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ABSTRACT 
 
Stabling yards of Mass Rapid Transit (MRT) train depots are typically provided with overhead automatic fire 
sprinklers as a fire protection solution to address the life safety concerns. In view of the high cost of modern 
MRT trains and need to maintain high level of service, prevention of fire spread and damage to adjacent trains 
has become an important consideration. Ideally, the proposed fire protection system should be capable of 
controlling and extinguishing the fire source quickly and effectively to minimize damage to the train assets 
caused by a fire and enable quick recovery. The effectiveness of meeting this objective of asset protection by 
having a system of sidewall automatic fire sprinklers installed adjacent to and in close proximity to the 
undercarriage of the trains in the stabling yard was studied. In this study, computational fluid dynamics (CFD) 
technology was exploited to elucidate the effectiveness of sidewall sprinklers to suppress the fire at the 
undercarriage of a MRT train. This paper presents the findings of the study in terms of a practical solution for 
the protection of the train assets in the stabling yard.  
  
 
INTRODUCTION 
 
In terms of Mass Rapid Transit (MRT) train fire, the combustible materials, such as solid polymeric materials, 
will undergo important chemical changes when heat is applied, i.e., thermal decomposition/pyrolysis. As 
illustrated in Figure 1, the pyrolysis of a solid fuel generates gaseous fuel vapours, which can burn with the 
oxygen from the air to generate heat. A part of the heat is transferred back to the polymer to continue the 
production of gas fuel or volatiles for the process to be self-sustaining. Water, the oldest known fire 

suppression agent, remains the agent of choice for fire protection 
systems in stabling yards of MRT trains. When water is sprayed 
into a compartment, droplets that penetrate the fire plume and 
reach the burning surfaces can inhibit pyrolysis by cooling. 
Droplets that impact on the walls, floor and ceiling of the 
compartment or surfaces of adjacent combustibles can pre-wet 
the surfaces and cool the surfaces if they are hot. Droplets that 
vaporize to steam while traversing the compartment contribute to 
the cooling of the fire plume. Besides cooling, the volumetric 
expansion of the vaporizing water can disrupt the entrainment of 
air (oxygen) into the flame and dilutes both the fuel vapour and 
oxygen available for combustion, i.e. inerting effect [1].  
 
Fire simulation tools based on computational fluid dynamics 
(CFD) are increasingly used in performance-based fire safety 
engineering. The tools are particularly suitable for predicting the 
spread of heat and smoke in complex enclosures, and generally 
predicting the ‘far-field’ conditions, i.e. conditions far from the 
flame region. Large-scale CFD simulations are typically 

conducted at a spatial resolution of 0.1m or above. Such resolution is clearly too coarse compared to the 

Figure 1 - Illustration of solid fire phenomena. 
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resolution needed to resolve the physical and chemical processes near the flame, which occur on a length 
scale of 0.001m or less [2]. For these cases, Fire Dynamic Simulator 5 (FDS5) uses a mixture fraction-based 
combustion model. Since subgrid-scale modelling of gas phase suppression and extinction is still an area of 
active research in the combustion community, simple empirical rules are used, which prevent burning from 
taking place when the atmosphere immediately surrounding the fire cannot sustain the combustion [3]. 
In this paper, CFD simulations of fire suppression subject to the proposed sprinkler systems have been 
carried out using FDS5. The effectiveness of sidewall sprinklers to suppress the undercarriage fire has been 
evaluated, for the sake of the protection of train assets. 
 
 
CFD MODELLING 
  
Assumptions 
The following assumptions are adopted in the CFD modelling: 

1) Only one train-car is on fire. 
2) The fire started at the undercarriage, and there is no obstruction under the carriage. 
3) The train car above carriage maintains the shape. 
4) Fire size follows fast-t2 growth curve and is capped at 7MW under free burning condition. 
5) The ignition temperature for the train-car is assumed to be 400°C and the critical heat flux is assumed 

to be 18.7 kW/m2 [7]. 
6) Fast response sprinklers are adopted in the simulations. 

 
Design scenarios to be investigated 
In total, three scenarios as shown in Figure 2, related to the changes in sidewall sprinklers and all subject to 
7MW undercarriage fire, have been intensively simulated with the proposed CFD methodology.  

