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Abstract: In view of the erosion and wear failure of the ball valve caused by the impurity carried by the
pipeline gas, the Eulerian-Lagrangian fluid description method was used, and COMSOL Multiphysics
software was applied to numerically simulate and calculate the erosion and wear of the gas-solid two-phase
flow ball valve, and study its flow field characteristics, the distribution of erosion and wear, the influence
of different parameters on erosion and wear and the variation trend of erosion rate with parameters. The
simulation results are compared with the engineering site erosion ball valve to verify the accuracy of the
simulation. The results show that the flow velocity in the ball valve changes within a certain range, and
the secondary flow vortex is the main factor leading to erosion. Ball valve erosion and wear reduces with
opening, while increases with the increase of flow velocity, particle size and mass flow rate, showing a
non-linear positive correlation.
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4 HRE5HH

4.1 FRIBHHE
ok 2 3 U A AR A s T, R 4 IR,
ARSI IO P3 AL B O g g T
iLAE SRS A SARTE b 7 A S S 0L, b B
T RE T 23 AR B bl g o TRES RO S B
HEBLIRAS  FFERET b= A R WhiiE . PRI, 1
WA B A B R, 5 ~25 /s, S4K
FEH O, P2 B RAER , ke A
SO o IR] PA) B e T AR B AP 43 531 7 A T R
IR FI T AL A AL

B4 IKEEES
Fig. 4 Diagram of ball valve velocity field

AR o BRI o R 2 5 T i AR AL B & 5 i
IRo BRI B2 b R e  He, — b AR
WS A PV B FAAL , TSR T Bl 3 3 R B
Az [T Bl 5 — Ak 7= AR AE RS P E , 22 A AR
AR ARSI L 5 i B Xtk AN A, O 7R 5
PN AR S S e I 2k B e B R RLARAS I A e i
W2 A — b AEAE RS O f Ak, RS Y
SR TR FH A H C1 S TE X H 1A A R
TR e R T D) — T RO P A Ak o e A — A
R AR ZEAE R 7= A R G e . B 2
ST 4 JE 18 R AR ARk O, i 4 T —
X R/ INRH A5 T ) AF S AT 16 , B 4% PN S U 3 A Ay 25
il , UKL 7 rh SO B 2 2y, i Ak o R B
JUHE,



- 120 - oo B

s o TR

2022 4F

BS IRk E

Fig. 5 Streamlines of ball valve

Pl 6 SRy BRI B2 Sy 7 m/s I v ok B 3 4 A
Kl il 6 nkn, BRI R =4 A,B,C,D,E M F
6 Ab B e B A DX, A Ak RSSO I, LA
BELPAA UL, 70 g ALV T, BRI 15 o 30 3 v ™
Az ek B v e A5 5 B Ak DAy o 33 i S 5[]
K PR ASURE R ol i o ) i P A 5 € Ak DA IRES A 7Y
DRLALE 7 A B e S S X A TR T L oty i Y
I A 5 D Ab Sy A E I A g RE LAY UL AE ) E
RS b 7 A s Sl A o o 3 B o o S 48 5 B
Ak ehid B D AR B AL A B BE TS R o
RS T A S TURLAE D A U S R o i N
P e e A5

WihR kg « (m? - s)!

() t=0.25 s

6 KR i i PR 45 53 76

Fig. 6 Diagram of ball valve erosion and wear distribution

(e)t=0.30 s

(f)1=0.35 s

P T ki F- 3R B 7 m/s B RUREIE B 0500 T 4L
WRCRIE . T TR, 2 BRI 152 2K i
L8 ek I, AR 32 38 S 3 ) R AR A RNz 3
EBUR SIREN s T R SRR A AR A R
ARR, R JI B BE AR AR, 1 N AL 3l i BE 2R L

TOUREAE 19 PR s 2 D0 L sz 2y, 90k 2 BEAE KA
U $ o B 0 DAL T X B 1 S 8 o Pl S A0, SRR KA X
Sl o o P 0 SR PR

