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Abstract

In the oil pipeline transportation system, the stability of the flow field inside the valve will affect
the stability of the whole pipeline transportation system. In order to study the internal flow field
of reduced-diameter ball valve, the influence of valve opening and channel diameter on the inter-
nal flow field is discussed. Research methods NX12.0 was used to establish a geometric model,
fluent software was used for numerical simulation, and the speed distribution, pressure distribu-
tion and flow capacity inside the reduced-diameter ball valve were analyzed. The results show
that with the increase of the opening, the maximum pressure and the maximum flow rate increase
and the minimum pressure decreases, and the turbulence phenomenon is intensified. With the in-
crease of the diameter of the channel, the pressure in the high and medium pressure areas of the
valve decreases, the pressure in the low pressure area increases, the maximum flow velocity de-
creases, and the turbulent flow phenomenon is slowed down. Finally, through the calculation and
analysis of the flow coefficient and flow resistance coefficient, the influence of different opening
and channel diameter on the flow capacity of the reduced-diameter ball valve is verified. The re-
sults show that the flow capacity of the valve decreases with the increase of opening and increases
with the increase of channel diameter. The above research results provide an important reference
for the design and optimization of the reduced-diameter ball valve, and provide theoretical sup-
port for improving the stability and efficiency of the oil pipeline transportation system.
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Figure 1. Structure diagram
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Figure 2. Simplified 3D structure diagram
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Figure 3. Mesh model
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Figure 5. Accuracy verification diagram
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Figure 6. Pressure distribution diagram
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Figure 7. Velocity distribution diagram
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Figure 8. Particle trace diagram
[E 8. KiFiTiskE

3.2. FRIBEEREMNABRIAHF IR

TESR R BRI BT, 818 BRI /NE— DN R REESH, © BRI 1R A 6 e
FEARE. Bk, #ATAREEER N, BT A TR RERRIE .

Kl 9 REIRITIFEE N 45°, JRIEALE 5 mis B IL T, AN [FIEIE BELARXT IR ] 0 0 20 A i se e . 7E 5]
9, H EZETEEESSHN 66 mm. 76 mm LUK 86 mm. WilE 9 fax, {EEEA N RIRIENTIX—
o XA R X, BRI/ A R X, BRAARH O 88 H X — 30 AR R X . 44652 10 B2 H 66 mm
] 86 mm AR (it R e, v R DX R DX R IR, AR X 328 T K

EE 10, B OEE R IEE A5 N 66 mm. 76 mm BLK 86 mm. Wil 10 iR, 7E4RRERIE K
BRAGHE LT BRARH VDL R ERAR N IR, 359728 T RIZLR TR AR Ak, RO T D PR ) R X . 7EiE
TEEAH 66 mm [ 86 mm ARALE R, T IEE BRI, 1P R N, S PR R

DOI: 10.12677/mos.2024.134405 4492 A ()


https://doi.org/10.12677/mos.2024.134405

Total Pressure [ kPa ] 1818 B 266mm

-880 2287 5455 8170

-_

BIEEE76mm

-255 456 1168 1777

I

1818 & 1286mm
-101 136 373 577
S —

Figure 9. Pressure distribution diagram

9. EASHE

Velocity Magnitude [ m/s ] 1E18 B 1266mm
0.00 28.81 57.61 82.31
———

B8 H fZ£86mm
0.00 9.31 18.61 26.59

Figure 10. Velocity distribution diagram
B 10. RESE

BIEE R66m

Figure 11. Particle trace diagram
B 11, RFirgkE

HE 11 oI5, 42 aRERIR B B2 N IEE E A AN 66 mm. 76 mm UL 86 mm. W& 11 fias, 1E
AR RSN FE B &= A im IR AR e, & @18 EAR G N, SR BN, BRAA P33 0 i IR 8 T e 2%
BRAK O Ab 598 18 TR R AL T 350 7 AR R R e IR 46 /N

DOI: 10.12677/mos.2024.134405

4493

B A


https://doi.org/10.12677/mos.2024.134405

Mzt 2%

4. BRI TRRRERES
4.1. RERH

TR RBAERITRh EREE, WM TR RIS BT RS R 3O I T E AE
URZMARESE, DR S A R IR [ 1A R T I AR AR [14] . Y R BN BB 1] B dAE e
TR, EHERY, AR RECEOC, R TRIRE R TG, R R N U R IR R E R

HZE[15] [16]. W TR E RECE R A [17]00F:
AP=P -P,

o
C:
Q Pl_PZ

H:

)

O]

©)

b, PONIRITHECUE S, Pas P, MIRITHICE J), Pas AP MIEZ, Pa: C B &AM, TR Q

HERE, mihs p NIRAREE kgim®.

