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ABSTRACT  
 
Fire computer models have been widely used to study different fire scenarios and, specifically in nuclear 
power plants, since they are able to assess fire safety solutions by analysing their performances. However, 
it is known that variations in certain input parameters may well vary the results. 
The present paper aims at determining the influence of the grid cell size in a computer model, Fire 
Dynamics Simulator. The real scale scenario defined in the NUREG/CR-6905 was selected as example 
case, which was defined as a part of Validation Exercise #3 of the International Collaborative Fire Model 
Project by a collaboration of the Nuclear Regulatory Commission with the National Institute of Standards 
and Technology. 
The analysis is focused on the range in with grid cell size allows to reach accurate results for this scenario 
and similar ones. Afterwards, we define a Limiting Fire Scenario to study fire propagation, in other 
words, a fire scenario in which one or more of the input parameters are varied to the point that the 
specified performance criterion is not met.  
Results showed that grid cell sizes between 10 and 20 cm provide a good representation of the fire 
dynamics with a reasonable computational cost. The application of these results to a defined Limiting Fire 
Scenario has also provided information about the fire propagation in cable trays. 

 
INTRODUCTION 
 
The NUREG/CR-6850 [1] establishes the methodology to conduct a fire Probabilistic Risk Assessment 
(PRA) for a commercial nuclear power plant application, where fire modelling is considered a 
fundamental task of the fire PRA methodology in order to examine the consequences of a fire. Although 
the NUREG/CR-6850 set the methodology for the fire PRA calculation, it does not tackle the selection of 
the computational model to perform the fire simulations neither does the parameters which should be used 
in the model definition. 
It is widely known that fire computer models require a set of input parameters (features of the physical 
domain, materials, radiation, turbulence, etc.) whose definition is key in order to obtain good or bad 
simulation results. Some previous works have claimed that fire computer model results can widely differ 
for the same scenario using small variations or different assumptions about the input parameters [2-4]. 
One of the main responsible of these results variation is the grid definition. This is the reason why 
computer models need to be validated against similar fire scenarios before using them. Fire Dynamics 
Simulator (FDS) is one of the most widely used fire computer models, and it has been validated in 
different fire scenarios [5] [6]. 
In the PRA calculation cases where the ignition source is determined not to ignite secondary 
combustibles, it may also be appropriate to explore the margin between the worst-case fire conditions 
modelled in the analysis and the fire conditions that would lead to fire spread. This would be appropriate 
in the context of defining a limiting fire scenario. The limiting fire scenario (LFS) is defined as the fire 
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scenario in which one or more of the inputs to the fire modelling calculation (e.g., heat release rate, 
initiation location, or ventilation rate) are modified to the point that the performance criterion is not met. 
The intent of this scenario is to determine that there is a reasonable margin between the expected fire 
scenario conditions and that point of failure. The LFS can be based on a maximum possible, though 
unlikely, value for one input variable or an unlikely combination of input variables. The values used for 
LFS input should remain within the range of possibility. [7-8] 
In this paper, a sensitivity analysis of the grid cell size in FDS is presented to study its influence in fire 
modelling of nuclear power plants and to recommend an adequate grid definition. A typical nuclear fire 
scenario will be used to perform the analysis, taken from the NUREG/CR-6905 [9], which allowed to 
study the effect of the grid in (1) the gas temperatures at different heights and locations, (2) the 
temperature in the target of the compartment (cable trays), (3) the heat flux in the door and walls, and (4) 
the upper layer height and temperature. Finally, a proper grid, selected according to the sensitivity 
analysis results, is used to analyse fire propagation in the LFS. 

 
FIRE SCENARIO 
 
The scenario used for the analysis is the validation exercise #3 developed under the International 
Collaborative Fire Model Project (ICFMP) and published in NUREG/CR-6905 [9]. These tests were 
developed by the collaboration of the National Research Center (NRC) and the National Institute of 
Standards and Technology (NIST). The configuration of the scenario makes it convenient to the study of 
the fire propagation in nuclear power plants due to the different configurations of cable trays and 
ventilation conditions found in the scenario.  
Firstly, the geometry (Figure 1) and configuration of the different scenarios are well defined in the 
NUREG [9]. The dimensions of the single compartment were 7.04 m x 21.66 m x 3.82 m, and it was 
designed to represent a realistic-scale compartment in a nuclear power plant. The door is located in the 
west wall, and the section of the door is 2 m x 2 m. Walls and ceiling were covered with two layers of 
12.7 mm marinite boards, while the floor was covered with one layer of 12.7 mm gypsum board on top of 
one layer of 18.3 mm plywood. The supply duct and horizontal cables are placed on the right of 
compartment (Figure 1), while the vertical cable tray and exhaust duct are placed on the left. 
Additionally, the location of some of the compartment features are shown in the Figure 1 including the 
Targets (A-F), ventilation ducts, thermocouple trees, junction box, fire pan, and door. 

