SRR

#rxgaiam COAL SCIENCE AND TECHNOLOGY

IR REE RIEFN SIS B9 1 5376 R s B e
SRAT ATHE LA B RHH M 2R

SIFAAL:

SRleHE, REME, SREAS, SF BIREMIR O RARIRE IR A MR ) A KRB B L) . AR EOR, 2025, 53(10):
45-59.

GUO Longhui, CHENG Hua, YAO Zhishu. Pressure distribution and fluid migration law of gas lift reverse circulation well washing
flow field in drilling sinking[J]. Coal Science and Technology, 2025, 53(10): 45-59.

TELLRIEE View online: https://doi.org/10.12438/cst.2024-1657

HEAT BRRRNER IR At SO

Articles you may be interested in

B T AR Z Y S B A e RS T

Experimental study on dynamic response of coal and gas outburst fluid with multiple physical parameters

JERBI2AFIAR. 2022, 50(1): 159-168  http://www.mtkxjs.com.cn/article/id/55f1d3b7-h25a-47aa—ba38-253dbac3f024

P T L AR s A% U T S
Research progress on the two—phase flow migration law of coal and gas outburst

PERRLFA AR, 2023, 51(8): 129-139  hitps://doi.org/10.13199/j.cnki.cst.2022-1826
FLBR AL S K A R R R B 5 e AR T

Research on backfill technology of drilling shaft sinking method in porous water—bearing rock stratum

JRIRBLEERIAR. 2022, 50(10): 1-9  http://www.mtkxjs.com.cn/article/id/d3ead292-bhc7d—4e0e—94h8-2ff523¢35¢55

BZ ISP DA FERACI R 3 - 123 A

Start—migration law of coal powder with different particle sizes under multi—phase flow conditions in coalbed methane wells

JREIRBLEFAR. 2020, 48(5)  http://www.mtkxjs.com.cn/article/id/da890537-828a—4668-86c6-3d477{769c74

ZIRE B S IRGIZ G RAEZ TR S A5 B AE

Fluid dynamic response characterlstlcs of CBM coproductlon reservoir in MSGBS

JERBLEAFIAR. 2021, 49(11): 30-37, http://www.mtkxjs.com.cn/article/id/112b61f3-51d3-4a0b—a07d—0eb26b17e1{b

TR 2 B IR AR ) A A8 R B A Y

Mathematical model for flow regime transition conditions of gas—liquid two—phase flow in natural gas reservoir fracture

SRR FF AR 2024, 52(6): 155-164  https://doi.org/10.12438/cst.2023-1054

KEMIFE AT, RAFHEZBHRER


http://www.mtkxjs.com.cn/
https://doi.org/10.12438/cst.2024-1657
http://www.mtkxjs.com.cn/article/id/55f1d3b7-b25a-47aa-ba38-253dbac3f024
http://www.mtkxjs.com.cn/article/id/55f1d3b7-b25a-47aa-ba38-253dbac3f024
https://doi.org/10.13199/j.cnki.cst.2022-1826
https://doi.org/10.13199/j.cnki.cst.2022-1826
http://www.mtkxjs.com.cn/article/id/d3ea4292-bc7d-4e0e-94b8-2ff523c35c55
http://www.mtkxjs.com.cn/article/id/d3ea4292-bc7d-4e0e-94b8-2ff523c35c55
http://www.mtkxjs.com.cn/article/id/da890537-828a-4668-86c6-3d477f769c74
http://www.mtkxjs.com.cn/article/id/da890537-828a-4668-86c6-3d477f769c74
http://www.mtkxjs.com.cn/article/id/112b61f3-51d3-4a0b-a07d-0eb26b17e1fb
http://www.mtkxjs.com.cn/article/id/112b61f3-51d3-4a0b-a07d-0eb26b17e1fb
https://doi.org/10.12438/cst.2023-1054
https://doi.org/10.12438/cst.2023-1054

$535%E 104 CA =3 N Vol. 53 No. 10

2025 4F 10 H Coal Science and Technology Oct. 2025

I, B e, BB, 55 BRI AR I I I 1 o0 A B RIS B MU D). SRR AR,
2025, 53(10): 45-59.

