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Abstract. SMARTFIRE is a Fire Field Modelling (FFM) environment that has an 
unstructured-mesh finite volume RANS Computational Fluid Dynamics (CFD) code at 
its heart, and incorporates embedded expertise to support the process of Fire Field 
Modelling. Integrated Knowledge Based Systems assist in the tasks of mesh generation 
and run-time solution control. 
 
The software also fully supports expert CFD users with a wide range of supporting 
tools and advanced technologies to provide modelling realism and accurate and 
efficient computation, such as parallel computation, intuitive building design from floor 
plans, and post-processing visualisation. SMARTFIRE comprises a number of intuitive 
and powerful support programs to allow the modelling of complex scenarios within the 
built environment. 
 
The presentation will briefly describe the software capabilities and provide examples of 
its application to a number of real world problems. The presentation will also briefly 
describe some of the latest fire modelling research being undertaken by FSEG including 
the Experiment Engine, Toxicity modelling of additional gaseous fire effluent species 
using LER (with surface reactions), and coupled field-zone modelling.   
 
Unfortunately, it is very easy to assume that because the CFD visualisations look 
compellingly realistic, that they are physically correct. This is not always the case. The 
presentation will end with a brief discussion of some of the limitations of fire field 
modelling and some common modelling errors that users can make when using CFD 
modelling techniques. 
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1 INTRODUCTION 
This paper is concerned with the SMARTFIRE [1] Fire Field Modelling 

Environment developed by the Fire Safety Engineering Group (FSEG) of the University 
of Greenwich. This paper describes the software and details how it is used in fire safety 
engineering applications through a number of examples. The paper then describes some 
of the latest research that is being conducted by the SMARTFIRE researchers. 

The paper then discusses some of the common errors and limitations associated with 
running CFD based Fire Field Modelling scenarios using a number of examples. 

2 OVERVIEW OF SMARTFIRE 
SMARTFIRE (http://fseg.gre.ac.uk) is an open architecture CFD based fire field 

modelling environment with an integrated knowledge based system that attempts to 
make fire modelling accessible to non-experts in CFD. The SMARTFIRE software has 
been under continuous development at FSEG since the late 1980’s and the current 
release version is V4.1. The software is written in C++ using object orientated 
principles.  There are three major components to the software: the CFD code, user 
interfaces, and an expert system. The embedded expert knowledge aims to make fire 
field modelling more accessible to fire engineers with limited CFD expertise. The 
knowledge embedded within the software is used to support the critical task of mesh 
specification of fire field simulation scenarios. 

The SMARTFIRE Environment consists of a number of key modules (See Figure 1). 
The SMARTFIRE Scenario Designer allows 2D CAD floor plans to be imported in 
order to create a building geometry. The building scenario is designed in a 2D CAD-like 
workspace. Once the building geometry for the required model has been specified, the 
model is passed into the SMARTFIRE Case Specification Environment. This tool 
allows further modification of the building geometry to allow a fire modelling scenario 
to be designed. This includes such details as configuration of materials, fires, boundary 
conditions (e.g. ventilation and fans), additional fire scenario features (e.g. sprinklers), 
physical models to use in the analysis (e.g. toxicity for additional fire effluent gasses, 
thermal radiation, smoke, etc.) and configuration of the solution control. Once a 
scenario design is complete, the interactive Meshing System assists the user to create a 
suitable control volume mesh. This process is supported by a Knowledge Based System 
which applies appropriate meshing rules and expert knowledge for the particular 
scenario that is being modelled. The CFD Engine of SMARTFIRE is also fully 
interactive and allows the solution state to be examined during a simulation. The CFD 
Engine has many of the usual capabilities of a typical RANS based unstructured mesh 
CFD code (e.g. K-epsilon turbulence with buoyancy modifications for stratified layers, 
thermal radiation) and a number of fire application specific capabilities (e.g. visibility 
distance computation through smoke, gaseous combustion). 
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Figure 1: The architecture of the SMARTFIRE Fire Field Modelling Environment 

 
In practice, it has been found that even complete novices to CFD have been able to 

quickly start to run complex built environment fire modelling scenarios with good 
accuracy. This has greatly enhanced the user confidence and enabled them to start to 
learn about the important details of fire modelling that make the scenarios appropriate to 
simulate real world scenarios. 

 

  

The SMARTFIRE Scenario Designer showing a 
walkthrough for a multi-storey building design 

The SMARTFIRE Case Specification Environment 
allows the user to configure a fire scenario with the 

ability to set boundaries and physics choices 

  

The SMARTFIRE Interactive Meshing System 
generates a structured mesh which can then be 

edited by experienced CFD users 

The SMARTFIRE CFD Engine showing run-time 
visualization of solution and interactive controls 

Figure 2 : The components of the SMARTFIRE Environment 
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3 EXAMPLES OF FIRE APPLICATIONS USING SMARTFIRE 
SMARTFIRE has been used on a wide variety of diverse fire field modelling 

simulation scenarios. The following examples depict the complexity of some of these 
modelling scenarios (See Figure 3) and their application to real-world fire situations. 