 
Figure 1. Scenario geometry. Ref. NUREG 6905 [9]. 
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As it is presented in the model definition section, a simplification of the scenario was defined to study the 
grid cell size influence on the modelling results. No simplifications of the scenario were employed in the 
fire modelling of the LFS.  
The ladder type cable tray (Target D) was 0.3 m wide, 0.1 m deep and 10 m long. The tray contained 
control cables. The centre of the bottom of the tray was located at 2.0 m from the right wall and 3.2 m 
above the floor. Target E consists on a rectangular PVC slab located at 1.25 m from the right wall and 2.7 
m above the floor and centrally located between the front and back walls. Target F is a power cable, 
which was located at 0.5 m from the right wall, 2.2 m above the floor and extended 10.0 m. Three control 
cables A, B and C were located at the same elevation and 0.1 m from the left edge of the power cable, 
slab target, and cable tray, respectively. The vertical cable tray (Target G) was 0.3 m wide, 0.1 m deep 
and extends from the floor to the ceiling and, containing control cables, was located on the surface at the 
centre of the north wall. The junction box was a WCB Junction Box, a heavy-duty, dust-tight, 
weatherproof, rain and watertight box, with nominal inside dimensions, 0.3 m length x 0.3 m width x 0.1 
m depth, mounted on the ceiling and located on the compartment centreline at 17.7 m from the door.  
The fuel used in most of the tests was a commercially available blend of heptane isomers. Therefore, 
heptane fuel with a HRR of 1140 kW was considered for the grid cell size analysis and a heptane pool fire 
larger was considered to reach 2200 kW for the LFS. 

 
MODEL DEFINITION 
 
Six different grid cell sizes combinations were used to model a simplified fire scenario and their results 
were compared to evaluate grid cell size influence. Those sizes are defined taking into account different 
factors, such as, its capacity to represent the scenario geometry, to solve appropriately the governing 
equations of computational fluid dynamics (CFD), and to avoid excessive computing times.  
Obviously, grid cell size is one of the most important parameters to define the FDS model and, all in all, 
the finer the numerical grid, the better the numerical solution of the equations expected theoretically. FDS 
is second-order accurate in space and time, which means that if the grid cell size is halved, the 
discretization error in the governing equations will decrease by a factor of 4 and, on the other hand, the 
computational cost will increase by a factor of 24 = 16 (a factor of two for each spatial coordinate, plus 
time). Because of the non-linearity of the equations, the decrease in discretization error does not 
necessarily translate into a comparable decrease in the error of a given FDS output quantity. To find out 
how a finer grid affects the solution, model users usually perform grid sensitivity studies in which the 
numerical grid is systematically refined until the output quantities do not change appreciably with each 
refinement. In the end, a compromise is struck between model accuracy and computer capacity.  
A relationship between the grid cell size and the characteristic diameter of the fire may be obtained by 
using the heat release rate, HRR, of the ignition source as a parameter. The characteristic diameter of the 
fire is calculated with the following equation:  
 

  (1) 
 

Where  is the HRR (kW), ρ∞ is air density (kg/m3), cp the air specific heat (kJ/kg/K), T∞ the ambient 
temperature (K) and g the gravity acceleration (m/s2).  
For simulations involving buoyant plumes, a measure of how the flow field is resolved is given by the 
non-dimensional expression D*/δx where δx is the grid cell size. The greater the ratio D*/δx, the more 
accurate the results. While NUREG/CR-6905 [9] and NUREG 1824 [10] claim that values of D*/δx 
between 5 and 10 usually produce favourable results at a moderate computational cost, FDS guide [11] 
set this range of values from 4 to 16. 
In our case, as the average HRR was 1176.6 kW, we have a characteristic diameter of 1.022 m. Following 
NRC recommendations, values of D*/δx between 5 and 10, we obtain a grid cell size range between 20.4 
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cm and 10.2 cm. As far as FDS Guide recommendations are concerned, a grid cell size between 25.55 cm 
and 6.39 cm should be used. Table 1 shows the values of D*/δx used for the grid cell sizes sensitivity 
analysis.  