GUO Longhui, CHENG Hua, YAO Zhishu, et al. Pressure distribution and fluid migration law of gas lift reverse cir-
culation well washing flow field in drilling sinking[J]. Coal Science and Technology, 2025, 53(10): 45-59.

Eﬁﬁﬂﬁlﬁﬂﬁé

hHEFEFRERBIHRRHFRIINE DR R
IR E R E

FRE R O RER RER O 8P T4
(1. 7% PHEE T 2% B 5 e 5 R TRE2EBE, Tl g 5B 4710005 2. LHEE T RS SAREAYGE, 8k HEm  232001; 3. LRSS BN S
R TR S TSI, R AR 230601; 4. BRIKF: WIRSIREE TARS0E, Z8CAIE 2306015 5. FFsds ik A7 FRITAEA I,
G 230001)

W EATBETEFESHF AR RGO EN 5 BRRESIAE, AHZ BB LR H
oS mMBAEEFAMAFZ, ATRKAFMEIES, E3TAFRRMBIREFADOENFFER,
HF R T AAFIRE . FHRAAEAT M RARE A R B MATAE, ok, £ CFD-DEM 7 i G E Ak
HFEE BRETEADE), BILT AFBRIMAIR S A48 HAARR | IRIET s AY E N A
EAfME, KRBT IR ARG BEHIE, 7E, %%ﬁt%u.u%éﬁﬁﬁﬁfrﬁ&&gﬁ SRR, IR
RTIAAE, REBE. REEE. 2B FEREER P—EJ%XT/%%/%&%IE}]QIJE;"\LJ%/VH%O «a%ﬁ
B AR 4L Sk KT R IAAR G T3 R e iRk >ty @ik > s m Rk, B IS R RBK YRR T — 91’-
)&ﬁvﬁ*—iﬁzﬁrﬂ SF R M AT 6y S SPEIREAS, AT PR B Bk B BB A A AR

S Fe “EiRak, IRBET B RIEHS, A RRRE D B0 @A R K KA S E/E‘LZ‘%
~,mwﬁﬁ%% A RSNE 2K B R K FRAMRES BINE N Z SRR, B K@ BT
AR EHRRABEM KRR EIRGER R F R, AR REFEELHEFNINAKREELZZ
EAK KR, REEE. Eéﬂﬁ\&l&&@mﬁ SEENEZZRAMELR, Xaﬁﬁ%ﬁm
SMRARIE Z O BURME T AL . R FESSAESBEF SRR E>REABRAE F>R B ABRS
£ ﬁ%ﬁ%&%%?%%E%%%%%i*&ﬁ%%%ﬁ%%T&*ﬁ%,k%ﬁﬁﬁﬁﬁﬁo
KRR 4R O AR RIEIR; SR B A IRARIEAS
FE 45K S: TD265 MEARAERD: A X EHS:0253-2336(2025)10-0045—-15

Pressure distribution and fluid migration law of gas lift reverse circulation well
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Abstract: In order to reveal the pressure distribution and fluid migration law of the gas lift reverse circulation washing flow field in
drilling method, the #5m advanced drilling of the north wind well in Taohutu coal mine was taken as the research background. Based on

