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Abstract: In order to explore the vibration response mechanism of the completion string under the action of gas, the horizontal
well completion string vibration test was carried out under the open well condition. PE pipe was used to simulate completion
string, transparent acrylic pipe was used to simulate completion casing, and Froude similarity criterion was used for dimension
scaling. The horizontal and vertical vibration responses of completion string is tested based on strain gauge test technology, and
the strain, displacement response and vibration modes of the string were analyzed by modal analysis method. Through the finite
element software analysis of the natural frequency of the string and the comparison with the experimental vibration frequency,
it is found that the vibration frequency of the string is close to the third-order natural frequency and resonance occurs. The
response stress, displacement and vibration of the test string system are large in the bending section. The vibration frequency
of the string in the horizontal direction and the vertical direction is consistent with the mode.
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Tab.1 The main physical parameters of the string

i K /m 51i2/m BEJ/m TR () KT K /m
SERAE SEBR(E O SCERMH SEPRE SCIME O SEPRME O SCERME SEBME CRME SEPR(E

SES A FEAR Y 8 4038.7 0.025  0.1143  0.0025  0.007 45 43.44 1.0 416.9

BRI 8 4038.7 0.050  0.1778  0.0050  0.006 45 43.44 1.0 416.9

fm FBACE/m B F K /m A K/ %/ (kgm™) JibERLLEMPa
SCEME SCBRME SeEefd SCBRMH SCsH SEBRME SERMH SIBRMA SUB(H SRR

SEIERAER 5.0 2156.8 1 1 000 0.5 465 970 7 850 0.172 210

BRI 5.0 2156.8 1 1 000 0.5 465 1900 7 850 3.000 210
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Fig. 3 String finite element model
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Fig.5 Three-dimensional diagram of pipe displacement at a gas flow rate of 20 m>/h
Ak R 3T B i) [ A2 A0SR EE 43 4
K6, 7 73 Bl e AR 20 mP/h 1, §T

80

MIAZ /TR K
A S
(=} (=] (=}

|
o
(=]

0.5

1.0 1.5
B [8]/s
a A1

2.0

AR /T R IR

0.5

1.0 1.5
B 1E)/s
d g4

2%/ T R

TSR T T 0 A

D A SO A P

100

138/ JEH Tk

0 0.5

1.0
5 1) /s
b 2

fi#/ (X 10 'm)

1~8 X6 o P4 o7 72 o ]

1.5 2.0 0

RAZ/FEE R

i () /s
g ME7

fif 1) /s

e M AEs
12
0.8

X 04

f 0

sl

B 04
-0.8
-12

1.0
i [a]/s
c &3

1.5 2.0

0 0.5

1.0 2.0
B [a)/s
h k(8

6 SUFRE 20 m’/h A E LB A E Rz 3 A 8 5 72

Fig. 6 Strain histories of the pipe at different measuring points when gas flow rate of 20 m’/h

1.0 15 2.0
i 1) /s
IB=19



%54

5, F KRR RRIN KB

175

MEL 6 AT LA, SRR 20 m/h B,
EREAED B R AR R, BRI A 2.3.5.7 &b
NASEER . XFNEL S g R R R R 2 — 3K
Wo I RTLUE 1, SRR SN AL T bk sh 58 48 HLaZ i
FE G, RN WP R, SRR 2
g, Z )5 th FE R B S 25 SRR A
el 15 00 7 114305 50 i 32 T 0/ )N o

M7 AT, AR 8 AN S FE Rl — Ty T R
Bl AR B0, B A B AR Sk

(), ¥4 6.49 Hzo XA« MR R0
(R B A A30R B, Bk 25 R A A = A e R, B
BRI RS IR, S2I 58 8 R A — B [ 4 50
Ko 2.15 Hz, B [EG Wi & 4.05 Hz, =B [#A
WA 5.09 Hz, VOB [EI A 35% R 6.98 Hzo i 4fi i
M S0 Jl T DA, S0 A AR S BRI Bl 8 A Ry
6.49 Hz, 7R HE R = By [ A7 5505 11 DY By [ A7 35036 2
(), e ST 36 A8 A 3k 3] = B 1 AR B i PR Bl (A
FEAR SN IRAE IR I, 454 L =B B 3Rk 50

