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Research on the Design of an Safety Intelligent Vertical Pipeline Oil Transportation System for Underground Mine
YU Hongwei'**, CHEN miao"**, TAN Yifan"**, ZHOU Jian"**, XIA Haoyu"*?
(1.Changsha Institute of Mining Research Co., Ltd., Changsha, Hunan 410012, China;
2.State Key laboratory of Metal Mine Safety Technology, Changsha, Hunan 410012, China;
3.Changsha Mine Mechanical and Electrical Testing Center for National Safety Production, Changsha, Hunan 410012, China)

Abstract: In order to study the safety design and intelligent design of multi-stage pipeline oil vertical transportation system in
underground mines, the numerical relationship model between maximum thrust and single rod length in the installation process
and the dynamic vibration analysis model of vertical oil pipeline with different section sizes and different lengths were
established. The numerical model of water hammer effect and pressure relief transportation of oil transportation system was
built, and the dynamic response characteristics of water hammer pressure under different oil flow and different valve closing
time conditions were studied and analyzed. The results are as follows. Firstly, when the length of a single pipe is at a certain
value, the installation thrust increases sharply with the increase of pipe diameter. Secondly, the pipe sand filling method can
reduce the vibration of the main pipe caused by bubble excitation. Thirdly, reducing the oil flow or increasing the valve closing
time can effectively reduce the water hammer pressure. At the same time, the intelligent design schemes of intelligent refueling
technology, intelligent dispatching technology. intelligent monitoring technology, intelligent fire protection and fire automatic
extinguishing technology are proposed, which plays an important role in the in-depth study of the safety intelligent design of
pipeline oil vertical transportation system.
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Fig.1 Closed vertical pipeline oil transportation

system for underground mine
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Fig.2 Vertical pipelines oil transportation system

for multi section in underground mines
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Fig.3 The fixing method of dual pipelines
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Fig.4 Constrained method of sand filling in pipelines
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Fig.5 Positioning constraints at both ends of the pipeline
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Fig.6 Calculation results of maximum thrust

and single rod length
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Fig.7 Analysis model of bubble vibration in oil pipeline
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Table 1 Simulation results of vibration

stress of 310 m main pipe

EE N/ mm SRSl K S/ MPa Ji #4k 3) fg K 1/ MPa

25 15.65 16.40
38 17.43 18.63
60 18.93 22.92
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Table 2 Simulation results of vibration

stress of 750 m main pipe

EE N/ mm SR Sl R KN S/ MPa Ji 8 4k 3 fi KR 1/ MPa

25 41.46 42.25
38 43.12 43.17
60 45.01 45.48
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Fig.8 Simulation results of vibration stress

in sand filled oil pipeline
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Fig.9 Schematic diagram of oil pipeline

with added regulating valve
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Fig.10 Simulation results of pressure in oil

pipeline with added regulating valve
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Fig.11 Schematic diagram of depressurization

and transportation of oil pipelines
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Fig.12 Simulation results of pressure relief and

delivery under different valve closing time
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Fig.13 Underground intelligent refueling system
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Fig.14 Workflow diagram of underground

intelligent refueling system
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Fig.16 Algorithm flowchart of intelligent scheduling system
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Fig.17 Structure diagram of intelligent monitoring system
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Fig.18 Flow chart of visual monitoring algorithm
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Fig.19 Structural diagram of fire automatic

extinguishing device
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Fig.20 Structural schematic diagram of firefighting robot
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