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Abstract

The pipe wall thinning phenomenon due to flow-accelerated corrosion (FAC) sometimes occurs in carbon steel
piping in power plants. In accordance with the pipe wall thinning management rules established by the Japan
Society of Mechanical Engineers (JSME), the wall thinning is conservatively controlled by measuring wall
thickness using ultrasonic waves. However, for locations where wall thickness measurement is difficult, such as
under reinforcement plates, it is desirable to predict the distribution of wall thinning. In this paper, we report on a
case study of T-junction flow simulation using computational fluid dynamics (CFD), which was conducted prior to
the prediction of wall thinning by FAC.

CFD flow analysis was performed on a T-junction flow visualization experiment to understand the flow
behavior at the T-junction confluence. It was confirmed that the CFD analysis was consistent with the relationship
between the momentum ratio of the flow in the main pipe and the branch pipe and the flow pattern, that it
reproduced well the complex flow field at the T-junction confluence, and that it was in good qualitative and
quantitative agreement with the flow velocity distribution in the flow experiment.

The distribution of turbulent kinetic energy, which is one of the hydrodynamic parameters related to the
evaluation of wall thinning in FAC, was confirmed at the inner wall of the pipe. As in previous studies on wall

thinning, two peaks were found to occur in the wake of the confluence.



BT AT I LW B D P B (5 2 )

1. [ILHIZ

JRTFNRKIITDIET 7 FDFGAK - KR
72 L O RFHBELE TIX, ANERE £ (FAC
Flow-Accelerated Corrosion) 72 2 X 2 HELE I
WRELDZENHY, RICEEHBICE T8
A Em =RV F —FERE N L, AR 2%t
LCREREEBL 2 D0 REERD D70, #Y)
REHENRD LTS, BUETIE, B AW
DOHE D 1S T, BEEICL DAREREIC
KO RSFH BN /2 STV DD, I T 72
EOREREDEHE L WERTIC LT, B aAm
THNLENTN S,

FAC D A 71 = A L2V TR AR O s A3
BENTWaLH500, EENmIZEIT 584 4
DO, TN O RFTH 72 LA L 0 s S 4
L —FEOBRBEREEZ DN TS, FAC DFEA -
HERMIIEL, B (RE., BAMERE, pHED
KE) ., EEME (7 v 2BogHE) ., i (6
W, BERIR) ICL W REREEEZ L LN
HMBNTWD P, FAC OFAELLTWEE K &
LCiE, MEHEENEZIT 524 7 0 290
FIEDNHT BN D T /VRENH Y | EERIZ FAC 28
AL TOHDHALOF E LT, PWR CTIEEHKR
VWAL, B — & — R L - fAINEERhR
BENETLND Y

FLIMTIE, BAHRENG THL Ny 7 X
Ty TN ENRE LA S (CFD

Computational Fluid Dynamics) T & 2 H-ELARAT
s Lo, AT, ERIZB T DR

NLTHDTERINLERSRE LIz CFD |
il %2 R®ET 5,

AR

2. RnBZOBRBEH

T RN TEEHEH SN TV D THEEICEK
WT, EEOWN EE OWRNBEWT D EALT
FFAICELNSE T, RN G LD, 22
TlE. Kamide & V2 X 5 BGRENELS | ’%E L7=T
BN O AL FERZ IR, GBI 2k
NOZEFR O ZAT I,

21 TERNQ

TEATRHICBIT A 7a— 32— &0
LOEFDMEXIZE > TRHESITFbND (K 1),
RFEWR 7o —RE— b LT, HEERN TS

TES (HAE ) OWNBEIZH LAHT s K O 7 ThE
T ) A E RS EE O R AZED KO e

[ A METE ) B M 28 B B (B & BORHAD

@x#éF@%%MJ#%é BE DfE % —
EL LG E, EEOWMEN/NS L 2bHITo,
B T M ) %TﬁI%”ﬁ(}|u“*§TTﬁ'50

INHD 3 ODT u—RE — XA LREDE

VIZ R D T E | FE R D RO ET) & (M,)
&R 2R AL D IR O EE) & (My) D E Mg (<Ma/Ms)
CkvHBIcE D Y,

F
(=3
(a) EEmEMER (1.35<Mp)
(b) fRMAMEFE (0.35<Mi<1.35)
F
(=3




BT AT I LW B D P B (5 2 )

22 ERBRHR

Kamide & ¥ 1, BUREIBIRICEH L TEKN
B R, FEMIZR IR A6 72 & QNS B 4 A &
R T2EREIToT-, EFBRTIIK 2 DL D IT,
WA (D) 150mm DK @27z EE 12 NEE (Dy)
50mm DFZE BERE ST B AT D T 78 KR
E LTS, fEEiEIRIIAKRTH B, EEGE (V.)
% 0. 1~3m/s, BEFE (V) % 0.5~1.5m/s O
P CERZIT>TND,

1050
. ovmm 2770mm 900mm
4D§E;?ﬁfﬁ — l
ay ) 4

A WA A F% (D0 ¢ 150mm) T IBOOmm
T ¢ 150mm B

B
(D, ¢ 50mm)