 

   

(a) Case 1: overhead sprinklers only (b) Case 2: Overhead + under-platform 
sidewall sprinklers  

(c) Case 3: Overhead + sidewall 
sprinklers on both sides  

Figure 2 - Configurations of FDS models.  
 
 

RESULTS AND DISCUSSION 
 
In Case 1, the overhead sprinklers are installed at 12.7m above the finished floor level. The first overhead 
sprinkler is activated at 384s after fire ignition. In total, only two overhead sprinklers are observed to be 
trigged on during the simulation time. Because the water droplets sprayed from the overhead sprinklers 
cannot directly penetrate the train-car to the burning surface undercarriage, the fuel/surface cooling effect is 
minor, as shown in Figure 3a. In Case 2, the sidewall sprinklers are installed right under the platform. The first 
sidewall sprinkler is activated at 180s after fire ignition.  
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(a) Case 1 (b) Case 2 (c) Case 3 

Figure 3 - water spray from sprinklers for different cases. 
 

In total, eight sidewall sprinklers are trigged on during the simulation time. Since it is assumed no blockage 
undercarriage, the water droplets can be directly sprayed onto the burning surface (Figure 3b). In Case 3, the 
sidewall sprinklers are installed at both sides of the trains. The first sidewall sprinkler is activated at 177s after 
fire ignition. In total, eighteen sidewall sprinklers are trigged on during the simulation time. Water droplets are 
sprayed onto the burning surface from both sides (Figure 3c). 
 
As shown in Figure 4, the maximum HRR in Case 1 is still capped at around 7MW. The maximum HRR in 
Case 2 is reduced to be as low as 2MW at about 200 s. After that, HRR starts to decay approaching zero, 
which means the fire has been effectively controlled and suppressed. Compared to Case 2, the HRR in Case 
3 decreases even faster because more sprinklers are activated on both sides of the ignited train-car. 

 
Table 1 lists the maximum surface 
temperature and maximum heat flux on the 
surfaces of adjacent train and connected train-
car. In Case 1, the maximum surface 
temperature and maximum heat flux on the 
connected train-car far exceed the ignition 
temperature (400°C) and critical heat flux 
(18.7 kW/m2). The connected train-car is likely 
to be ignited and burned in this situation. The 
maximum surface temperature and maximum 
heat flux on the adjacent train surface are 
quite close to the ignition conditions, indicating 
a chance of fire spread to the adjacent train. 
In Case 2, although the fire has been 

controlled and suppressed, the maximum surface temperature and maximum heat flux on the connected train-
car still exceed the ignition limits, while the two values on adjacent train are greatly reduced to a safer level. 
The adjacent trains can be protected by the sidewall sprinklers under the platform, although fire will spread to 
the connected train-car. Compared to Case 2, the maximum surface temperature and maximum heat flux on 
the connected train-car have been both reduced below the ignition conditions in Case 3, which indicates the 
possibility of protection for the connected train-car, as well as the protection for the adjacent trains. 
 

Table 1 Maximum surface temperature and maximum heat flux on the adjacent trains and the 
connected train-car next to the ignited train-car. 

 

Adjacent trains Connected train-car 
Maximum surface 
temperature (°C) Maximum heat flux (kW/m2) 

Maximum surface 
temperature (°C) 

Maximum heat 
flux (kW/m2) 

Case 1 384 13.2 603 39.2 
Case 2 200 2.84 510 22 
Case 3 142 1.33 345 8.75 

Figure 4 - Simulated HRR data vs. time for different cases. 
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CONCLUSION 
 
CFD simulations have been carried out to elucidate the effectiveness of sidewall sprinklers in case of 
undercarriage train-fire scenario in the stabling yard. For the concern of asset protection, the following 
conclusions can be made based on the simulation results.  

• Without sidewall sprinklers in the proposed train stabling yard, fire may spread to both the connected 
train-car and adjacent train, dependent on the type of combustible material of a MRT train. 

• Sidewall sprinklers are very effective to control, suppress and even extinguish the fire so as to prevent 
the fire from spreading to adjacent train. 

• Sidewall sprinklers to install on both sides of trains can provide better asset protection. 
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