40 45 B3 M
2024 4 6 H

RO IR
Sustainable Mining and Metallurgy

Vol. 40 No.3
Jun. 2024

.

et et ettt

A

s

“ Ak J 32y

) B3 7|-‘ 1y

oo [/

H

R S S SO S -
R A

NS
e
o
4
4

Rl A2 B T R B 0 P A (L

g EeA

I S

AmAR EFxL

(1. TAFRT RABARITENE, TH 4R 7514005
2. AFHEKF MR G S AR, T HUT 212100)

[ E]

DL AR R ) Al AL TR TP A IE R GE b W WL B R 2 — LR 8l 32 B AR AR AL B R I

2o LGB R Sk A, AR SO TR ) = PR T RO R R EEEA R IR (£ =0.4 ~0.7) FIA
FEZR (1 ~7 m/s) T BFARS) 145 4E , 7454 Sanchez —Caldera BT T O S AR 8 N 45 38 7 hhn g b ik
FAPAFAE , 45 RFRI] RO R TS RS B AL T/INMUERMZEA DT 3 m/s 500 T BEE FLAZ LR 1R
D FARAE T WEAE T TSN U RO B AR LR L 0.6 S T BEE A F TS K, A Bl SHU e e
FHG I, DR A X T Y T B0 0 R ek R T TE R

[xgiA]
[FESES] TG174 [SXHRERBRAD] A
DOI;10. 19610/]. enki. cnl0 — 1873/tf. 2024.03. 017

0 His

oo SARAT A IR AR 5 3 W0 R e 4
SRR, BUR URAS I A A0 e S A R I e 7
Al SRR A T DA /N 2 i o
AL Sy , IR A A S B Rk F 250 43T, LA
VIR 7% B R R SR T T

[WFsHHEA] 2024 -01 - 10

[BE£TIE] L7548 XA T H (JSSCBS20210994 ) ,
TL95 A o 2 A AL L Al BE = (A SR Bk o) F 58 1w b 0 H
(23KJB430015) ; h E M E R 54 (2023M732564)

[MEER ] DEF(1978—), 5, THFD A, AR,
AR, EENF L 2P EARBIT

[BIFEE] R4 (1990—) , B 1+ T EMNFHHE
LEPTEARBITT .

[SIAER] Da-F BRI, M, 5. omais T
TR SN 0 i B E BB T [J]. S E TR, 2024,40
(3):99 - 104.

MA Jianping, CHENG Junjie, TAO Xin, et al. Numerical
simulation study on flow-accelerated corrosion of downstream
pipeline in eccentric reducer[ J]. Sustainable Mining and Metal-

lurgy ,2024,40(3) :99 - 104.

PSR s R RE WahmaE ol BUERHL
[ XEHES] 2097 —2423(2024)03 - 0099 - 06

s tds R A RIS B, D ik
FIYPEREFIRCR . BEAE AT L A BT A i, v T
EHARGWNZ2IBTREH 52, WO aElE
H—RRRER A E A O, TR B S5 F A ZRE
TEHL) PSR T N, SR, TR S U
it ( Flow-Accelerated Corrosion, FAC) 585U 0> 5
B D EZ TR IR g i) i e At e s AT
P PN GT L

H T FAC 309 A R L ) VR K 48 T Tl 2L
E N N[ 22 N S e (N DN Y TR S N 2
Vet e, Bl an, 1986 4F Surry A% HE 3 2 5 HLAL AN
2004 4 Mihama 1%L 3 3 5 HLAL DN A T8 it , % A=
TEZNZOEEFE TR, G, IF R sk
R PR BRI ST X T O ) 4 I8 s AT MR
7B AR R

] A AIH 3t S0 i S ol A 5 AR 1 TR
L BB [ 5, anSe vk [ AN 5 E 20T
T RE LA W A XS AT SR AR T FAC 5
[ Sk ) 1By Y IR S S AUl PR S R oSt
Gy AR Sh I RD Y R B RS R R
RO, BT EAIE T Rk AR AR B
HE FAC [RIHEAT TS FEBUERBHUEIE , JF 15
T B FAC 5y R AU B A T35 4 Boa A Y



