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Abstract: Self—propelled nozzle is a key component determining the effect of radial jet drilling, and its struc-
tural parameters and jet type represent the primary factors affecting rock—breaking performance and causing it to
fall short of field operational requirements. To gain an in—depth understanding of the formation mechanism of the
straight—swirling mixed jet and the influence of nozzle structural parameters on the jet structure, a three—

dimensional simulation model of the straight—swirling mixed jet nozzle was established based on its advantages of
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high central jet velocity and high peripheral shear velocity. Numerical simulation and experimental methods were
employed to reveal the formation process of the straight—swirling mixed jet, investigate the effect of the central-hole
diameter on jet characteristics, and compare the rock—breaking performance of three types of nozzles (straight jet
nozzle, rotary jet nozzle, and straight—swirling mixed jet nozzle ). The results show that the straight—swirling mixed
jet exhibits good impact and shear rock—breaking effects, and its formation involves three stages: separation of the
high—pressure jet into a central high—velocity jet and a peripheral swirling flow, mixing of the central high—velocity
straight jet with the swirling flow, and narrowing enhancement. As the central-hole diameter increases, the central
low—velocity region gradually diminishes. When the central-hole diameter reaches 1.8 mm, the low—velocity
region essentially disappears, solving the problem of central protrusion at the bottom of hole in rotary jet drilling.
Higher jet pressure leads to a smaller jet diffusion angle but a greater energy loss with increasing standoff distance.
Increasing the jet pressure improves the effective standoff distance and rock—breaking effect, but the entrainment
effect is enhanced and the jet energy conversion rate becomes lower. Compared with the straight jet nozzle, the per-
foration diameter of the straight—swirling mixed jet nozzle increases by 94%, and that of the rotary jet nozzle

increases by 124%. These results provide a theoretical basis for the structural design of high—efficiency straight—

swirling mixed jet nozzles.

Keywords: hydraulic radial drilling; self-propelled nozzle; straight—swirling mixed jet; rock—breaking per-

formance; central-hole; central low=velocity region

K A 1 Bl R — oA R e i AU R Y
€52 NI I B A S IS B T SR AN 7a 1 i AN R
I 22 A0S Bl e Y e T DA B
AR 1) J7 0] B 22 K-S, Bl O rY o i
I B I 2 2R S A 1] W A A8l SR R R e
HAMZHM LR m s Ok . S5%A
2 T R e 2 B B A M 22 R ) 32
B P, TR ACHERG [ E EE  % T
e AR B R T RS A B

I ) P A2 285 X 58 86 ) 18 ROCR 2R AT 1
58, PR Z A MNP R . Dunn %5 B4R
th 7 2L SN mime a1y, DroekM], 241 a4
TS A I 2 IR E S RE A T, & S Z (R
FAES IR, WK T SR A S iu i, R
PR T ER, (HIE A FLIRTEARA R, £L
JEMIL A, AR TAEHE . PR A O T A
APUEAPUE B RS ) TR A SR g, JfaE
o PR RIS A AR 2458 . S E SR,
JE G S A Sy Ml A P AR R, WA RCR
LA W, LR, T AR DR 45
[ S EPRY e R AP S ¢ (iU N P
JE 2SI b 5 A H) T e . Ay A DR e e
S O A AE ARG XA ) 8, Buckman 5§ 1T
T E IR A S S5 SR IERASE PR T CFD
BRI vk, B3] T H IR G

5 K6 2 B0 U 7 R P ) 52 ) O AR R S R ) 0 K
o HERIAE U Iy v L 4 ol I 2 A 1Y
BRSO, e BB TER A ShT IAL 8 W ) B 8 R A
Uf o BEACGERAE OB b b A TR R A AR O E
S8, PN T ELRETR A S U W 45 R 2 RO S A
WGFERRE R . IR R4 DETE T B A R
WL KB IR . RS VOERY T B TR
I ) b A R

