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Abstract:[ Purposes]Borehole is the direct object of water jet penetration enhancement technolo-
gy, which is characterized by shape deformation and being flooded with short—term impact. Currently,
there is a lack of clarity regarding the impact of submerged jets in deformed boreholes. Accurately char-
acterizing the action and mechanisms of water jet penetration enhancement techniques in boreholes re-

quires understanding the impact characteristics. [Methods] The flow characteristics and impact mecha-
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nism of in—bore submerged water jets were analyzed by means of numerical simulation under different
borehole deformation ratios (M=0.5, 1.0, 1.5, 2.0, and 2.5) and different jet velocities (v=120, 140,
160, 180, 200, and 220 m-s '). [Results] The results show that changing the deformation ratio of
borehole in the submerged state has a significant effect on the “wall reflux section” and “fully devel-
oped section” of water jet, and has almost no effect on the “core section” of water jet. The jet velocity
has a greater effect on the water jet “core section”, and the length of the “core section” increases with
the increase of jet velocity. With the increase of the deformation ratio of borehole, the pressure at the
center of contact surface decreases gradually, but the range of water jet’s action on the center of con-
tact surface expands continuously, and the range of water jet’s action on the contact surface expands
by 2.3 times when the deformation ratio is increased to 2.5. The increase of the M changes the way of
jet’s influence on the surface of borehole, and the reflection of water jets through the surface of bore-
hole creates vortices, which transforms the impact compressive stress on the wall surface to tensile
stress. The destruction of coal rock by flooded water jets in the borehole is the result of a combination
of shear and principal stress effects, cavitation, and vortexing in the borehole.

Keywords :borchole for permeability ; submerged jet; impact characteristics; deformation ratio
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Fig. 1 Schematic diagram of model
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Table 1 Coal body simulation parameters

LREE = e
W/ (kgrm *) 1183
FMER /G Pa 1.663

TARA L 0. 280
BiE 3R/ GPa 2.697
BLHrsg &/ GPa 0.637

1.2 EHFGRE
JK S T B SE I R R AT R e IR A B
DA SCACR b K—e BEAL S il K—e B8 A 55 i

FhvE T s RE UL M AR R R A O, O R 4 R aU
Jr ik

d(pk) I pku,) i\ Ok

at + dx; o 1z, Kﬂ_’_ak dx; Gt
Gb*pE* YM+SK . (1)

d(pe)  dpew) 9 Py e

at dx; _axj [(#_‘_as)axj I+
Q%Uﬂ+@£ﬁ—@w%+&. (2)

B

7J<ﬁ”l:ﬁﬁ

120 m-s~ ' 140 m-s ! 160 m-s !
LElG B I REE  TILEETE [ B

Horpr
,
w=pC,—. 3
3
- dus Oy | I,
Gy=p, . 4
e ( dx;  dx, ) dx; “

A, MR B G Gy 2 B He 2R i S 1 3
V1510 £ 1 7= 305 0 Ry TRAK B JE  kgom 5
Y N AT 4 i R BK S B 5K I 5 e TR B ) B

S 5 C1 Co Coo C, R 226 % B T T BE £ FFE L
e I T i AR 0 0, =1.0,0.= 1. 3;S,,
SR A E LRI,

2 #HR 5tk
2.1 EERhFLESSHRPEEE

AN E 280 4l FL N K S 9 A7 kAT 1Tz
ﬁﬁ?{ 8 22 9 A5 W B 9 i, A 5 A AL T TR

A, 0V T 2 w728 S O A T L 1) R oA 3 R
”fﬁlﬂ(%ﬁ{uurﬂVﬂ{q‘ﬂiﬁg{ﬁﬁﬁ@*ﬂxﬁl% R A
Xof il FL P 7K SR IR A ot O A R e G 1 2 T, K S
Uit Vi JBE Sl B S U A SR AN W ke AE 4 3 v S0
S I A DA RN & 3 SR L R N
O HE IR A I K S O b ok A B AR L T
S TT ], W] LA S A O R R BT TR A K
JE B BE TR M1 BT . 0 IR B 6 T W BT S
UL B DR 5 ) ok TR AR A 5 ST R R B A T )
06 Bt 22 I B 058 U A e A W SO v, S O R AN
VBT 5 ik, L % 2 AR A Jn ) R TR [0 9 B < A T R L RE
T b, SR U T o 4 ik TED O B0, O R A AR I
Wit Sk VA AL E 0 I, T RS T K S U ik B
K P BB R, SR BRI B BCRAETRK
SR TR, ) 4 B A SR A R R B AR P HE
/N R

PR ZE IR AT il e R 42 sk TET ) S RS 3 AT
B 3, X Ee L 3Ca) (3 Ce) AT T v TR 25 s 7K S

180msl 200m-s ' 220ms‘

B2 skatimiE B rLREStt

Fig.2 Comparison of flow regimes of water jet impinging on circular boreholes
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Fig.3 Comparison of flow velocities of water jet impingement circular boreholes
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Fig. 5 Circular borehole water jet pressure contours
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Fig. 6 Cloud views of water jet flow regimes under different deformation ratios
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Fig. 7 Distributions of water jet flow velocities at different deformation ratios
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Fig. 11 Effect of deformation ratio on water jet impact
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Fig. 13 Schematic diagram of rock-breaking mechanism of in-hole submerged water jets
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