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Abstract

In the development of condensate gas reservoirs, as the formation pressure decreases, condensate
oil appears, which complicates the phase changes and flow patterns of the oil-gas-water three-phase
system in the wellbore, increasing the difficulty of liquid carrying in gas wells. To gain a deeper
understanding of these phase changes, this paper uses a VOF-coupled horizontal well model for nu-
merical simulation of the oil-gas-water three-phase flow in the inclined section of a horizontal gas
well. The study examines the flow characteristics of the oil-gas-water three-phase under different
inclination angles, flow rates, and gas contents, and analyzes the impact of these parameters on the
distribution, flow patterns, and interactions of the three-phase fluids in the inclined section. Simu-
lation results indicate that with increasing flow rate, the flow pattern transitions from bubbly flow
to stratified flow; with increasing gas content, the transition is from bubbly flow to stratified flow
to plug flow; with increasing inclination angle, the flow pattern changes continuously from wavy
flow to plug flow to stratified flow. Notably, the simulation also reveals that when the inclination
angle exceeds 45°, the oil phase tends to accumulate at the bottom of the pipe, which may increase
the risk of oil phase deposition.
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Figure 1. Schematic diagram of the physical model for the inclined section
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Figure 2. Grid division results
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Figure 3. Mesh cell quality check
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Table 3. Parameter settings for oil-gas-water three-phase flow
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Figure 5. Flow pattern diagrams at a velocity of 2.5 m/s for different gas volume fractions
5. MIEA 2.5 m/s TR SAFRTBUR B HIE

DOI: 10.12677/jogt.2024.464045 368 FH RIS AR


https://doi.org/10.12677/jogt.2024.464045

FR F

M5 (a)~(d) P AT BLE Y 2 AR AR 2 BRI S A LSS AR AN TR QA7 A T (i AN K e
TERGUIRTT . BEE AR E3E N, NI & IR, ISR GRRUH BE B IT
TR . AEFURIR R, SRR 2 10 A A2 B SR K 20 ST, SO BAR G (BRAR 9 Taylor <L) 7%
AAEEE P Fsl, MBS R Z A = .

3.3. {Ef AT R

FEGLE N 2.5 mis, JHIKIARID L 5%, AR EON S0%IKIZAF T, ERIUBURL BBUR A 22 o
TR B AL I RE I, R 435 307, 457, 60°. 75°, HUEMNLE RanlE 6 Fra.

A - KRB A
B - SR BV A
C- [IERBEHE

0.00e+00 1.00e01 20001 3.00e01 4.00e01 5.00e-01 6.00e-01 7.00e01 8.00e01 9.00e01 1.00e+00

() fassm 30°

A - KAEREL S E
B - imtE R A LA E
C- SHEREENE

C B A

00000 100001 200001 3.00e01 4,000l S00e01 B00ed T.00e01 Bodedl 00e01 100w 00

(b) iRt 45°

DOI: 10.12677/jogt.2024.464045 369 FHRAIR SR


https://doi.org/10.12677/jogt.2024.464045

o
i
48

A - KA EL A
B - MR AY S 1A
C- SHEREYEE

C B A

0.00e+00 1.00=01 200e01 3.00e01 4.00e01 5.00e01 £.00e01 7.00e01 8.00e01 9.00e01 1.00e+00

(c) WiRtf 60°

A - KB BV SR
B — iR AL 45 A
C- SAEREGEWE

C B A

0.00er00 1.00e01 200e0 3.00e01 4.00e0 5.00e01 6.00e01 7.00e01 8.00e01 9.00e01 1.00er00

(d) faiRtfa 75°

Figure 6. Three-Phase flow pattern diagrams for oil-gas-water at different inclination angles
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