FolHE FE2H LIRS #HIR Vol.61 No.2
2025 3 5 GEOLOGY AND EXPLORATION March, 2025
(KX T AR doi:10.12134/j.dzykt.2025.02.017

AEIKFEFHRYIE TRIEBFERIETES

REM AR E FLHER

(1L HET RS, ERNEE TSR, THENRE 45400032 B % 224 & 7= 5% & & 208 Fl 4 35 2L 24 B 4 37

P, R EE 45400053 L EEGEE R EE AR IFTEAE LT EH 048204)

[ E] AZNARRYEKRFEFRIIE T oA, REBEBSHFIE, AEHE D &I L A
KRG R T Fluent 2 AR AR B AR -F B RAIE T A, RWAIEA, F2 R FEFRME (£
MK, FMM. BH. G%) TehA., RESHFIE, 5H T wFr HFIRHLIE B R T BORAR 6 8B 28,
R T ARKFRIFBMTE T URSA RO RLE, EREAW: FARARARILT, LMK R
M N BERESH AR, BR. KGR, THHAT B rRAE NELASH LR, BR. BE
Fo. IR, FRFR; VWHFMAZENAERAESH LR, BER., AFR. EMH . THHE. 5385
A T w9 A BRI R AR B X 18 % # A 670~700 m. 0~300 m. 0~180 m, 650~700 m. 0~320 m; #& %
R 555 K 4.28% ., 42.86%. 32.86%. 45.71%. 3 5-bt, @it &k Rt Rk~ B, %
IR B AR, ARIAIRIL A 6.667 BT, AR RASEBR TR, BB ZANK, £5%
TRHERE R, BLETEERIFRAE, RERHHEEAIF B FA S, AP FINARFR ko) 52
ol AR R T A R B KR B IR A TR AU AN B HE R AR B 3R AR

[RHER] KPEIFRMT A REBFIE REGFEHE HRTEL HEA

[hESES] TE122.2 [XHEFRIREE] A [XEHS] 0495-5331(2025)02-0420-11

Zhao Yanwei, Ni Xiaoming, Yan Jin, Guo Shengqiang. Characteristics and significance of gas—

liquid transport in different horizontal sections of borehole trajectories[J]. Geology and Exploration,

2025,61(2): 0420-0430.

0 3%

K2 B i R AT 2 R A —
IR BEIHHR B JE A2 A FA (R A, 20215 T/ R
45 2024) VTS PG T A R R
PR, K BOFIR LA Y T W08 . ST .
AIEEES B2 T FE8R IRHLZ B AAE
Za5t e P ARTRET s SARTLRE 5 BRI KT B
4038 38, 80T IR A IR B T A BEL g e T AR Y
H A BRGFR hrints B A58 (XA S5, 2019 5 2745
2021) o A[FIFEHR B A B Ay B 250N A7 2
S, FET SR AR AR A= . A RIS
I 5 B 355 0 22 5 P N SR KCOE- B R BT 12

FEr B BEHER A ] B A5 ) e S e AR

H T, 7K P e B4 IR 030 = A b 554 J2 4%
P el LA e A5 O T AT T (R AR 45, 20185 1F
W I NSRS, 2019) . — 7 T, i 3 S 4 M T )2 R
5 H- W b7 A AR AL I AR | b I 4 4% R 55
DRI, bt Gl o A v A T Tl (R LA
2018; Lin et al.,2023; X515, 2024) . 5 i 23 A Hb
JO ) 3 R TE PG A IR 20050, 3kt ol R vl 22 LA
FH 3, $i i KO Bl 1 50R (3K SO AR S, 2001
ful B 1L A5, 2008) o I —J7 T, 545 PR B B 0 i
A7 B 0 O Ak Al B B 5 A LS P
(Mohammed et al., 2021 ; #5845, 2023 ; = W i 4,
2024) . VAFEMFSY 252 N5 R i T4 F

[WFm BHA] 2024-08-19; [ B HHA] 2025-02-12; [ FELHRLE ] I -
[BE&TE] ILPYE RS T R LI “Sa A0 5 3 (45 :202101080301014) F1[E 5 [ AARLF L 430 H (45 :42372198) & % 1) .
[E—1EE] BEMH(20004F-) , 53,2021 4FEG ) Fi] g B TR, SR AR CRE BB 20 Lol Ao, B A 22 A0 T 5 S 6T

KT AFSE . E-mail : 161253387@qq.com

[EWFAESE ] /N (197948-) , 5B, 2008 4F- Eeall = rf =7k K2 (b ) HUBERER I 505 B E AR Ll Pl 2207, Bz, BENHIE RS
TS EHRTT & 7 RS 2024 TAE o E-mail :nxm 1979@126.com .