FRYEBAE I A3 EE x4 sUBR IR f i i R AT TR 5, THBEAE Rk 1 A1k 2 o, |k 1
A 2 ATA, EAEE BRI R R EOHE T, g sCERIR A AN FLETE BARNUT AR, 2 SBUHM

AL -

M 1IN, 20l IE AR OREF )y 76 mm ANAZI, I®TJT B2t 30° ) 607 MiHY K, Vit & R Ok B IR

[T BE RO KT DS, HR T T RE 142 55 -

Table 1. Flow coefficient
#z 1 RERH

10
30°
45°
60°

T AR
11.14
5.39
1.91

HHS 2 I g, M1 EEARER N 45 AR, IR 1EIE B2 H 66 mm [ 86 mm G N, & RECENE

E TR ERERE DR DR DN b i vk i

Table 2. Flow coefficient
Fz2 RERW

BEER e R
66 mm 2.53
76 mm 5.39
86 mm 9.36
DOI: 10.12677/mos.2024.134405 4494 e RSE TR


https://doi.org/10.12677/mos.2024.134405

MR &

4.2. RHERH

Uit PHL 28 B A B it A AR S I IR 1) B TE N o A R 45 K ) E 2 2 B[ 18] X AL B AR B AT IR AT 5T
Ao M B 3ATT S o M B W 1) G5 e AR sl B i, O EL AT DA AL AG it DL RE BB 2R . I
ML RE 2 BOAN AT LS AR ) R GERIVERE, &7 BARR IR R LRI RERENIZAT A . —RIGOL T, Uik
FRHOEOR R RE AR JOBOR . B RE T, IR RE AR OB N U SR B R RN VAT BE R [19]
[20]. W IPH R BT S A K [21]100 T

27 @
PV
gh 4 5N
(= 2( Rl _2P2 ) (5)
Yol

b, POAITIEEOE ), Pa; PONIRTTH K S, Pas AP NIEZ, Pas ¢ NI AS, LEHN; vA
W, mis; p NI kg/me,

g4 G MBUE R FTFEE, 42 R IRE AT R R, THEE RN 3 Mk 4 foR. R
Y72 3 AR T 1, I B REE N 76 mm AR, B I IT A 30° 15T K A 60°, JibH R A
SEIUEHI R A X RS R IR, ISR RS,  HLAETFEEM 4571 60°lE
By, P RBCREIE K.

Table 3. Flow resistance coefficient
% 3. mMEEH

1T b 2%
30° 19.13
45° 66.86
60° 333.49

M3 4 WL T IDTEORSS Y 45° AN, BEEIEIE AR\ 66 mm 34 hNE] 86 mm, B ALK 2
BLZ BN o XA W IE ELAR ARG N 2 BRI A 1 1T R BEL A7, AT 4% 5 1 1] 4 3t
REST.

Table 4. Flow resistance coefficient
4. RBAREH

Wi A T FH AR 2
66 mm 223.63
76 mm 66.86
86 mm 26.45

WO A AR BRI, 75 LR G75 REIHIE EAR AT 224k, DLAST PP A% IR [T SEE RE ST -
5. B&

AR SO BB A A A4 BRI B A PR EAT TIRAWTTE, RS H T B 4.

DOI: 10.12677/mo0s.2024.134405 4495 jé

m

5


https://doi.org/10.12677/mos.2024.134405

Mzt 2%

H5E, MTAFEIFE TR, O IEE R TTITERR, WA R KRS IEEE R, RhET1E
HN o TR DOTRE (N S S A BB EE IR, JCHAE RN DN DAL, R SURISE K, TR
HERILR . BAh, BEEIT LGN, e GORER VR N B B R e, RS RS IR 2k

Fok, SEOAN RS TE BARRIBE OB, GEE ELAR A NI Py e L DR R DX BT, I
JEDXHI R A IZET R . TR, B TE ARG N B R L, AR ERR P B AU TS, R
HH AR 7 A 30 TR /) o

e, AR BRI (R RO LR BT Horb, S5 R I ] 5 2R St o 1 11O PR T
Pl A EAE EARHE ORISR TP AR BN 2B S s, BEAE W OT g R oK, B HiE
FLARTE KR o

gi BRIk, AatesCERIGIN N AR 2 52 I I 11T BEANGEIE BAR IS, 7 456 75 F8 IX Le [ 3R 1T A
W IPERE . FESERRR A R, 2 FE A R TOU I T it SR mm i g id s i R g A E YEA R A
HEF Lo

SE 3k
[1] A AWmKREELEBITEHERL]. AEAR, 2023, 30(9): 206-208.
[2] JASEMG. A S T A H PSR S T S (D], AL T4k, 2022, 12(2): 228-229.

[3] Sotoodeh, K. (2020) Failure Mode and Effect Analysis (FMEA) of Pipeline Ball Valves in the Offshore Industry.
Journal of Failure Analysis and Prevention, 20, 1175-1183. https://doi.org/10.1007/s11668-020-00924-8

[4] Fith, &R, WEEh. FK 02 SRR IR & 5t o0 R a5 Bad[J]. 5P E, 2022, 39(8): 441-445,
455.