EhfiE/10-7]

0 35 3.0 25 20 15 1.0

=S

(6)1=0.35s

() t=0.25 s (e) t=0.30 s
B7 RFHiTE

Fig. 7 Particle trajectory

4.2 BKiEIFFE XS i iR AY B 00

BOEAN TR E N T m/s, 53 BT 10%
30% ,50% ,70% F1 90% 5 Fh A [ BR & ¥ 2 isf ot
BER A, WA 8 T o BETF /N A F T AL U
PRI, WA s T A B AR A A, AT XS B P A
A ek o7, 3K il o o S 45 I B U/ N AN T4 K L
2 AR A EY) | S A IS I BT TRU LS TR A
BE T U/ IN R SRR, 4 FF B A 10 % B ik 5 45 1T
R B I RIE, YIF Bk 90% i) 1 5t %l £ F
bR E L I AN, s E A E R
JUT R E S P, 3l 16 B 1 LT 35 A 7 A ik
JEA

Wi kg « (m? + s)!

(b) FFEE50%

(c) FFEE90%
8 AEIEKMFE T idimERE

Fig. 8 Diagram of ball valve erosion and wear at

different openings



557 1]

it T, A5 - 2 R AR I A R v R A8 e R A 5T <121 -

1O Sy R IR HE T ol 3 LR, oivish s
B FF I /N T K, £ 10% FFJE T nf o 30
S i S ST 14 3R 48 51 9 6. 68 x 10 i
6.05 ><10’91<g/(m2 «s), fF 10% ~30% JF 5 i
i 2 T W, 7 30% ~ 70% S48 F HE, 70% 2 I
B TR

[y
(=]
~
W

—h— R
— - iR

oo
T

(=)
(=]

W S
o W
I FR/10"kg - (0 - 5!

—
W

BRIHZ/103kg + (- o)
~

(=)

20 40 60 80
T E 1%

B9 AEFETHMERENE

Fig.9 Variation diagram of erosion rate at different

—_
(=
S

openings

4.3 uu.l_s('.l'quhﬁm ﬂl‘]

BEE BRI T 50% , 73 B A ALUAN [+ 7 3 % K
W P ek A1 O o AN R] AR ik S A 1] 10 R
oK R R o e 5 I O R T 2 3 R, (ELIF R
SRR IE AR OC o RIS 3 1A e o s 40 1 A i 3t R
iﬂﬂx%ﬂfﬁ AR 2 I 2 BEAR , Bl Ak v

VAR R R, T Oy JH A B JRE AR T“jﬂ‘ﬁﬁtl:iﬁc%
EF‘ APE R 11 m/s I ST R0 AE T8 AT X AT
LR 32 B WPl 2R 17 m/s BRI AR A
0 R TR 3 o s A

Wi kg + (m? -« s)

: (c) 17 m/s
B 10 R[ERE R

Fig. 10 Diagram of erosion and wear at different

(a) W3 m/s (b) W11 m/s

flow velocities

P 1L S AN [R] O v e R AR AL iu/frt fiKF
9 m/s [, fe Rl A5 O 2 rh R B 1 G e 1 T
% AL 9 ~20 m/s Hﬂ‘,ﬁﬁﬁﬁiﬂnﬂiﬁ{%ﬁ
ARG il R YR SR TS B
TR Fre R i it A 5P e ph i A B A L | TSI

SN PN GRS C S

Z 30 75 m
E o4t {60 &
oy g
£ 18 {45 2
s S
5 12 130 &
i 3
i 6 115 §
i) : ' 0 g
5 10 15 20 25

