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Abstract

To address the issue of erosion wear in pipeline transportation, computational fluid dynamics (CFD)
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and the discrete phase model (DPM) were employed to numerically simulate the erosion wear at
the cross-tee section of a quick-connect manifold assembly under hydraulic fracturing conditions.
The effects of key factors, such as fracturing fluid velocity and particle mass flow rate, on the erosion
rate were analyzed. By establishing a mathematical model for erosion wear and considering mate-
rial properties along with the allowable wall thickness loss, the service life of the fracturing cross-
tee manifold was predicted. The study revealed that erosion wear primarily concentrates on the
intersection line and the adjacent pipe wall. Furthermore, the erosion rate increases significantly
with higher fluid velocity and particle mass flow rate, leading to a sharp decrease in service life as
these parameters increase.

Keywords

Hydraulic Fracturing, DPM, Erosion Wear, Life Prediction

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

KT ST R AU — R S B P B BOR, DL AR A Al AT R AR 2 1T
WARTRISE 1] (2] it 0 v P B VAR D PR R AR P ) QB 03, e S 0K Hh PR 28R A Y ) v P A A B v
FERIR BT, (A 57 iy 5 L S FRORE (1 ot B A E I T T BN B SR4E, DALt inh < T SRR
[3]e ERXAERES, &R EIL R AR LTI 2 LA IR S I AR S S, 5 A b i B 45
UL, R AR T SR B TE S 7 A AL, R R R A R BT AT A BB SRR B T 1 R SRR
e, FEPAHEFEANE )7 A AR, TR R AR 45 77 1) Ao b FA) A7 38 AR 050 T JH A 708 2 52 0 e B 454 P 44

SHR[4]. Ik, BIF T i A 25 A w8 o e o R 45 S0 AT SR A U, X i e o I BV T S

AN A7 i AT B 2 o

FeF b, GGl I R TR AR 2R . A OB A @ B RO R, IRART TORHERR

s BB DS DX SR R B R DA R e 7= 2R R b i A R AEDRIERE B, JRATRE— B b T2

L R o R AR R AR X = AN S S O i E R L B S DL B AR, AR S Bl VR
LU T e, AR T B R RO

2. {RBIFEENT K AR5
2.1. {RBEST

B 1) WA RS BB S BT TE 28 B = e AR, 14 1(b) il i = 4ERE A B 5 8137 1 1l vt
ik T4 HnE B, & MNZ D N 130 mm, A DSAH DU EEKEEE N 1000 mm, B
ERHEKE L% E N 3000 mm. PUEARRUA 76 2 & e ARG 1T
2.2, MIAgRI5

K H Fluent Meshing XA AL 3EAT /S TR RS Kl 53, X6 DY@ A8 V0 A S BE S0 5 )22 WA a3k A T n 2% A B
AR lE 2 s, 3 289,084 A .

DOI: 10.12677/jogt.2025.473054 498 PRI TR


https://doi.org/10.12677/jogt.2025.473054
http://creativecommons.org/licenses/by/4.0/

XG5

v

3m
Im
(a) =4epsop (b) JLTZEHE

Figure 1. 3D model diagram and geometric structure diagram
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Figure 2. Schematic diagram of the computational mesh
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Table 1. Simulation parameters and their value ranges
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Figure 3. CFD result contour of the physical quantity field
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Figure 4. Erosion rate contour

B 4. Ao trE

DOI: 10.12677/jogt.2025.473054

502 A RN TR


https://doi.org/10.12677/jogt.2025.473054

XA 5%

5.3. Feidis B ik EE R O R

TE SCPE TR i & 60 ke/s, BURLKIZE N 0.15 mm (70/140 H). 0.3 mm (40/70 H). 0.4 (30/50 H)
mm B, 8 O R R A T AT B A B, B TR A B X DY E A kB R g, [ 5 Bk
1259 0.3 mm B AN [F) 05 T ks 255

SNSRI S Ui E =T STy iy N RN T AU R v B T DL BT 2 O N T by N 19 R PR P 1 AL
JE 24— RN I PR A B R A BR A PR T, DRI TE R VR A S 3 I ik R, BN [R) £8 3e D 3 A N
(IRURLZ WG 2, IR, 5 850 2 RO 7E B A7 B (] P ook DU 38 /5 BE THT 1 LR AR (R 3 K, R
L DY@ R 5 DV A AT M B IR I . R 6 IR, AN R AR TR I ) P ks R
PSR BEAAAE 22 5%, IR FE KT 25 my/s ), et ol 5 R 38 ol P AR AR FE I R o 3R DR R 4 T B
BUNEE, R EIBhEE N, HO DU BE AN B AT A A by, DRI s FR N

P 2R/ [kg(m?-s)]

0.018 (a)
(b)

0.006

() (a) (b) ()

(a) 25 m/s; (b) 30 m/s; (c) 35 m/s.

Figure 5. Contour of erosion rate distribution under different flow velocities
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Figure 6. Effect of fluid velocity on the erosion rate
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Figure 7. Contour of erosion rate distribution at different sand concentrations
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Figure 8. Effect of particle mass flow rate on the erosion rate
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Figure 9. Contour of erosion rate distribution for different particle sizes
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Figure 10. Effect of particle size on the erosion rate
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Figure 11. Service life prediction results
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