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Abstract

The accumulation of fluid in gas well has become one of the key factors affecting the stable pro-
duction of gas well. In order to optimize the process of gas well drainage and production, the
critical liquid carrying model is often used to evaluate the downhole fluid accumulation. However,
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the mechanism of fluid accumulation in gas wells has not been clarified. In this paper, the multi-
phase pipe flow simulation test is used to realize the on-line measurement of liquid film and liquid
drop, and the change of liquid drop and liquid film in the production process of gas well is clear.
The characteristics of droplet size distribution under the condition of gas-liquid ratio 233~1463
m3/m3 were determined by series quantification. Using liquid film stripping, on-line ECT and dif-
ferential pressure measurement to clarify the basic conditions of liquid film turnover, it provides
a powerful reference for the understanding of fluid accumulation mechanism in gas wells.
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Figure 1. Experimental flow chart
1. KRIEE

Figure 2. Droplet sampling head
B 2. GBSk

Figure 3. Insitec Malvern tester
3. Insitec B/R3ITMIR L
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Figure 4. ERT test electrodes
4. ERT Uit BLAR

4) FEhI A

i FH FAGH LI FRER SR, SR TR AE S A AL i I A 40T oy, A P s S R AR AL XS s s 37
BN IR AT AFARIC s, ISRV EE T IR SRR AE
3. LGRS
3.1. HGER TR 947

A% F 5y R SCRL FE AU SR R e RBGR E AT AT, R R SF oA, TR T SHRIE . A
ARALF IR, AR A 2 Je w0 ) _Lmish, MEEIRG - BEFERd ¥ X I, DA ELEG R R
W RS IERYE. B 5 AT LA T R RIS 8, 5 alx NS EE A 1463 m¥im®, 512
m®m3, 375 m*¥m?, 300 m¥m3, 233 m¥m3.

100 40.00
9 —_
< 13000
5 5
o =
> ]
@ 50 2000 2
kS i
3 [0}
§ 1000 5
S

0 0.00

0.10 1.00 10.00 100.00 1000.00 2500.00

Particle Diameter (um)

(a) Atk = 1463

DOI: 10.12677/me.2023.113054 440 i AR


https://doi.org/10.12677/me.2023.113054

RIS}

‘ — 40.00
g 3000 g
[ >
5 g
o 1 =
i 50 2000 §
2 [
a 1000 2
0 0.00
0.10 1.00 10.00 100.00 1000.002500.00
(b) Stk =512
100 / 40.00
g 3000 3
Q
: g
o 3
> 50 20.00 §
2 &
4(.“- [
3 £
£ 2
3 10.00 S
0 0.00
0.10 1.00 10.00 100.00 1000.002500.00
Particle Diameter (um)
(c) Atk =375
100 40.00
e / _
= a 30.00 R
) / ~
E g
o / ]
> 50 2000 2
2 / o
g / £
E / 10.00 5
() Vi >°
~ Z
0 = 0.00
0.10 1.00 10.00 100.00 1000.00 2500.00
Particle Diameter (um)
(d) Ktk =300
100 40.00
g 3000
o
o =
> 50 20.00 §
2 L
3 1000
0 = 0.00
0.10 1.00 10.00 100.00 1000.002500.00

Particle Diameter (um)
(e) Aiith=233

Figure 5. Droplet size distribution
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B R AR R T, BRACATIOK s BT BORZORST S IO A, il 26 B o RO SRR AR .
A BRI R 25 S IEAS 43 AR, B 5(a) s 4R A 1463 I, A77E 2500 um [, AT REZ
R A T AR BURE A AE — 8 R IEAT v, BRI G B )R~ 2 2500 pm.

1 AT LS R0 R FAASUE . MEES R RN, RIHATR 40 = 10% 90 R
o4 7.56 pm~30.50 um; R AR 4L = 50% 0 T E F D 28.51 pnm~192.41 um, RiHAFR 041 = 50%
HVH RAT VG 144.63 um~1863.87 um. &R ECIDIG N, 0 R 2B, #EEe /73 0,
HEVR I BRI K.

Table 1. Droplet size distribution
# 1 AR

. - W R F (um)
A (mPm?) - - - - - -
SIS = 10% RIMAEF 4 = 50% SIS = 90%
1463 7.56 28.51 1863.87
512 30.50 192.41 360.20
375 17.55 49.88 161.65
300 17.16 45.46 138.43
233 12.30 32.74 144.63

B C R RSO A 8 [ S0 Hids , SRR ORI R e 2 Bivs . 455 7R Turner % R R
W RSTE A 3201 pum~9024 pum, 76 K T AW 78 S v R~ o Bk mT DL, Turner £ H (99800 B % 31
FACHBLESRIG R VR S A B S I R T A B e = S0 ST 4 . — SURIF T ORI T 2R 4L
ME, Alamu (2012)1) 5 /R SCRAS MRS, RANAHE 745 RAHIT, van’t Westende (2008)55 A Ji i 2 5l
TR A R I I A IS [9] [10],  F 3% BH I S 4% T BE A A T A% S e ARSI 11 Ji A

Table 2. Maximum droplet size (droplet inversion theory)

*® 2. RARBRST (REREER)

EAETD QI Wik B (Kg/m®) Il SR (m/s) 7k J7(N/m) R RV RS (pm)
Guner (2015) 1.293 20 0.073 4234.339
Guner (2015) 1.293 21.8 0.073 3563.958
Guner (2015) 1.293 21.2 0.073 3768.546

Liu (2018) 1.293 13.7 0.073 9024.112

Liu (2018) 1.293 14.1 0.073 8519.368

Liu (2018) 1.293 14.3 0.073 8282.73
Rastogi (2020) 1.03 25 0.073 3401.942

Skopich (2015) 1.293 15.2 0.073 7330.919
Skopich (2015) 1.293 14.9 0.073 7629.096
Skopich (2015) 1.293 20.5 0.073 4030.305
Skopich (2015) 1.293 23 0.073 3201.768
AL 1.293 15.99 0.073 6624.432
ALY 1.293 16.41 0.073 6289.678
ARSI 1.293 16.41 0.073 6289.678
AL 1.293 16.7 0.073 6073.131
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Figure 6. Image recording when superficial liquid velocity = 0.014
E 6. {IHRE =0.014 FEIKIZHE

(a) M AE = 22.64 (b) TMAHE = 19.81 (c) FMA i = 16.98 (d) FM A = 14.15 (e) T M Ak = 11.32 (f) TV Ak = 8.49

Figure 7. Image recording when superficial liquid velocity = 0.028
B 7. {RI/E = 0.028 BTRIEIRICHE
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Figure 8. Image recording when superficial liquid velocity = 0.042

8. {IMZRE = 0.042 BFRYEIKICR
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Figure 9. Image recording when superficial liquid velocity = 0.071
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Table 3. Experimental values of critical gas velocity for liquid film inversion
= 3. MERFIGFRSAMELEE

AR E(m/h) FE A7 TH (m/s) Il LS AR B (mP/h) I R S ARG (M)
0.1 0.014 113 15.99
0.2 0.028 116 16.41
0.3 0.042 116 16.41
0.5 0.071 118 16.70
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Figure 10. Experimental value of pressure drop
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