. 100 - &% B " A

CIRE iR 44 4

Z5i6 ., TR IS AR TR R 2
ARG T AL N E A FAC 3% IR 4
TR 25 T FLAR T e 45 38 FAC 40 R FRAE, 5K
U B g AT T LD AR Y FAC A A
U IS A AL R AT T A AR, SR, 3R
A% Ak 20 A W, 32 4 Ry 1k R A I R A R
FAC TS, IF HXF TS R LAEAR B4 8 FAC
TRURR X S A S AT SR AN T2 53 . R UL, F 9% BB A A 4K
FAEARFLATEARE TE 1) FAC FUMALA | % F 5 22
TFRAGUER FAC Wil 22 88 R/ FAC Fil & B

ARSCFETF AR ) J1 244548 Al Sanchez — Caldera

ik

B BFSE T AR FLAR FE R ET I R O S AR 4
T TE R R AR S ) 2 REE R FAC B3 A R AT
AT A i A T 55 Tl dinis 4538 f e
b B AT W IS B 2 4 5 W o1 o
1 U sl n s o s

TSI N R Ak 2 5 A% B AR SR [RIVE FH ) 45
o HAET FESIE LA T 2R, W shn g ih =2
Gy R = AR AN 1 R D4 @ AR AR R A
BRE 3 i B s @& R A o — 8 o3 e A R S AR I, O —
o3 i S AR B T 2 RV s AU Ak B 2% T
Fif 04 R A T 2 AR

E—

Fe(omzb]‘ (et

S Fe(OH)}~

<,
- =
<y s A

Fe 0,4 Qb5 W, Fe(OH)+ (25110

\/

"

Fe+2H,0—Fe(OH),+H, 1

3Fe(0H), >Fe,0,42H,0+H, 1

B 1 RshinEE il E

Sanchez — Caldera''® 3 3 A 57 3% — A>3 7 ST
T AR T 2T FAC SRS,

FAC rate = Cey =C. (1)
rate—L 1‘f)3+L

k" Tk

K. C & BRI AR E , mol/L; C, g AR
W S R R mol/L; K™ =2.348 x 10" exp
( =17 788/RT) , 1y 4z J& A i Ab 2% S5 07 38 K0
(3 R =8.314 J/(mol-K) , WM SIKEER T H
A XHIRIE K 3f A Bk 2 43 5 1k i S AR R EE 63
Berge! " G5 AL RIN KR £=0.5:8 R AALIEIE R, —
AR BEAR T 75 C ), AR AR 5, T DL 20
AT IREER 75 ~ 100 C i, EALBEEE A 5 nm , 76
JE 4100 ~225 CHT, AACBEEEE R 1 um; 0 4
JEFLBR R R R T 149 C I, 0 =0.05% , IR JE N
149 ~176 CHf,0 =6.75 x 10° —1.48 x 10° T, D
=2.5x 10" " T/u(T 4 XHRE K N i,
Pa-s) SR Y BOR B, m/s 5k Ry & kA 43
] AR B TR /s,

HT U R ARV P Ak AL oy B A D T L2
WA, B €, =0, B, nT R R (1) X

(2)
C
FAC rate = o (2)
1,6 1
K* 26D k
o AL R ET 454 55 VI 138 h(3) .
_T ()7
Cap (pD) (3)

A r HEERIBYYIN J7, Paso R TIHE m/s;p
FRAREE  kg/m’ su ABISIFHE, Pa-s,
PR JEPE ST, — I AR B A I i Ak 2
Wa(4),
1/3Fe,0, + (2 -b)H* +1/3H, —
Fe(OH)!>™"* +(4/3 —b)H,0 (4)
2,6 =0,1,2,3.
R S AR s A fb 2 i mT AAS B S AL s
A TR SN R K o
[Fe (OH) (7" ]
M=t ye o, %)
K, 0] DL Berge SZ56 TN A5 A 52 56 8 B S
I, 3 A AR A MR i 45 o AR 1) 1 i 5 TT A ek
AT C.,,




2024 4F6 A3 OSSR T I E RS A S BRI — D RN W & F - 101 -

C,=1K 107" +K 10" +K, +K, 10™ | [H,]""
(6)

