PRl 20254E 02 H 45 10 %55 10 169177 I..@ Va5
)|

Petroleum Science Bulletin

|

BRI P LB RS R T 5 s B

RE, BBAR, Fex", T4EAE

MR 2R (AL MRS s TRR2ERE, JEaT 102249
*SEAEE , gyb@cup.edu.cn

Wikt H): 2023-07-10; &[0l H 1] 2023-12-04
AR R (AL E) B4 9 Bh(2462023SZBH008)

e BAREREREBME, NAHE, RERFLANWEZEMLE, EELNERTEMMENE S K
itk R TR, T EHRREEN T EELXEATELE, BEAER. KRB EHEER
B, EMEFHELGH . BHABEKAHEANLAB ., KT, BASERF AEMNLmEHIBE LT EH
REBEAERATZ412 88 EHTTEENBBEKEHNAGER, BERAT I NARBEHAANEEENNA,
BB R EH R REE R, AXAUFERE —AFA RSN EHBE R T E, #E T HAFH
B, ZKRHEMEXRBEHIUEORTSHBEAMHEAR, BLFEIHERLH D FEA, AT LHIE, AHT
FETRE L B B A H A A = W Ogden % A 3t R 2 B ik 4 FEAT 4 ¥ AR A A, 8l Al ABAQUS A [R T 7 &
BRUEENTHBRENEKIE, FREATUALEIOsWERERTL2EBAK, BIFT 8B KT N0 TATH;
ahEa b, F—FRUTEBRKELFEHBREATEATHREGINLARTSH, EUERENR: YEX
B AR AL T Kk A y=3sinl.5x, SNRESNEN 84 mm B, FHFFE BN A FE, LEMERBL, TAHBM
DR A EE, RAFZHERMEHBR, ZEPKEXTRARETHRAELEL LT AEFR, FHRE
HIRFEN A EF, EKIEFERAFS, IBRAEAEERKEIHEHBRENOTRETERIF SR ITSE,

Kulia] AWK RS KRR, SMET; REER; BUGE

4335 % . TE931; THI22

Structural design and sealing characteristics of super-expansion corru-
gated framework packer
ZHANG Zheng, BI Shaodong, GUO Yanbao, WANG Deguo

College of Mechanical and Transportation Engineering, China University of Petroleum-Beijing, Beijing 102249, China

Received: 2023—-07-10; Revised: 2023—-12-04

Abstract Gas storage reservoirs are crucial infrastructures for strategic reserves, emergency peak regulation, and safeguarding
national energy security. However,the complex injection and production processes and frequent pressure fluctuations pose
severe challenges to safe production. The through-tubing retrievable packer, as a key downhole equipment for through-tubing
operations, has the advantages of high efficiency, low risk, and simple operation. It shows the great application potentialities in
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the fields of temporary plugging and seal verification of immobile pipe strings. However, the through-tubing packer with the
traditional laminated steel sheet structure cannot meet the on-site requirements for the super-expansion sealing of using 4-1/2
tubing to seal the 7-inch casing in gas storage reservoirs. It is urgent to solve the problem of sealing a large-diameter casing with
a small-diameter tubing while taking into account the sealing performance and strength requirements of the rubber element.
Here, this paper innovatively put forward a design scheme for a new corrugated-skeleton through-tubing retrievable packer. It
determined the size parameters and material selection of the corrugated skeleton, three-rubber-element structure and other key
components. By establishing the setting mechanical models of through-tubing packer, the setting mechanism was elucidated and
the effective setting conditions for downhole operations were defined. The 3rd-order Ogden model was selected to conduct a
hyperelastic constitutive analysis on the polyurethane rubber element, and the ABAQUS finite element simulation software was
adopted to simulate the super-expansion process of the packer. The results indicated that the overall complete super expansion
could be achieved within 30 seconds, verifying the feasibility of the super expansion behavior. On this basis, the geometric size
parameters of the corrugated skeleton and sealing rubber element of the super-expansion corrugated-skeleton through-tubing
retrievable packer were further optimized. The simulation results showed that when the profile expression of the corrugated
skeleton is y=3sinl.5x and the outer diameter of the outer rubber element is 84 mm, the overall stress change of the packer is
smooth, the setting performance is good, and thus the stress concentration can be effectively reduced, and the sealing perfor-
mance and setting effect can be improved. This super expansion corrugated-skeleton through-tubing retrievable packer can meet
the pressure-bearing requirements of the complex working conditions of gas storage reservoirs, reduce the stress concentration of
the sealing rubber element, extend the service life of the downhole tool, and provide theoretical support and design reference for

the design of super expansion through-tubing retrievable packers in gas storage reservoirs.
Keywords over-expansion packer; corrugated skeleton; structure design; rubber cylinder properties; simulation
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Fig. 1 Overall structure of the through-tubing packer
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Table 1 Material and dimension parameters of main components

HFR R} I KHME fmm e/ MAAR /mm KJE /mm
it 1Cr18Ni9 84 74 120
JEIE 35CrMo 66 56 80
Y] HRIR A 73 56 480