the relevant theories of fluid mechanics, a pressure mathematical model of the gas lift reverse circulation washing flow field was estab-
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lished, and the theoretical analytical solutions of the fluid pressure in the drill pipe annulus, bottom hole and inside the drill pipe were giv-
en. Secondly, the CFD-DEM method (coupling computational fluid dynamics and discrete element method) was used to establish a numer-
ical model of gas lift reverse circulation multiphase coupling well cleaning, verifying the correctness of the pressure model of the well
cleaning flow field and obtaining the migration law of the fluid in the well cleaning flow field. Finally, based on the pressure mathematical
model and theoretical analytical solution of the well cleaning flow field, the influence of factors such as gas content, mud density, mud vis-
cosity, rock slag density, and slag content on the pressure of the well cleaning flow field was explored. The results indicate that: The aver-
age radial flow velocity of the horizontal bottom hole fluid of the truncated cone drill bit is greater than the tangential flow velocity and the
axial flow velocity; Rock debris undergoes dynamic cyclic transport at the bottom of the well, including spiral downward movement, accu-
mulation at the bottom of the well, propulsion and suspension, adsorption and lifting. It is transported in the form of “low flow rate, high
density” and “high flow rate, low density” in the liquid-solid and liquid-solid gas sections inside the drill pipe, respectively. The fluid pres-
sure inside the drill pipe decreases approximately linearly along the wellhead direction. At the gas injection end, the fluid pressure drops
sharply, and the pressure difference inside and outside the drill pipe reaches its maximum; The fluid pressure at the bottom of the well
shows a trend of “first slightly decreasing, then significantly decreasing” from the outside to the inside, with a greater decrease in fluid
pressure and rate in the effective adsorption zone at the bottom of the well. The gas content, mud density, and fluid pressure difference in-
side and outside the drill pipe are positively correlated, while mud viscosity, rock slag density, liquid-solid and liquid-solid gas section slag
content are negatively correlated. The sensitivity of various factors to the fluid pressure difference inside and outside the drill pipe can be
summarized as follows: mud density>gas content>rock slag density>mud viscosity>liquid-solid section slag content>liquid-solid gas sec-
tion slag content. The research results can provide useful theoretical references for solving the technical problem of low efficiency of gas
lift reverse circulation well washing in Jurassic strata drilling method.

Key words: drilling shaft sinking; gas lift reverse circulation; well washing flow field; pressure distribution; fluid migration
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4 EHRBENWERERSH

Ry T k5 B R 3 T i o AR R, SR
FHPE AR VL B R AT & 0% JeIR L e B
JE | A R A A i R R PR N L RIS
A ST R 25 A I T T A AR e
41 BEE

BRI SX B & SR S AR = IR A
R, R AL N Z AR AR R ) i B SO,

52

R R FF LA S BOANAS , U AT 3 AR5 3R
35%. 40%. 45%. 50% 1 55%, WF5% &SR PeFH
Y Iy nysgma e, THESE R E 9, 5 10 s
SHTEL 9 FTE 10 WA, B5ATF AR T IF
J7 ) 3T ARL 2 2 Mk AT R 4B, B PN MY e 22 20 Sl 7
VTR [ O DX B 2 e n, Je AR i 2tk A1k,
A mAL, TR R TR R, BTN AR e 255k B e
K, X ORIk 2 S i, AR, BT



RIS . BEIFIE I ARG A 0 IR ) oA B Ass % ML

2025 4F57 10 #

—o— K%K 35%
—o— R 40%
—o— R E 45%
—o— EH5 K 50%

350

A

i

300

o I I 0
Ir

—— ERE 55%

By — - —HERHIE

[Ne]

W

(=]
T

BEFF A J1/kPa
3

100 b
50 |
I X B X B
I 5 0 15 20 25 30
A /m
(a) B FF PR S oA
400
390 |
S380F
=
Z370F 8 —— S 35%
E i —o— K 40%
3 —— HHE 45%
360 —— 55 50%
—o— FE 55%
ol —— AL
HRORMK | IRAAR
0 02 04 06 08 10 12 14
FIREA/m
(b) FFIRIE 1504

B9 A4S EAAMEN W

Fig.9 Influence of void fraction on fluid pressure
PN 22 AR AR 1) 5 B2 AT T SR AR B AR, TR B AT I RE
B, FETTHE R T B AT NS B AT PR s Je At 2
] F14 1) 22, Z2 AR AR R T O, DA e D 2
(LT = iR MO L (9 I e R 2 N S N = PN L
N “Se/NIRREAR, 5 RIRREAR” s, 7EIH A 0
I DAL A Ty AR ek J3E S s A R, 55 /MR e S AT
T I B T 22, I TR S8 2 B B 26 T B AT I
AR U 2 A4 1 22 A B J 35 M mT LAVA 45 8 - Y I
X B X BT OR Ff IX >R 20X

