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Numerical simulation of flow field of nozzle with elliptical exit
under submerged condition

ZHOU Wei-dong', LI Luo-peng', KONG Chui-xian’, WANG Jing-shuang'
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Abstract: In order to improve the reaming efficiency of radial horizontal well bore, the elliptical exit nozzle was introduced
into the abrasive jet reaming technology. The Realizable k—& turbulence model was applied to the simulation of the nozzle
with elliptical exit. Numerical results were compared with results of conical nozzle. The results show that the jet has a certain
spreading and the diffusion angle on short shaft section is greater than that on the longitudinal profile. The jet velocity in the
nozzle and the outlet velocity gradually decrease along with the length-width ratio increasing, while increase with the outlet di-
ameter increasing. When the nozzle entrance velocity and outlet diameter are the same, the outlet axial velocity of the nozzle
is less than that of the conical nozzle. When dimensionless nozzle distance is greater than 11. 3, the jet velocity is greater
than that of the conical nozzle. The nozzle export section width increases with the distance from nozzle increasing, and the
reaming width of the elliptical exit nozzle is greater than that of conical nozzle under the same conditions. The jet has self-
moldability. The numerical results agree well with the experimental results of abrasive jet reaming.
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Fig.1 Structure diagram of nozzle with elliptical exit
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Fig.2 Physical diagram of nozzle with elliptical exit
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Table 1 Structural parameters of nozzle

with elliptical exit

G5 KIEtt e 0 A% d/mm
1 1.2 2.5
2 1.6 2.5
3 2.0 2.5
4 2.4 2.0
5 2.4 2.5
6 2.4 3.0
7 2.4 3.5
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Fig.3 Velocity contour of nozzle with elliptical

exit and cone nozzle
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Fig.4 Pressure distribution in nozzle interior
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Fig.5 Axis velocity distribution in nozzle interior
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Fig.6 Axis velocity distribution of nozzle

with different outlet diameter
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Fig.7 Axis velocity distribution in nozzle external
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Fig.8 Jet sectional velocity distribution in nozzle external
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Fig.9 Contrast of reaming effect of cone nozzle

and nozzle with elliptical exit

1B5 3 60 mm ‘
10 AEBETKEBRET FLESR

Fig.10 Reaming results of nozzle with elliptical

85 10 mm 8§ 90 mm

exit for different standoff distance
5 & g

(1) B W W 5 30 R AT — 5 B4 B, L el
P T PR RO R A R R PN A O
b 1R R A K B LU A3 R TT D  H F AR R
ORI S 10 A 5 S8 3L W I 8 I P B 34 K i
WK, BATRRA AR,

(2) FEH 1B AR KR FEAR R 9 25 15T A [
W A HBOA DR TSI W ) BEAUL R T, ik
MEHE/INT 11, 3 BF, HETES M8 A8 A 24 3 32 A T [ g
(4, JC PRI BE R T 11, 3 B A T2 Mo sl £ 3 2 0
INTR BRI A £, 1< 52 5 W L FE B P B 3 5
R LG EE SN R =

(3) AR ZEF N 52 Mo s 05 2 W8 W S 9 2
R A W U PN 3 2 ) TR TR (3] W, FRE A Dk

AN TR AR B FLASCR
S

(1]

(2]

(3]

(4]

(5]

(6]

(7]

W, ZECm, SRk, A G K S i AR
IR EARLT]. A BRI, 2001,29(5) :
21-22.

SHI Lian-hai, LI Yong-he, GUO Hong-feng, et al. Ra-
dial horizontal drilling techniques with high pressure water
jet[J]. Petroleum Drilling Techniques, 2001,29(5) :21-
22.

WKED, figis, ERiM, S5 B E R S5r SOK
SERFRORTET S IFRIN [ T]. A sk T2,
2006,28(2) : 11-14.

YANG Yong-yin, YANG Hai-bin, WANG Rui-he, et al.
Application of ultra-short radius radial wells drilling tech-
nology in Wei-5 well[ J]. Oil Drilling & Production Tech-
nology, 2006,28(2) :11-14.

B, WAL TK1202 Jh8E ERRIRIF Bed £l T 204%
ARLI]. ERBHE 2B A 4l AR B2, 2008, 10
(5):32-35.

LI Liang, ZHENG Shuang-jin. Open hole upperevaporite
bed reaming technology on TK1202 well[ J]. Journal of
Chongqing Institute of Science and Technology ( Edition of
Natural Science) , 2008,10(5) :32-35.

DB, VRIS, M. KSR LB AR i
FELT]. BBBHFEOR, 2001,29(10) :28-31.

LIANG Yun-pei, SUN Dong-ling, DONG Gang-feng. Re-
search on bore hole enlarging technology with high water
jet[J]. Coal Science and Technology, 2001,29(10) ;28-
31.

BN, HRLYE, KOTRE, 4F. BkRE 1 FEJRERTTZ
PAHARLT]. AmmeER T2, 2008,30(4) :103-110.
LI Ying-you, CUI Jian-ying, ZHANG Wan-long, et al.
Reaming techniques for huge gypsums in Qiunan-1 well
[J]. Oil Drilling & Production Technology, 2008, 30
(4):103-110.

AR, e, /NIFIRY FLEATE B T3 H 64
[J]. AihBRE A 2001,29(3) :35-36.

TANG Shi-chun, CUI Long-bing. Applications of the
slim-hole reaming techniques in Tahe oil field[ J]. Petro-
leum Drilling Techniques, 2001,29(3) :35-36.

TR, XE. HR B R FLAR7E 3R K GPC Jif
RIRLFILT]. AIMES TR, 2005,33(4) : 56-57.

YU Hai-ping, LIU Hu. Applications of the HR type of
hydraulic reamer to the GPC Oilfield in Egypt[J]. Petro-
leum Drilling Techniques, 2005,33(4) :56-57.

(F3% 90 )