A GE RS 65Mn 74 61 440
ST R g 84 74 603
SRS 35CrMo 56 40 560
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Table 2 Introduction of the hyperelastic constitutive model
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Table 3 Calculation results of Ogden model third-order polynomial hyperelastic model coefficients

@EE D, D, D; A Ao A3 a (253 a3
65A 0 0 0 0.81 3.62 1.90 1.39 7.94 =3.75
T5A 0 0 0 —10.6 5.89 12.91 4.62 4.81 —7.90

R4 Ak se R A R S R 2L

Table 4 Changes of setting completion time with the number of grids

75 AR T At g ST TR] /s W2 /%
1 30.7864 — —
2 48.3289 27.6 3.49
3 59.8713 28.2 1.40
4 65.6588 28.6 —
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Fig. 4 Simulation results of packer expansion process
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Fig. 5 Stress curve of casing under set condition
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Fig. 6 Cloud image of complete expansion of the upper, middle and lower rubber cylinder
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U, Magnitude

+4.103e+01
+4.041e+01
+3.978e+01
+3.915e+01
+3.853e+01
+3.790e+01
+3.728e+01
+3.665e+01
+3.602e+01
+3.540e+01
+3.477e+01
+3.415e+01
+3.352e+01

U, Magnitude
+4.039e+01
+3.966e+01
+3.893e+01
+3.820e+01
+3.747e+01
+3.674e+01
+3.601e+01
+3.528e+01
+3.455e+01
+3.382e+01

+3.309e+01
+3.236e+01
- +3.163e+01

8 FREEHRENEZE
Fig. 8 Strain cloud diagram of middle rubber cylinder with different thickness

(a) 82 mm

(c) 86 mm

U, Magnitude

+4.084e+01
+4.016e+01
+3.948e+01
+3.880e+01
+3.812e+01
+3.744e+01
+3.676e+01
+3.608e+01
+3.540e+01
+3.472e+01
+3.404e+01
+3.336e+01
+3.268e+01

(b) 84 mm

U, Magnitude
- +4.015e+01
+3.937e+01
+3.858e+01
+3.780e+01
+3.701e+01
+3.623e+01
+3.545e+01
+3.466e+01
+3.388e+01
+3.309e+01
+3.231e+01
+3.152e+01
+3.074e+01

(d) 88 mm

D
o
T

N
o
T

0

10

20

30

40

50

TR SMU e 1 BE B /mim

60



176

FimEREER 20254F 02 A 55 10 &5 11

2%, DT R BB #% 16 16 MPa, 18 MPa, 20 MPa,
22 MPa, 24 MPa [ ) N FE AL SR REIFSY . fEE
N REBEE FE N AR, I 10(a) AT (D) TR, 43
BT [R) P R 0 3 Tl S B i 1) 25 B PR R AR S e, (]
10(c) JUT 7~ Jhg $ U H2 b 7 g 43 A i 2. DA E ] L
i, WM& s), BN I ER I, WK

SUE RS Z D135 YN ETE 16~24 MPalt, I
Bty ) SF- 349 7 T B PN R RIS K, R 3 R 4 A A
10~38 MPa, Z5RFH], Fri it ik i o0 s 42 &
B T LR G i AN ] T R R TR, T kit
M SRS HEES %

25

82 mm
84 mm
86 mm
© 88 mm
o 20|
=
R
=
15
10 1 1 1 1
10 20 30 40 50
oh B 12 ah A 5 BE B /mm
B9 A[EEEHREALR S Lk
Fig. 9 Stress curves of middle rubber cylinder with different thickness
45
) —8— 16 MPa
40 —o— 18 MPa
—A— 20 MPa
351 —¥—22 MPa
—— 24 MPa
30 -
©
a8
=25t
s
Lﬁ 20
R
i
15 |
ol .._./'/._.—_.\./.\.\.
5 -
0 I 1 1 1 1 1 1 1

(b)

B 10 EERZEMN = E R AR 7157 H £k

0o 10 20 30 20 50 60
h i fE A o) BB S /mm

Fig. 10 Contact stress cloud diagram of casing and stress distribution curves at the middle rubber cylinder

4 e

B X SR R K 2% B RO R By IR R, BT
BT T I SCE A A B, E TRk
WEATHRIATME, REE T O RS S A
R LSBT

() EEXHESE IS 4-12 A EE 7 EE R
7 G e N TP ) B i Y A QA= g S

EERS, PE TROUER . SRS SO
MRS S5, BT I T B0 AL B A e o

() B E 1 S i A Ak 0 y=3sinl.5x, £
B e AR RN B 22, WA RO A R AR, Ak
PERE R AT

() Wit — AR mE IR A A RS, a0y
Br, #53 TN R B OEAME N 84 mm. s34 T AN
AL BN ZEAE T A BERR R 2 TPIRAS, SRR E R AR
R SEEZ M2 5], AT R



TR U BB AR 5 BT 3 BRI 177

RPN

(1]

(2]

[3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(1]

[12]

[13]

[14]

[15]

[16]

SRRIEE, 254, FBASSC, 45 i LT AR UL S5 TG PPk R AR SR [J]. RERA Tk, 2017, 37(01): 153—159. [ZHANG G X, LI
B, ZHENG D W, et al. Challenges to and proposals for underground gas storage(UGS) business in China [J]. Natural Gas Industry, 2017,
37 (01): 153-159.]