W /m -« s

& 11 uu.l_lq:"fﬂz_ﬁ_'ﬂﬁ@
Fig. 11 Variation diagram of erosion rate at different

flow velocities

4.4 R R0
B BRIRIFF R 50% , A TTHEHE 7 m/s, 43 31

LR T A TR AL A28 Xk R R oo ok S 5 114 5% e 155 10
WE 2 JiR, ke R 3 m B ORI A 2 X6 5RO
A0V I T 3 S v S A L e b R A R I AT kAR
R 25 pum B BRI ik B AN 34 A0 A3 A TR R
e BiAR Ry 50 o ], BR AR 3 J0 1T 4 A2 21 o
SR U 170 oo o R R R R R AR 1 DR TG O, HL
Bt b AR 3G i B A S AR T, X AP LG AT
WG ro T E Stk SR BE . Stk KR UKL 7R I 5 1)

BENLIE, A T FOR R RS S R Y
Stk < T 057 T it N8, >4 Stk > 1 B S0k A7 T
JE i ZIER o Stk /N 2K WY R AT 4 )N i A 1Y
PRFEPE ALY, URLE S0 52 0 KB e, v
PHARXT 5] Stk R 3 B ORE A 14 18, DR URE
2 VKSR /N 18 B . I,
e RN i TR e TP A i ) 1K L R

W g - (m? - )"

OO\

O ONOO = i i i

() K250 pm

(b) 4225 pm

(a) K423 pm

12 FEHIR T BK R i i R 45 B
Fig. 12 Diagram of ball valve erosion and wear at

different particle sizes

13 AN RIS i il R AR AR IR REARAE 1 ~



- 122 - #oHe B

A 2022 4F

50 pm B fe R ik AR SRR, BT 2 ANk
WEFN 2 AN s, 1 ~3 F17 ~15 pm 5 25 Tt
R 3 M 15 pm R A b i 2R 4y 2
4.51 x107"F17.91 x10 "kg/(m’ + ) ;3 ~7 FIl5 ~
25 pwm 22T G AR T 25 wm oK
PR3 6.10 x 10 *H11.66 x 10 "kg/(m” - s)
iR HO T 1 AR AN, 1~ 3R
7 ~15 pmiE 2O B R 3 FNLS pm Yy
R A 1.26 x 10 7 F11.3 x 10 °kg/(m” « s);
3 ~7 pm B2 2R RS BRARAT wm P34 pjd
H55.9x10 kg/(m’® + s)

—
(=]

A BRI R
—m— PR

1

BRIMHZ/103kg + (- 5!
o N N )} o]
S APEE/1010kg + (m? -+ 5

RiAE/ pm

13 REHEZEHmERTLE
Fig. 13 Variation diagram of erosion rate at different

particle sizes

4.5 REREIFHHMAEIEZIM

BB BRI ITEE N 50% , AL HE N 7 m/s, 41
TSR B T S R AT T AR A A N[ B
A PR AN 14 FR

W’L’ﬂ$/kg . (mz . 5)71
5

S = N W A

(a) 8 x 10~ kg/s

(b)8x10“kg/s ()4 x 10~ kgls

B 14 AEREREHERE
Fig. 14 Diagram of erosion and wear at different

mass flow rates

82 NG U AR R YU NS R T R T e S NI
BRI 8 x 1077 ke/s I BRIE I I v
DRSS B, SR BERURAR s M R 8 x 107
kg/s I BROUN AU AL TAT o ok B 5 A o S AR
YRR FRIAE] 4 x 10 7 kg/s b 7E A1 BE [f A1 P9 38

TERE T 06 7 A Pk B . BRI R 5 R [
TS T I B R, ik AR AR ARy
S

15 SRS [A) 5 3t 2R o il SR AR AR T, R o
BWRTE 2 x 1077 ~4 x 10 ™" ke/s I K idi R Al
S R A B L A U YT U R AE
8x107° ~2 x107* kg/s WrZ i F b2 x107* ~
4 x10 " kg/sI 2T &, I 06 5 1 5 2 x 10 “*kg/s
P B R v RS 35 ik 3R 40 551y 1. 41 % 10 7 Al
2.36 x10 * kg/(m® + s),

