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Abstract;  To solve the problem of severe erosion caused by sand particles passing through separators
during shale gas extraction, a well in Changning Shale Gas Field was taken as an example. Based on
FLUENT software, numerical simulation was used to simulate the erosion characteristics of sand particles
on the drain valve under different speeds, sand content, particle size, shape coefficient and valve
opening. The main factors affecting the erosion characteristics of the drain valve were evaluated to clarify
the erosion situation of the drain valve. The results indicate that the erosion damage of the valve disc and

throttle hole is the main reason for the failure of the sewage valve. As the valve opening decreases, the
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pressure difference inside the valve increases exponentially, and the flow velocity is the largest at the valve

disc and throttle hole. With the decrease of shape coefficient of sand particles, the erosion of the valve is

more severe. Based on sensitivity analysis, the degree of influence of various factors on valve erosion
characteristics is: & (Speed) = 0.73, &, (Sand particle size) = 0.71, & ( Sand content) = 0.70 and
&,(Shape coefficient) = 0. 67. Therefore, it is recommended to control the fluid flow rate to within 7 m/s

by increasing the internal flow area of the valve, improving the sand removal ability of the desander, and

preventing larger sand particles ( sand particle size>60 wm) from entering the sewage valve. The sand

particle size entering the sewage valve should be controlled within 60 wm, which provides an effective

means for the evaluation and optimization of on-site equipment.
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Fig.1 Fluid domain and geometric model of valve
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Fig.2 Grid distribution of blowdown valve
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%50 KRG GO B R IS HES I DY .59 .
5.014x10° 1.274x10+ 7.672x10% 1319107
| 4.178%10° 106210+ 6.393x10 1.099+10°
3.343x10° 18.493x10° 5.115%10° 8.792x10*
2.507x10° 6.370x10° 3.936x10 6.594x10
1.671x10° 4.247x10% 2.557x10% 439610
8.357x10" Y 2.123x10° 1.279x10 +Y 2.198x10° Y
0.000 . 0.000 0.000 o H0.000 )\
kg/(s'm?) VA y kg/(sm?) Z Y kg/(sm?) Z X kg/(sm?) Z X
B AL R (0.56) B WAL (0.66) B AL 0. 76) W AL i 3 (0.80)
B 12 80 %7 FE BT AR ISR BB TS i 5 A o ) i Sl 1 05
Fig. 12 Erosion of valve disc and other parts with different shape factors at 80 % opening
P
BRSO g% 1
~80% FFE -~ 80% FFIE -4 i
i ~60% FFE - 60% FFRE LB s .
00r a0 FE —a0% wm 10 o | EE/ E/iﬂ* %fﬁ,ﬁi Ak | R
é; Se L 0%FFEE --20% FERE kS ( -1y wmiE/ | R/ 235 | (107ke
~. m:* s _ R *
i) 10.00 ~ (kg - d ') pwm B >
5 5.00F s om)
&S 100 £
L 300t é 5 2 20 0.56 0.29
< 10 m 6 6 60 | 0.66 | 0.91
800} 0 8 7
® T 7 8 80 0.76 1.36
£ osop o 8 12 100 | 0.86 | 1.74
B 0 . .
i3 S 9 2 20 0.56 0.61
(O s 10 g 6 60 0. 66 1.02
0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 11 8 80 0.76 2.79
BRIPRRH 12 12 100 | 0.86 | 3.04
E 13 AEERERRE T hihERTH 13 2 20 | 0.56 1.31
Fig.13 Change of erosion rate under different 14 11 60 0. 66 3.02
sand shape coefficients 15 80 0.76 5.79
16 12 100 0. 86 6.82

817 LS T5 K I8 s S 3, o) 10 P ) o ol
RO

4  BEHES R 00 [E R 53

FETFFE 0 T ity 4 RN E T U
K IESZ ISR T 5, AHETS 1 A7 24 ok S5 0y
PR bS , BOE 16 AIXEe R, Wk 1, o,
I R R 1T 45 0 JEE T i R i o o R ) P 4
HTHR 1R IESSR RS, M GRA ZrHiris K
JEE 5 A0 S5 X R 1T h b R P PR R D

x1 EXRGHE
Table 1 Orthogonal experimental data
, . ¥y ik
X ORI | ORL | s
e | S/ e, | gr, | JEAR | RS/
UE S o wiEs | ki - .
(m-s™) - ¥ | (107kg -
(kg-d™) pm -1 -2
s em )
1 2 20 0.56 0.17
2 4 6 60 0. 66 0.44
3 8 80 0.76 0. 67
4 12 100 | 0.86 0.87