AL W58 22 SR AR T ORI 5 5 D W A B
KRB S S5 vhvile sl e, X ERETR S S IR
TR 1 R FE o3 B RS, LI 45 4 2 00 S i
LSRR R AT B Z TR AR ST, D IOT I B TR &
S5 UL W S 1) S B IUPL IS T A R Y . AR
AEE 3% HIEIR & S5 I B R &, AT B AR 454
SRS SRR RE ] B N TEOGIG, AT D I 45 R 1
R st S bRt dle . EH 2T iR
SR B4 T S TR R R A B D)5 R R A A
e, HESL T BRI A S U I A = 4 7 BRI
2R FEELD7 ECEOAR A8 77 1 6 78 BLBE TR 5 S i
AOE G B, WF9E O AL ALAR XS ERE TR 5 i 4
PRS2 MR e 3 PRI O BCA ROR o TR 4 R n] D
R e TR A5 S e ) 25 F 1 R BE LA

1 B R & 5T 5 R 4
5 WP SR R ] D TR L

M5 oAl A —A e AL, W La Brs . EER
AT TREAEWIYE AN BERE AN T, B A R



2026 % %S4 10

A OBL, . RS SRR 69 R R R AR AT R — 31 —

JINE 388 38 T 1 b e 2 S U, R A U 2 ek s
U s st S, 2R IR G IR G, &
Wi Be sl 2= A R o s el s O s o BT 1b Oy B E
RGO i e i B 5 i S HUR B . S e At
TTHEAT L, O ALALAR d 252 00 R G SR 5
WESEH R SCHES R, G IR & B It W e 1Y T S
MZHEAT . PR 0~1.8 mm, 1 EH AR
1.8 mm, WR%cE4, MR HOMAELS, REE
HAZR 1 mm, BIHESME 18 mm, WIWEREIE 3 mm,

U ING i

a. = YRR

b. RELEBH
A1 AR Al L s A Ak

Fig. 1 Nozzle model and structural parameters

2 FfERA

2.1 HEREASMEEEHL
2.1.1 RIS AR 5

HHC LAz DX T8 B B A 1 s B BE TR 5 S
WIS (YRR AIE PR T R O L B AR X LR TR A S
MR MBETE . b T 5 WY B TR A 9
I B ach PR R0 K e FRAEE S W] 2a TR (35
T A R B A A, BLAR U S HOR 1 RS L
e 1. P 2b 2 L TE TR G 5 It ok e 1 DO A% Rl 43 48
WA R TR A PIAS R0 53 7 %8, A7 i 58 1095 0 45
FOAE 2%, R FHAE FH PR 0 e 1 o P s R -,
ARG R AR AR A& A T30 53
2.1.2 #MREH

P T % I S5 00 9 3 2 B 2 R AN TR T Y
FEZEREm, Ik B T AL SR ZEARL,
F 1R,
2.2 EHIAE

BB AL T 8 L RS B PR i R A T
PRI LM A X6 AN () T 50 3 48 5 8 1 i A5 780 ) 42 1
THRAAE ARG B B AR o 7R BEFE 3 it i) BU(E
{5 FL 75T, Rehbinder 25 "% F RNG k—e f5 750 % iig

I A P8 WSt W DA

30

a. iR R

b. %%l 43
B2 RARREMAAR S H
Fig. 2 Fluid domain and grid partitioning
®1OBREH

Table 1 ~ Boundary conditions
kT LR HufH AL
AH FEJIAH 20 MPa
o JEAH KAUE MPa
BETH] Je S RE T — —

PSR SR S T T o . AR R 5
FRUE k—e BERUR A, RNG k-e fTE & A5 5 )5 e
ST RI, £ T 52 et i sh i BAORS FE .
2 LR B W N R BT IR i AR
WK, BHAREIGI RS T, T A
MR AEL 2 X 22 L S I ot s R g T A B Ik
W DA e E B N = S M EE R S L, B E TR
BRFH RNG k—e #5A, Hops il e oman i 72,
LR R .

