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Researchon jet trajectory of rail-mounted intelligent fire-fighting robot nozzle
in complex underground environment

Z0U Xin

( Jiangsu Underground Space Intelligent Operation and Maintenance Engineering Technology Research

and Development Center, Jin Ken College of Technology, Nanjing 211156, Jiangsu, China )

Abstract: In complex underground environments, due to factors such as limited space, poor ventilation, numerous obstacles, and smoke
diffusion, if the nozzle jet trajectory is not set reasonably, it will result in the inability of the extinguishing medium to accurately cover the
fire source, thereby seriously affecting the efficiency and safety of fire extinguishing. Therefore, a study is proposed on the jet trajectory of
a rail mounted intelligent fire extinguishing robot nozzle in complex underground environments. Based on the designed structure of the
intelligent fire extinguishing robot nozzle, taking into account multiple factors such as air resistance, gravity, and wind force, a three-
dimensional motion differential equation for the jet trajectory is constructed; The numerical analysis method—Runge Kutta method is used to
solve the nonlinear differential equation system, in order to achieve accurate prediction of the jet trajectory and assist the fire extinguishing
robot in intelligently and accurately locating the fire source position. The experimental results show that the jet trajectory is approximately
straight within the pitch angle range of 20 °~50 °; When the pitch angle increases to 70 °~90 °, the trajectory is significantly affected by
gravity and resistance, transforming into a distinct parabolic shape. Meanwhile, as the wind speed increases from 1 m/s to 15 m/s, the jet
trajectory gradually undergoes significant lateral drift from a basic linear state, and the degree of curvature intensifies. This study provides
theoretical basis and methodological support for the nozzle control and trajectory planning of rail mounted intelligent fire extinguishing
robots, which helps to achieve efficient and intelligent fire extinguishing goals.

Keywords: complex underground environment; rail mounted intelligent fire extinguishing robot; spray nozzle design; Runge Kutta method;
jet trajectory analysis method; force analysis
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Fig. 1 Force analysis of fire extinguishing medium
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Fig.2 Physical picture of the nozzle of the rail mounted
intelligent fire extinguishing robot
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