I 1 AT 45 R 3R 5 0 R o A S B T
A& CEIE) = 0.73, €, (D H) = 0.70, &, (AR
7)=0.71,& (JBIRREL) = 0.67, Hy BB s &
IR SR B A 75, SOA HEYS e ) HE v i
SRR AR B SRR AR PR HIE 7 m/s 55 60 pm
LA,

5 & i

1) SCHSRUE T IR T AL A ph e R e
WM DX i R HE TS 1R e ) F2 D ]

2) SRR EE R TR EE R RS
TEAR RECE 1 RS R SR R, BEE T
I8/, TR PN .22 S AR ROT G 7 IR A AL Ak
TR AREAR ZR AN, XoF ] vk st ™ o

3) EETHUBNEST T, 45 PRI 26 IR ] ol A e 5
e P FEE YR Ay « JHRE SRR A >0 > TR AR R AL,
W, BRI i e 1 DG A B B S bk LA, R
I A R N IS N e A U E e R ARS = e  E o
E7m/s 5 60 um {EELIN,



hoE e B o $34%

- 60 - China  Safety Science Journal 20244F
& £ x o

(1] BIN, KER, BN ,F. PERRSRING PSRRI REL(1]. PEBEH=, 2022,34(1) :1-8.
ZHOU Shouwei, ZHU Junlong, SHAN Tongwen, et al. Development status and prospects of China’s natural gas and LNG
1ndustry[]] China Offshore Oil and Gas, 2022 4(1) . 1-

(2] §§1E64§ THRE, 8. KNEREREH ﬁf@mmﬂﬂ.%ﬁ?ﬁﬂﬁ[ﬂ PEZEETRZEA, 2022,18(6):
JIA Jinzhang, WANG Dongming, LI Bin. Study on influencing factors of effective fracturing radius of hydraulic
fracturmgu Journal of Safet ety Sc Science and Technolo, 2022,18(6) .58-64 . R} \

[3] WY, BXW, R, 5. IeSERAREMmINSEH . UK T-BrERARESaXp )], KRS
T, 2020,40(11) : 127-134.

XIE Ming, TANG Yongfan, SONG Bin, et al. Corrosion evaluation and control of a shale gas gathering and transportation
system ) a case study of the Changning-Weiyuan national shale gas demonstration area[ J]. Natural Gas Industry, 2020,
40(11 127 134.

(4] %(E)E?(,]% S, RKR. TESERLRRRSRIERERTEDALI]. PELZENZEFIR, 2023,33(10)

WU Xia, SUN Hao, SONG Changjing. Cal(ulatlon method of failure consequence area of skid-mounted equipment in
dtherlng and tI‘dIlSPOI‘tdthl’] station of shale ga China Safety Science Journal, 2023,33(10) : 120-128.

(5] ?ﬁﬂﬁ%, SO, BRERD. BRERGZ T é\ BJ%EIKE;%‘UU%W[J] PEZERFSIR, 2020,30(3) :129-136.
ZHANG Peng, FAN Chaohai, CHEN Xiangsu. Superposition analysis of individual risk matrix of oil and gas gathering
and transportation station[ J]. China Safety Science Journal, 2020,30(3) .129-136.

(6] LIU Xinggiang, JI Hong, MIN Wei, et al. Erosion behavior and influence of solid particles in hydraulic spool valve
without notches[ J]. Engineering Failure Analysis, 2020,108.DOI.10. 1016/j. engfailanal. 2019. 104262.

(7] ZHU Hongjun, HAN Qinghua, WANG Jian, et al. Numerical investigation of the process and flow erosion of flushing oil
tank with nltrogen J]. Powder Technology, 2015,275.12-24.