025
—— HOR 020 —— HOR
—— VER —— VER
0.15

MAZ PR/ TE R

1.5 ¢ 25 ¢
12 HOR 20 |
X X
R PERNVCR 3
~ ~
= 1
> =
= = 1.0
i) bl
2 =
0 10 20 30 40 50 0 10
Wi /Hz
a M1
25 05 r
2.0 —— HOR 04
X —— VER X
[TER =
~ ~
= 1
i )
= 1.0 -5
= B
0.5 f \ Z \
0

0 10 20 30 40 50
A% /Hz
d 4

05

04 —— HOR

—— VER
03 f

02 f

LA/ TE IR

0.1 f

HZEHz
g Wri7

& 7

LT

20 30 40 50 0 10 20 30 40 50

AR Hz M Hz
b g2 c A3
05 ¢
—— HOR 04 —— HOR
—— VER ﬁ —— VER
= 03 F
~
12
ux
= 02 F
e
0.1 |
0 n Jﬂ‘&i ‘@M%mm

0 10 20 30 40 50
£ M6

AR Hz
e MRS

05 r

0.4 —— HOR

—— VER
03

02

IVE SRV HESR/N

0.1

$iF /Hz
h I ki8

SAKRE 20 m*/h B R R B A B A M R 5T

Fig.7 Spectra of the pipe at different measuring points when gas flow rate of 20 m*/h



176 B A K F PR RAFR)

2020 F

3.3 EHEFESSH

BRSBTS B AMEZE AR,
& 8 AN 20 m3/h B AR RIN BE bR 2525
oA, A 8a FTLLE H, YA A 20 m*/h
B, HOR J7 1) th3 3 /B i, AR S LS By
YA 3 W AL 8b HRT AT, VER Jyaiti i BE 3 4~HH
AR, BEA VER Jr R SRS i = s s il ;
HOR Fl VER Jy [n] 8 A B A 222 6] 43 A (1)
R, FEREAEANTRIO AL B Kl IME . 1
Ab, ERTAL, X5 H PN AR Sl (A £ 2 mT LA
Fih, EHEAE HOR J7ln) LRSI L VER Jr1a]
B, R4S HE7E HOR J7 Ial I3RS

0 0.005  0.010 0015  0.020  0.025
hiks/ 5z

a HOR

X R R R = A AR
5.87 Hz, VU B [ A 43 %8 & 6.98 Hz, 4 AR i &
20 m3/h I}, SEEHR H 6.49 Hz, Se A HE AR sh
R AR ) =B E AR . SRR A R
BRI LUE YR R G2 R 5% R 50
AR5 By A AT R AT I, A8 A 7 2 T B R s 1S
I, SRR A BRI SRS R oy = H, X
FIEL 6 Hhme W AR A R — S0, iR 9 W,
HOR 77 [6] R /K7 1], 32 81 5 1 RS I AR
A PR RIRIEL. A, BRI B R A PR
TEBHE 1~3 m MINEE, X — A S5 E 6 Hh i AR s ]
DI R — 2

8 ¢

BFHKE/m
IS o

)

S

0 0.005 0.010 0.015
hikg/ 4z
b VER

B8 SERE 20 m’/h HEFRAGBITEEZZESH

Fig. 8 Spatial distribution of displacement standard deviation of pipe string model at a gas flow rate of 20 m>/h

B9 NEZHE

Fig. 9 Internal tube force diagram

4 & &

(1) AR A T 2o g PRI, 25 R e A A
Pz, Rl RS HhAL, i T2 h A A
&), SECE N TR AR, AR K SRR A A
FRGAEE M BN SN T | AR ECR, IRBIRIZN

(2) S5 Hp 58 A A AR 280 A o RO AR R 31 T
=B AR, R LB AT, AR
480 m/d I, AL R AR RIS, OF LA = I B R
TIPREN . SR P AL AT 7 1) L H R E5 1 PR3
PR GRS —E