SRIGHE . A A T R R BRI [J]. AR Tk, 2018, 38(08): 112—118. [ZHANG G H. Underground gas storage
of Sinopec: Construction status analysis and development proposals[J]. Natural Gas Industry, 2018, 38 (08): 112—118.]

JONES A S . An experimental study of the thermomechanical response of elastomers undergoing scission and crosslinking at high
temperatures[D]. University of Michigan. 2003.

MRl , 2o Kk, L5ckn, 55 . N L A I IR AYE K [9]. EAMNMH TAE, 2007, 192(11): 35-38. [CHEN X Y, ZUO J Q, WANG J
R, et al. Applied tubing expansion technology for water plugging [J]. Foreign Oilfield Engineering, 2007192 (11): 35-38.]

XA, Dy s A B B R AR ST Ko FHBAR [7]. PEEBEET TR, 2014, 26(05): 60—62. [LIU Y, MA L. Research and application
status of tubing packer technology [J]. Western Exploration Engineering, 2014, 26 (05): 60—62.]

LS | A B R AR IR B K M S a5 Pk [D]. VT K%, 2021. [HAN J J. Expansion analysis and structure optimization of
through-tubing packer [D]. Yangtze University, 2021.]

7. P kR E BRI 1 12T BRI 7T itk [D]. PE 2241l K 2, 2017. [MA L. Research and improvement on numerical
simulation of mechanical behavior of dilated packer cartridge[D]. Xi ‘an Shiyou University, 2017.]

T, oI B PR A A AT S Al B4y M [D]. VB T K 2%, 2016. [NING Y H. Structural design and simulation analysis of
through-tubing packer[D]. Xi’an University of Technology, 2016.]

XUFENT, F ik, HihFr, & i EHCRT R R =R S5 E R 3T A RV [J]. #5R T. 20, 2022, 45(06): 118—122. [LIU C
G, WANG S Q, MA R Q, et al. Design and performance evaluation of a tri-tubing for thermal packer with high temperature resistance in
offshore wells[J]. Drilling and Production Technology, 2022, 45 (06): 118—122.]

i, PN, ARV, A5 K344 PEBCIRN 2L TR ES A UL AL (3], 38 T AL TR2E40, 2021, 41(04): 58—62. [WANG R, SUN H ,
YU B, et al. Structural optimization of K344 corrugated steel frame packer [J]. Journal of Liaoning Petrochemical University, 2021, 41
(04): 58—62.]

FRH, XN, R, 5 SRR AL O 5 R REPRO (1] AL 5 B 3k, 2023, 52(03): 112-116. [WANG Z Y, LIU
JY, ZHU 8§, et al. Nonlinear simulation and performance evaluation of packer rubber [J]. Mechanical Manufacturing and Automation,
2023, 52 (03): 112—116.]

FEIC, L . B A KT S AL (1] . U, 2019, 57(09): 50-54. [WANG L W, SHENG X Y. Pressurized
expansion analysis and structural optimization of packer[J]. Mechanical Manufacturing, 2019, 57(09): 50—54.]

TS . BT AG B B R LR 1 1 3 o #5147 %8 B ME B A 5% [D]. V4 g A K 2%, 2018. [WU W. Research on sealing performance of
packer rubber cartridge based on rubber super viscoelastic characteristics|D]. Southwest Petroleum University, 2018.]

TR, B, FALIE . AL WA B AT A R B K 25 A SR (D). ol A1 3k, 2019, 41(01): 53-56+82. [XU J
F, LUO Y X, WANG C Y. Rubber constitutive model selection and structural parameters optimization of the new packer [J]. Manufac—
turing Automation, 2019, 41 (01): 53—56+82.]

SOORGEE M H . A numerical study on differential pressure needed for ball pig motion in pipelines based on nonlinear hyperelastic
material model[J]. Journal of Natural Gas Science and Engineering, 2018, 59: 466—472.

FERE . R B RS BT S I AR (AT [D]. BRPERME K%, 2012. [CHENG D Y. Design of the packer with the large
expansion and research on the mechanical model[D]. Shaanxi University of Science and Technology, 2012.]

(¥ DR

F—1EE: KRB (1994 5—), ¥, 30, TEAFRBRESFHEHSHPHAIR, z.zheng@cup.edu.cn,
BIHEE: 5 E (19825 —), W4, K, TRNFLHIUR/ EERAS NN, Fdt T TALF5 @

B TAE, gyb@cup.edu.cn,



