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Fig. 1 Test device diagram of gas lift valve experimental setup
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Fig.5 Pressure center axis data chart
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Tab.1 Simulation results of 10X 10" m®/d flow of three

6.1 mm diameter gas nozzles

HIEPY AH#
JE— AR/ . FE W/
S WEIE AR . L/ HiEJ1/
(10*m® « d° 1) MPa
(me+s 1) MPa
3 BRI 10 60. 1 17.0 7.0
5] A% R Mg 10 74.3 20.3 10. 3
[ 5 < W 10 81.6 19.4 9.4
4 & w

(1) FI R 52 56 2% & CIPT % X <% 1)<
W A A 3, K 97 5 4 SR AR Bl A A A5 AU
B EE AH 25 5 %0, TIE B S 56 2R R A R 1Y
CIE A

(2) BUAH AL 5256 43 B 22 B L A2 W6 1 A 11 4k
AU F1 AL 25 7= A JR 0 RE A 0 K L X 43 B AR AR
2 RGN ROR %R BUE 15 e 2E 17 1L

(3)FE R JE N A7 5256 i, SC e BLAE Fn R 5 <
W PR 8 349 A SR O T 7 A LSO AS TR A R AE L AT 2
B 235 S DN S O T R e AR SR LR
I AFDT T [52] 5 E v  2  IB T A) £  BEAE E R
W AL,

(4) 3C Fr HLA W 0 166 5 378 4 %o g e 7 LA K
FE 0,92 Lk 5 [ & AW 14 I S 00 1 6 IO R ) E A
[ A A M B S R 7 0. 82 LA b5 B AT A 6 Il R
PRI R A F B /N 7E 0. 78 LA b SCR A
PR 1 SR 0 o o7 R 7 LR R L 0 s TR 25 85/ 1R
0 RS M R g DR I S e LA O A e K

(5) 75 3 Ik iy 19 00 4 B 2 04 e A 57 L R
Hugoniot & FR U S 8288 % R I8 45
5B AR &

%% SCk -

(1] AFF.Z2 K.Z2NF.% ZBB1ARIAF KD

AFEey sl 5 A [J] & b ALA, 2004, 32
(2):45-46.
ZHOU Heping, LI Lin, LI Xiaoqi, et al.
Development and application of ZBB-1 bellows
protection gas lift valve [ J]. China Petroleum
Machinery, 2004, 32(2):45-46. (in Chinese)

[2] YANG YS. NIES L, ZHU Y Q. et al. Reaction
thrust of submerged water jet [ J]. Proceedings of the
Institution of Mechanical Engineers, Part A: Journal
of Power and Energy, 2007, 221(4) :565-574.

(3] HAM.ZHAEA AEZR.%. HEABEN LA H
F L] Al T/ %4, 2011, 47(16):182-186.
YANG Yousheng, FENG Fuzhou, ZHU Yuquan,
et al. Study of the pressure distribution on nozzle
inner wall [J]. Journal of Mechanical Engineering,
2011, 47(16) :182-186. (in Chinese)

[4] HUANG Guoqin, LI Xiachui, ZHU Yuquan, et al.
Experimental study on reaction thrust
characteristics of water jet for conical nozzle [J].
China Ocean Engineering, 2009, 23(4):669-678.

[5] LI Xiaohui» ZHU Yuquan, HUANG Guogin,
et al. Reaction thrust characteristics of high-
pressure submerged water jet of cylinder nozzle [J].
Journal of Chongqing University (English Edition) ,
2009, 8(1):63-69.

[6] LING Xuan, WANG Xudong. Application of
genetic algorithm for nozzle parameters optimization
of water jet propulsion system [ J]. Applied
Mechanics and Materials, 2012, 157-158:604-607.

[7] HEPGULER G, SCHMIDT Z, BLAISR N, et al.
Dynamic model of gas-lift valve performance []].
Journal of Petroleum Technology, 1993, 45(6) :576-
583.

[8] LI Mengxia, LIAO Ruiquan. LI Junliang. et al.
Parameter sensitivity analysis of gas-lift well

unloading processes [ ] ]. International Journal of



130 X % ¥ LT kK ¥ ¥ #H % 59 %

Heat and Technology, 2015, 33(4):237-245. lift efficiency, and stability of gas lift wells: U. S.

