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Abstract
Based on on-site investigations and analysis of the current fire safety situation at multiple substations,
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this study systematically sorted out the common problems in fire protection design, operation and
maintenance of different types of substations, and conducted statistical comparisons and hidden
hazard assessments in combination with specification requirements. The results show that the non-
standard layout of accident oil pools and pebble layers is the most prominent hidden hazard at pre-
sent (occurring 15 times), followed by the failure to timely handle faults in the fire alarm system
(occurring 12 times). Based on the above research results, to verify the fire evolution characteristics
under typical high-risk scenarios, this study selected the most unfavorable working condition of
transformer fire as a typical scenario, and established a numerical model using FDS (Fire Dynamics
Simulator) for simulation analysis. The results indicate that under a fire scale 0f 11.57 MW, the max-
imum temperature of the fire source exceeds 520°C, the flue gas temperature in the lower valve hall
area is approximately 30°C, and the flue gas temperature in the upper part of the main hall is about
47°C. The simulation reveals the significant temperature and flue gas stratification characteristics
in substation fires, as well as the spatial differences during the fire development process. This pro-
vides a scientific basis for further optimizing substation fire risk assessment and fire protection and
prevention design.
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Figure 1. Distribution map of research categories for substations in a certain region of China
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Figure 2. Distribution of fire hazard categories of substations in a certain region of China
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Figure 3. Slice diagram of temperature variation in substations under typical fire conditions
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Figure 4. Slice diagram of COz concentration variation at a horizontal height of 22 meters at typical moments
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