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Context 

As open-plan compartments become increasingly common in the built environment, it has 
become important to understand travelling fire behaviour in the context of fire safety. In 
contrast to the behaviour of a fire in a small compartment, travelling fires are characterised 
by a flame front that progressively spreads across the enclosure, leading to regions of high 
and low temperatures, at different points in time and space. Such a fire behaviour has been 
observed both experimentally in Cardington [1] and Dalmarnock fire tests [2], as well as in 
accidental fires in large compartments, such as the Ghost Ship Warehouse Fire in the U.S.A in 
2016 [3], TU Delft in the Netherlands in 2008 [4], the Windsor Tower in Spain in 2005 [5] and 
the World Trade Center in New York in 2001 [6]. Although the parametric temperature-time 
curve in Eurocode 1 [7] addresses the transient nature of the temperature within a 
compartment, it does not capture important phenomena related to travelling fires, such as a 
pre-heating phase of structural elements due to smoke movement prior to flame 
impingement. 

Bearing in mind that sound fire safety design of structural elements relies upon a realistic 
time-temperature curve, this study attempts to evaluate the adequacy of new fire models 
proposed in literature, such as the Travelling Fire Methodology (TFM) [8], using CFD analysis. 
In this paper, the findings of a numerical study of travelling fires using the Fire Dynamics 
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Simulator (FDS, Version 7.6.0) [9] software are summarized. Different ventilation and 
geometry configurations as well as dynamic ventilation changes during the fire event are 
simulated; a comparison of some of the findings is performed with respect to what is 
suggested by the TFM. The full version of the MSc thesis can be found on [10]. 

FDS Simulations Set-up 

To capture travelling fire behaviour, a compartment of 40m by 10m was constructed, based 
on a previous CFD study on travelling fires [11]. The position and sizes of the openings were 
varied to investigate their impact on the fire spread. The cases studied are summarised in 
Table 1. For computational reasons, the mesh size used was set at 20 cm. It is acknowledged 
that the 20 cm mesh cannot provide accurate temperature predictions (i.e. the maximum 
temperatures are underestimated) but allows to study the temperature-time trends observed 
in travelling fires. A mesh sensitivity study and its implications are given in [10]. 

  



Table 1 FDS Geometry dimensions for simulations run (Left: front view, Right: side view) 
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The individual fuel packages were modelled based on the burning characteristics of wooden 
pallets. A critical temperature for ignition of wood (set to 300oC) is used as the trigger for 
flame spread between fuel packages: each fuel package ignites automatically once the surface 
temperature reaches the critical value. 

Analysis of Travelling Fire Behaviour as Function of the Ventilation Openings 

The adiabatic surface temperature at several points situated at the ceiling height were 
recorded and analysed. The comparison of different ventilation opening conditions revealed 
significantly disparate temperature-time profiles for the same fuel set-up (Figure 2). Multiple 
cases exhibited a double temperature peak, attributed to the presence of a closed space at 
the end of the compartment. In such cases, the first peak corresponded to the moving flame 
front lying directly below the measurement device, while the second was caused by a 
‘localised flashover’ as the fire reaches the end of the compartment. 

40 m 10 m 

4 m 

18 m 

2.4 m 
1 m 

Note: Openings are situated on opposite sides of the walls except where stated 

40 m 10 m 

4 m 

18 m 

3.2 m 

2.4 m 

40 m 10 m 

4 m 

18 m 

2.4 m 

40 m 10 m 

4 m 

4 m 10 m 

40 m 10 m 

4 m 

18 m 

2.4 m 

Breakable windows (on both sides) 

Note: Single opening situated only on one wall 
 



 
Figure 1 Adiabatic Surface Temperature for different ventilation conditions showing varying 
temperature-time profiles. The measurement device is located at the centre of the 
compartment and at ceiling height (4m). 

Figure 3 clearly shows how smoke accumulation at the closed end of the compartment lead 
to rapid ignition of multiple fuel packages at once (t=75min) causing severe flame 
impingement on the ceiling. The end-of-compartment flashover is absent in the simulation 
with an open-ended enclosure resulting in a single temperature peak: minimal amounts of 
smoke are trapped within the compartment. Instead, a bidirectional flow regime was 
observed as shown in Figure 4. 

 
Figure 2 Temperature slice of compartment (baseline case) showing accumulation of smoke 
in the closed ends of the compartment leading to localised flashover of unburnt fuel 
packages (t=75min) (denoted by dotted polygons) 
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Figure 3 Flow field at end compartment for an open-ended compartment and 

compartment with closed end. 
 