420



5 2 4]

A ARKFBOFIRPUE N TGS BRI S8 7R 8 X

Xof K OFFE (8 IR B A T8, AR R K S BEFHEHR
0 X 2 SRR R TR OGS RS Y R e A

FEXT AT IR FIE T AAE B AR, [ P A1 27
BT RIS AL, 45 T SR e AR
HESL T RE AT AR TR KT R ASTR P A AR J
TREN IR R 20 HE (Ke et al.,2023) R RERIEL (G
Jet e R R T, 2004) KPR JBT Sk B 900 A 7R
(K4S 2002; T /NS ,2005; Yu et al.,2022) . i
AR WF 5T N D3 3 A (US40 S 56 5 s H
B (B 5 f9 45,2013 ; Zeeshan et al.,2022) , 45
BT T AR L AR KRS B2 K [ B 30 25 R R
it KV B it s B L TA O < i 3 S TR A o
(3G TN, K7 B R 145 2 B 38, K7 BEACR T
SHLI SIS (4 1 BB A5 ™ T (245, 20155 3R e s
45 ,2018; Zhang et al., 2022) . LA 2 X NS
VI SRR B s i R R AT T RS, (AR KSF- BN
AR AR B Y iE B R IE DR AN ST M . SR T
I, R 8 AN R KOF B AR B R SE B 4
fiF, AR YA 55 15 Fluent FSEL T PUFNE & F <
VS B R A AR AR, A3 M TS R H IR B T AR (1
i BA AONE , LA AN [R) S IR B 2 SO 3

AN 1D 3
IKFBe
e a2
36.5m |
= KPR
700m
IKAF B
NI
1825 m
0.124m ‘ KR K JiE
700 m

R TAEIEE AL AR A o
1 R ACEF R T R R E B AR

A 3 X — 2 AL B 25 F T Bl AT Y, K
PRI N B ZE U o B AR A I R E I A I
G2, M5 T KA (R — 38 A PN s A A T
R . T IHBRAH L s, 2 B AN KOF
B HGE B HRAE , 2R FH Fluent 4453 S, T Y
FOEST (LU T Y =6 A PE)R-BLN Y
Rz HEk.

1.1 BEAWESEHAE

H A, 02 A A Bl B — i 700 mo %
Xof DU Fof - R s , 430 e Sy T gk LA B R (R
47, 2007),, DU FhoH: HR B35 78 K F- 7 1) A 335
KB T700m. = F1 P A% BE 5T 47 M3 1 A R )
T, {15 25 SR AR DR 28 B /N A A = AR AT
o A% Kl 43 (XS4, 2018) . [ iE | FHE 1B |
5 % T AR AR (1) I A £ B 43 50l 186704186704
186992187032 & i Uit b k—epsilon BEH (5K ik
B 45 ,2021) , %5 B E T BUE I EAT T BES B
NS 72 S 7K S Sty 19 oK St , B - i ot 32 2
f o PABEL A B AN R 1 s .

‘ HIFB

KRR T 1B
1 AEKEHFRPLTER RS E
Fig. 1 Schematic diagrams of different horizontal borehole trajectory models
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a—upward inclined shape; b—downward inclined shape; c—bow shape; d—spoon shape
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Fig. 2 Observation device of gas-liquid transport output flow
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Table 1 Simulated experimental programmer

KR OKEBIES - R EAE (m) S OsEE2E (MPa) RS (C)  WUARE (m/is)  SURGTRE(m/s)  FIHIR SRR 5L
1 0.025
2 0.05
3 Ry 0.124 -0.7 3 0.03 0.1 0
4 0.2
5 0.4
6 0.025
7 0.05
8 TR 0.124 0.7 3 0.03 0.1 0
9 0.2
10 0.4
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Continued Table 1
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Fig.3 Comparison between experimental and simulation results
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Fig. 4 Comparison of calculation results
Xt E B DL 5 06 RS0 52 6 235 2R o Y

RERERY BEPRR SR MEES
B, A5 A ) 33 37, ) B AL S 6 R (B A AL

LN GR DAY

2 R A SR B AE 5 A AT

AR K- BOH IR B BUR P A 1 12 72

S 45 5 R A A S BORH 22 B BOE B D2
[T

WP AR, SR IBsB 2. RS
YU T EU RS RN, R N T AS B A A A L
423



Mo 5T 5 IR

2025 4F

R2 MEKUEXRENXEZSHIIL

Table 2 Comparison of main parameters of physical simulation and experimental tests
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T, 0.65 1.31 0.67 1.11 1.61 256 322 0.91 1.35 1.64 171 3.14 1.72 23l 0.91 087