(8] ?9]?;3 /?S%tgfé KiTE, F BT CFD B NS RPRERSZIOMEL ). BENM 2SR, 2021,

7.
ZHONG Lin, FENG Guihong, ZHANG Jichun, et al. Influence law of erosion wear of blowdown valve based on CFD
numerical simulation[ JJ. Journal of Drainage and Irrigation Machinery Engineering (JDIME) , 2021,39(2) :151-157.

(9] KOU Bo, LIU Enbin, LI Dangjian, et al. Research on erosion characteristics of the sleeve-type blowdown valve in the
shale gas édtherm and transportation station J]. SPE Journal, 2024 29(1 :328-345.

[10] 3&3@51 = é’ii % BT k-o SSTRENBIVERSTESRIZAES ). MEMHIR, 2019,34(11)
ZHANG Cheng, XIA Zhixun, MA Chao, et al. Numerical simulation of flow field of concentric cylinder launcher based on
k-w SST turbulence model[ J]. Journal of Aerospace Power, 2019,34(11) .2 331-2 338.

(11] LIU Enbin, LI Wensheng, CAI Hongjun, et al. Research of formation mechanism of trailing oil in product oil pipeline[ J].
Processes, 2019, 7(1) .7-25.

[12] MESSA GV, MALAVASI S. The effect of sub-models and parameterizations in the simulation of abrasive jet impingement
tests[ J]. Wear, 2017,370.59-72.

[13] OKA Y I, YOSHIDA T. Practical estimation of erosion damage caused by solid particle impact, part 2: mechanical
properties of materials directly associated with erosion damage[ CJ. 15" International Conference on Wear of Materials,
2005: 102-109.

[14] DS, GRE, 915, RARSEIEE CFD/CSD 38SPEIIALI]. FEILTIASSAR, 2015,33(5).732-738.
CHEN Hao, XU Min, XIE Liang. Application of conformal dynamic mesh strategy in CFD/CSD coupling[ J]. Journal of
Northwest Polytechmc Unlversny 2015,33(5) .732-738.

(15] SCIE, XE, EStE HEQUWBUHW‘%?L_QETEDE??@QEPEUFﬂﬂ[J] TEFIR, 2003,35(2) : 140-146.

GUO Zheng LIU Jun, QU Zhanghua. Application of unstructured moving grids to three-dimensional movable boundary
problems[]]. Journal of Mechanics, 2003,35(2) . 140-146.

[16] DUARTE C A R, DE SOUZA F J. Dynamic mesh approaches for eroded shape predictions[ J]. Wear, 2021,484.DOI .
10. 1016/]. wear. 2020. 203438.

(17] DEGAND C, FARHAT C. A three- dlmemlonal torsional spring analogy method for unstructured dynamic meshes[ J].
CoanLPuters & Structures, 2002 ,80(3) :305-316

(18] i/g(z) $T60 fﬂlﬂ@ﬁﬁ)ﬂ% BT 0R-iS i SMs L ME DS IERIER ). DMERTE, 2021,
SUN Yan, LOU Yishan, CAO Yanfeng, et al. Numerical simulation of erosion process of wire wound sieve tube based on
erosion dynamlc grid cou hngﬁ] % Petroleum Drilling and Production Process, 2021 43(’2) 160-169.

[19] %2:)132;&;5%99 ﬂl(/)lg\ ?iﬁAfﬁ%ﬁTﬁfﬁimEﬁﬁ)\§$ﬁﬂ9€€@@lI%J@’ﬁﬁii[J] PEZERNZER,
ZHAO Chufan, MI Chuanmin, ZHOU Zhipeng, et al. Key cause chains selection of electric personal accidents based on
combinatorial association analysis model[,]ﬁ China Safety Science Journal, 2022,32(4) :99-106.

[20] YANG Wenching. Handbook of fluidization and fluid-particle systems[M]. New York: Marcel Dekker Inc., 2003.

101-105.

EFEA: X &K (1980—) 5, PUIER TN 1k 2062, 322l =V 0 B0/ 40
B B AT AR 122 5 T R PIMESY . E-mail ; sunriselebpsb@ 163. com,,