(3) fh T AR E7 17 52 2 S R,
FRoE BB TR BT 1] IRl /IN T 2K F I Tl Y
PRENRAEL, BV REAE/KFI7 _EAR S SR 24

(4) 3 53 gk e 4% i o, A A T e
AR RS, B SR S A Z (Y
Rl A R, 38 I SEHAEHE A

(1] RM, 28l e A B 1 R 3 7 A ], £
A SHHLM, 2013, 42(6) : 19—22. doi: 10.3969/j.issn.-
1001-3482.2013.06.005
SONG Peng, TONG Shaokai. Lateral vibration analysis

of completion tubing string in high production gas well[J].



%54

® %, F

KT H R ARERD RS HR 177

[5]

[10]

Oil Field Equipment, 2013, 42(6): 19-22. doi: 10.3969/j.-
issn.1001-3482.2013.06.005

KGN GBI SEH AL IR SRR S 5L e 52D,
P22 : P47l RS, 2015. doi: 10.7666/d.Y2796565
LIU Jinchuan. Analysis of vibration characteristics and ex-
perimental research for completion tubing in deep well[D].
Xi'an: Xi'an Shiyou University, 2015. doi: 10.7666/d.-
Y2796565

SREEJITH B, JAYARAJ K, GANESAN N, et al. Fi-
nite element analysis of fluid—structure interaction in
pipeline systems[J]. Nuclear Engineering and Design,
2004, 227(3): 313-322. doi: 10.1016/j.nucengdes.2003.-
11.005

BRI, T, KNSR, SF. W SOFSEHE AR IR [
5 4R sl LB K H R D). A3 241, 2011, 32(3)
547-550.
FAN Honghai, WANG Yu, ZHANG Liping, et al. A fluid-
solid coupled oscillation model for completion string and
its application in high pressure gas well[J]. Acta Petrolei
Sinica, 2011, 32(3): 547-550.

HOUSNER G W. Bending vibration of pipeline containing
flowing fluid[J]. Journal of Applied Mechanics, 1952, 19:
205-208. doi:

LEE U, PAK C H, HONG S C. The dynamics of a piping
system with internal unsteady flow[J]. Journal of Sound
and Vibration, 1995, 180(2): 297-311. doi: 10.1006/jsvi.-
1995.0080

YR, MROBRZE, XM, 55 KIS )
SERTAIHEST[T]. RIR T, 2006, 26(7) : 61-64. doi:
10.3321/j.issn:1000-0976.2006.07.020

LIAN Zhanghua, LIN Tiejun, LIU Jian, et al. Mechani-
cal mathematic models developed for completion strings
of horizontal wells[J]. Natural Gas Industry, 2006, 26(7):
61-64. doi: 10.3321/j.issn:1000-0976.2006.07.020
TR, EAE, TR, AR IREHAR S
S KRBT AR 51X, 2019, 5(2) -
30—34. doi: 10.19459/j.cnki.61-1500/te.2019.02.007
DING Jiandong, LIAN Zhanghua, DING Yiran, et al. Si-
mulated vibration test and vibration law analysis of in-
jection pipe string in gas storage[J]. Petroleum Tubular
Goods & Instruments, 2019, 5(2): 30-34. doi: 10.19459/j.-
cnki.61-1500/t¢.2019.02.007

A, R IR RSB 1], A
KT, 1996, 18(4) : 8—14.

GAO Baokui, GAO Deli. Lateral vibration of drill stem in
deep well[J]. Oil Drilling & Production Technology, 1996,
18(4): 8-14.