Table 1 Values of D*/δx used for the grid cell sizes sensitivity analysis. 
Grid cell size (δx) (cm) D*/δx 

5 20.44 

10 10.22 

15 6.81 

20 5.11 

30 3.41 
 
An additional simulation was also performed, combining cell sizes of 10 and 20 cm, to define a refined 
grid in the combustion area and a coarser grid in the areas where simulation requires less details. The 
most important rule of mesh alignment is that abutting cells must have the same cross sectional area, or 
integral ratios, as depicted in Figure 2 [11]. 
 

 
Figure 2. Rules governing the alignment of meshes in FDS. [11] 

 
Table 2 shows the definitive cases selected for the sensitivity analysis, defining the grid cell size, the total 
number of cells and the computing times.  
 

Table 2 Cases studied, including cell size, number and computing time. 
Case Cell size (cm) Number of cells Computing time (hours) 

1 5 4478976 >1992 

2 10 559872 111.9 

3 20 69984 8.8 

4 30 20736 3.0 

5 10-20 166192 75.1 

6 15 165888 22.3 
The selected geometry was simplified to compare the results of the different grid cell simulations, since 
the geometry should be adjusted to the different cell sizes. This means that pool fire and cable trays 
geometries should be adjusted to cell size (5 cm, 10 cm, 15 cm, 20 and 30 cm). Figures 3 to 5 represent 
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the defined geometry. Minor variations have been done in the geometry of the different simulations to 
adapt the cells, but the positions of the measurement points have remained unchanged. 

 
Figure 3. Simplified geometry in FDS.  

Figure 4. Front view. 

 
Figure 5. Left side view. 

 
The limiting fire scenario established the worst conditions in the studied compartment, which 
corresponded to a pool fire of 2.2 MW located under the cable tray D. The door was considered open and 
without any additional ventilation. In this case, the compartment was simulated completely, without the 
simplifications considered in the grid analysis, as depicted in Figure 6. Table 3 shows the definition 
parameters of the LFS. 
 

Table 3. Input parameters for the LFS. 

 
Figure 6. LFS geometry in FDS 

HRR 
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cable trays 

Open No 

 
RESULTS 
 
The influence of the grid cell size has been studied by comparison of the gas temperatures measured at 
different heights and locations, the temperature in the targets of the compartment (cable trays), the heat 
flux in the door and walls, and the upper layer height and temperature.  
Although HRR is the same in all simulations, grid definition will highly affect the visualization of the 
pool fire flame, as Figure 7 displays, for the Cases introduced in Table 2. Due to the turbulent nature of 
the flame, it is difficult to establish comparisons at the same instant, but the smaller the cell size employed 
by the meshing seemed to obtain the higher definition in the visualizations. 
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Figure 8 indicates the location of the thermocouples to measure the gas phase temperatures in the 
compartment and, particularly, Tr i-1 and Tr i-10 were located at 0.4 and 3.6 m over the floor, 
respectively. 
 

 
Figure 7. Flame comparison at 252 s. 

 
 
 
 
 

 
Figure 8. Thermocouples position in the compartment. 

 

 

Figures 9 to 12 show the comparison of the gas phase temperatures. It can be observed that at 0.4 m over 
the floor, smaller grid sizes were reported to obtain higher temperature values. Similar results were 
obtained for the cases 1, 2, 5 and 6. At a height of 3.6 m, except for the thermocouples Tr2, the lowest 
temperature was obtained in case 4 (largest grid cell size). A dispersion in temperature results of about 50 
ºC can be observed in the Figures 10 and 11 (without considering the case 4), but temperatures obtained 
in the cases 1 and 2 are very similar.  

 
Figure 9. Tr1 temperature comparison. 

 
Figure 10. Tr2 temperature comparison. 

 
Figure 11. Tr3 temperature comparison. 

 
Figure 12. Tr7 temperature comparison. 
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Slices to compare the temperature in the plane y=3.5 m at the 252 s are shown in the Figure 13. It is 
represented in black temperature values of 100 ºC. We can observe that in all cases this temperature is 
reached at similar height. 

 
Figure 13. Temperatures comparison in the plane y=3.5 m at 252 s. 

 
Figures 14 and 15 define the position of the thermocouples to measure cable trays temperatures, and the 
wall heat flux. 
 

 
Figure 14. Location of cable trays thermocouples. 

 
Figure 15. Heat flux measurement points. 

