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Cooperative optimization of plunger structure and gas injection scheme based on CFD

BAN He', JIA Hongge®, ZHOU Honghua®, WEI Jikai'

1. PetroChina Tuha Oilfield Branch Oil Production Technology Research Institute, Hami, Xinjiang 839000, China
2. China Petroleum Aktobe Oil and Gas Co. , Lid. , Aktobe 030012, Kazakhstan

Abstract: In the Zananor oilfield, Kazakhstan, some wells employing plunger gas lift systems face issues such as high gas injection,
low liquid lifting capacity, and unstable operation. These problems stem from a lack of quantitative coupling between plunger structure
and gas injection cycles, and a reliance on empirical adjustments to the gas injection scheme. Focusing on plunger gas lift wells, a full-
cycle dynamic model of the plunger gas lift process was established. By introducing a structural disturbance coefficient and conducting
CFD simulations on three characteristic plunger types, the nonlinear relationship between plunger lifting velocity and gas injection rate
was revealed, on the basis of which a coupling model was developed. Furthermore, with the objective of minimizing energy
consumption per unit volume lifted, a cooperative optimization model integrating plunger structure and gas injection scheme was
established. Field tests demonstrate that the well operating cycles became more stable, with a 19.4% average increase in daily oil
production alongside a 13. 2% average reduction in daily gas injection volume. These findings provide technical support for transitioning
plunger lift operations from experience-based to mechanism-driven and parameterized control, offering promising potential for broader
application.

Keywords: Zananor oilfield; plunger gas lift; disturbance coefficient; CFD simulation; gas injection scheme; plunger structure;

cooperative optimization
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Fig.1 Schematic diagram of the plunger lift
operating process

(1) B E B B i IR R 2R I TE A

AR, A ZE AT RS T

(2) AW B B S ShAE 2%E AT
ol LT AR B I 0, T Az A R A
K zErgeshae S AL s,

(3)HEZE H V% T BB AR HE 5 A 2K
JiinlE ZHE ST G, R Lk PR T
Slas w0 ARSI 28 R YR I ALK TR R
IFR], AR 2 A A 25 4 fa] B REAFEAIR 38 N P o
PSR 38 TR RAR ™ I SR AZ R X
BT R AR 3 AW S A 2R S AL A Y
KErmICEC !

1.2 HEEAMEZHSH

FEZE bbb # rh 2 A2 SARMEH O 1% 01 )

FEEE Sy BERH ) BB s fe A R LI 2,

i

F | :
) F,
F‘W

B2 HEZHATEE
Fig.2 Schematic of forces acting on the plunger
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Fig.3 Pressure distribution contour of the variable-
diameter plunger in the flow field
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Fig.4 Velocity and turbulent Kinetic energy distribution
of the cylindrical plunger
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Fig.5 Velocity and turbulent kinetic energy distribution
of the variable-diameter plunger
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Table 2 Comparison of main production parameters before
and after plunger gas lift transformation in field test well

S A PR S A

i T
it /(t-d™) /(m’-h7")

LTI v 0 = R s 1 =S/ 4 [ R W L =

W1 4.2 9.2 320 280  FREEEA MAIBESR

w2t 3.8 10. 1 170 140

o

SERTEAR EESR
at

W3t 4.8 9.7 170 140 FFEEA MBES

AL J5 5 B0 DY KRR — J2 S A FERUR
WEEARTE TR B RE KA RS, JCRGE R  Be
Wb TR B AT R E R 6 vh T S AT R O
I8P 509 , T A H LA s =R IR
AT B T 45 K 4L Bl 0 o AR RE D A AL
T DR () 2 2 3 B SR A Y R W 3 R AR
P ms B T m] Ak ST, i 7
BioR

