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Numerical analysis of gas-solid two-phase jet flow characteristics

in supersonic dry powder fire extinguishing nozzles
LIU Tiancheng » ZHANG Lite . FENG Zilong » SUN Meng yu
(Faculty of Mechanical Engineering & Automation, Zhejiang Sci-Tech
University, Hangzhou 310018, China)

Abstract: In this paper, aiming at gas-solid two-phase jet flow of the convergent-divergent nozzle that
is formed when dry powder particles are driven by supersonic gas flow, we performed the numerical
simulation by applying Lagrangian method, gas-solid two-phase coupling model and Shear-Stress
Transport k-w turbulent model. Meanwhile, we analyzed the influence of particle loading ratio, Saffman
force and nozzle-inlet pressure on gas parameters, particle velocity and degree of particle aggregation. The
main findings are as follows. The gas-solid two-phase coupling model could accurately analyze the
interaction between gas and particles. When the high-pressure gas passed through the convergent-divergent
nozzle, it would produce supersonic flow, thus driving the particles to accelerate. Under the same inlet
pressure, if the particle loading ratio was high, the particle velocity was small, and the gas parameters
were greatly affected by the particles. Particles gathered near the axis of the nozzle divergent section,
resulting in a radial velocity gradient in the region from the axis to the wall. This can explain why the
Saffman force increased the velocity of gas-solid two phases along the axis, and the effect was more
significant at high particle loading ratio. Under different inlet pressure, there may be three different nozzle

jet flow forms: under expansion, over expansion and full expansion. Under the condition of full expansion
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flow, the effect of particle acceleration and air cooling was relatively better. The research results can
provide theoretical support for the application of supersonic dry powder fire extinguishing technology.
Key words: supersonic; dry powder fire extinguishing; two-way coupling; degree of particle

aggregation; Saffman force; particle loading ratio
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