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Abstract

It is the most difficult for the air flow to carry liquid in the inclined section of a horizontal gas well.
The air flow and liquid carrying situation are more complicated, and the existing liquid carrying
model is not accurate enough. In view of this, this paper uses the method of indoor multiphase
pipe flow experiment and theoretical analysis to carry out specific research on air flow and liquid
carrying in the inclined well section. The study found that the gas flow in the inclined well section
is in the critical state of the transition from slug flow to disturbance flow; the liquid holdup in the
wellbore increases with the decrease of gas production, and shows a trend of first increasing and
then decreasing with the increase of pipe dip.; the new model for criticality of the inclined well
section has been verified on site, and its prediction accuracy is high, and the average error is small
(2.16%). The research in this paper can provide a scientific basis for the implementation of liquid
drainage and gas recovery technology measures in horizontal gas wells, and provide a certain
theoretical reference for the actual production process.
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Figure 1. Experimental setup
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Figure 2. Stable liquid-carrying wave-like flow pattern of air flow at an inclination angle of 15°
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Figure 3. Slug flow pattern appears when the airflow is stable and liquid-carrying at an inclination
angle of 10°
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Figure 4. Gas-liquid two-phase flow pattern when the airflow cannot effectively carry liquid at an
inclination angle of 75°
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Figure 5. The change of liquid holdup rate at different inclination angles and gas flow rates at a liquid flow rate of 0.1 m*/h
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Figure 6. The change of liquid holdup rate at different inclination angles and gas flow rates at a liquid flow rate of 0.2 m*/h
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Figure 7. Change of liquid holdup when the inclination angle is 15° and the liquid flow rate is 0.2 m*/h
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Figure 8. Change of liquid holdup when the inclination angle is 15° and the liquid flow rate is 0.4 m*/h
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Figure 9. Change of liquid holdup when the inclination angle is 45° and the liquid flow rate is 0.2 m*/h
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Figure 10. Change of liquid holdup when the inclination angle is 45° and the liquid flow rate is 0.4 m*/h
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Figure 11. The change of liquid holdup when the inclination angle is 74° and the liquid flow rate is 0.1 m*/h
11. {§ifa 74, RASRERN 0.1 m'/h FHFRETNK

DOI: 10.12677/jogt.2022.442015

117

AR TR


https://doi.org/10.12677/jogt.2022.442015

FANH AE

FRIRE /(N

0.36
0.32
0.28

0.24 -

0.20
0.16
0.12
0.08
0.04
0.00

650600550500450400350300250200150100 50

[—e—0.2m¥h

Il #1448
A 74°

| JE.#30.5MPa

Il 1 1 Il 1 1 1

KA R/ (m/h)

Figure 12. Change of liquid holdup when the inclination angle is 74° and the liquid flow rate is 0.2 m*/h
12. {§ifa 74, RISRER 02 m'/h FHFRETN

FRR /(D

0.36
0.32
0.28
0.24
0.20
0.16
0.12
0.08
0.04

0.00
650600550500450400350300250200150100 50

—u—(0.1m*h

Il S48
16 £1190°

£ 770.5MPa

AR R/ (m/h)

Figure 13. Change of liquid holdup when the inclination angle is 90° and the liquid flow rate is 0.1 m*/h
13. 1§18 90", RARERN 0.1 m'/h FHFREEN

FRE /(D

0.32
0.28
0.24
0.20
0.16
0.12
0.08
0.04
0.00

T

T

T

T

T

T

4—(0.4m%h

I S
i £ 90°

% 770.2MPa

A

AR/ (m3/h)

550 500 450 400 350 300 250 200 150 100 50

Figure 14. Change of liquid holdup when the inclination angle is 90° and the liquid flow rate is 0.4 m*/h
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Figure 15. Gas-liquid two-phase flow pattern in the critical
state of air-carrying liquid in a 60° inclined well section
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Figure 16. Schematic diagram of slug flow in inclined well section
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Table 1. Statistics of the prediction errors of the two methods of liquid holdup
= 1. BMAERRETUMRE ST