T, AEIRIR. B B I W Sl 6 B R A 1) R

BhEZ ], AL, 1992, 20(1) : 37—-41. doi: 10.-
16082/j.cnki.issn.1001-4578.1992.01.009
LI Zifeng, LI Bangda. Influence of the drill fluid flow on
lateral vibration of drill stem[J]. China Petroleum Machin-
ery, 1992, 20(1): 37—41. doi: 10.16082/j.cnki.issn.1001-
4578.1992.01.009
dda AR, XU AL AR T Bl A =1 R 5 B o 4R 30
f14 Bl A SR AR, B g 222241, 2010, 27(4)
830-833.
MENG Qinghua, LIU Qingyou. Mathematical modeling
of lateral vibration of the drilling string with gas-solid
coupling[J]. Chinese Journal of Applied Mechanics, 2010,
27(4): 830-833.
AR, 8= X, Bk, . I8 R G 1Yo E Sk
JE 2 IC M PR s AR PED]. R AR T, 2018, 38(1):
95-101. doi: 10.3787/j.issn.1000-0976.2018.01.012
ZHU Xiaohua, ZENG Yunyi, CHEN Bo, et al. Vibra-
tion characteristics of double-elbow fracturing manifold
considering fluid-solid interaction[J]. Natural Gas Indus-
try, 2018, 38(1): 95-101. doi: 10.3787/j.issn.1000-0976.-
2018.01.012
T, B, SR, . IR RS
e L AR A R SIATSED). PR35 whifi, 2011, 30(6) -
202-207. doi: 10.3969/j.issn.1000-3835.2011.06.041
WANG Yu, FAN Honghai, ZHANG Liping, et al. Analy-
sis of fluid-structure interaction of completion string sys-
tem in high pressure gas well[J]. Journal of Vibration and
Shock, 2011, 30(6): 202-207. doi: 10.3969/.issn.1000-
3835.2011.06.041

X P TSI B 1w o b e v 5 4
%J&Mﬁﬁ 1. P92 PEZ A1 K2, 2011, doi: 10.-
7666/d.y1943439
LIU Lei. Dynamics Analysis of completion tubing strings
in high production gas wells and technology to control re-
search[D]. Xi’an: Xi’an Shiyou University, 2011. doi: 10.-
7666/d.y1943439
XSGR, KR 7 A e I A S B M i 5 4%
il ARWEFEID]. 4%« V4% A7 K %%, 2010. doi: 10.-
7666/d.y1708960
LIU Jianhui. Integrity analysis of completion tubing
strings in high angle and high production gas wells and te-
chnology to control research[D]. Xi’an: Xi’an Shiyou Uni-
versity, 2010. doi: 10.7666/d.y 1708960
L. R I S A R R 5 4R 0 23 # B 2 4
PEPFY D], P42 . PYL A7k, 2017,
YU Kaiqiang. The analysis fluid-solid coupling vibra-
tion and safety evaluate of completion string of high gas
well[D]. Xi’an: Xi’an Shiyou University, 2017.



0 i B K F IR (A RFAFR)

2020 F

[24]

AR, PE A& 7K 7E [0 Bl i A 47 1 #9 BRI B
H# 4y, 2018, 38(11) : 4-5. doi: 10.13608/j.cnki.1000-
4416.2018.11.015

ZHU Lin. Discussion on the maximum traction force of PE
pipe horizontal directional drilling[J]. Gas & Heat, 2018,
38(11): 4-5. doi: 10.13608/j.cnki.1000-4416.2018.11.015
PP, SRS, RIGW], 25 B IR AR N T
K B SRR Y LA []. RS IO, 2012, 32(7)
32-35. doi: 10.3969/j.issn.1000-4416.2012.07.009

SUN Zhongfei, CAI Meiting, SONG Ximing, et al. Com-
parison between steel pipe and PE pipe for horizontal di-
rectional drilling crossing[J]. Gas & Heat, 2012, 32(7):
32-35. doi: 10.3969/j.issn.1000-4416.2012.07.009
SONG Jining, LU Lin, TENG Bin, et al. Laboratory
tests of vortex-induced vibrations of a long flexible riser
pipe subjected to uniform flow[J]. Ocean Engineering,
2011(38): 1308-1322. doi: 10.1016/j.0ceaneng.2011.05.-
020

MAO Liangjie, LIU Qingyou, ZHOU Shouwei. Experi-
mental study of the vortex-induced vibration of drilling
risers under the shear flow with the same shear parame-
ter at the different Reynolds numbers[J]. Plos One, 2014,
9(8): 1-10. doi: 10.1371/journal.pone.0104806