2 SEERAN

23 BiHE
fENTET NV EK 31T, BT MALEHIZX 2
O EFARAXK & RERIC, £ _EANZ A O ER
ANy 77 —%&D, &R FRITEROREHR
A& Te 6D, (900mm) & L 7=, B DNEAKIFACTH 5
78, 1/2 fEIFRD 3 RocETINE LT, %
CEEORLORZRSERSE L, BITE FA%x
X, BmIFME y, FEHRALFME 2z L LTW5D,
18D, 6D
}D%fﬁhﬂj . ..... )
JETE (0,0 ¢ 150mn)
o
v

m

VbT VSa%
(D, : & 50mm)

GERI IR PN
(JRAT A ¥ 2 D—8 % o))

<>

Db
B3 3 RILiRTET L

WIZ, TSR 22 LIRS, A FITIEH
(1. 46m/s, 0. 46m/s, 0. 23m/s K& : 1. Om/s)
. VBRI EEET) OPa & 5% 7o, HREM
(2% No Slip Zefth % . S FRIEICIT Slip SofF & 5 %
oo T 2T, BEmITEEICRIT DALY O LR E
EHERT D OICENEICS JBOREREA v =2
ERELE (M3 TF), o, GLieET L E LT,
BIRIIBW TN I AT v i ERLS H
B CT&X TV SST k-¢ #ERH L7,

FRAT I I PL A BB TR AR f# AT 7 s 7 =7 ANSYS
Fluent 2023 R2 (Ver.23.2) #fifH L 7=,

® 1 TR

VA B 998. 2 kg/m?

ARSI AR SR 1.003X107° Pa-s
BERNANER 1. 0n/s
TERABER 3 5 —2A
1.46 m/s (GEBHELE Mg=8. 1 )
0.46 m/s (GEH) &L My=0. 81)

15 2%

S5 A 0.23 m/s GEB) & M=0. 20)
WS : 0 Pa
BEM B : No Slip &/
SEmEES - Slip &4t

A2l 82,373 cells

HLE T L SST k- ¢

3. RTEER

3.1 Z2A—/48—y

T a—RE = DR DT, TEAEENITE
DOREWHIZHBIT 5 EEREOEE S FEa ¥ —
X AR T, T2 TIREENDOFRNLE IREG,
BENSOfNEHEOTERLTND, M1ITRL
7B EBE NN OEB B M & 7 r— N —
COBMREEBEAENEIND Z &, AL FERE R Y
XL —HET2E®HERT L RE FT7r—R
A — BN HBTE 5 L E R LT,
FEAR 72 A O 2R B A R S D 7o D | BE I E
(Mp=8. 1) 231 2 T &I F OREWria
B DHES A A K 5 RT, KEM»SDEE
FEAVIIB B W 5 2580 D X D Wi L. X R »
D O R B MR O T AN VR 0 P\ 5 BE Sk
(FHT) DI HERTE D,



BT AT I LW B D P B (5 2 )

main flow fraction

| |
0.0 0.5 1.0

y
L.,

(a) BEEMEVE (M=8.1, V =1.46m/s)

(b) {WHMEH (M=0.81, V,=0.46m/s)

(c) MZEm (M=0.20, V,=0.23m/s)

4 AWmEICBITFL 7 — R —

y Velocity normalized by V
L
T—»Z 0.0 0.5 1.0 1.5

X 5 X3 W itk oy A
BEMME G (Mp=8.1, V,=1.46m/s)

BE M (M=8. 1) IZB1F 5 3 W7 r—
NG — ORI & AKEWTE (y=-0. 43D,) (2817
DUEHRE &K 6 (2T, AREMER O ZIC 1o
MRS TND Z ERHERTE 5, i,
K& WS 8 8 OW AR 5 EE R 218 &
2o T, AN~ UL EAEL TWDH 2D
EEZLND, UEDOZ EIXEBRTHHERINT
BY . ETICBONTHEMBOEMRIENGE B
HFICHBTEZEEZDLND,

K6 EBEAMEGR (M=8.1) &8T5 7 m—KH,
ACEWTTAT (y=—0. 43D,) bR X

32 RBRT—HLOLE

D EBN RGO 72 | BERME T (Mz=8. 1)
BT DRSO NT, EBR & AT O Ll %
1To7=, EED EFHM 2=-0.53D, 33 L O F Ml
2=0. 5Dy, z=1. OD, DAL & T O | #ii J5 1) 38 5 7y (V,)
% B P HRIE V=1, 46m/s THIKAL L7Z kLT
BIiaE (V./Va) Oy AR Ol & X 712537,
FE RWRALE 2=-0. 53D, ([ZF 1 B oA (X
7(a)) IZELT, EREIZFEFEOTH (y<0) T
TN/ 7o TG, RERIEE & FRICER
FROANDERHAANYy 7 7 —2ET LT D &
T, FTICB W T HRROZFE & 70D 2 & iR
L7,