M) Beggs-Brill Mukherjee M) Beggs-Brill Mukherjee
0 0.62 0.74 0 0.56 0.63
0 0.62 0.72 0 0.58 0.66
30 0.42 0.59 30 0.39 0.57
30 0.38 0.57 30 0.40 0.52
60 0.39 0.61 60 0.35 0.61
60 0.34 0.61 60 0.40 0.55
90 0.25 0.49 90 0.44 0.62
90 0.43 0.61 90 0.44 0.61

M 1 I, Beggs-Brill BRI 15132 254 0.438, Mukherjee FH HAF 5132 28 0.607, X Pl 7 i:15
B4 R Z=R K. Kt Beggs-Brill 772481 Mukherjee-Brill 77 75:HEAT AN [E 44 FHRFBCRIGEG, 45 R Ans 2
M 3 Fose PREERIZM AN A FRBCRERTN: B, WAEH, BINRRRZE27].

Table 2. Statistics of prediction error of liquid holdup under Beggs-Brill method A/B
= 2. Beggs-Brill 757% A/B £ TN SRETNEIRES T

M) AFMTRTHIRE BEARMATVHIRE M) AFETTERE  BFRATTHRE

0 0.617 0.557 0 0.560 0.511
0 0.660 0.607 0 0.577 0.515
30 0.417 0.490 30 0.395 0.580
30 0.381 0.542 30 0.397 0.512
60 0.387 0.459 60 0.350 0.545
60 0.342 0.605 60 0.401 0.496
90 0.254 0.459 90 0.444 0.570
90 0.426 0.551 90 0.442 0.550
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Table 3. Mukherjee-Brill method A/B liquid holdup prediction error statistics
%% 3. Mukherjee-Brill 753% A/B & TN HFREFTMIRES T

M) AFMFRTERE BEATTHRE MEC)  AFHETFERE BFRETTHIRE

0 0.738 0.738 0 0.630 0.630
0 0.716 0.716 0 0.663 0.663
30 0.588 0.588 30 0.574 0.574
30 0.566 0.566 30 0.525 0.525
60 0.611 0.611 60 0.607 0.607
60 0.611 0.611 60 0.546 0.546
90 0.493 0.493 90 0.621 0.621
90 0.607 0.607 90 0.611 0.611

FHE% 2. 4% 3 XPELmT &0, Beggs-Brill 772 Tl 45 S 5 5L bRAHZE 0.1, 1 Mukherjee-Brill 77 ¥ Fiill 45
RNEGSEBRA 0.6067, FEAWA, KT B BESOK A I R S P S50 2 X Mukherjee-Brill
(R T S AT B G

HRAE SR B SRR BN 2 BT R R 25 5, B X AN [R) AR SR BN I R S R 20 S5 A DGR TR R 4R
ARAE SR R 2 AR AN il 2249 B AS [ SO FOIRES PR, I FOIRES N R e Y

RHEPREMEE BRI R A 2

0.369

H, =exp| (~0.472+0.111sin0—0.076sin’ 6+8.353N3)N;—_g044 (11
vl
0.25 0.25 0.25
N EP’ ND =D plg/o- ’ Nl = /uL I:g/(pLo-3 ):| ’ Nvg = va [pg/(go-):| ’ Nvl = Vvl [pL/(go-):I °
N, B BAAHE, H eS80 X345 Mukherjee-Brill 77 AH[A .
FORIRSFHICR A IR I 4 Fos.

Table 4. Fitting results of inclined well section

F 4. RFARMEER

FARRR A
Ll df ¥
[\ ) 24.899 10 2.490
bR 0.491 761 0.001
AFEIEMSGT 25.390 771 .
CEIERIS 6.052 770 -

“HAFE Hl, aR J =0.919.
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Figure 17. Comparing calculations of critical model for inclined well section
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