%+V-(pU)=O (1)

B

I(pU

HE T (o) -5 - (wav0)=
~Vp' + V- (u,VU) +B
i it Wk S 2 ey e -

3( pk
(£)+V-(pUk)=v[(M+’:k)Vk]+ )
P, - pe

it I FEHICR 7 -

d(pe) 15
+V'(pU8)=V'|i([.L+I)V8:'+

Jt o, (4)

&

TLCaPu = Cope]



— 32 — & W M

E 2026 % 54K 104

SR 2o 28 RO i B BE A S 5001

kZ
wo=Cp (5)
P, =uVU - (VU +VU") -
(6)

%V-Uﬂhﬂ-U+pH+Im

AP p WERE, ke/m®; U NG 3
FERE, wis; pl MBIERIIE ST, Pay w, WAL
FRE, Pa-s; BRARFLURIT, N/m’; w b ik
TN NEEE, Pass; w MimIRE B, Pa-s; P Wi
BReAE LI, Pals; Py, NIRRT, Pals; kK
TmaIEE, m'/s’; e MimsBEMFEHIRE, mYs’; C,,.
C.on C,. oo, BPNBAVE R, BUESNA 1. 42,
1.68. 0.085. 0.7179H10.717 9,
2.3 MH&F K MEIIE

&1 3 Sy s RS it 8 B 5 I A et =2 ) Y DG & i
2. HEB3ATLIE T : MRS 102 75,
T KU o B AR o AR Z2 i B8R
A% i 102. 482 4 7 X 43 5 58, N IR]RE 1%
I ) y+HELLE 30~60 38 il A, ik A A 4DLRE TE B0 1) i
R T = R N

204 -
102.482 4

—n—"

2021

—_ [sS]

=l (=3

0 S
T T

SR FHAGE BE/(m - s )
E 3

—_

o

5%
T

190 1 1 1
40 60 80 100

W AR 7

B3 ML FETEERRIER

Fig. 3 Grid independence verification
PET 4 Sy S 488 T o B AT o PR 5 i SR L
HE4FTLUE BT A S O A7 7E L A1 Rl
FE/NARGE X, TR T A1 Rl v B A o IR X
A T 38 A R, DT B8O TR 470 L 53 AL R
FERR, TIER G B mUILRI . B @il g

THEff R R S O R B UL

1 ]
120 140

3 HRAM

HIERAHROERIRE

T WS BRI £ N TR R S AR AE
AN AL 5 I 75 B 4 A AT B R 107 B 3 88 O 4 T
T 1S BB AR AE MR AR SR O, 5 —
PR3 GRARTE -5 v FLIE T8 PN RS e S A ELSR

3.1

A BBl e i X LI X

325

B4 SRk ESHZ=BEHEIR

Fig. 4 Jet velocity distribution contour and

rock—breaking effect
R 2 AT, SRR A LE, e B
SH S ANERE R A EAE R, R E
SFHIRN A FBE R S 0 BRI A B . e 3 07
B, SRERFEBRNREERT, BE20hE
Y1) 68 B 55 A Ry b 1) S BB o, R S L O S e
I S P A B P 38 S T R TR S A RE
T BOZ AR 1) D] 1) 3 3 5 4T 2 194 ) o R AR —
B, MNER I 3 B 4 (R R, AR B AR AR
FH T S 30 7 B ) o R0 o RGO, R
TSI 11 0 I B e i R R, A1 e
THE 3% SR L 1) LBV B S R

BIEL g2

3
!

v

8.763 7

19.952

7.0109

52582 14.964
3.5055 9.976 2

4.988 1

17527

A (m - )
PR E SR

0
HE/(m - s

A2

- 23.479

18.783

-39,883

31.907

14.087

23.930
9:391°51

15.953
| 4.6957

)

HE/(m - s

| 79767

-

HEE/(m - s )

w3 4

A5 #AahakiisezsH
Fig. 5 Cross—sectional tangential velocity vector contours
[l 6 Sy DA AR THT 2 21 AT 3 1) 3 R v U A 1) 1) A
Tia) 88 R T] [ 3 B A 2 o K] 6a /R ZERR T 2 1
BT o it v S 3 5 A7 R B U P AE B AN