PERI4E . 52T CFD BAE L5 58S B Rk 29

16 ¢
14 +

= 12 ¢

210t

b

E 8

m S — AT —ARE

g 4 — BB B — AL R A
2 L
0 n L n )
2024/51 2024/7/1 2024/9/1 2024/11/1 2025/1/1

7 HIERERSHENEE
Fig.7 Comparison of daily oil production before and
after modification

5 ZHig

(1) A ZEGE R 50 S0 B2 XA AR P ] 52
W3, CFD JfE Won , #E 2 JLA 45 F9 UL 5 i 4k ol
SRR RE 1A BE Y A R e KRB A ] =R
SRR SN R AT AL SRR B TR, DA A 5
BRI E AR

(2) A g iy DI ] 0 AR AR 780 52 B — 2 B 5 T
DA 2 T REAE R /N o B AR, i N7 T 5 SRR i
VEECHLE] , 4 AT 28328 DA 28 50 0 5 7% ) S5 fb 3%
il , e TR S REE

(3) BB U T ik iE v, ks = 1
Fer it 19. 4% FESREREL 13.2%, 5178 1)
RS, WIS 2SRRI TP R SRR ML, X
FEARBES AT, A5 Ay ] k- FE <28 1)
MR 5 2B AR PR I S 4%

i B Rt E G ek m NG R LY
R IRAR S AR F A L H Bt i PR H B,

%30k

(1] PR Hs, FRBROC, AhKIE. 2 RAMBORAE AL A 2%k
ALY ). AR 12,2014, 36(2) :75-76.

XU Zhiming, WANG Yuewen, SUN Bingheng. Application
of gas lift oil production technology in the Zananor oilfield
[J]. Petroleum Drilling Techniques,2014, 36(2) :75-76.
2R, W 2 H A SO ZE 28 LB CFD B4l &%
TEBHMALT]. AT ALK, 2020, 48(3) .73-78

LI Li, TIAN Wei, LI Xuri, et al. CFD simulation of

plunger lift mechanism in gas wells and optimization of

—
S}
[

process parameters [ J |. Petroleum Machinery, 2020, 48
(3):73-78.

B AR HACR R T AR IS [ ], 220
AL F AR R 27274 ,2025,25(3) :5-9.

JIA Bin. Research and application analysis of plunger gas

—
w
[

lift drainage gas recovery technology [ J]. Journal of

Lanzhou  Petrochemical ~ University —of  Vocational



30 W 2.4 w4

2025 4F 12 H

Technology, 2020,25(3) :5-9.

(4] E&i, T4, XUt , %, 78 A KA T LR

RHAKCRITZWRBURLT]. A BRAiE 4R, 2016, 31
(3): 271-278.
WANG Rui, ZHANG Ningsheng, LIU Xiaojuan, et al.
Research status of foam and downhole tool drainage gas
recovery technology in the Sulige gas field [ J]. Petroleum
Science Bulletin, 2016,31(3) :271-278.

[5] skRUR, 2ttt BREC), 46, HEZE 28 A id R gy ) 2 ik

BFFELT]. iR T.22,2007, (5) :62-64.

ZHANG Fengdong, LI Hongjian, KANG Yili, et al.

Dynamic simulation study on the whole process of plunger

air lift [J]. Drilling & Production Technology,2007,(5) :

62-64.

B/NR. AR AR R AL ZE A BT S TR W

[D]. P92 VY& AaihRe,2022:1-45.

LU Xiaodong. Research on optimization design and process

[6

[

technology of variable diameter air lift plunger [ D ].
Xi’an; Xi’ an Shiyou University,2022;1-45.

XUZACOHE, SRR KT, 5. MRRAE ZESSH L ALRALL[ ) . ViR
AR (A SRBIRR) | 2019, 41(6) : 181-188.
LIU Yonghui, HUANG Qijun, DU Jing, et al. Optimization

