARIENTIL, HEBRTOREmITED
BEPLEZHFITETWNWAI RGNS,



JNC TY9400 2005-003

*8 IREW b X EIRBRETR O St
Re = 5000 Re = 15000
b/h Tw Tin
U Un* Un Un*
Casel 0.5
Case?2 1.0
1.56 1.95 4.68 5.85 100 20
Case3 2.0
Cased 3.0
#9 AT ARY MELEEDLEFEEEORG (IR
Re=15000 Re=5000
b/h StH(*1)
f St f St*
Casel 0.5 125 0.21 20 0.10 0.133
Case2 1.0 112.5 0.19 25 0.13 0.124
Case3 2.0 62.5 0.11 30 0.15 0.078
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BEDGEERE (F) OBFREZRT. AFEORNFHORE X b 3EV 5[mm]DEE
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THOME TOWEFEREE, 7 A2 MEAD CTOWEEHRE L ITRE S Ry, B
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AT TEET A REE DB F 2 5. Igarashi 38 L O Taniguchi & O EBFE R %
bei, R (a2) ito TA bu— WEBICHIERE (H/(H-h) %% TEEX
M=V E LTHEFEZITY, T ORERKEFZ. Igarashi 1X, A ha— b
BIZDOWTT AT Mk (b/h) 23 1.0 25 2.8 OFF TR EZRLTWS.
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<Igarashi & D>

St =0.18-0.048x (b/ 1) (1.0<(b/h)<2.8) (a3)
<{EIE St* T > |
St* = 0.154—0.054x (b/ 1)+ 0.024x (b/ k) +0.004 ((6/n)<1.0) (ad)
Sr* = 0.17 - 0.046 x (b/ k)% 0.004 (1.0<(b/h)<2.8) (ab)
- < St TOFHME >
St = 0.161-0.062x (b/h)+0.033x (b/R)’ +0.004 ((6/h)<1.0) (a6)

7 27 N/ 1 LA EOEATE Igarashi OFHH=IZHK-> T 1 R THEELL,
bh<)DEAIF 2R TERLTWA. 72720, (b/h=1) T3 #8615 X 9
272> TWA.

A3 1T, AEBRICL > TELONTZEBE DL ERFEHEBER b a— ¥k ST
B L C, Aad) & DA R, AREBRERIL, BEREBFORBRMOBRLEERY,
BWR b — AR L, BRROEY, KEBRICBW L, ARITERE S O
BNIZREBENTEY, AETEBICERNEET S, AERER T, HBFEEL

(W/H) BRE AR (h=20[mm]) LY b/h&72A8 (b=10[mm]) OFR, Fiz,
CRBE (b) 0BWAEOF, L BEFETOEHREEIGESRERERoTERY,
BEROFEIZELIVEVR ba— " VEERLZEEZLND.

A41Z Igarashi IZ & - TEHRI SN2 AT A7 ML %R (dol/h) & OFEfR
BT AEET AT NS 0.7 fHE CTMEZ KD Z & 343025, Igarashi O EHHS
REd LIz, REBREEH T CORIMIBEZHEET 5. Igarashi OERFEREZLHA (4
W) THEELL, KERSMET CTOAET ALY b (b/h) x5 %5E (dylh)
EHEETS. WL, RERFETTOAESS () LiEms (H) ZHWTHRE
B ST B R IRNE (dl H) % 51 U7z, FRS SR 2 Z i & 5 &, CaserC (h=10[mm],
b=5lmml) DHFA K /N E 22l (dol H=0.33) %7~ L, Case-A (h=20[mm], b=5[mm])
DEFENER b RERM (d/H=0.33) %R Liz. K A3 TR LUIZEIER b r— ¥
DIEL BT 5 L, %7E (dJH /NS’ Case-ClEXHBRTOZFN (MFnE
B EL B ERNHD. DFED, REBREKRTE, AROESICERPESHY ., A
I L AWMEEEIC Lo CTAKE L BER & ORICTRWETF AN S FEE L, HBEFRPIC
BT AT COMED & B2 MNERER S, BETHEIMBO A ha—
NEREVEEZ R LTZEEZBND.