L 15 30 =
. —a— Bk i

- -4 24 <
E 12 —u T £
29 118 s
S {12 &
£ %
#H 3 46 =
o3 3
K 0 2 . . . 0 ﬂ
L 0.0001 0.0002 0.0003 0.0004 0.0005 0.0006 &

R kg « s~

15 ARRERERHETLE
Fig. 15 Variation diagram of erosion rate at different

mass flow rates

5 HEEPISREREREIT

Oy Y6 EBR I e e AR AL 45 2R 1 R 1 A
RIR GG T BRI vh i B 5e Wy . TR 16 S Bk
1 e P AR S P S LS AR AT SR A TR FE R
H1 &1 16 7] 41, B{EASL AT R 1 ok B 453 07 5 5 T
RSB h o R0 T D0 B AR W), A BRGE L 1 B
BIgAb thph R P . Ik, R Al Comsol Mul-
tiphysics £ T30 I BK 1 FE A7 o ok P 451 2 o Aff

Bl 16 3K iR ivh et 5 453 SE 4 &
Fig. 16 Diagram of physical image of ball

valve erosion and wear



557 1]

T, 25 2 S A A A TR v e B A S R AR Y

- 123 -

6 % &
PAIRAR A E B BRI N9 XF 4, i2 ] Comsol

Multiphysics 34X A [ PR A G0 6T G 385 5 1 o ok g
PO TEUA AL, D8 LTS AL | o ol B 400 503
ARV SO ol B 458 % v ik S AR AL A A 52 e o 45
WH:

(1) BRARI PSR AAE 5 ~25 m/s, fie i
T P AR TE IR T SR R 7 A TE R i IR A
o BRIBIPY L2 b — R B E W , 43 e s A

Py IR PR I RES T AR BRI 2 AR
NI P TAT | DAY 3 R AT A e I B b 4 6 Ak
I A X

(2) BRI ook 55 45 it oK 1 52 D/ iy 44 K, HL
B O B AR . (e 10% JT R whid AR i
R et P45 i O RO R R, SR AR PR IE A
SR, BRI A  ppp AR S~ AR, G4 ik B
28 SNERUIL PR 71 iR R ES: NP | R )
25 i st ER AN 5 00 A AR AR B SR B
SR o ek U0 3 K T, ORGSR T ) £330 5 1 o,

Tl AR A A T R, M R R IAE] 4 x 107 ke/s
BF, ZEAE 18 RE THT RN PN 38 T8 RE T 45 7 A ik
X dk

(3) BRI® 10% ~30% JFJ3 i whish %05 K, 7 58
PR b e SR AR T B N aad T, s s 2 A
JE 8 P B A, 4 G I X T A s AT U o
PP TIAE 9 m/s AT LU R ARG o ok 2 451 155
Bo BPRIAR R ST HRIAE 3 wm DAY, 55 7 R 42 1
FE 4 x 10 ™" kg/s U 49 0] G 7= A 22 4b phitt B 451

S

(1] ZRLEMS, Acifise, 00 200, 55 & AN 20 ¢ whpd s B 1 RE 1Y
WEFE[ 1] $fEsh /1 T ,2020,35(2) ;208 -212.
LIANG Jia-peng,ZUO Hai-bin, LIU Shen-hui, et al. Study on the
erosion and abrasion performance of 20 g by dust-laden airflow
[J]. Journal of Engineering for Thermal Energy and Power,2020,
35(2) ;208 -212.

(2] AEWIE SRIREE, SRR P, 45, ZAH IR G A8 1E 90° 25 4 i g 30
WAL . HAAHIZE ,2011,30(6) 1427 —430,392.

