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Design and validation of a fire extinguishing system for diesel
generator power packs in hybrid locomotives
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Abstract: The diesel generator power pack is a critical power component in hybrid locomotives. In the event of a fire incident that is not
suppressed , it can lead to severe safety hazards. To enhance the fire protection performance of the diesel generator power pack in hybrid
electric locomotives, this study explored the design methodology for the fire extinguishing system, including the selection and placement
of fire detectors, as well as the calculation and verification of piping. Additionally, methods for testing fire extinguishing performance
were developed. The system design encompassed design criteria and operating principles. The fire detection system comprised constant-
temperature rod detectors and infrared flame detectors. The operating principles of the fire detectors were introduced. The detection
performance of the constant-temperature rod detectors was validated using FDS simulation, while the placement rationality of the infrared
flame detectors was assessed through visual angle analysis. For piping verification, this study proposed two methods: one based on the
fluid flow differential equation and the other utilizing a Volume of Fluid ( VOF) model in Fluent. The calculation method employing the
fluid flow differential equation utilized the continuity equation to establish the relationship between the end nozzle pressure and the
process middle pressure. The calculation method based on the VOF model in Fluent employed finite element analysis to assess the
transient flow of the fire extinguishing medium within the cylinder, piping, and nozzle. This study outlined the verification method for
evaluating the fire extinguishing performance of the power pack fire suppression system, focusing on two fire source configurations: jet
fire and pool fire. The key parameters characterizing these fire sources included the jet flow rate and the size of the oil pan. The tests
confirmed that the system achieved a fire alarm time of 5 seconds and a fire extinguishing time of 9 seconds. The fire suppression system
designed in this study demonstrates excellent performance in both fire detection and extinguishment. These results offer valuable insights
for the fire safety design of hybrid locomotives.
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