SR IR A H M 7.8 x 107 ~3.25 x

mol/ L, ASCHAUITH HyH N 1 107 mol/L,

2 BUEEA

U AR TU R B A I 2 T, A A /)N
Mfgsmdt A, BARSEAIT D = 150 mm, i ¥ BHK
JEH 140 mm, FLIRH € =d/D 435124 0.7.0.6.0.5
0. 4, ATTHRGE N 1 m/s 3 m/s 5 m/s T m/s,
WL R 150 °C 54109 2 MPa, pH,,. 4 9. 0, L ii#45 38
AN IS E K B 10 5842, DURIE R 4k 5]
TR BIRZS . K Realizable k —e J5 FE3R fift It i
Ji R IFAE T RE R FHRE TR PR, SR RE AR
UNEBUES SN N n S By U

AR HIFSE T AN 3 m/s 450 T A
FLAR LAl O S AR A T 7 0 3 sl o S o 43 A, L
KALAZHH £ =0.6 £/ T ARA O G E T
T e B0 o S el s

w

10~

pN e
10d 140 mm 10D
| y
— R /D=0 T—”‘ =
VNSEE

B2 RORZEEILAREE
3 ZER 518

3.1 FLERLEWIR I
3 WA IFE 3 m/s &0 F A FRIFLAS ol

vl(m+s7)

H 3.295

—2471

1647 GRS
08237
0 " e

(a) £=0.7

v/(m*s7")
m 3-256

—2.442

= 1.628
—0.8139

0
() £=0.5

SAE NI ER R R, K3 Pl LIE
ASTRIFLAR BE GO S AR A8 R WA T 2 B T e i
FRAE TR O I X AT A A (9 e 4 3 31, i i
MR 12 Bl th TR S22 T A [ BE A o) ) £
A B0 NI T iRt eoh, fLiz L
Xof TR S IR AN B

K4 A [ FLAR PO O S AR 48 T W 3 fE
fii o HIIET 4 TR, B FLAR FERHE R i 5l RE 2 vk
JIN R TEI U DX S8R ) i 2 BE R B B R (EL, X R T
FLARHE A5 | A i 2l (49 FE 38 5, DA T 48 i
SHEERY A, AN, T U A TE RR AT B R
fem 1 imslfe

K5 A RIFLAR Hofi O S AR A8 R AR A/ 1
M BN S AR, B S R AR AR,
N EAEE A BT VIR T SR S BT KR N SRR
PR R, BEALAR HEAI3E R, BT VI ) fi
PN RAA= R ez I o R A A s 1 .
Eim 2 = 6D (7B I, B FLAR L AYIE R, 5Y
DI 13BN s MR 25T « = 6D r & EA T il
DI, , PR C e A BT YIRS R P 42, X
DRUA R AAR 22 0 o S A A8 A 90 DX IO B e i
TR RT3 R I 5E T BE 1A Ak , o2 A6 JEE R {0
DIE SRR s HTMIA B FE 00 K FARAS I, FE 3 BE I
Ak )T JE o JEE SRR A AR 55 N B LA BT V1 )

K 6 A [ ALAR Hefi Lo S A2 A0 T Ui A o 2R
MARAE 1% 5 R B AL A S B DI F AR AL, B
A ALAR L3O, R AR B R 24, BLA% iR 42
DR EZHT RS . /AR, T e =0.7 45

() e=0.4

B3 AEILELECREEEHERSXER



. 102 - &% B " A

CIgETRHHEL

I B BE/(m? - s72)
l 2.926x10"

2.211x107
1.496x10™!

7.811x1072

6.597x1073
(a) £=0.7

it BB/ (m? + s72)
! 4.654x10™"

3477107

2.343x107!
-

+1.191x107!

I 3.691x1073
(c)e=0.5

3.113x107!
+2.092x107!

1.083x10~!

3.183x10™!
2.124x107"

1.070x10~"

B EE/ (m? - s72)
! 4.124x107!

6.913x107

(b) £=0.6

T 2B/ (m? - 572)
- 4.294x107!