[10]

[11]

DU Ming-jun, ZHANG Zhen-ting, ZHANG Chao-yang, et al. Ero-
sion failure stress analysis of 90°elbow of multiphase mixed trans-
portation pipeline [ J ]. Oil & Gas Storage and Transportation,
2011,30(6) :427 —430,392.
WO R B B, AE. [EACBURE i i R S SR AT A ik
JELI]. i ki ,2019,38(3) 1251 —257.
CAO Xue-wen, LI Xing-biao,FAN Yin,et al. Solid particle erosion
theory and experimental research progress[ J]. Oil & Gas Storage
and Transportation, 2019 ,38(3) :251 —-257.

KB, 25067, T3, % i i & % 05 5 5 B
e ] AL, 2017 ,45(6) 172 - 77.
LIU Ju-bao,LAN Cheng-yu,DING Yu-qi, et al. Flow field simula-
tion and anti-erosion design of umbrella key of through-diameter
sand blaster[ J]. Petroleum Machinery,2017,45(6) .72 -77.
GUANF,DUANM ,MAW et al. An experimental study of mechani-
cal behavior of coiled tubing in pipelines[ J]. Applied Ocean Re-
search,2014 ,414 .13 - 19.

X SEAC. W AR %S R 2 4 R Y B A L [ D ]
BUL VLA R, 2018,
LIU Xian-dong. Numerical simulation study on the influence of lig-
uid-solid two-phase flow on the sealing performance of ball valves
[ D]. Zhenjiang: Jiangsu University,2018.
KWL AN TR BT ] i 11 79 A AL SR BB A 4 K S 3
WFFELD]. BT - WL TR ,2018.
ZHANG Yi-fan. Numerical simulation and experimental research on
gas-solid two-phase flow induced by gate valve under different con-
centrations[ D ]. Hangzhou ; Zhejiang Sci-Tech University,2018.
R, R W A A SE PR BRI R A Y
[J]. e A e PB4 R 2015, 11(3) 5 - 11.
LI Chang-jun, JI Chu-ling, CHEN Lei, et al. Research on wear
characteristics of ball valve under gas-solid two-phase flow [ J].
China Work Safety Science and Technology,2015,11(3) .5 —11.
WEICKELT M, SOMMERFELD M, TEIKE G, et al. Experimental
and numerical investigation of the hydroerasive grinding[ J]. Pow-
der Technology,2011,214(1): 1 -13.
ZHU H,PAN Q,ZHANG W. et al. CFD simulations of flow ero-
sion and flow-induced deformation of needle valve effects of oper-
ation, structure and fluid parameters[ J]. Nuclear: Engineering &
Design,2014,273 (1) :396 —411.
B S VAR AR AR AT I LD ] ik ol B AR
B ,2005(5) :138 - 140.
ZHAO Yang-wen. Application of pressure regulator in natural gas
industry[ J]. Technical Supervision in Petroleum Industry,2005

(5):138 - 140.



124 -

AN

2022 4F

[12]

[13]

[14]

FofE R T BRI A 1R A YA O B B A A
[D]. dbmt: i E k%, 2008.

WANG Bei. Numerical simulation of gas-solid two-phase flow
field in spherical control valve of gas pipeline[ D]. Beijing: Chi-
na University of Petroleum,2008.

GUAN F,DUAN M,MA W, et al. An experimental study of me-
chanical behavior of coiled tubing in pipelines[ J] Applied Ocean
Research,2014 ,414.13 - 19.

AT SRR, B i, A S PR 90° 8 B M A
B PEAERERY DTS (1], BB ) T8, 2016,31 (4) .17 - 23,
140 - 141.

GUO Ren-ning,ZHAO Li-zhu,MA Ye,et al. Research on the an-
ti-wear performance of 90° vertical elbow ribs in gas-solid two-
phase flow [ J]. Journal of Engineering for Thermal Energy and
Power,2016,31(4) :17 -23,140 - 141.

B MR EBROCETENUR TR P R T [T ]. b R R o],
2017(15) :307.