[5] Cheng, W. and Peng, H. (2022) Dependence of Flow Coefficient on the Cone Angle and Relative Opening of Natural
Gas Control Ball Valves. Transactions of the Institute of Measurement and Control, 45, 649-660.

https://doi.org/10.1177/01423312221119378
[6] FAEBH, fItA, muls A, 5.V RUERIE RS K i 2 AT (], ALK, 2022, 50(9): 100-104.
[7] Ry BKIRE B RGRIHREE S AT[D]: [ 22401850, 7% K22 K, 2022.
[8] Ma, G, Lin, Z., Zhu, Z. and Fang, Y. (2021) Effect of Variable Speed Motion Curve of Electric Actuator on Ball

Valve Performance and Internal Flow Field. Advances in Mechanical Engineering, 13, 1-13.
https://doi.org/10.1177/16878140211028003

[0 T#HWR, T3, Tk, . T S UL T ) P 5 L B AN 75 5 P BB AR 2 [J/OL].
https://doi.org/10.13922/j.cnki.cjvst.202308006, 2024-3-20.

[10] FileE, SitrE, /%, & %S BRI A R[], < H L A2, 2015, 34(11): 87-88, 90

[11] B V BRI BRI R S AR 2 S0 U [D]: (L2268 30]. 220 =BT K%, 2020.

[12]  HBIRBH. [ ARG IR B 20 AT S0 B FE[D]: (A 20018 3], Kok KOERE TR %%, 2022.

[13] MG, SR, 5KEME. FT FLUENT FIHE EERIGEERILII]. #5774, 2023, 54(16): 49-51

[14] Nguyen, Q.K., Jung, K.H., Lee, G.N., Park, S.B., Kim, J.M., Suh, S.B., et al. (2023) Experimental Study on Pressure
Characteristics and Flow Coefficient of Butterfly Valve. International Journal of Naval Architecture and Ocean Engi-
neering, 15, Article 100495. https://doi.org/10.1016/j.ijnaoe.2022.100495

[15] Ek&, ¥ %, Mo, & IS ERY 62 1w TR e f s ], dARPUNE, 2024, 52(1): 41-47

[16] Nguyen, Q.K., Jung, K.H., Lee, G.N., Suh, S.B. and To, P. (2020) Experimental Study on Pressure Distribution and
Flow Coefficient of Globe Valve. Processes, 8, Article 875. https://doi.org/10.3390/pr8070875

[17] REdOe, WBeSt, XUt S R R MERIR BT SR R S SRR ). AR SR SE, 2021, 40(12):
26-30.

[18] Zhao, L., Wu, J., Jin, Z. and Qian, J. (2022) Cavitation Effect on Flow Resistance of Sleeve Regulating Valve. Flow
Measurement and Instrumentation, 88, Article 102259. https://doi.org/10.1016/j.flowmeasinst.2022.102259

[19] Wang, Y., Zhu, C., Zhang, G., Wang, D., Jiang, M., Zhu, Z., et al. (2020) Numerical Analysis to the Effect of Guiding

DOI: 10.12677/mos.2024.134405 4496 e RSE TR


https://doi.org/10.12677/mos.2024.134405
https://doi.org/10.1007/s11668-020-00924-8
https://doi.org/10.1177/01423312221119378
https://doi.org/10.1177/16878140211028003
https://doi.org/10.13922/j.cnki.cjvst.202308006
https://doi.org/10.1016/j.ijnaoe.2022.100495
https://doi.org/10.3390/pr8070875
https://doi.org/10.1016/j.flowmeasinst.2022.102259

MR &

Plate on Flow Characteristics in a Ball VValve. Processes, 8, Article 69. https://doi.org/10.3390/pr8010069
[20] E&7, Fihh, ek, S RRER R EREEUE M [J]. Bid L%, 2024, 46(1): 36-40.
[21] kfhE, WoAES, BRiEE. 24T CRD BRI BUERI 5w 7], Hil Rl 554K, 2019, 31(3): 108-113.

m

DOI: 10.12677/mos.2024.134405 4497 e RSE TR


https://doi.org/10.12677/mos.2024.134405
https://doi.org/10.3390/pr8010069

	石油集输管道缩径式球阀内部流场研究
	摘  要
	关键词
	Study on Internal Flow Field of Reduced-Diameter Ball Valve in Oil Gathering and Transportation Pipeline
	Abstract
	Keywords
	1. 引言
	2. 计算模型
	2.1. 几何模型
	2.2. 网格划分
	2.3. 边界条件设定
	2.4. 准确性验证

	3. 流场仿真模拟结果及分析
	3.1. 不同开度对内部流场的影响
	3.2. 不同通道直径对内部流场的影响

	4. 缩径式球阀流通能力
	4.1. 流量系数
	4.2. 流阻系数

	5. 总结
	参考文献