FACEN BT AR R O B B
W), BEE BT N ARG, B AT N R IR AR Y T
JI ¥ RME AR, BhFT N SR 25 T I T 25 45 K
BRI, 5 & AR R EACCR, HEAR
XF Bl AF B T DB 22 IS MR S 35 Yl AT
PSR 35% SN E 55% I, BFE TR F- 2
JEFIR#AI 24.68 kPa, BEFT SN E2E AR HE K 103.6%,
TR TR -2 ST REAIR 16.1 kPa, IR H 25 AH X4
K 285.6%. RTINS RGN, 2 R EE K2
FAAR TR G %L, 2 AR AR R 25T, IR #Y
R, AT Z ARG LA T bk, 38 <2 S A

100
——FHH 35%
——EHHF 40%
80 —— B 45%
- —— S F 50%
2ol ——EHHE 55%
BN
s
& L
=40
I
=
20 -
Oy 11X B X B
0 5 10 15 20 25 30
BRI /m
(a) BiFTF R %=
50 — -
o B FIRIBLIX
¢ WP IX
40 —— A 35%
—— 5% 40%
—— A 45%
ol & ——HAE 50%
o f —o—5HH 55%

FFER 5 U8 AT R 1) [ 22 /kPa
[\e]
(=)

10 -
0 1 1 1 1 1 1 1
0 02 04 06 08 10 12 14
FFIRFAE/m
(b) HIRIEZE
o JR[E B EZE
S0F o = By R y=-20.2+122.33x o
22—
o HHMWMIKEy R=0976
| © IFRAZXERE
—_ DAét, X
, masR =14.72+83 4x
=P ®  R=0991 —_
B
R
ool
1=26.08+83.4
10 \ R*=0.991
J=—18.25+83.4x
R>=0.991
0 1 1 1 1 1
35 40 45 50 55
EEE%
(o) EZE %

10 SR EMEF N FREZH T
Fig.10 Influence of void fraction on pressure difference
between inside and outside of drill pipe and bottom hole

W RGERIVEIKIEINGE ST, T3 — 7 10, 3G RBEAT R
AR, AT LU AR S I s R I B s 35 200, 48
RIFIR M5 PEHEAE Z A1 T ) 22, i o e o
BT RTE R 28 TE, I8 o DEH RO
42 REZESRREFE
VI ik i ) T2 A, FUREE | BT
53



2025 4F55 10

# £ M FH K 553 %

VEHROR M R ) o3 A A 2520, PR R
S EAS AR, Bl AR U8 K 5 BE 43 51 1050, 1100,
1150, 1 200 F1 1 250 kg/m®, 25725 U8 3 B 1 43 51 Ky
0.10, 0.16, 0.22, 0.28 1 0.34 Pa - s, B 57 ¢ 3 % JiF
FIEE FE S e I 2 K 7 0 5 B A AR 6 AR

El 11—l 12 Frss

400 — 400
AT RS Y 3K )
350 F 3\ —o—/—-—1 050 kg/m* 4350
A —-—1 100 kg/m*
300 RN D s {300
RN g/m
£250f SN INN . —e—/——1200kg/m’ 250
> AN -—1 250 kg/m®
R 200 F 3 4200
]ﬁ 3
£ 150 F 1150
& 100 + 4100
50 - 150
O i X B WO X B 1°
-50 1 1 1 1 L L L -50
0 5 10 15 20 25 30
B FRK B /m
(a) BN 4 HE 3937
500 ... 1480
VISR Ty 1460
480F —rm e em e a0

4 280
340 i 1 . 1 #Egjlj 1 1 1 ] 260
0 02 04 06 08 1.0 12 14
FI P A/m
B R W
—a—1 050 kg/m* —-—1 050 kg/m?
——1100 kg/m* —-—1 100 kg/m’
——1 150 kg/m* —-—1 150 kg/m?
——1200 kg/m* —-—1200 kg/m?
——1250 kg/m* —-—1 250 kg/m?
(b) HIESE 1534
50 -
o iIE B E % 1=—143.4+0.15x
aSE o SRR R=095 @ )
ol ® A RO B X 22
0 JRINGXIEZE
35 [ AEER
£ 0l L 114.18+0.12x
j@ y=-23.214+0.15x
= 95 | R=0.98
1
20 - y=—114.18+0.116x
2—|
sk R>=0.99
10+
1 1 1 1 1
1050 1100 1150 1200 1250

eI H (kg m™)
(o) EZ &Y

B R EE AR E S i e

Fig.11 Influence of mud density on fluid pressure
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