1.315x1073

(d)e=0.4

B4 AREFILEZELRECREEEBE IR

n o] 1 2 vTad
0 2 4 6 8 10
x/D
(a) K42

1 1 ]
0 2 4 6 8 10
x/D
(b) N2

Bs5 ARILZEHELCREESTVINA

TET U IR T FE T K AR, BT LA sl AR
AR B2 /N AR T8, 7N 11 420 52 3] it 78 D
BN/ R N LA AR B R A R — 3,

B 7 AR FLAR e S AR 58T Wit DX S 3 sl s g
R, R 7 AL FER AR, 2 e 43531
90.4.0.5.0.6 F10.7 B, 30 s JE b A0 X 45k

0.000 18
0.000 16
0.000 14

0 2 4 6 8 10
x/D
(a) FC A2

0.000 5
0.000 4 &

0.0003

& i ZR Bk (m - s7)

0.000 2

0.000 1

1 1 1 1 J
0 2 4 6 8 10
x/D
(ORI

E6 ARAZBOREEERRY
AT 2.2D .1.3D 0. 7D F10. 2D, 7 5 J85 ik
R /NX AT 5.7D 4.4D 2.8D F1 1. 1D, I
A BERFLAR L K, R AR A 38 5 3 & L
. TE/NLAEM, 25 & 39024 0.5.0. 6 F1°0. 7 B, it
S ot AR DX 88 4 Sk 3.2D,0.9D #10.5D,
e R LU B F RIS, M e=0.4 B, iHF
% BTt FRAE /N AR B A O A — B, T DAL 3 n



2024 4E 6 A3 M

D O SR T I BV B AR P R Y — S RN W &% - 103 -

JEE b [FIRE S AR S ARURRAE . A, /I 1A A0 1 3 20
JIHJE b S g T AR, B/ B AR BE 2 5
RAK, R SN e 2l s e X X 5 B S b
RACE B GG RATF

FACH R /(mm * a™)

x/D
(a) K EA2Mm)
1.0%

0.8 [ ooy

0.6

FACE%E/(mm +a™h)

0.4

0.2

1 | | | ]

0 2 4 6 8 10
x/D

(b) 7N FZAN

E7  REFLE LR 53R i 5h hn i g i
3.2 ANOREHIZME

BELZEIE N & =0. 6 B, AN[ELA L T 45 5E
U SN T ok R AN 1] 8 Fr R, HHIE 8 W]
S B N T S A 1A S 0 o e ek R S
15, I HL/N EUR A %) 38 20 o 3 J b R AR, A H
DL 118 78 A AN 25 5 M) 00 S o ) R A7 5 A
NG TR ARAETE , I sl 0 J il U RTR
GBI T 1.3D Fl 4. 4D T /N A0 3 35 hn
R ok B BB A B AT 0. 9D,

4 45e

FEF A AR ) 2E B 45 A Sanchez — Caldera
REARY SRS T N [ FLAR FERDAS TR 11903 F i
DS T B T S S T AR RRIE . 4518
mF.

1) 255 A F i, B FLAR FE 3 oK, it 3l i

FACTEH/(mm - a™)

x/D
(a) K OT4&{m)

G YNSEZY
14 e T —o—1 m/s
Vo ——3 m/s
1.2 ——5m/s

——7 m/s

.......
....

x/D
(by /N7

B8 BN O S35 i B I3 S o i
JE AR B 5 R I AR 3L S o S ok U A
BT 0.2D ~2.2D; /N AR U B AT 0.5D ~
3.2D,

2) e LR e, B A 1T 3R 3G R 9L 3 n
i b % S R, L AR AN B T 3 s o ek
AU B, R VAR /DN 1 A3 0] 0 a7 43 i) o
F1.3D #10.9D,

3) TR TE /N AR B4 3 St T ik R 1
FEMEBURR /1N AR B 25 5 ) IR 18 R A L

[ S5 30k ]

(1] Hsifl, RAEERR, KRRA, % LBk 4 1E i 5h
JINSHLEE e A M R BB [ ) ] AR, 2020,
53(4): 35 -40.

(2] Hsifl, P&, skRE, S5 FURAE 8 I sl in 5 i
SR W W BUE AL L] LT, 2019, 38
(S1) .27 -32.

[3] SIX D, ZHANG R, XU Q, et al. Effects of local veloci-
ty components on flow-accelerated corrosion at 90° elbow
[J]. Materials Research Express, 2019, 6 016557.

[4] GUY, WANG M, JIN H. Predictive Study of Flow-Ac-

celerated Corrosion Characteristic Parameters Based on



- 104 -

a B W A

CIRE iR 44 4

(5]

(6]

(7]

(8]

[9]

[10]

[11]

the Neural Network [ J].
751 - 764.