simulation of rod-shaped plunger structure[ J]. Journal of

[7

[

Southwest Petroleum University ( Science & Technology
Edition) , 2019, 41(6) . 181-188.
(8] AATMAA], S ¥4 A% 2 28 52 i PR3 o0 i S A A st
[J]. KRR Tk ,2005,25(6) :97-99.
HE Shunli, WU Zhijun. Analysis of influencing factors and
optimization design of plunger gas lift [ J]. Natural Gas
Industry,2005,25(6) :97-99.
[9] BRATME. AL ZE WA S5 A T S e e S s i AL [ D ]
KRB AR R A= ,2025:1-26.
CHEN Xingjian. Flow field characteristics and structural
optimization of air lift plunger groove structure [ D ].
Daqing: Northeast Petroleum University,2025:1-26.
[10] HP%2RE. HE 2R HOK R RIS R D]. %
5 E AR (4R 7K) ,2019:1-55.
YE Anchen. Research and application of plunger gas lift
drainage gas production system [ D]. Qingdao; China
University of Petroleum ( East China) ,2019.1-55.
TR AR BB A, AR SRS RRME AT [0 ] VT DU il 2 g
*#41¢,2000,22(3) :61-64.
WANG Qisheng, LIAO Ruiquan. Analysis of gas lifting
characteristics of plunger [ J]. Journal of Oil and Gas
Technology, 2000,22(3) :61-64.
[12] RITRKPRARKAIFA A AR 7 5 AL 288K
RABARRBRMET]. RART,2015,35(8) :92
TIAN Gong. A breakthrough has been made in the gas

well combined production tubing completion plunger gas

[11

[

lift drainage gas recovery technology in the Changqing gas

district [ J]. Natural Gas Industry,2015,35(8) :92.

[13] Exig, 2R, EOREE, %, FReH2E KALa A JE T Hik

RAWFEHERELT]. Al Tl B R B, 2025,41(1) :55
-60.
WANG Rui, YUAN Chenyu, WANG Yixin, et al.
Research progress of intelligent plunger and robot
downhole drainage and gas production [ J]. Technology
Supervision in Petroleum Industry,2025,41(1) :55-60.

[ 147 KA, M, E/ME, 5. B Be SE A HEACR SAE D

AR P DN WEE D] A7 AR TR, 2016,35(7)
114-115.
ZHANG Gang, CHANG Pengxu, WANG Xiaojia, et al.
Application research of intelligent plunger gas lift drainage
gas recovery in sulige west district [ J]. Petrochemical
Industry Application,2016,35(7) :114-115.

[15] 7 BRI ol A5 B REAE 28 2 TS I BOR TR 4
BB AT ] . ArBLBK , 2023 ,51(6) :74-82.
WANG Zidun, CHEN Xiaobo, CUI Can, et al.
Application of intelligent plunger gas lift wax removal
technology in fracture-cavity oil reservoirs [ J]. China
Petroleum Machinery,2023,51(6) ;74-82.

[16] whlE PR, TG , HREEE, 55, A2 TR HRACR A5 B
IREEEE[J]. KRR T ,2024,44(2) ; 121-129.
HAN Guoqing, XING Zhisheng, YUE Zhenduo, et al.
Research status and prospects of plunger lift technology for
gas well drainage and production [ J ]. Natural Gas
Industry, 2024, 44(2) . 121-129.

[17] XU Bli/N e T, 56 XA FE R HORAE 95 AR L

W TEM [T]. Ak TR H,2025,44 (11) .59
-62.
LIU Yihao, LU Xiaolong, TONG Tong, et al. Evaluation
of the experimental effect of two-stage plunger gas lift
technology in northeastern Jiangsu [J].
Petrochemical Industry, 25,44(11) :59-62.

(18] %, X F}, B, 45 NI TP EUE AL ZE2E T T 2K
SOACTT]. i AL Tk i 5 5 2025, 45
(14) .145-147.

YANG Hui, ZHAO Dan, MAO Zhen, et al. Simulation

and optimization of plunger lifting process for tight gas

Application of

wells in central Sichuan [ J]. China Petroleum and

Chemical Standards and Quality,2025,45(14) ;145-147.
S TRTRK

E—EF®/ IO, 1987 A, TR, AR, 2013 4R
Bl T 2 S ] 7 A 2 0 R A i R A AR sl 32
B g m R ALk W5 A AR W, A
18693701656, Email : banhe1115@ sina. com, 8 {5 ik . 57 45
AR TIT R DX i I T 3 b SR TR T WF 5T B, IR B G
7. 839000,



