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Abstract; To explore the mechanism by which the ambient temperature affects the release
characteristics of a gas fire suppression system, a binary gas-liquid equilibrium model is developed
to predict the phase distribution of the extinguishing agent at different temperatures, and three-
dimensional numerical simulations are employed to analyze the flow characteristics of the agent

discharge under varying thermal conditions. For the purpose of this study, a representative
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aircraft engine nacelle fire suppression system was used; the system was filled with nitrogen-
pressurized Halon 1301 to realize gas-liquid coexistence within the storage cylinder; an
equilibrium model with both the vaporization of Halon 1301 extinguishing agent and the
dissolution of nitrogen taken into account was established; simulations were conducted over a
temperature range of —60 °C to 20 °C to evaluate the storage state and release characteristics of
the system. According to the simulation results, the discharge process, regardless of the ambient
temperature, comprises three distinct stages: agent filling of the pipeline, agent release, and
residual gas release. When the ambient temperature decreased from 20°C to —60 °C, the internal
cylinder pressure decreased significantly, the liquid-phase volume exhibited a slight reduction,
and the molar {raction of Halon 1301 in the gas phase declined from 0. 485 5 to 0. 067 3, while
that in the liquid phase remained consistently above 0. 9. Under low-temperature conditions, the
diminished internal driving force led to a reduced vaporization rate of the extinguishing agent, an
extended residence time within the pipeline, and a slower release process. Compared to the 20 °C
condition, the maximum flow rate at —60 °C decreased by 31.33%, the time required to release
80% of the agent increased by 48. 89%, and the total discharge duration was prolonged by
71.15%. These results suggest that low-temperature environments may have detrimental effects
on the storage and discharge performance of gas fire suppression systems, providing a theoretical
foundation for optimization of system design to achieve better performance under extreme
environmental conditions.

Keywords: fire extinguishing system; Halon 1301 extinguishing agent; ambient temperature;

gas-liquid equilibrium; storage state; release characteristics
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Fig. 12 Variation of relevant parameters during the

release process at low temperatures
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