LIANG Dong. Application of shallow finite element method in me-
chanical engineering [ J ]. Development Orientation of Building
Materials, 2017 (15) :307.

ZEIFPE. RITARE AT o RO W R AT [ D] RBK:
KAk ,2019.

[17]

[18]

[19]

[20]

[21]

LI Jing-yang. Research on the influencing factors of erosion failure
of large-diameter fluid conveying pipelines[ D]. Daqing: North-
east Petroleum University,2019.

LAIN S,SOMMERFELD M. Numerical prediction of particle ero-
sion of pipe bends[ J]. Advanced Powder Technology,2019,30
(2): 366 —383.

PARSI M, AGRAWAL M,SRINIVASAN V et al. CFD simulation
of sand particle erosion in gas-dominant multiphase flow [ J].
Journal of Natural Gas Science and Engineering, 2015, 27
706 -718.

FORDER A,THEW M,HARRISON D. A numerical investigation
of solid particle erosion experienced within oilfield control valves
[J]. Wear,1998,216(2) :184 - 193.

MAZUMDER H. Effect of liquid and gas velocities on magnitude
and location of maximum erosion in U-bend[ J]. Open Journal of
Fluid Dynnamics,2012,2(2) :29 - 34.

WANG Xiao-ning, ZHENG Xiao-jing, WANG Ping. Direct numer-
ical simulation of particle-laden plane turbulent wall jet and the
influence of Stokes number [ J ]. International Journal of Multi-
phase Flow,2017,92:82 -92.

(2] | %)

(L#E 115 W)

[11]

[12]

[13]

ZEMHR BN B 22, A RIS A R v A P B A e
RV T]. AR 2 5HR 2017 ,23(5) :429 -435.

LI Ming-giang, FAN Jun-jie, ZHANG Zhong-xiao, et al. Mecha-
nism study on liquid slag capture of alkali metal[ J]. Journal of
Combustion Science and Technology,2017,23(5) :429 —435.
JATRR ke Bk . AR e DR RS R KU LR
B it R IR [ )] A7 & ,2018 ,47(11) : 40 —45.
ZHOU Guang-qin,ZHANG Xi-lai, YAO Wei. Experimental study
on combustion and fouling characteristics of Zhundong high sodi-
um coal in liquid slagging cyclone furnace [ J]. Thermal Power
Generation 2018 ,47(11) ; 40 —45.

Wra, EA, 2 &, % BRSSP kB KO 1 s
W], TSR ,2017,38(11) ; 2495 -2502.

YA Yun-gi, YAN Wei-jie, LOU Chun, et al. Spectral diagnosis of
combustion flame in municipal solid waste incinerator[ J]. Journal

of Engineering Thermophysics,2017 ,38 (11) :2495 —2502.

[14]

[15]

[16]

ZHANG Xiang-yu,LU Xu, YANG yu, et al. Temperature measure-
ment of coal fired flame in the cement kiln by raw image process-
ing[ J]. Measurement 2018 ,129(12) ; 471 —478.

YAN W,ZHOU H,JIANG Z, et al. Experiments on measurement
of temperature and emissivity of municipal solid waste ( MSW )
combustion by spectral analysis and image processing in visible
spectrum[ J]. Energy & Fuels,2013,27(11) ; 6754 - 6762.
YAN W, LI K,HUANG X, et al. Online measurement of the flame
temperature and emissivity during biomass volatile combustion u-
sing spectral thermometry and image thermometry[ J]. Energy &
Fuels,2020,34(1) : 907 -919.

i S = o W 1 i -y e d il W DRl B B
AL HRITTE[J]. 07 % L ,2019(8) = 81 -86.

JIA Zi-xiu,ZHOU Guang-qin, LI Yu-hang, et al. Migration law of
alkaline metal in vertical cyclone furnace [ J]. Thermal Power

Generation ,2019(8) .81 - 86.

(& & i)



