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Elucidation of Fluid Vibration Phenomenon causing Thermal Striping
of T-junction Piping System
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Hideki HIBARA**, Yukiharu IWAMOTO**, Motosuke SOGO**
and Junji OCHI**

Recently, in T-junction piping systems of plants, fluid temperature fluctuations due to mixing of hot and
cold fluids induces thermal fatigue of structure. This phenomenon is called thermal striping and its study is
significant in term of the safety and design of a fast reactor.

In this study, in order to reduce fluid temperature fluctuations, the turbulence promoter is installed and the
flows downstream of T-junction are investigated experimentally. From the experimental results, effects of
turbulence promoter on flow characteristics are examined. It is clarified that secondary streams in pipe cross

sections becomes stronger and diffusion of momentum is promoted.
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By —<ARAPSAELV7ORAER Y BAMGEBKHESAE- 52 RHLE D,
FICEABRTIE, REFHRBRORE L 25 HERED S FOEARKRS REHERICLIVER
£) LBIRIERS (HEERICLVRE) 2ERT DI, < STHBROAK S oE—F2BEL,
BEBOMNDOTREB LOHEAOKERERZTV, AR ue—FORBRLLIIBEERY—~<1
2ANFAECTOBRBHRICHOWVTEM - BRI L. ’

2. REEEBSLUFE

2.1 EBEE

FERALEEBOHBBBIUVEERZ Figl2RKRTT. BRAVIODKRBIR Tk F
—R—Ta—F I RELNTE, TO~NYy FERZIYVEFRARIHELENRD. —F, EF
HIZiE, Br7ic kv Ehs. AERNCHLENEKRKBTERARBTAR L%,
EEOTHBICBRITAEERHEBRZEYY BUCBEI VI ~LRED.EFITIX 40x40mm,
BX 3000 mm DEFEEREZ, EFRCRER R2om(ABRE(EFAXAINER/EER) o
=3.33), RX 600mm OEMATFZAVWE. 28, EERXEFAOQDIDL 2500 mm O BETT
FRAMBLIVEFRIERIALTEY, TFHAKBEIBIORRS3FEHEO &
UHRODEKE 7o —% (XFHEHBEATIAHX I o E—F OB SO @ v
(=D,/H)=4,5.33,8 : Fig38R) PRV TATRELR2MBEIC RT3,

2.2 RBHIEBLIUEH

EBIZ, TTHRABOBRBAZBE T LD, fBEGAZAVWERAOATRIEL A
RHERELZANVWTIT2%. 0%, EENOHRHRBEZAL P TH2DIT, 3KRTV—
F— Ry F75—fHiFHZAVWTIHENORERNELRZTT- .

Hhoa@Rkix, TBEHROLVAL /) VX Re(=Wm-Dm/v)=1000~5000, FHFEi g (=
Wm/Wb) =02~5 ODFTCFuE—FOBIEZEXTIToh. HEHEI VA I NIHK
Re(=Wm + Dm/ v )=1000, f#Ek B (=Wm/Wb) =02~5 O FTCFuax—F0HmI & ¥
(Dm/H)=4,5.33,8 B2 TfTo 1.

1.Overflow Tank 6.Back Pressure Tank

2.Valve 7.Dye-injection Tank
3.Main Duct(40 X 40 X 3000) 8.Camera & VIR
4.T-Junction 9.Pump

10.Tank
11.Flange

S.Branch Pipe(® 12 x 600)

Fig.1 Experimentail apparatus
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v Measuring Promoter
A Plane
/ W = xLFZ D mi=40mm
Branch 7 ] TH
Pipe g — X Di=12 L=26mm
Flow \ Flemm
Z in

Fig.2 Coordinate system Fig.3 Outline of promoter

3. RBERBLUER

3.1 FhOER
Re=1000 IZ B} B R FM Ll ¥ — ORI OERE % Figd \IZ7-7. GlMOBRAIEET T =

T—HFOHETEI LT 300 EI Y —, TRbbfFRCIF—2A), WAEH (XF—B),

g PatternA1( #=2.60, »=8.00)

fe -

PatternA( 4/ =3.58)
PatternA2( #=1.17, »=4.00)

PatternB( £=0.77)

L~

PatternB3( /#=0.86, »=5.33)

=S T T L T

[ BSR4 o WP R
PatternC( £=0.32) PatternC( 4 =0.26, »=5.33)
(a) Without promoter (b) With promoter

Fig.4 Photograph of flow patterns (Re=1000)
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Fig.5 Classification of flow patterns

