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Structural optimization and application of mach shock atomizer nozzle for drainage
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Abstract: In order to solve the problem of fluid accumulation in gas wells during natural gas extraction, a shock wave atomization
nozzle based on the classical Laval nozzle structure was proposed. However, changing the structural profile of the Laval nozzle would
cause changes in the shape of the flow path, which would further affect the acceleration ability of the gas flow and eventually affect the
effect of shock wave atomization of fluid accumulation. After optimization of the Laval nozzle structure profile, the 2nd generation
excited wave atomization nozzle was designed, and the liquid-carrying capacity of the new and old structure atomizers was analyzed by
CFD method at different placement depths. The results show that the optimized Laval nozzle structure has lower flow pressure loss and
improved speed-up effect compared with the previous structure, and it has achieved better field application results. The 2nd generation
shock wave atomization nozzle can better solve the accumulation of liquid in gas wells during natural gas production, and help to drain
liquid from gas wells to increase production.

Keywords : fluid accumulation in gas wells; drainage gas recovery; shock wave atomization nozzle; Laval nozzle; profile optimization;
placement depths; CFD method; liquid-carrying capacity
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Fig.1 Full-profile 3D view and 2D plan view of the 1st
generation of shockwave atomization nozzle
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Fig.4 Aerodynamic performance of the 1st generation
nozzle at outlet pressure 10 MPa
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nozzle at outlet pressure 20 MPa

w9

%

<l
o>

BT 2 M PURBVE S5t ki it s 2 £
Wk AW 25 il I CFD B {f 7 v X 3 [H P Fil
AT 55 A A 1 Z5 A HE W RE 1 34T T L
BT, h Bk iiolis 55 Ak 25 A6 HEACR S TAE H 9 A B4k
of SR HEEECHE S 1% 5 e LRl R T Z 4 HoT
HIB A AL,

(DA B R MR AR S R i v B A B 47 (<
ShPERE, 35 SR PAE G 0B 11 R N I A A 4 T
FEAHRTE /AN, & 0 I T Ak e i mt g <,
SIPEREA LU AL TSR AT 5

(2)AHEEH T 10 MPa T8¢, T HEF124 15 MPa
F120 MPa B mEBE I 11 1) B iR ECA BRI T R X &
IR TR SRR B % R R, Hﬁéﬁ%i{}lb
AR R TN SRR

(3) 5 E R 7 R A B B R AR, 2 o
717 10 MPa T, P AR T 6 0k 11 174 55 b 202 K T
1, 150 P 54 W5 16 222 TIOR8 B 6 /N W) W S 1) 55 b 1k g
AT

(4)FHELES 1 ARmEHE 55 2 AR 55 1k Mt s 3¢
U bR T RAR ST Rk B i S B B, XS
HE G P SR B 1



H31E S

19 75 A - HEA ] Eh i 25 Al s s (e fe e i 5

B A A AR TR AR R S L8 KRR
I ST AR SR B BT L TAR 0 X,

pet

S5 3k

[ 1] NAGAO J, MATSUO S, HASHIMOTO T, et al. Characteristics
of condensing flows in shear layer of axisymmetric supersonic
jets [J]. Procedia Engineering, 2013, 56:429-436.

[2] XVERI, B be s, 258, B FLIR WA S Sl et J P00 5

K[J]. ERENTESHE, 2021, 40(7) :106-110.

LIU Zhigang, YANG Xiaojun, PENG Jie. Simulation

experiment of aerodynamic characteristics of laval nozzle

[J]. Research and Exploration in Laboratory, 2021, 40

(7):106-110.

HEMIDI A, HENRY F, LECLAIRE S, et al. CFD analysis of

a supersonic air ejector Part I; Experimental validation of

[3

[

single-phase and two-phase operation [ J]. Applied Thermal
Engineering, 2009, 29(8-9) .1523-1531.

[4] XU, AL, RAEE, 5. A H TR P S5 55 L S2 g
FEUARIULT]. A 3h 174, 2008, 23(4) : 724-729.
LIU Jing, WANG Liao, ZHANG Jia, et al. Experimental
and numerical simulation of atomization of liquid jet in
supersonic crossflow [ J]. Journal of Aerospace Power,
2008, 23(4) :724-729.