[9] ALMEIDA A R. Some design aspects for venturi Patent 5707214 [P]. 1998-01-13.
gas lift valves [J]. SPE Production & Operations, [16] KIM H D, KIM J H, PARK K A, er al.
2015, 30(4):321-328. Computational study of the gas flow through a

[10] WILLIAMS K E, GESSNER F B. Flowfield critical nozzle [J]. Proceedings of the Institution of
characteristics of swept struts in supersonic annular Mechanical Engineers, Part C: Journal of
flow [J]. International Journal of Heat and Fluid Mechanical Engineering Science, 2003, 217 (10):
Flow, 2000, 21(3):278-284. 1179-1189.

[11] GILBERTSON E. Gas lift valve failure mode [17] COLUCCI D W, VISKANTA R. Effect of nozzle
analysis and the design of a thermally-actuated geometry on local convective heat transfer to a
positive-locking safety valve [ DJ]. Cambridge: confined impinging air jet [ J ]. Experimental
Massachusetts Institute of Technology, 2010: 17- Thermal and Fluid Science, 1996, 13(1) :71-80.

35. (18] % Z . EMRAL KB . %2 KBEZ4HTLAHM

[12] HENRY R E, FAUSKE H K. The two-phase TR EBEEEYN [J]. XEEITAFFHR,
critical flow of one-component mixtures in nozzles, 2018, 58(3).:221-228.
orifices, and short tubes [J]. Journal of Heat CHEN Lei, WANG Shugang, ZHANG Tengfei,
Transfer, 1971, 93(2):179-187. et al. Simulation on drying process of porous

[13] JOHNSON R C. Calculations of real-gas effects in material under large temperature difference [ ] ].
flow through critical-flow nozzles [J]. Journal of Journal of Dalian University of Technology. 2018,
Basic Engineering, 1964, 86(3):519-525. 58(3):221-228. (in Chinese)

[14] FAUSKE H K. Contribution to the theory of two- [19] #WE . thx ., BARZAMEFL RN ARBEHE
phase,  one-component critical flow: ANI- W[T]. KEEITKF¥4, 2018, 58(2):111-117.
6633 [RJ]. United States: Argonne National SHAN Conghui, XU Baopeng. Large eddy
Laboratory, 1962. simulation of evaporating spray [J]. Journal of

[15] SCHMIDT Z. Nozzle-venturi gas lift flow control Dalian University of Technology, 2018, 58(2):111-
device and method for improving production rate, 117. (in Chinese)

Analysis of flow performance of gas lift valve nozzle
based on Hugoniot relation

LIU Chengting”, LIU Gang, YAN Zuoxiu, TONG Chunyue, ZHANG Xian

( School of Petroleum Engineering, Northeast Petroleum University, Daging 163318, China )

Abstract: The gas lift valve is a key component of gas lift production. The flow performance of the
gas nozzle is an important factor affecting the efficiency of the gas lift system. The CIPT test method
is adopted to optimize the shape of the gas lift valve nozzle and the numerical simulation method is
applied to determine the internal fluidity morphology of the gas nozzle, the position of the shock
surface inside the gas nozzle and the change rules of physical parameters on both sides, and finally the
experimental data and numerical simulation results are compared and analyzed. The research results
show that the gas injection stability of the venturi nozzle is more higher than those of the round table
nozzle and the cylindrical nozzle. The critical flow corresponding pressure ratio of the venturi nozzle is
0. 92, and those of the round table nozzle and the cylindrical nozzle are 0. 82 and 0. 78 respectively. In
the high pressure test condition, a shock surface is generated in the gas lift valve nozzle. After the
shock surface, the velocity decreases and the pressure rises. The change relationship satisfies the
Hugoniot relationship derivation. Compared to the venturi nozzle, the shock surface of the round table

nozzle is located closer to the inlet and shock intensity is higher.

Key words: gas lift valve; gas nozzle; numerical simulation; supersonic flow; Hugoniot



