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Sensing Characteristics of Fire Detectors in Railway Tunnel by Using
Numerical Analysis
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Abstract In enclosed areas such as railway tunnels, the heat and smoke generated by a fire can pose a tremendous
risk to the life of passengers. To prevent or mitigate such scenarios, fire detectors are installed for early fire detection.
This numerical study is preformed for establishing the method of detecting performance of fire detectors installed
on railway tunnels. Numerical analysis are conducted using the fire dynamics simulator, developed by the NIST. The
temperature of the tunnel walls is determined using the assumed exterior structure of the tunnel. In addition, the
detection times of detectors installed at different locations in the tunnel are obtained for different sizes of the fire

source, and the results are compared and analyzed.
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Fig. 1. Schematic draw of test tunnel [2]
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Table 1. Input parameters for determining sizes of
calculation mesh

parameters values
Temperature [K] 293.15
Density [kg/m'] 1.1934
Specific heat [kl/kg - K] 1.007
HRR [kW] 10,000
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Table 2. Thermal properties for boundary conditions
of tunnel walls

specific heat density conductivity
[kI/kg/K] [kg/m3] [W/m/K]
concrete 1.84 2050 0.519
soil 0.87 2300 1.4
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Fig. 2. Detector installation location (center and side
departed 1 m from center)
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Table 3. Each detector’s detecting condition and
configuration value

Detector type Condition Value
Temperature [C] 70
Heat
RTI 27
Visibility [%] 0.61
Smoke
Step 5
Visibility [%)] 25
Beam
Step 3
3.2 X718 &XEs
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Table 4. Detecting time for various detector types and
installed position [I MW]

Position [m]
Detector type 5 50 100 150 210
(-95) (-50) 0 (50) | (10
center - - 5 - -
Heat
e side - - 13 - R
center 78 35 3 35 97
Smoke -
side - 36 5 36 96
center - 94 5 161 -
Beam -
side - 574 9 850 -

Table 5. Detecting time for various detector types and
installed position [2 MW]

Position [m]
Detector type 5 50 100 150 210
(95) (-50) 0 (50) | d10)
center - 94 5 161 -
Heat -
side - 574 9 247 -
center 62 29 3 28 75
Smoke -
side 62 30 4 29 75
center 76 34 3 34 95
Beam -
side 60 28 2 28 73
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Fig. 7. Detecting time for heat detectors (1 MW)
(a) Center
(b) Side (depart 1 m from center)
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