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Tab. 2 Comparison of theoretical calculation results and simulation experiment results
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W 92.2% 96.8% 97.9% 98.2% 93.6% 92.9% 96.0% 96.0%
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3D nonlinear flow-induced vibration model of tubing string in
high-pressure, high-temperature and high-yield gas wells

GUO Xiao-giang', LI Xiao", LIU Jun', FANG Da-ke*, HUANG Liang’, WEI An-chao®,
WANG Guo-rong'
(1.College of Mechanical and Electrical Engineering, Southwest Petroleum University, Chengdu 610500, China;
2.Zhanjiang Branch, CNOOC (China) Co. Ltd., Zhanjiang 524057, China)

Abstract: In view of the failure of tubing string by flow-induced nonlinear vibration (FINV) in high-temperature, high-pressure and
high-yield (3H) gas wells, the 3D FINV model of tubing string is established by using the element method, energy method and Ham-
ilton variational principle, which takes into account the self-weight changes of wellbore trajectory, wellbore temperature/pressure,
and contact/collision of tubing-casing. The Lagrange and cubic Hermite functions are used to discretize the governing equations, and
the incremental form of Newmark and Newton-Raphson are used to solve the FINV model of tubing string. According to the parame-
ters of 3H gas wells in the South China Sea and the similarity principle, a flow induced vibration simulation test device for tubing
string is designed. The vibration response data of the tubing string is measured and compared with the calculation results of the theo-
retical model, and the correctness of the vibration model is verified. Meanwhile, the vibration characteristics of the tubing string are
analyzed by using well parameters. The results show that the transverse vibration of the upper tubing is obvious, while the vibration
of the middle and lower tubing is close to the casing wall for a long time, which leads to the longitudinal and transverse wear of the
lower tubing. At the same time, the longitudinal vibration of the tubing is chaotic, and the chaos phenomenon of the middle and lower
tubing string is the most obvious. Therefore, the field designers should pay attention to the safety of the lower tubing string.

Key words: nonlinear vibration; pipe string mechanics; chaos phenomena; high-temperature, high-pressure and high-yield gas

wells; vibration simulation experiment
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