REBRTIE, AREOT ALY MNEEZHZEICL-T, HEEREDZ 72 5R
EYLEZEBHLEZ., LIELARRS, TANLY MNEEZDHZEICE-T, 475
BEGLEOREEDOARL LT, MNOBELELLEEEZDND. #oT, EB
T, BMEEREOR b — " WEA~O—B LEEEREENR RN hoTz B2 b
B, A=V EREDLERE (HBVIIIEEREUCERME) L OBRLYER
TAHRICE, BESOATRIEEFZICELTHHETERTINERD S.
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4.5
x/H=2.0
4.0 B
3.5 | '
A
3.0 | 8 A O @
~N 25 I S
L,
w20 |
1.5 | [eai(520) ®A1(120) @A1(G20)  ® Al(5/20)
(o | |aBisns  aBiens)  aBiGHs)  aBiGHS)
0 BC1(5/0) ®C1(510) mCA(5M0) ®CA(5/10)
05 | |opio0) obioze)  obrezo)  opioro)
: AE1(10M5) AE1(10M5) AEA(10M5) AE1(1015)
0.0 : : :
0 0.2 0.4 0.6 0.8
b/h
(a) x/H=2.0 DN &
4.5
xH=2.5
4.0 |
)
3.5 |
3.0 |
~N 2.5 |
T, o}
u= 2.0
O
1.5 |
1.0 ®A1(520) @A1(520) @A1(520) ® A1(5/20)
mC1(5M0) mCA(5M0) WCA(5M0)  mCA(5M0)
0.5 ' | obp1¢1020) ©D1(1020) OD1(10/20) O D1(10/20)
0.0 : : :
0 0.2 0.4 0.6 0.8
b/h

() x/H = 2.5 OfLE

Al AT 27 M EIERE D & S AL DB
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0.25 St=0.033x(b/h)*2 - 0.062x(b/h) + 0.161 (0.0<(b/h)<1.0)

St=0.18 - 0.048x(b/h) (1.0<(b/h)<2.8)
0.2 B

0.15 |

- e
7]
0.1 O Taniguchi(h=20,h/H=0.057)
) A lgarashi(h=10, h/H = 0.0167)
Algarashi(h=20, h/H=0.033)
0.05 lgarashi(h=30,h/H=0.05)
B Nakagawa(h=10,h/H=0.2)
0 H H i - H L | I
0 05 1 15 2 25 3 35 4 45
b/h
(a) MAIEETE COEHFREEL AW A b — Ui & A %HE
0.25 |
St* = 0.024x(b/h)A2 - 0.054x(b/h) + 0.154 =0.004 (0.0<(b/h)<1.0)
St* = 0.17 - 0.046x(b/h) 0.004 (1.0<(b/h)<2.8)
0.2 @
]
0.15
. “as A
»
0.1 O Taniguchi(h=20,h/H=0.057)
A lgarashi(h=10, h/H = 0.0167)
0.05 A lgarashi(h=20, h/H=0.033)
) A lgarashi(h=30,h/H=0.05)
’ B Nakagawa(h=10,h/H=0.2)
0 ] ] i | i 1 i I

0o 05 1 15 2 25 3 35 4 45
b/h ‘

(b) EER bo— HKIT & 2 skE

A2 Mz AOLIDOEEDARET A7 M & imER L OREER
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0.25

x/H=2.0

0.2 |

> >

® S
0.15 $

St*

St* = 0.024x(b/h)*2 - 0.054x(b/h) + 0.154 =+ 0.004 ( 0.0<(b/h)<1.0)
0.1

® A1(5/20) @ A1(5/20) @ A1(5/20)  ® A1(5/20)
AB1(515)  AB1(515) AB1(5/15) A B1(5/15)
0.05 | | mc1(5110) mC1(510) ®C1(5/10) ®C1(5/10)
0 D1(10/20) ©D1(10/20)  ©D1(10/20) © D1(10/20)
AE1(10/15)  AE1(10/15) AE1(10/15)  AE1(10/15)

0 - 0.2 0.4 0.6 0.8
b/h

(a) WWhHFmORE x/H=2.0

0.25

x/H=2.5

0.2

- @
| | 8

| St* = 0.024x(b/h)*2 - 0.054x(b/h) + 0.154 £0.004 ( 0.0<(b/h)<1.0)

St*

0.1

®A1(5/20)  ©A1(5120) @ A1(5/20)  © A1(5/20)
0.05 I'l mcisno)  mcsMo)  mcisMo)  mei(sHo)
OD1(10/20) ©OD1(10/20) ©D1(10/20)  © D1(10/20)

0 0.2 0.4 0.6 0.8 1
b/h

(b) W FmOE x/H=2.5

X A3 AIEDT AT ML EEER b a—r Vg & o R
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3
2 -
¢ o
=
3
-]

1 | , ,
®F
h=30[mm]

0 ' :

0 1 3

b/h

X A4 FAIET AT ML BTRE & OBKR
(k1 3lick %)

KAl EBSEMAT TORIIEOHEEE

Case | Al[mml] b/h dw/h d/H
A 002 | 025 | 192 | 077
B 0015 | 0333 | 1.80 | 0.54
C 0.01 0.5 1.65 | 0.33
D 0.02 0.5 1.65 | 0.66
E 0.015 | 0.667 | 160 | 0.48