ASF 7KL, F R A IR R N VAR A T AR 2 R B
SR REh S ek, 2013, 32(13) : 165-169. doi: 10.-
3969/j.issn.1000-3835.2013.13.031

FU Yongling, JING Huiqiang. Elbow angle effect on hy-
draulic pipeline vibration characteristics[J]. Journal of Vi-
bration and Shock, 2013, 32(13): 165-169. doi: 10.3969/;.-
issn.1000-3835.2013.13.031

TG 7, 5 5% I s A TR 1 R O Bl R
WFFEI]. BB TR 2 o e (Bl Ao 5 TR RO
2008, 32(2): 343—-346. doi: 10.3963/j.issn.2095-3844 .-
2008.02.041

XU Heli, JIANG Yankun. Research on flow characteristics
of fluid-solid coupling in bent pipe[J]. Journal of Wuhan
University of Technology (Transportation Science & Engi-
neering), 2008, 32(2): 343-346. doi: 10.3963/j.issn.2095-
3844.2008.02.041

RIKVL, XK, v, 5 R B SEHHE R
IR KA FRIT /AT [CL. I 2015 4FE 4 [FH KK
RS, 2015.

X T4, XUBR, X405, % oK @ RS SR
T AT N FA, 2016, 28(4) : 88-93. doi:

10.11935/j.issn.1673-1506.2016.04.014

LIU Xiuquan, LIU Kang, LIU Hongbing, et al. Envelope
analysis for starting-up and shutting-in operations of high
pressure deep water gas wells[J]. China Offshore Oil and
Gas, 2016, 28(4): 88-93. doi: 10.11935/j.issn.1673-1506.-
2016.04.014

fEEEN

B =, 1985 4FA, B, DU, TIPS
TN, TR, Wi, 5 I
S SEF: L IR T AR AT AR

E-mail : huangliang1@cnooc.com.cn

EER, 1977 44, J, DU, ¥
JeAlBEN, bz, s, EENF
R A 7 AR SR B e S5
T LHEITHEFE A, E-mail:
swpi2002@163.com

% 8, 1990 4FA, B, DU,
HE A, TR, SN EmA M
SEH I F TS TAE. E-mail

xujingl1@cnooc.com.cn

B8, 1979 4, B, Wk,
i [ E NG =1 S O 9 T
+, EZ A FE WA H I W
X Jr WO BF 58 TAE. E-mail:

weianch@cnooc.com.cn

=R R, 1994 4F A, B, DK,
L 11 TP N T S 7 5 e e =8
TN FE Sy % 5%, E-mail:
1218133030@qq.com

% 4 R
b ARAL : http ://zk swpuxb.com



	目次
	Contents
	双鱼石构造栖霞组白云岩储层特征及主控因素
	四川盆地中二叠统栖霞组沉积相展布及勘探意义
	塔中西部良里塔格组台缘台内礁滩储层差异性
	准噶尔盆地克[0.65ex]1em0.075ex百断裂带石炭系内幕成藏特征
	南阳凹陷边界断层三维几何学及运动学特征
	威远区块页岩气水平井产量主控因素分析
	成像测井在灯影组微生物岩岩相识别中的应用
	宁209井区裂缝控藏体积压裂技术研究与应用
	爆燃压裂技术对水泥试样致裂实验研究
	致密气藏多级压裂水平井生产动态机理分析
	基于数值模拟的生物礁气藏地层水分布研究
	超稠油油藏EBIP厚度变化模式对SAGD的影响
	考虑岩石弹塑性变形的井周应力场计算模型研究
	尼日尔沙漠油田小规模“工厂化”钻井工艺优化
	深水环空圈闭压力的破裂盘泄压控制模型
	新型高频电脱工艺研究与动态实验装置设计
	水平井完井管柱振动特性实验研究
	含水稠油在纳米[0.65ex]0.5em0.075ex微波协同下的降黏实验研究