3.2 MEAAROKO

¥, BFAB L OKESRORBESEE W, UDREERE»D, MHAEEAOKABORT
% Fig6 IZ” 7. AT o E—F 2RE L RVEA[Fig6@)] ik, BHEROBAERD Z/Dm=1 2B
VT, BERCEEREAEERLONS. £, EF~LHALEKEROEBIZL Y TEAOH
BERASIE 57, HELRAUCHRNIMET 3. Z/Dm=2 Tk, FRFREBICEETE, 0
BRI FERAR L BN, 7T—FRBERBTES. T0%, ZDm=5~T ~LHETFTLTH, AFAin—
BRIEESMCIBEHELTE LT, RLLTT7T—FROEENALND.

—%, i o —F Z&E LB 4 (Figo®)]icix, AHED Z/Dm=1 IZB\WT, 7aE—F DK
BIZX 0 BRONEMN L VRES 2D, BURBAEMELTWS. 20k, BIZL 0 EFfT
BREh, LoEECTHEFACB®ENS. £, 7oe—#HEOMNIREAKL, BE,SHEL
BiX<EELTWB., D%, Z/Dm=2 fHETHNIZEEICEMNE L, XLICTHROD ZDm=5~7 ~L ¥
FTH3iIonT, HEXHLEE—HELIT~LBITTS.
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Pipe
Flow

Branch Pipe Flow
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(a) Without promoter (Re=1000, £=0.71)

=
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Main
Pipe
Flow

Branch Pipe Flow

AREEE

(b) With promoter (Re=1000, #=0.71)
Fig.6 Flow in horizontal plane (z-y plane: y=0)

Wiz, AREH B X CEES R ORMTEYEE U, ¥V ORIERE» S, BEro Zkith o~
7 hVEAZE Fig7 \ZRT.

BB D OMNIZEENICHAT S & THMEHEL, EEMEm» S EEMlH~LZ0m %%
Ke<EALD. ZOBET, EEMLOFHNICIFELAOERICLY, by EHBVEOFHELER
BRIZ, PR FERMAEICBONTENSA~, EFEMEICENLE~NEMND ZREhBFREINS.
SHICEFOREMIEEN ORI DR ERY, BELREAMERE 20, = OMEEFERIC L
bEFIATNAL. Dk, kT mE—% Z#&E L2WES [Fig 7@k, WimiicRKEEsE
DICEEET AmhBH oD Lok b,

—h, BT BT —% 25&E LH5E (Fig10)) oW T, HEFRNEAT A EICKEREY o
Bz 2 KER\WAHRLNEN, ZO\MIVEEMNICE, ToE—2 2R B LAVESICREESH
BV, BEHEY OhERBLAHA LS. £, RENEEBE I e T — 2 2 BRE LA VES LT
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VY. Ko T, ZOMOWIRITHIC LV EESR OIS EEICET - ®, BIRO X S IC#FRoih
T TIRIE—kkR oM & 225 ([Fig6(b)] ZH8)

UEDZ b, A7 E—F2RBTHE, 7oE— 2 2R EBELAVESLEST, @BIXLY
LTS, LVEmETTRICBESRLS. £72, XMW RN AER S, RO
DEEIZEL. - T, EIT R E—¥ OREIX, Y—~L A FA L TOERTHD, BEDS
E OIEE BRSO+ oR B2 bDEEZILNSD.

Branch
Pipe Elow
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Branch
Pipe Flov
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Branch i
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(b) With promoter (Re=1000, £=0.71)
Fig.7 Flow in cross section (x-y plane, ZZDm=2,5)

3.3 AE20GE

BEIC, AHRBICREST ST —FROKTF % Fig8iirnd. 7 eE—F2RELL
BAEKY, 7TrnE—FERBELR2VEALRAKCHEAHBRSKPERTEZS. MAEROIME
HHLEANICIAR T o ET—F2RBELLEVEALRALTHAN, ERBICHEZIN DR
i, 7ueE— 2 *REBLAVEBSRAZLND L IRZTHWRT —FRTIIRL, T—FD
— R LENTERIBOBRTH-. £z, AW eE—F2REBELEBEATIE, TuE—
FEBRBLEVWEAIRKESRT, BIZELY ERMTHERERD L L BT, THGR~OB%EH
EbromELRRD.

(a) Without promoter (Re=1000, 4=0.71) (b) With promoter (Re=1000, £F=0.71)
Fig.8 Behavior of vortex
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