[5] @I . R TR0 LIRSS Y K T AH W 55 45 {1 A5 400 AT
FE[D]. SRR, 2020.

ZHAO Xiangfeng.
air-water spray nased on laval effect [ D ].
Institute of Science & Technology, 2020.

[6] BRET, 257 SO A U o AL A PSV 146 iF
FE[J]. AMBLI, 2019,47(12) :106-114.

QIU Xiaoning, LI Jun. PSV experimental study on supersonic

Numerical simulation of two-phase

North China

shock atomization nozzle for gas well [J]. China Petroleum
Machinery, 2019,47(12) :106-114.

e, ZWTHE 55 e A S MY SEUER L[ D], L
o E BRI AR B (TR ER ST ) , 2014,

HOU Yan. The experimental study and numerical simulation of

[7

[

multi-nozzle spray cooling [ D]. Beijing: Chinese Academy of
Sciences (Institute of Engineering Thermophysics) , 2014.
(8] MR dE, E7%, XUAGME, 55, LU 2540 X 157 55
PRI RS S BE ST [ )], LT FE 244k, 2014, 50
(24) .7-13.
HE Zhixia, WANG Fen, LIU Juyan, et al. Coupled
simulation of the effect of diesel nozzle structure on spray
characteristics [ J]. Journal of Mechanical Engineering,
2014, 50(24) :7-13.
[9] GERDROODBARY M B, JAHANIAN O, MOKHTARI M.

Influence of the angle of incident shock wave on mixing of
transverse hydrogen micro-jets in supersonic crossflow [ J].
International Journal of Hydrogen Energy, 2015, 40(30) .
9590-9601.

[10] B =, BEled. WOEEOR TE-28 2 [ M]. HEA
e thi iiat:, 2007:1-13.

(11 KRR ARG B T ik T e AR AR 3 1 i 1 HE

IR AL 1], BHeAEoR 5 TR, 2019,
19(31) :129-133.
ZHENG Yuguo, LI Weipeng, QIU Xiaoning. Optimization
of supersonic nozzle applied to drainage gas recovery based
on improved wolf algorithm [ J].
Engineering, 2019, 19(31) . 129-133.

[12] FLEE. WEAHFRAK 22 (M), B 5 #E H AL, 2004,
20-35.

[13] SF4, B, E/ME 950 AR S H EZS0mE HE KR
RIS AR [J ], E A A AR e 5 i
2011(10) :293-294.

GUO Chunling, ZHAO Tao, WANG Xiaojia. Water

drainage and gas production test and effect analysis using

Science Technology and

continuous oil tubes in Surig gas field [J]. China Petroleum
and Chemical Standard and Quality, 2011(10) :293-294.
[14] 2538, PR LS B PRI 21 CFD KAL)
[D]. maTAl R, 2006.
LI Ping. CFD simulation on two-phase flowing of internal
airblast diesel atomizer [ D ]. Nanjing University of
Technology, 2006.
XL BE T 2% A X fROEFL A 23 1 3 3 R P 1Y 5 i
[D]. KEZEHT R, 2019.

LIU Yuewen. Wall conditions effect on cavitation flow

—
—
W

[}

characteristics in micro-orifice [ D]. Dalian University of
Technology, 2019.
[16] B . itk m ] X Sk Bg oF 58 Kb fe e it [ D]
TLIR R, 2019.
DUAN Fuyi. Design optimization and theoretical research
of variable spraying sprinkler [ D]. Jiangsu University, 2019.
[17] CFD-Wiki. Turbulence modeling [ EB/OL]. 2021(10) :
23-29.

VRSP E U/

E—EEE N EFW, &, 1987 4E A, TR, 62447,
2014 AEERAY TR Z AR 220 Y 5 A =0 IR Tl B
BN 3 R DR M G D AE. M EE. 022-25928703,
13612000808 ; Email ; gxiuli @ cnpc. com. cn, WA HL AL, R
TV VAR T DX YR A R vl T =4 R 100 SR S G R R 4
2\ ) MBI iR : 300280,