BT AT I LW B D P B (5 2 )

0.5
—&—Exp.
e CFD)
QE
~ 0
>
-0.5
-1 0 1 2
v, / v,
(a) z=-0.53D,
0.5
QE
~ 0
)
-0.5
-1
(b) z=0.5D,
0.5
—&—Exp.
e CED
QE
~ 0
>
-0.5
-1 0 1 2
v,/ V.
(c) z=1.0D,
B 7 HIAEALUE 5 A
(O : EBrE Exp. )", — : fEHTE (CFD))

T FIRALE 2=0.5D, (28T BiE DA (X
7(b)) 2B LT, FEBE (Exp. ) 3 L O#EMT{iE (CFD)
% y<-0.3D, ODFEIKTADEZTRLTEY, ZiL
VBB OBE RIS WIREIE A R AE L TWnD Z &
EHRLTNSD,

FE TN E 2=1. 0D, (2B BiE DA (X
7(c)) B LT, fEMTEIE y=-0. 3D, 1T £ TH HK
DO E R LIZb OO, FERE LR s R L
N5 EEMRLE,

BN I T DI DONT, EERE & fiF
PrEIZEMRMIC—& L, EEMICbBh—&K
LTW5s,

4. BER

FAC DI FEAMIZ BEE T DR S) 53T A —H
DOEDEEZ BN DHELIEEE) = R /L F —IZD
T, BEEMEE (M=8. 1) (2B 2ENEETONA %
X 8 IZ/RT, AtE‘ItICH VT, ELitES =3
X —=REWVEIRA R S NS,

B g bl oo T E W (2=0.5D,) 2B HK 7
1 — /X F — o ORE [ ELYTEB) = )L ¥ — 454 A X
9ITRT, AEIXAWHEZ 0° & L, KFEHEI D &
EET 2, Fio, GLER = L —1%, EER
WL ORKECTER L LIEEE RS, &7
n—NZ—bh | K160 BREEED 2
E— I NeDH T ENERTE S,

TEICBT 2BWICET 2BEEOZ Y X
FAC WM & L CHIREAIZ 2 DO —27 M5
bNbELTEY, 8 BLUH 9 TR LIAER
oo LEAT S,

Turbulent Kinetic Energy

I T
min. max.

X8 REmEMERE (M=8.1) IZ¥IF AHNEE LD
SLAEEh L X —0Ah  (1/2 fEIFRR)



BT AT I LW B D P B (5 2 )

— Mp=81
—— Mg=0.81
—— Mg=0.20

180°

-120° 120°
-90°

90°

-60°

| -30°
X

9 BAE ST EERTE (2=0.5D,) (ZFBIT5
PRBE 0 L 1 B = R /L % — oy A

5. £&H

FAC N THNZ S - T, FEEIZI T D ImiEH
AL T o D T & ATl & R RIS TR IR 217 -
Too TORER, FE L BENIRAOEB) E L My &
3 DO T u—RF—OBRICR L TEAS NI
TWbZ &, TEAMMOEM RIS (i)
RIFICHERT S 2 &, MEEROFED A & E
HEHBLOERENICEBDRA—HLTND L,
72 EINER T E T,

F 7. FAC OWAGHMIZBEE T 5 Jifk I 53T
A—=ZDOEDLEEZ LN DELRER = R L F—
IZHOWT, BNEER TORMEMR LTz, £ Dfk
BB T D BEEOMFSE & FREIC, AIREE
MICBWT 20— 7 BRIz,

L1%0T, FEBROFEMD FAC AT — & LRIk
FoXT A= 2 OBEEREEE TEL TV D,

[ EE]

ARFZEIE, VY EESERIR - AR L Y Zitx
ZUTEMMLEZLOT, ZHITWTETE W BEREANL
RS EH - L E T,

[&35 3R]

1) BABE2 o [ E BB Bl A
HUZBES % Bk (2016 4E4)) J, JSME S CA1-
2016

2)  HARMWS  RERIRT Rk e
KAL) 6 BT B I BRI BT 5 4
firBiks (2016 4EhR) J, JSME S NG1-2016

3)  HREPIEG—, FREEAE, PR TR FEHEE
TOFAINERE I B9 D898 1, B AR
o AR TZERY, 2016, httpsi/www.jsme-
fed.org/papertech/2016_01/001.html

4) H. Kamide, M. Igarashi, S. Kawashima, N.
Kimura, K. Hayashi : Study on mixing
behavior in a tee piping and numerical
analyses for evaluation of thermal striping,
Nuclear Engineering and Design 239
pp-58-67, 2009

5) JllEFns, k=, HREE T FERESIRH
DYERBENC T 2 EBRAIBIZE, F 25 [HH)
e = xR —Hiff v oA"Y T A, 2021

6) Hfd, Tong TONG, fHEER, t#Z2 :TF
Bl A HEER T FAC 1281 2 WEB BRI
DB T D58, B AR T 2 g S
5 69 Wiie 2 « SR EE R 308, No.203-1,
2020