2026 % %S4 10

AF BL, e AARRRASHAATR 09 SR R 8 AR AT L

JIr LA DX ISl i 3 RE BT A e O P X
HilEl 6b nT LA, BT 2 FIAR AT 3 951 i) 33 2 /N
AR B, U Bl A 32 SR TR A
f b i 3 B2 b o AR MR T 2 B AR 3 AL AR
TENCAE B ARZEVERTTR o DX Sl ) il ) o 32 446
Ky RIS A RO DX S B WA T, i
HR e DX IRl 1] R B SR, L B T DX U R
A1 2 L2501 o 1] T 8 W SRR AR o DA T 3 381 78
14 B R, W BORZEVE I — P, S5
SEF AL 094 B ) o R DRGER T R  E ERGE  TE
FEE I o DX e 3 e 1) S R S L o 3 g S A
B ELRETR A5 S, ORIE T SR B0 il 1) oo ol R
JI NSO BRERE ST o

90

80T : St W2
~ 0F , CENEE R
st ~ T4
§ s0F i
= 40T S s
E 30} L K ) . AL K I
F ol J S

ol / \\I!\_

0 e 4 | L |

-6 -4 =2 0 2 4 6
1 f85/mm
a. il L
301
20
~ r“‘ :5:34\‘.
210 ’/y/ f\ “‘\
E i \ \
8 of / —
2 i -
= - 7 i

8
B
=
&

I
@
[=}

EN
FS
N
o
S}
~
=N

1A 85 /mm
b. Y1 3

Ho6 B e iR L e by e ik oA &
Fig. 6 Cross—sectional axial and tangential velocity

distribution curves

3.2 HLFLFLEX ERER & SRR R0

P 7 Sy 2 X TR 5 S O 8 s ) 4 T 3 )
=B, POFLARdIE0~L. S mmBEIHN . BT+
Ol 1] SR B R/, T S U R O L 2 S U )
BWAEFIT L Al o) S O P g bR, TR
UL DX A W ARG X, 5 ORI AR
B AR RE W s, BH IR NG P
AARBE 1. 8 mm J5, ARG XA, e
SO O Y e B RCR AT B A s . IR T
AT LA, RO SLALAREE IS, s Al S

RE I 1O, U RE B , U A B AR 0
ST A DR RN, I HUA N (8% /b 2=
14°) . Pitl, B OALALARIE R, n] DURESHA rivt
BCARCRIE SR, BhALFLARIN

HE(m - s)

0 Silal 102.2 153.4 2045

L X

HE/(m - 57

51.9 103.8 155.8 207.7

HE(m - 5
d,=1.5mm
0 513 102.7 154.0 2053
HhCIRIE X
\
| ==
d
JE/(m - sT)
0 51.9 103.9 155.8 207.8

BT s mkEsh=H

Fig. 7 Axial-sectional velocity distribution contours

P& 8 J AN [R) D FLFLAR T ELHE TR A& 5 i e i oh
W i 2 . mIEISTIE L, B
FLFLARIE A, B3 o X I ) S O i 4 K, Ak
1 e 2z S5 3t v BB S /), A L 2 S5 0 1) o T e
FIVET AT T B I O S R R DR )
XU O FLFLAR B A R T o v i o

(&1 9 S A [F] BB FE T R AR T ) B B A L.
IO LA . FAREERG AR, 8 4M e S i &

»or = HEREG, d,=0
o HHERAH, d,=10mm

—a— HHERA S, d,=1.5mm
—v— HIERAHR, d,=18mm

200

150 [

100

ot B/ (m - s )

0 10 20 30 40 50 60 70
HE/mm

B8 Absif B RO &

Fig. 8 Axial velocity attenuation curves



— 34 — s

WML M

2026 % 54K 104

AR, A DX ) B B i/, I8 Bl
O DX B oL FLALAR IS R, il B fE
TGO, IR RO DX S I T R R T A
P JCE 2 SF 90 2 MR A FH AR AR B, ol PP XU A
HIXIZHH R o