INEEA:, FTFIT, WM. B E N RE R T5 A n A
hsd e B LA (1], Ak TRk 4%, 2014, 43
(4):36-39.

KIM S, KIM G, SONG S W, et al. Effects of Cr and Mo

contents on the flow-accelerated corrosion behavior of low

Corrosion, 2022, 78 (8):

alloy steels in the secondary side of pressurized water re-
actors [ J ]. Journal of Nuclear Materials, 2023, 585
154652.

ZENG L, LV T, CHEN H, et al. Flow accelerated corro-
sion of X65 steel gradual contraction pipe in high CO,
partial pressure environments [ J]. Arabian Journal of
Chemistry, 2023, 16(8), 104935.
WA, RIBEAR, SKh, 4%, BN B A A [ iR B2
TS I kA GRS AT [ D). 2022, 51(7):
110 - 115.
WA, AR, Bk, IO B A B S
AR A ]]. 2023, 43(5) : 1064 - 1070.
SRV H, R, tRA, A 90° LA A Bl i E i i
FYSEE FBUERI T ], fL T 244, 2018, 69(12) .
5173 -5181.

SRR, TR, AR, GF. R HLAL T R
KR T T AL AL 90 L 5 o ol (A S D Y
[J]. RHBA, 2022, 36(2): 75 - 82.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

W, s, FIGEZR. T FLAR T U 3 i e ek
BHURFTE[)]. I1k L, 2019, 48(3) ; 14 -21.
P, AT, BRIEAR. FUARE TE T Ui sl i
PR EAEUDT )], T RER =R, 2015, 49
(1).77 -82.

TREE, SRCH, R, AF. SAHTAEET AR N RSN
RS )], PR S il TR, 2018, 47(6) .
6 -8.

Rlilben , RIEER , RAE. —Fh IR A48 Bl e g
P ARG [ ] ], P RS S B A e, 2011,
31(6): 431 —435,440.

SANCHEZ-CALDERA L E, GRIFFITH P, RABINOW-
ICZ E. The mechanism of corrosion-erosion in steam ex-

traction lines of power stations [ J]. Transactions of the

ASME, 1988, 110(2) . 180 - 184.

BERGE P, DUCREUX J, SAINT-PAUL P. Effects of
chemistry on corrosion-erosion of steels in water and wet
steam [ C] // Proceedings of 2nd International Confer-
ence on Water Chemistry of Nuclear Reactor Systems,
Bournemouth, UK, 1980.

TING K. The evaluation of intergranular stress corrosion
cracking problems of stainless steel piping in Taiwan
BWR-6 nuclear power plant[ J]. Nuclear Engineering
and Design, 1999, 191. 245 -254.

Numerical Simulation Study on Flow-Accelerated Corrosion
of Downstream Pipeline in Eccentric Reducer

MA Jianping' , CHENG Junjie', TAO Xin', SI Xiaodong®, DONG Yunshan®
(1. Ningxia Jingneng Ningdong Power Generation Co. , Ltd. , Yinchuan 751400, China;
2. School of Energy and Power, Jiangsu University of Science and Technology, Zhenjiang 212100, China)

Abstract: The eccentric reducer is one of the common components in industrial pipeline systems such as
electricity, petroleum, and chemicals. The internal flow of eccentric reducers is influenced by changes in
pipe diameter, which can lead to issues with flow-accelerated corrosion. Based on computational fluid dy-
namics simulation , the fluid dynamic characteristics of eccentric reducers at different aperture ratios (& =
0.4 ~0.7) and velocities (1 ~7 m/s) were investigated. The Sanchez-Caldera model was used to ana-
lyze the distribution of flow acceleration corrosion rates in downstream pipelines of eccentric reducers .
The results show that the location prone to failure in the downstream of eccentric reducers is on the side
with the small aperture. Under the condition of inlet flow rate of 3 m/s, as the ratio increases, the sensi-
tive position for flow acceleration corrosion in downstream pipelines moves upwards. Under the condition
of pore size ratio of 0. 6, the flow accelerated corrosion rate increases significantly with the increase of in-
let flow rate,changes in flow velocity have no effect on the sensitive position for flow-acceleration corro-
sion in downstream pipelines.

Key words: eccentric reducer; mass transfer coefficient; flow-accelerated corrosion; numerical simula-

tion