P, 40 35 65 75 17 87 46 56 33 71 81 92 74 53 20

P, 35 31 56 76 23 75 51 58 41 68 87 90 68 62 28 091
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Table 3 Flow regimes for upward inclined borehole trajectories
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Table 4 Percentage of flow states at different gas—liquid flow

rate ratios
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Table 5 Flow patterns of downward inclined borehole trajectories
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Table 6 < Percentage of flow states at different gas—liquid flow rate ratios
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Table 7 Flow regimes of bowed borehole trajectory
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Table 8 Percentage of flow states at different gas—liquid flow rate ratios

U AU (%) JZEHiAi (%) BIEHLG L (%) SRR (%) HEHALL (%)
0.833 443 55.7 0 0 0
1.667 46.5 0 47.1 0 6.4
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13.333 272 0 0 0 72.8
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Table 9 Flow regimes of spoon—shaped borehole trajectories
JZ Ui BrIEn E2 =i
e ————— — .

»‘tgg

A, i BT BLIER A
SRR T

0.00e+00 1.00e-01 200e-01 3.00e-01 400e-01 500e-01 600e-01 700e-01 800e-01 900e-01 1.00e+00

A IR E R 0.833 1, H- a1 PA AT PR AH It I 2
F LV BIER N £ 7 Y R 70% (3K 10) . S PIAH
BN R LR E R i Bl B i <
AR T AT T 1 I VR AT T 1 T KA1 S22 T T R
] B SE i b, BB ORI A AW B SR ZE B T
PRI IR LN 1.667 .3.333.6.667 i), X,
WA L) B ZE S E AT, IRl SRR EE R8s
SEREYI I . Hrp AR ey 1.667 1, 3
TAT N EBEFEIL 15 HE ok 100% , SR ok 3.333.6.667
B, VR P A P B ZE T i A R PR35 0L PR3 UL o
LU i 2R 90%.. AR LA 0.4 m/s BF, FEFRT Y
553 R 100%

426

%Z 10 Z:l_.l_\.‘rﬂ_unl_ H.’.Tuu. &htk
Table 10 Percentage of flow states at different gas—liquid

flow rate ratios

oy PN RN BRI
(%) (%) (%)

0.833 28.5 71.5 0

1.667 0 100 0

3.333 0 14.1 85.9

6.667 0 5.4 94.6

13.333 0 0 100
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Characteristics and Significance of Gas—Liquid Transport in Different Horizontal Sections of Borehole

Trajectories

ZHAO Yanwei', NI Xiaoming"?, YAN Jin', GUO Shengqiang’
(1.School of Energy Science and Engineering , Henan Polytechnic University, Jiaozuo , Henan 454000;2. Collaborative
Innovation Center of Coal Work Safety and Clean High Efficiency Utilization, Jiaozuo, Henan 454000;3. Shanxi Lanyan
CBM( Croup) Co. , Lid., Jincheng, Shanxi 048204)

Abstract: This work attempts to identify the characteristics of gas and liquid transport under different horizontal borehole trajectories in order to
promote the efficient production of coalbed methane (CBM). The software Fluent was applied to simulate the two—phase gas and liquid transport under
different horizontal sections of borehole trajectories, and the gas—liquid transport features under four types of horizontal section borehole trajectories
(upward inclined, downward inclined, bow shaped, and spoon shaped) were obtained. We also analyzed the retention effects of liquids in the horizontal
section under the four types of borehole trajectories, and proposed the drainage and production technology for efficient gas and liquid production. The
results show that under different gas=liquid flow rate ratios, there were flow states in the upward inclined wellbore trajectory, including bubble flow,
laminar flow, and annular mist flow. These flow states such as bubble flow, laminar flow, slug flow, dispersed flow, and annular mist flow were observed
in the downward inclined and bow shaped wellbore trajectories. There were laminar flow, slug flow, and annular mist flow in the trajectory of the spoon
shaped wellbore. The liquid retention intervals for the four types of wellbore trajectories, namely upward inclined, downward inclined, bow shaped, and
spoon shaped, were 670~700 m, 0~300 m, 0~180 m, 650~700 m, and 0~320 m, respectively. The proportions of retention areas were 4.28%, 42.86%,
32.86%, and 45.71%, respectively. During annular mist flow, the gas carrying effect can promote liquid production and reduce the retention effect of
liquid. When the gas—liquid flow rate ratio was 6.667, it can transition from slug flow to annular mist flow. During the gas production stage of coalbed
methane wells, by adjusting the casing pressure and bottomhole flow pressure in the actual production process, the daily gas production of coalbed
methane wells can be rapidly increased, which can achieve efficient production of gas and liquid. This research result can provide a theoretical basis for
the CBM drainage and production wells in different horizontal wellbore trajectories during the gas production stage.

Key words: horizontal section borehole trajectory, gas and liquid transport characteristics, retention effects of liquids, drainage and production

technology, coalbed methane
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