$Eg/mm

b fLFLAR/mm

K 0.6
-5 HE/(m - s

H9 HAmuizEsH=H

Fig. 9  Cross—sectional velocity distribution contours

P 10 Sy B IS H 11 40 mm &b B4 R K 1 95 4% 1)
M EE A2, B 10F LIE 1, BEE HOAL
FLARIG I, i O fL Y HoK U B O, il
I B T8 B B e /0N s DX i T A
B, HAEmG ), PR S 40 mm AT
AR BT o o fLFLAE N 1. 8mm I,
HOC ARG DX 2%, MRS 3 B AT B0 A b o
R .

il Md=1.8 mmi, BEHEIR G SR

35 - o TR X S
2l v
30
Y
25+ A A
o R
o 20 A AN
;15-¢®ﬁﬁ5ﬁ ’
fﬁ 10 L
B sl —a e, d,=0
—e HIER AL, d.=10mm
0 —a HIER A, d=1.5mm
ﬁ 1 v HiRRAMR, d=18mm

15 =12 =9 =6 3 0 3 6 9 12 15
17 5 /mm

B10 KR Pes sLILEE T AR a9k A i X
Fig. 10 Cross—sectional velocity distribution curves under

different central-hole diameters

HA B i e OR B B 9 5 U
EROR, TR B O AR DX, B RS AL ALE
AL A=
3.3 HRENXERESS RN

P11 D AN IR AR s 0 R 2 S U 5 114
AR A s o A T T AR Y, BEA
PRI, B Bz Bsih . (15,507
W/ 13.13%) o i RO Rl SR R TR,
UL 22 el W 1 el 1 3 3 RO T D1 . 4
R G 3R] LA 5i S O ) AR AR, o mT ] e 4
Si SO o e AR AN B DDA, R e S O A AR

LU 2y
YU TR
JJE/(m - sT) MEE/(m - sT)
0 71.9 143.7 0 124.0 248.0
10 MPa [ [ 30 MPa k(l—
JE/(m - s JE/(m - s

100.5 2014 143.3 286.5

0 0
20 MPa k(‘ 40 MPa t(— ‘

A1l RAEIHEEHDTARRSFARSRTEESH = A
Fig. 11

straight—swirling mixed jet under different operating pressures

P12 g ATl 5 it s g 25 00 ELBE TR & 3 i
W s S P8 O 7 Tl 0 B R St £ o I 12 WA
SR SR IRWAWAR: I NI i IR Y:- B2 80 /b NS 2/ 5 )
FEEEA R AR — B0 T O SR i 1 i O
B, WG IS R BG4 W Ak 7 i, S O
ERPR L GO AE B AL O B AR A AR
FEA

Axial-sectional velocity distribution contours of

W —o— BHEE 710 MPa
250 k. \a —s— HHE /20 MPa
[ —e— GffE /130 MPa
A 200 ;\\Q‘ —a— HHATE 7140 MPa
éso W\,
=] 3 \
i TR
Biof \:§.&
S,
50 \"\k:::i:‘:‘;fﬂﬂzi=a=g=.=‘=‘
~*~*‘*—*—*—*_*_ TSP

0 1 1 1 1 1
0 10 20 30 40 50 60 70
#LH/mm
B 12 REAHRE A TR 4 i B FOR
Fig. 12 External flow—field axial velocity attenuation curves

under different jet pressures
P13 S A [) 55 3 s 3 BESE B HE 1T 40 mm Ak
PR A TR DA 9 A ) 0 3 JRE O3 A 2o el BT 13 T
BE S O P M R, S U o 3R R 1) 3 2



2026 % %S4 10

AF BL, e AARRRASHAATR 09 SR R 8 AR AT L

GO, RRER A TRT ) E REAIE C {ELJE BT )
JESEOC, S U A O T S A R i U
PR, B U R 22 A L T D R A, S
UL RE T e AL B RE TR O ROCR AR, Ik, K
SO T AT B v A A B ORI
ROV, REREIRAEHOR

70

—*—41¥i[E /)10 MPa
60 - —=—HiiLIE /) 20 MPa
—e— HHfLE 130 MPa
_ 50 —a—BHALES140 MPa
‘v
. 40 -
&
® 30
=
20 -
10
0 bt P
~15 -10 5 5 10 15