One of the simulations modelled the effect of an initially closed window, assumed to break, 
and fall out completely upon reaching 300oC. The results were compared with those of the 
same compartment with fully open windows throughout the fire. The comparison showed 
temperature differences of up to 300oC between the two scenarios, emphasizing the strong 
impact of ventilation conditions, not only at the start of an enclosure fire, but also during the 
course of the fire event.  The findings also identify this behaviour as a potential barrier to 
developing reliable temperature-time predictive methodologies when ventilation conditions 
are not considered. 

 
Figure 4 Temperature-time profiles of compartment with closed breakable windows v/s 
compartment with opened windows. Higher peak temperature and shorter burnout time 
observed in initially closed breakable window case. 

  

Analysis of the fire progress of different scenarios simulated showed that the fire spread rate 
was not constant during the fire event. Rather, it varied significantly depending on local 

≈300o

 



ventilation conditions.  In Figure 6 a), it varied from 6.7mm/s and peaked at 40mm/s when 
the flame front approached the openings, whereas in b) the fire spread rate remained 
relatively constant at 6.7mm/s during the entire fire event. 
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Figure 5 Mapping of flame front at different time stamps. The light blue border indicates 
the position of the windows.  The tunnel-like geometry in b) leads to a more uniform fire 
spread rate because a steady by directional flow regime is established. 
 

Travelling Fire Methodology (TFM) 

The Travelling Fire Methodology (TFM) allows to predict the temperature-time evolution of 
the simulated scenarios. The methodology of [12] was applied, utilising a main equation that 
governs the temperature at a point of interest, taking into account the position of the fire 
within the compartment:  

  𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚(𝑥𝑥, 𝑡𝑡) = 𝑇𝑇∞ +
5.38
𝐻𝐻

�
𝐿𝐿𝐿𝐿𝑡𝑡∗𝑊𝑊𝑄̇𝑄”

𝑥𝑥 + 0.5𝐿𝐿𝐿𝐿𝑡𝑡∗ − 𝑥̇𝑥𝑡𝑡
� (1) 

Where   𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚(𝑥𝑥, 𝑡𝑡) = 𝐹𝐹𝐹𝐹𝐹𝐹 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑎𝑎𝑎𝑎 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑥𝑥 𝑎𝑎𝑎𝑎 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑡𝑡 
𝑇𝑇∞ = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡, (𝐾𝐾)  
𝐻𝐻 = 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐, (𝑚𝑚)  
𝐿𝐿 = 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿ℎ 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐, (𝑚𝑚)  
𝑊𝑊 = 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡, (𝑚𝑚)  
𝐿𝐿𝑡𝑡∗ = 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑜𝑜𝑜𝑜 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  
 𝑄̇𝑄” = 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑝𝑝𝑝𝑝𝑝𝑝 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎, (𝐾𝐾𝐾𝐾/𝑚𝑚2) 
𝑥𝑥 = 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑐𝑐𝑒𝑒 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, (𝑚𝑚)   
𝑥̇𝑥𝑡𝑡 = 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡𝑡𝑡 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜, (𝑚𝑚)   

Comparison of the outcome of Eq. (1) to the CFD simulation results revealed that the TFM 
produced reasonable predictions as long as the actual fire spread rate remained relatively 
constant during the entire fire event, which was only the case in the open-ended 
compartment scenario. TFM yielded underpredicted far-field temperatures due to its 
inherent assumption of an unconfined ceiling (relying upon Alpert’s correlation). The TFM 
could not predict the second temperature peak observed in the scenarios with closed ends, 
thus diverging significantly from the simulation results.  



 
Figure 6 Temperature time profile and TFM prediction for open-ended compartment and 
baseline case showing that the scenario with a uniform fire spread rate also generates more 
realistic predictions. Note the end of compartment flashover is not predicted by the TFM 
and is out of phase due to the varying flame spread rate. 

Conclusions 

Having inferred from numerical results the strong influence of ventilation conditions on both 
the extent and speed of fire spread, it is evident that further research and experimental work 
is needed to reinforce current temperature-time predictive methods. This study showed that 
events such as window breakages could significantly change the fire development, reiterating 
the complexity of fires in large enclosures. Although it is acknowledged that the 
computational requirements are limiting factors in the accuracy of the numerical simulations, 
the TFM did not conservatively predict the thermal exposure of the ceiling in the simulations 
as run. While the inferences made so far are substantiated through the numerical study, the 
need for validation experiments coupled with refined simulations are critical to a better 
understanding of travelling fires. 
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