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Erosion-resistant technology for high-pressure shale gas well testing processes based on
multiphysics coupling
LI Yunhui, CHEN Chao, YANG Shuxin, CHENG Qian, LI Ning, JIANG Caihu

Downhole Operation Branch, Sinopec Southwest Petroleum Engineering Company, Deyang, Sichuan 618000, China

Abstract: To address the critical challenges of frequent erosion leakage and high operational risks in surface testing processes of ultra-
deep shale gas wells—primarily caused by high-velocity sand-bearing fluids—an integrated model encompassing “pipe pressure drop,
choking cavitation, and solid particle erosion” was established based on multiphysics coupling theory. A dual-stage choking criterion,
defined by a critical pressure ratio of P,/P,<3.5, was proposed. Furthermore, a 105 MPa + 70 MPa two-stage fixed choke valve along
with a carbide-lined nozzle were developed, forming a comprehensive erosion-resistant technology suited for ultra-high pressure testing
processes. Field trials involving 172 hours of continuous monitoring were conducted across four wells, including the ZY2 well in
Southern Sichuan. The results indicate that the implementation of dual-stage choking increased the cavitation coefficient from 0. 18 to
0. 32, while the nozzle erosion rate was significantly reduced from 0.42 mm/h to 0. 08 mm/h. The average frequency of choke valve
leakages per well decreased from 3 to 0.5 units, effectively shortening the operational cycle by 1.5 days and saving 120,000 yuan in
costs. This technology provides a theoretical foundation and engineering template for the safe and efficient testing of ultra-deep shale
gas, directly supporting the next phase of large-scale production buildup in the Southern Sichuan-Western Chongging national shale gas
demonstration area.

Keywords: ultra-deep shale gas; multiphysics coupling; high pressure; testing process; dual-stage choking; erosion resistance;
critical pressure ratio; Southern Sichuan-Western Chongqing
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Table 1 Dimensions of various physical quantities
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