0
1217 # B /mm
B 13 RESRE S T AR E 0% oA 2
Fig. 13 Cross—sectional velocity distribution curves under

different jet pressures
3.4 HERGHRBEMNESMRSH
B 14 R m R gmnea AR R % . RS F B
AR B SRR emiE
SPIRITE | e S 5 EER G R ) . it
WEJRE RIS TE 1o 20 MPa, HFFL#EE A 20 mm, 5t

WA R 30 s, AT IRAE S 15 MPa,
il FER SR RESAE W

& ST e

H 14 JESAEEXERA

Fig. 14 High—pressure jet rock—breaking test system

el 15 DAy 3 s s 2 Ry 1] LS 1 6 5 A
TR, S O A M A B i) R 8 RN T BT B Y
P PERE . BERE RIS B TS E A, gt
TS = HE TR S . B TR G S D I ) o
/) AT Y g W RTIR N %5 A = e SRSy
T % 5y UIBCR L RE PR IE O H 2% e iy il 1) o
didie

K16 o BRI | BRI & SR miE (d,=
1.8 mm) FIGERE ST HMINE (d,=0) M5 fLIL5: 4
o FAHA I RS FLALEZY N 10 mm, EAER G
SRR IR ) S FLALAR 2R 19, 4 mm ,  JHER S i g
M FLALAR 20 22, 4 mm, 5 ESBMEAA L, H
T TR - S O S s ) S AL FLAR G TR 94% , el 5 i

VRN

T

c. ELHEIR A ST WS

oMW bR
B 15 34k
Fig. 15  Structures of three nozzles
Wt 86 1) Gt FLFLAR I K 124% . PR R 5 L5 T i 1 A4
(RO 0 BTN E AN i ik SO E ) R A i R
FRIVIHE 2 Sk It W e 1 S FLALAR R R s TR I B e TR &
SO U A s il 1] R R ARG, e SR I e i A AR
RBHF, ABAHBR T RS 5 B L LR A e
o I EL BRI & S U 5 e e S U A LA
AN, RO LALLM N
7 A S

o A b EMRASE e
B16 3AmR ALK R
Fig. 16  Perforation test results of three nozzles
17 Ry 3 R S FLFLIR S oAk E . 5 H
SSP UM AE LY, BT S e 8 AR S o
MFLIR A g K, FLIRREE IR, Sheks
SSPURMTE AR LY, SR T MBS N B TR 45 S D M 11
LR G HrE RN . XIS IR A S By e
Al 1) S RE LU R A SRS M B R, 0 rh e BB AR
RELUF, AROHER T e S Bl FL AL A e
B, R T HLFLIRIREE o R B TR 5 5 it i g
() FLHR TR 29 Ay e SR imt W 1) 1. 44 o

C HER A
O
EliiN=1: e [ AEsh
e %
|
FLAR B |
]
0 5 10 15 20 25

FLERZ%/mm
B 17 3RS SLILIR A KA R A

Fig. 17  Perforation parameters of three nozzles



— 36 — 23 R A - ) 2026 % H54% H 1048
[3] Dunn R P. Method of and apparatus for horizontal drill-
4 Q:llj:i/eg _U\—L/lj\ ing: US07/211889 [P]. 1988-06-27.
(4] WAk, HAER, #2440, 5. 3T Fluent FUER

(1) 33 9B 3 43 A 15 21 B e TR A 5 o
At i o Bl A SO R B DI A RO, SR
I L2 107 T i P S 38 4 85 Ay s v 8 5 3 A 41
FRLBE IR . oo v ol L I N OBE 3 TR A5 B R A 4
5 3N B

(2) BEHDFLFLERRE A, Hi (R DX 3% 7 Uk
AN, G ALALRIEE] 1.8 mm,  HUOMIG X L AR
WO, T i DR SR AL oo™ & I A B
Oy L R, B o XA o W R
FR S A HOA 2R/, B FLFLAR S 0N
SHIRE Ty B, SRR RN, (R S AR
Wi 0 B K BB AR AR MR . BE S IR R sk, AT
5 1 S A SRR R R A W
SR, UL RE LR ARG, PR IE 1Y SR
FE 1] S R RE R FE