A comparison of the temperatures in the horizontal and vertical cable trays are shown in Figures 16 to 19. 
Similar results were obtained in the horizontal cable trays temperatures, as depicted in Figures 16 and 17. 
In this case, the heat transfer is mainly governed by convection of the upper layer temperature, as 
thermocouple were located over the cable tray. Larger differences were obtained in the temperatures of 
the vertical tray, where the greater the grid cell sizes were, the higher temperatures were obtained. An 
absolute error of 40 ºC was reached in both measurement points. Therefore, in this case, the heat transfer 
is more governed by the radiation from the pool fire.  

 
Figure 16. D Ts-12 temperature comparison. 

 
Figure 17. D Ts-26 temperature comparison. 
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Figure 18. G Ts-32 temperature comparison. 

 
Figure 19. G Ts-33 temperature comparison. 

 
The influence of the heat flux onto the walls, ceiling and door is shown in the Figures 20 to 23. The heat 
fluxes measured in the walls and ceiling are obtained from a single point, while the heat flux in the door is 
the total heat flux through the door. 
Figure 20 shows a dispersion between the heat flux measured in “N U-4” position. Similar results can be 
observed in cases 1, 2 and 5 (lower cell sizes in the pool fire area), and greater dispersion in the other 
cases. Figure 21 shows the higher dispersion for the cases 4 and 3. In the case of the measurement point 
“C C-6”, a larger dispersion is observed in the results obtained for the case 5 compared with the cases 1 
and 2. This is because, in case 5, point “C C-6” is located in the simulation area where the grid cell size 
used was 20 cm instead of 10 cm. Heat flux obtained in the case 4 is lower than the heat flux obtained in 
the other simulations. It can be observed in the Figure 23 that the heat flux loss by the door is similar in 
all cases with the exception of the case 4, in which more heat is lost from the compartment by radiation. It 
can therefore be concluded that the FDS model is very sensitive to the radiation heat transfer. 

 
Figure 20. Heat flux in N U-4. 

 
Figure 21. Heat flux in S U-3. 

 

 
Figure 22. Heat flux in C C-6. 

 
Figure 23. Heat flux through the door. 
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Finally, comparisons of the smoke/hot gas layer height and the average upper layer temperatures are 
shown in Figures 24 and 25, respectively. The layer height and the average upper layer temperatures are 
fundamental parameters in the analysis of enclosure fire dynamics. These parameters were measured at a 
distance of 5.8 m from the centre of the room in the opposite direction from the door. 
Figure 24 shows the results of the smoke layer height in the enclosure studied for the different cases 
simulated. While we can see how in all cases the decrease of the smoke layer height occurs at the same 
time, the layer height is slightly risen in cases 3, 4 and 5 (with cell sizes in the measuring area 30 and 20 
cm). 
In this comparison (Figure 25), the maximum error between all simulation curves was approximately 6%. 

 
Figure 24. Upper layer height. 

 
Figure 25. Upper layer temperature. 

 
Considering the results of sensitivity analysis above, the optimum grid cell size selected for the LFS was 
10 cm. This cell size allows to obtain good predictions of the measured parameters with assumable 
computing times. In addition, an automatic grid refinement was performed in the middle of the 
compartment with the function “TRNX” of FDS. Figure 26 shows the fire propagation and contours 
temperature at 4 different time instants for this grid. 
The ignition time for the block E of PVC was 144 s. The following targets to ignite were the cables A and 
F, and finally the cable tray D and the control cable C, as shown in Figure 26. 

 
Figure 26. Fire propagation in the LFS with the optimal grid cell size. 
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CONCLUSION 
 
The paper presents a sensitivity analysis of the grid cell size in the fire computer modelling applied to 
nuclear power plants applications within a benchmark configuration from the literature [9]. Cell sizes 
ranging from 5 to 30 cm were applied to build numerical mesh domains for model simulation of the 
reference scenario defined to study the propagation in the LFS conditions, namely the scenario conditions 
under which variations in any of the input parameters lead to results in which the performance criteria are 
not met. 
Sensitivity analysis results showed high deviation of the simulations performed with a grid cell size of 30 
cm. Cell sizes between 5 and 20 cm allow to obtain similar simulation results. Inconvenience of use the 
cell size of 5 cm was found in the computing time, which was found to be up to 1992 hours at a 2 Xeon 
X5630@2.53GHz (16 cores) and 32 GB de RAM machine. The optimal grid cell sizes obtained match 
well the recommendation of both the NUREG 1824 [10] and the FDS Guide [11]. Results show that the 
grid cell size affected especially to the heat transfer by radiation. 
Selecting a grid cell size of 10 cm, and considering a pool fire with a HRR of 2.2 MW, the defined LFS 
showed propagation to the targets to be protected against the fire and defined in the model.  
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