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Study on Seal Failure of Rubber Cylinder of Ultra—Deep Well Packers Based on
Thermal-Mechanical Coupling
LIAN Wei', LIU Xianbo®

(1. Karamay Campus, China University of Petroleum (Beijing) , Karamay 834000, Xinjiang, China;2. Oil and Gas Technology Re—
search Institute , PetroChina Changqing Oilfield Company , Xi'an 710018, Shaanxi, China )

Abstract: With the oil and gas exploration and development shifting toward deep and ultra—deep formations , the temperature and pres—
sure conditions of the wellbore are becoming more and more complicated , and the problem of seal failure of packer rubber cylinders at—
tracts increasing attention. Based on the principle of thermal-mechanical coupling, a numerical calculation model of the rubber cylin—
der of packers in ultra—deep wells was established according to the temperature distribution characteristics of the wellbore of ultra—
deep wells, which revealed the influence of the wellbore temperature in ultra—deep wells on the sealing ability and safety of the rubber
cylinder. It is shown that with the increasing wellbore temperature , the axial compressive deformation and radial expansion deformation
of the cylinder both grow, and the sealing performance of the cylinder climbs up. However, the safety of the cylinder after setting is
degraded. Based on the dynamic load distribution characteristics of the wellbore during perforation completion of an ultra—deep well in

Sichuan Basin, the limit distance between the packer and the perforation section is calculated to be 220 m. Therefore, it is recommend—
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ed that the packer be designed to be set at a position 90 m further down from 6 810 m toward the well bottom to improve the sealing performance

of the rubber cylinder after setting. The research provides technical references for the optimization of packer setting positions in ultra—deep

well completion.

Key words : ultra—deep well ; thermal-mechanical coupling; completion packer; rubber cylinder; seal failure
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Fig. 1 Force analysis of the packer rubber after sealing

FET BB e I BT b i 185 ) o i b B S 2 A
FEJ1 5 R O, kL IWAH(S)

P, =P +pgh (5)

b P oy B b b ), MPas PO EFR 4% E &
WA B ), MPas by B0 28 WAL & B, msp R BR S
AR T  kg/m®,

Horpr, B FRas b ERER A 2% A ) 32 B E IR A
PRI MBS AR BT 52 . BFRR a5 b AR ER s
Ao 7 R IR A (6)

sz(aP) dT+(aP) dV+(aP) dm  (6)
oT v aV - om .

AP TR I 2 PR K VIR IR =S AR R, ms
m N FA R ko

EF SR R G SR ES VNSO i
AT RN AT,

| apvar- [ kvap = av (7)
T P Vv
1 ({av “1{av
1 _ L favy 1oV
oy V(aT)P’k’ V(aP)T

AT UL AR A5 T 2 JH: 28 80R 25 i s 47 2R B DR A
A, [ Al E R 3 AR AR X (AR F s me AR ], 0] 1

A AT A3(8) o
o 1 1
P = s AT V. AV, + ktV,»AV[ (8)

AP AT AR L, °C AV, W IR 2 R TR
o, m' AV U AR R BN AR RRAE AL, m?
N SE R B AR T 52 T8 H A 2 i A R

JE 71 5 E IR 2RI WAL R 06 T, iRk
AIAFH(9),

P, =pgH -p.g(H-h,) (9)
AKorfr: PRy B8 A8 R I 1 R T, MPas p 2 T A WA 2%
B kg/m? s p M IR ST AL L  kg/m® s HFHIR ,m.

2 HRB[BEHRFHERE

2.1 YEER

56 B e 2 B RGO oo R R, Ak ik
R T ok A I g Al ) e it Al e A M B
FEJG BRI ASTE o 38 5 A R B 17 1 A8 TR i Bt
Pl = REE S A = A I S | A = S e s = g ) X (S
FHIEZI , 3 a8 I AR IR TR AT KA A AR 1) g ik
AT s Al B AT R LR AE PR B 428 ) A2 TR 1) PN B T
S HNRE T B A AR n) AR TR 1 A1 BE T 5 A P BE
T A AR, P E O BB M AR T KA,
JEREEa) R e

B A% 2 B R G0 LTS AY e f 75 E463.6 mm,
IR T 1 P 25 B 4 BE 0 13.97 mm, WNEI2 7R
SR R AR AR AR Ak Fb i AR b e T AR e MR AR I
JEEE RV R T B Ak A A R R B R A IR B B
JB K, R IR A T B et 7 rhoxt I AT B T B
IREEFR IR FHARZS F PO A, QI3 7 o

B2 HERBHRG/LARE

Fig. 2 Geometric model of the packer sealing system
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Tab. 1 Material parameters of the numerical model
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Fig. 4 The setting load curve of the completion packer
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Fig. 5 Rubber deformation during the sealing process
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Fig. 6 Deformation characteristics of rubber cylinder vs setting
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rubber cylinder
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Fig. 9 Stress intensity of the rubber cylinder vs.

wellbore temperature
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Fig.11 Flow velocity and density of wellbore completion fluids vs. position during perforating
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