(3) MRS RN, 5 5w
AH L, ELBETR A 5 U W 1 5 FL AL AR 4 K 94%,
e S S 1) S FL AL AR K 124% . BEEIR &5
T TS 5 e B A H, FLAR T EE 2k e 5 5
WS ) 1. 4%, BHFLFLIS S B )

(4) T BEAFIE 7 i R BRAR, 2 T I
WEIN T2 . TAESBURRE W ORI, J5
S| gF— 538 i ol AR IR I8 5 UE e IR A S R P
B FE s T LR 2 B AR A 5 1 0 R 1 i
RS, BERORKRZR . ElLSBSETk,
LA 0A S, TRAT R B TR A et 15
HHLE 5

& % X W

(1] X0, HssL, BT, 5. o X4 B A mins
Shmttagsm s (1], WAL, 2024, 52
(12). 8-15, 100.

Hu Qiangfa,

mental study on the effect of high confining pressure on

Liu Jiawei, Lii Weiping, et al. Experi-

the jet performance of conical straight nozzle [J]. Fluid

Machinery, 2024, 52 (12): 8-15, 100.

(2] BEW, SZRZE, ZEMA=, AL KIS AL AR ) K
JFIRFEMPRE ST (V). Wrkdh THT, 2016, 23 (5):
643-647.

Bi Gang, Ma Dongjun, Li Gensheng, et al. Exten-

sion ability of hydra—jet sidetracking of radial horizontal
well [J]. Fault-Block Oil and Gas Field, 2016, 23
(5): 643-647.

(5]

(6]

(7]

(8]

(9]

[10]

[11]

A I K B Sk Tsm 45 S8t L], ol wrse
5%, 2024, 44 (12): 212-220.

Xu Yayou, Tian Jiakuo, Dai Xingru, et al. Optimization
of front—end structural parameters of radial water jet bit
based on Fluent numerical simulation [J]. Mining Research
and Development, 2024, 44 (12): 212-220.
EAS . KT 2 AL FT T 0 R S s WO
[D]. ERK: ERBHCFAR, 2023.

Lei Zhenjie. Study on the striking force characteristics and
rock breaking of the water jet multi—hole [D]. Chongging:
Chongqing University of Science and Technology, 2023.
PR, BRIR, RCELL, AE. RS SHRERIR AR FHALEAY
BErETE (1], AL, 2025, 53 (7). 112-
121, 148.
Zhong Yin,

et al. Numeri-

Chen Shu,

cal simulation study on the descaling mechanism of high—

Zhao Yuhong,

pressure swirling jet [J]. China Petroleum Machinery,
2025, 53 (7): 112-121, 148.

WEGE, PARA, B, % ARG Y
BAa Bl 7e (). WARHLAK, 2010, 38 (4):
13-17.

Guo Ruichang, et al.

Li Gensheng, Huang Zhongwei,

Numerical simulation study on flow field of multi—hole jet bit

[J]. Fluid Machinery, 2010, 38 (4): 13-17.
B, BAEM, T, S KR m AL

HORIEZESE CR N
122-125.

W Hewh < W, 2020, 27 (1)

Jia Jianchao, Liao Hualin, Yu Huaibin, et al. Study
on flow field characteristics of hydraulic jet radial drill
[J]. Fault-Block Oil and Gas Field, 2020, 27 (1):
122-125.
Chi Huanpeng, Li Gensheng, Huang Zhongwei, et
al. Maximum drillable length of the radial horizontal
micro—hole drilled with multiple high—pressure water jets
[J]. Journal of Natural Gas Science and Engineering,
2015, 26: 1042-1049.

FER, TR, 6, S Drmd AU SR
WIS A RE BT (1), AR T, 2008, 31 (6):
14-16.

Du Yukun, Wang Ruihe, Ai Fei, et al. Study on
cuttings carrying capacity of a tangential injection type

of swirl jet nozzle (1] Drilling & Production Technol-

ogy, 2008, 31 (6): 14-16
Buckman W G, Dotson T L, Mecdaniels M D, et al.
Nozzle for jet drilling and associated method: USA,

6668948 [P]. 2003-12-30.



