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Abstract

During natural gas production, solid particles entrained in the wellbore can cause erosion on the
orifice plate flowmeter, affecting measurement accuracy and even leading to safety accidents. To
investigate the erosion effects of particles on the orifice plate flowmeter in natural gas production,
fill the gaps in existing research under gas-solid two-phase flow conditions, and reveal the erosion
mechanism of orifice plate flowmeters, this paper conducted numerical simulations based on the
Discrete Phase Model (DPM). The study focused on the quantitative effects of four key variables—
particle mass flow rate, fluid velocity, particle diameter, and shape factor—on erosion behavior.
The results indicate that mass flow rate (0.001~0.02 kg/s) and fluid velocity (6~15 m/s) are the
governing factors for erosion intensity. The former increased the average erosion rate by 19.96
times by increasing the particle collision frequency, while the latter increased it by 13.09 times by
enhancing the particle impact kinetic energy. In contrast, changes in particle diameter and shape
factor have a limited influence on particle motion states, with the average erosion rate varying by
only 8.03% and 13.63%, respectively. This study provides a theoretical basis and engineering ref-
erence for the safe operation of orifice plate flowmeters.
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Figure 1. Two-dimensional schematic diagram of a standard orifice flowmeter
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ASCCAFFALEE 0.5 bR #EFLACR T R AN &, BE AFKEAE D =200 mm, A5 HEBRKE L =
L,=5D, LA 10 mm. 7£ ANSYS Space Claim F1 57 U478, 4Rz A 1 Fixs.
3.2. TR

HAMNE G, B 0.6679 kg/m®; EHEHNERL, % 1500kg/m?, % 1500 kg/m®. LTS
BR[23]-[2818f 2 S [ R Ve . BB IR & (0.001 kg/s~0.02 kg/s), 1 Fiiii#E 6 m/s~15 m/s), HifE(100
pm~400 pm) FRTR AR A (0.3~1).  BEAR THILEE 1.

Table 1. Numerical simulation conditions

Fz 1. BRI

T S A/ (m/s) R/ (kg/s) UKL B A%/ (Lm) JEARP 5
1 6 0.01 250 1
2 8 0.01 250 1
3 10 0.01 250 1
4 12 0.01 250 1
5 15 0.01 250 1
6 6 0.001 250 1
7 6 0.005 250 1
8 6 0.015 250 1
9 6 0.02 250 1
10 6 0.01 100 1
11 6 0.01 150 1
12 6 0.01 350 1
13 6 0.01 450 1
14 6 0.01 250 0.3
15 6 0.01 250 0.4
16 6 0.01 250 0.6
17 6 0.01 250 0.8
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Figure 2. Grid independence verification
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Table 2. Errors between experimental and simulated data in gas-solid two-phase flow reported by previous researchers
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FRIRE31] DPM TE 4.01%
FBEAE[32] DPM B 23.3%

Veiskarami [33] DPM L 7.16%
#3C1l[10] DPM T 5.35%
Yan [34] DPM i) %] 6.77%
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Figure 3. Particle trajectory contours

3. BRI = E

Figure 4. Schematic diagram of particle trajectories at the orifice
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(a) (b) (c)
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Figure 5. Erosion contours of the orifice plate under different particle mass flow rates, (a) mp = 0.001 kg/s, (b) mp = 0.005
kg/s, (¢) mp = 0.01 kg/s, (d) mp = 0.015 kg/s, (d) mp = 0.02 kg/s

5. FTRIFHRERE TLARMEEE, (2) mp=0.001kg/s, (b)mp=0.005kg/s, (c)mp=0.01kg/s, (d)mp=0.015
kg/s, (d) mp=0.02 kg/s
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Figure 6. (a) Variation of maximum erosion rate with mass flow rate; (b) Variation of average erosion rate with mass flow
rate
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ML 6(a) R 6(b) AT BAE Hi,  FUICAL IR ER i 3 1Y 359 o o 23 35 o 3 5 PO 46 B i 0 -7+
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4.3. T BRFE X A HE RN

(a) (b) (o)
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Figure 7. Erosion contours of the orifice plate under different medium flow velocities, (a) v=6 m/s, (b) v=8 m/s, (c) v=10
m/s, (d) v=12m/s, (e) v=15m/s
7. FENBRETFMAMEE, @)v=6m/s, (b)v=8m/s, (c)v=10m/s, (d)v=12m/s, (e)v=15m/s
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Figure 8. (a) Variation of maximum erosion rate with medium flow velocity, (b) Variation of average erosion rate with medium
flow velocity
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Erossion atekgm ")

d) (e)

Figure 9. Erosion contours of the orifice plate under different particle sizes, (a)dp = 100 um, (b) dp = 150 pum, (c) dp = 250
um, (d) dp =350 pum, (e) dp =400 um
9. FNERIEZ T MEZE, (a)dp=100um, (b)dp=150um, (c)dp=250pum, (d)dp=350pum, (e)dp=400pum

(d) (e)

Figure 10. Erosion contours of the orifice plate under different particle shape factors, (a) shape factor = 0.3, (b) shape factor
= 0.4, (c) shape factor = 0.6, (d) shape factor = 0.8, (e) shape factor = 1

10. AEIFKEFTIRAMEE, @FREF =03, b) BHKREF =04, (c) BREF =0.6, d) BREF =
0.8, (e) EIHKEAF =1
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Figure 11. (a) Variation of maximum erosion rate with particle size, (b). Variation of average erosion rate with particle size

11. (a) RAMMRFERZTIRZE, (b) FERMERRERET R

100 40
v bR —v— P
35 |
~ 90 | Er
b ‘v 30 [
wn .
o a@
= 8ot
50 80 [~ on
E £ |
= 5% v/V””J'—_”"'—_‘v
— —
s
s : 15
E Hior
H 60 =
5k
50 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1
0.2 0.3 0.4 05 06 07 08 09 1.0 11 0.2 0.3 04 05 06 07 08 09 1.0 11
TEARE T TEAR I+
@ ®)

Figure 12. (a) Variation of maximum erosion rate with shape factor, (b). Variation of average erosion rate with shape factor

E 12. (a) mAAMEFERAREFEHBLZL, (b) TR AREFEHZ%
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