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Quantitative erosion simulation calculation and optimization for large-scale sand fracturing
completion tools
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Abstract: The 120 MPa ultra-high-pressure, long-duration, high-displacement sand-fracturing operations in the Xujiahe tight sandstone gas
reservoir have significant erosion impacts on the completion siring, leading to various problems including well string deformation,
fracture, ball seat wear, and improper positioning of sectional balls. Based on erosion wear theory, four severely eroded sections of the
segmented string were identified. Using Ansys software, a model was developed to quantitatively evaluate the erosion extent at the
diameter transition points of the large-scale sand fracturing string, employing a combination of dynamic and static methods. The short
tubing joint and the sliding sleeve ball seat were identified as the most erosion-prone areas, and targeted structural optimization and
material selection were conducted for these critical points. For the variable diameter short tubing joints, Q125 grade tubing was selected
for its balance of strength and cost-effectiveness. The chamfer angle at the diameter transition of the sliding sleeve upper joint was
controlled within 30°, the top of the sliding sleeve ball seat was redesigned with an arc shape, and the material for the ball seat was
altered to hard alloy. After these optimizations and improvements, the sliding sleeve exhibited a 66. 5% reduction in erosion compared
to the original structure. The improved fracturing string was successfully applied in several wells in Xujiahe formation in the Northeast
Sichuan, including well YL15, well YL171, and well YL6, meeting the demands of ultra-high-pressure, long-duration sand fracturing
operations.

Keywords : ultra-high pressure; high displacement; erosion; short tubing joint; sliding sleeve ball seat; sand fracturing; simulation

calculation; Ansys finite element analysis
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Fig.1 Dynamic erosion rate of double male short joints before and after erosion
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Fig.2 Cross section of double male short joint before and after dynamic erosion
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Fig.3 Dynamic erosion rate of oil pipe short joints before and after erosion
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Fig. 4 Cross section diagram of oil pipe short joint before and after dynamic erosion
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Fig. 5 Dynamic erosion rate of oil pipe short joints before and after erosion
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Fig. 6 Cross section diagram of oil pipe short joint before and after dynamic erosion
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Fig.7 Cross section view of sliding sleeve before
and after dynamic erosion
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Fig.8 Cross section view of sliding sleeve before
and after dynamic erosion
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Table 2 10 stage fracturing with various sliding
sleeve parameters

e 583 BREENAE BREE I HME
/mm /mm A2/ mm /mm

D632810301 1433 26.0 62 110
D632810302 1433 30.0 62 110
D632810303 1433 33.0 62 110
D632810304 1433 36.5 62 110
D632810305 1433 39.5 62 110
D632810306 1433 42.5 62 110
D6328103016F 949 45.5 62 110
D632810307 1433 48.5 62 110
D632810307F 949 51.5 62 110
D632810310F 949 55.0 62 110
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Table 3 Table of erosion and thinning degree of various parts of the pipe column under different flow rates

and particle sizes

kAR B/ mm Rif2 707140 H Kz 40,70 H
Hef/ (m® -min™") 8 9 10 11 8 9 10 11
#1-XUA Y 0.013 0.018 0.028 0. 246 0. 004 0.015 0. 026 0. 050
#2-1 WA 0. 404 0. 565 0. 762 0. 962 0.238 0.359 0. 602 0.792
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0301 3.300 3.686 3.865 4.580 5.172 5.962 6.322 7.723
0302 3.125 3.427 3.763 4.126 4.713 5.316 6.126 6. 852
0303 2.906 3.127 3.315 3.614 4.232 4.863 5.424 5.768
‘ 0304 2.803 3.016 3.266 3.413 4.199 4.562 5.012 5.216
(ﬁiéﬁiﬁi} 0305 2.506 2.715 3.085 3.260 4.127 4.216 4.363 4. 426
s 0306 1. 862 2.513 2.591 2.843 3.413 3.595 3.659 3.896
2306F 1.386 1.782 1. 964 2.382 4.011 4.124 4.136 4.181
0307 1.858 2.216 2.457 2.650 2. 694 2.754 2. 865 3.124
2307F 1.734 2. 066 2.102 2.206 3.127 3.366 3.512 3.760
2310F 1.139 1.562 1.859 2.139 2. 887 2.945 3.013 3.160
#4-Y241 BFREE 0.011 0. 020 0.07 1.724 0. 106 0. 130 0. 134 0. 142

4 BEEMWEREFRMLIZIT

T A A BROT ik AU g s s SR A 7 R
BRINAD s 2 A, i g o J3E s ™ T ) 7 B A AR A
$88. 9 mmx6. 45 mm g AR $73 mmx5. 51 mm e
BT RN

(1) $ AR 4R

BEXIMAS AR AR v 585 A, B AN [R5 4 A A4
TR P AR (W3 4) B A BT A i i T
Was S 7, 01 T Q125 B A B AE S i 4 A2
Zy SRV

R4 TREIMGHE R E
Table 4 Simulation calculation of erosion in oil pipes

of different steel grades
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