2026 F % 54% H 10K ML, S HAGRSARR I 0 SRR R 8 MR — 37 —
[12] Sflpy, BEAeM, k. HEiR & SnmiuE st 5 [18] Fu Biwei, ZhangSi, Liu Shaohu, et al. Drilling per-

[13]

[14]

[15]

[16]

[17]

WO re kg (1]
2014, 29 (4): 421-428.

KB Ty g S B

Wu Desong, Liao Hualin, Yang Bin. Study on the
influence of nozzle structural parameters of straight—
swirling integrated jet on flow field characteristics [J].
Chinese Journal of Hydrodynamics, 2014, 29 (4):
421-428.

BEN, BARUE, JHE, AL A EORRRE S R Sk
AR (1], AiheAl, 2016, 37 (5): 680-687.
Bi Gang, Qu Zhan, Rock
breaking efficiency of the self—propelled swirling jet bit
LIl 2016, 37 (5)
680-687.

Bk, R, Totst, . EIRS Co, g G
SRS HLE R W 45 A R ()], HR3hA5 ep
i, 2025, 44 (1): 232-242.

Li Jun,

Li Gensheng, et al.

Acta Petrolei Sinica,

Xue Yongzhi, Ding Liangliang, et al. Rock
breaking mechanism of supercritical CO, straight—
swirling mixed jet and influences of nozzle structure
[J]. Journal of Vibration and Shock, 2025, 44 (1):

232-242.

R, WE, REG, 5. RARUKEGYHEERS
SRR AR TS [T]. ArmpLAR, 2025, 53 (2):
89-97.

Xu Hao, Zhang Si, Wu Moran, et al. Crushing of
natural gas hydrate by straight—swirling mixed jet [J].
China Petroleum Machinery, 2025, 53 (2): 89-97.
TREXS. ER S B AL bl s £ R
¢ [D]. MER: LROLT R, 2024.

Xu Baoxing. Study on the formation mechanism of the

straight spiral mixed jet and the characteristics of the

erosion rock [D]. Huainan: Anhui University of Sci-
ence & Technology, 2024.
Rehbinder G. Investigation of water jet pulses generated

1.
7-37.

by an impact piston device Applied Scientific

1983, 40 (1):

Research,

[19]

[20]

[21]

formance analysis of a new type of direct-rotating
mixed—jet nozzle [J]. Journal of Petroleum Science and
Engineering, 2021, 200: 108302.

AR, W, FRWENE, AF. ALK i e B
FREME R AL SE (], R3h Sl 2022, 41
(23): 51-59, 85.

Gao Yabin, Xiang Xin, Guo Xiaoya, et al. Charac-
teristics and mechanism of coal and rock breaking with
water jet impact in drill hole [J]. Journal of Vibration
and Shock, 2022, 41 (23): 51-59, 85.

RO, B, Wk, S5 (R4 ER S e
L B XU i i R S B AL, (0], k3T
WhIE S5ikRE, 2004, 19 (5): 671-675.

Song Jian, Li Gensheng, Hu Yongtang, et al.
Numerical simulation of dual jet turbulent flow with com-
bined coaxial swirling and round jet [J]. Chinese Jour-
nal of Hydrodynamics, 2004, 19 (5): 671-675.
fE57, kIR, WIEWL. JETEIERNG k-s BRI T
FrAAR BT T OUBEAL [J]. MR~ HoR
2014, 36 (10): 101-105.

Ren Jia, Zhang Yao,

diction for performance of centrifugal pump under off-

Shen Zhengfan. Numerical pre-

design operation with modified RNG k- & turbulence
model [J]. Ship Science and Technology, 2014, 36

(10): 101-105.

F—EERN: A B, SmYTREIN, 4T 19864F,

2013 AR EY T RVT R 2A ML BE T S BIE Ll , AT 127

N, MNFHESEHF T TEET A5 TAE, k.
(430000) b 4a T . BB (027) 83567933,

email: fuyuedr@cnpe. com. cn,

WEMEE: £ B, email: 2219460235@qq. com.

& EfE B 2026-07-25
R 3cgmt ERIK)



