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Abstract

With the development of oil and gas well exploitation, rodless production pump has been widely
studied and paid attention to because it overcomes the problems of traditional production pump.
Therefore, it is the primary task to improve the efficiency of rodless oil pump. Therefore, a fully
automatic reversing rodless oil pump developed by a certain company is adopted as the research
object in this paper. Combined with the experimental conditions of this product, the internal flow
field of rodless oil pump labyrinth seal is studied and optimized by Taguchi experiment design and
computational fluid dynamics numerical simulation method. The results show that when the seal-
ing gap is 0.13 mm, the sealing groove depth is 0.7 mm, the number of sealing slots is 6, and the
pressure difference between the two ends of the sealing port is 13 MPa, the labyrinth sealing per-
formance is the best. And compared with the experiment of the original product, the sealing effect
is improved by 27% after the optimization of various factors. The conclusion can provide reference
for the design and application of labyrinth seal in oil pump.
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Figure 1. Automatic reversing rodless oil pump leakage principle
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Figure 2. Three-dimensional model of labyrinth seal of piston pump barrel. (a) Oil pump assembly drawing; (b) Piston and
pump cylinder sealing principle
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Figure 3. Labyrinth sealing geometry model structure
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Table 1. Orthogonal experimental scheme
F 1 EXTHAR

i BIRESE A /mm R /mm W ENEUS HEZEEE/Mpa =Yl
1 0.05 0.7 6 8 1
2 0.05 1 8 10 2
3 0.05 1.5 10 13 3
4 0.05 2 12 15 4
5 0.09 0.7 8 13 4
6 0.09 1 6 15 3
7 0.09 L5 12 8 2
8 0.09 2 10 10 1
9 0.13 0.7 10 15 2
10 0.13 1 12 13 1
11 0.13 L5 6 10 4
12 0.13 2 8 8 3
13 0.17 0.7 12 10 3
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Figure 4. Geometric dimension drawing. (a) Clearance 0.09, depth 0.7, sealing slot number 8; (b) Clearance 0.13, depth 1.5,
sealing slot number 6; (c) Clearance 0.17, depth 0.7, sealing slot number 12
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Figure 5. 13 Groups of conditional flow field velocity distribution. (a) Velocity vector diagram; (b) Velocity cloud map; (c)
0.17 mm pump clearance velocity vector diagram
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Figure 6. Velocity distribution on the gap midline
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Figure 7. Pressure distribution on the gap midline

7. B ERE NS E

4.2. IEZERIH
MR 16 2H S0 e 75 2 REH i) B AT B0 45 R i R 4k 2.

DOI: 10.12677/met.2025.143027 283 WU TR 5


https://doi.org/10.12677/met.2025.143027

£S5

Table 2. Fluid simulation results

2. REMETESER

g;%\\?\ﬁ MIBEYE L /mm RS /mm FEAHS HEZEE Y/ Mpa wEH MRE/107 ke
1 0.05 0.7 6 8 1 3.947
2 0.05 1 8 10 2 8.446
3 0.05 L5 10 13 3 21.336
4 0.05 2 12 15 4 44.006
5 0.09 0.7 8 13 4 5.885
6 0.09 1 6 15 3 7.734
7 0.09 1.5 12 8 2 26.403
8 0.09 2 10 10 1 37.960
9 0.13 0.7 10 15 2 7.823
10 0.13 1 12 13 1 14.135
11 0.13 L5 6 10 4 15.469
12 0.13 2 8 8 3 31.915
13 0.17 0.7 12 10 3 9.761
14 0.17 1 10 8 4 13.424
15 0.17 L5 8 15 1 20.536
16 0.17 2 6 13 2 25.870
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Table 3. Range analysis of leaka
3. tRENRES

ZH A B C D E
K1 77.734 27.417 53.020 75.689 76.578
K2 77.983 43.739 66.782 71.636 70.542
K3 69.342 83.744 80.543 67.226 70.747
K4 69.591 139.751 94.305 80.099 78.783
k1 19.434 6.854 13.255 18.922 19.145
k2 19.496 10.935 16.695 17.909 17.635
k3 17.336 20.936 20.136 16.807 17.687
k4 17.398 34.938 23.576 20.025 19.696
R 2.160 28.084 10.321 3.218 2.060

950 4 1 2 3 5

Table 4. Significance analysis

F4. BEMDN

FSlEN PR R H Sy 2 BEM
A 17.623 3 5.874 1.015
B 1875.849 3 625.283 108.045 o
C 236.731 3 78.910 13.635 *
D 22.768 3 7.589 1.311
E (R Z51) 17.362 3 5.787
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Figure 9. Optimization scheme speed distribution diagram. (a) Velocity distribution cloud map; (b) Velocity distribution vector
diagram; (c) Velocity vector diagram of the optimization scheme
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Table 5. Optimized result
F 5. MMULER

FIBRTERE /mm IR /mm EE s FEZE K 72/MPa MR 107 /kg
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