 

  

Swissair MD11 Aircraft fire/crash 
investigation[8] into fire above the cockpit for a 

forensic study of possible cause of the crash 

Modelling multi-floor building fires using the 
Scenario Designer is simplified by the ability to 

clone storeys of the building 

  

Airport terminal fire showing smoke control 
design tests for an extraction system linked into 

the barrel vaulted ceiling 

Underground station fire showing the spread of a 
gaseous concentration from the fire due to the 
simulated approach of a train through a tunnel 

  

Modelling sprinklers as a fire control strategy 
for passenger ships. Uses coupled evacuation 

modelling in EXODUS to test the effectiveness 
of the sprinkler design 

Modelling fire spread inside the body of an 
aircraft[4] due to a fuel fire outside of an exit door. 

The model tracks fire spread over burnable surfaces 
such as seats and overhead luggage compartments 

 
 

Modelling the rapid fire spread for a fire in a 
Station night club[3] – comparison with video of 
full size experimental study performed by NIST 

Fire in the passenger compartment of a car – 
scenario testing a complex unstructured geometry 

defined by a 3D surface mesh 

Figure 3 : Examples of applications of SMARTFIRE 
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4 SMARTFIRE RESEARCH  
The SMARTFIRE group is investigating a number of research projects aimed at 

improving the capabilities and realism of fire field modelling (e.g. LER modelling of 
Toxicity and additional fire effluent gaseous species), improving the reliability, 
accuracy and performance of the CFD computations (e.g. Coupled Zone/CFD 
modelling, parallel computation and Experiment Engine CFD control system) and 
examining fire safety scenarios to improve the understanding of risk factors and 
mitigation strategies (e.g. Investigating factors such as sprinklers, material usage, forced 
ventilation to mitigate fire severity). 

4.1 Coupled Fire Field And Evacuation Modelling 
SMARTFIRE was the first fire field model to link to an evacuation modelling 

software environment, the EXODUS suite of software [3,14-16]. This coupling takes 
the end of time-step field data for critical fire field properties (such as temperatures, 
smoke, thermal radiation, and the toxic gaseous species produced by combustion, e.g. 
CO2, CO, HCl, HCN, etc.) as zone averaged data which is passed into an EXODUS 
evacuation simulation. This means that the population in the evacuation simulation 
experience and react to the fire environment produced in the fire field model. The 
effects of the various gaseous species and physical properties are determined within the 
evacuation simulation software using a Fractional Effective Dose model [17]. 

 

 

SMARTFIRE model of coach fire in a 
road tunnel. Impact analysis looked at 

effectiveness of fans and sprinkler 
systems on fire/smoke control  

Evacuation simulation uses the Fire Field Model simulation 
results to set the time-varying environmental conditions that 

are experienced by the tunnel population 

 

Station nightclub fire[3] in Rhode 
Island simulated in SMARTFIRE. 
Temperatures at head height at 100 

seconds from the start of the fire 

Station nightclub evacuation simulated within the 
buildingEXODUS evacuation model with fire environment 
imported from SMARTFIRE Fire Model. Predicted number 

of fatalities are in close agreement with the real incident 

Figure 4 : Coupled Fire Field and Evacuation Modelling 
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The modelling of coupled fire and evacuation simulation is under continual research 
and development to provide greater realism in terms of human interaction with fire 
effluents and ease of use in terms of unified problem set-up. 

4.2 Experiment Engine 
The Experiment Engine (EE) is a control system built above the CFD engine that 

attempts to make the software operate (semi-) automatically in a similar way to that in 
which a CFD expert would use it (See Figure 5). Using the EE, the software performs a 
shortened, simplified, coarse mesh simulation and then uses the results to help configure 
the meshing and controls for the production run. The system also monitors the 
simulation for possible problems. Any detected problems will initiate performing 
experiments to try to fix the problems, e.g. re-meshing, changes of solution control, etc. 

 
Figure 5 : Diagram showing flow chart of the Experiment Engine interacting with the CFD Engine 

 
The overall aim is to ensure that a solution is reached and that it is a good quality 

solution. The EE is also fault tolerant because it can (generally) recover from failed 
runs. The EE can also be configured to perform mesh dependency studies by 
progressively refining the mesh. 

4.3 Understanding Smoke Visibility 

It is often the case that post processing visualisation of Fire Field Modelling results 
will present the smoke concentrations as a volumetric fill that represents the density of 
the smoke. Such displays can be misleading as they do not always represent what an 
observer would “see” when subjected to those smoke conditions. To facilitate the user 
understanding of visibility, the SMARTFIRE developers have produced the visibility 
distance through smoke visualization tool (See Figure 6). This generates rays from an 
arbitrary eye-point and tracks the distance that an observer should be able to see based 
on a calibration factor that takes account of the nature of the smoke and the computed 
smoke concentration fields. 
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Figure 6 : Visualisation of visibility through smoke 

4.4 SMARTFIRE Toxicity Model 
The SMARTFIRE toxicity model[7] assumes that combustion conditions within a 

control volume, with a value of the Local Equivalence Ratio[9] (LER) and a value of 
temperature, are close to that in small-scale fire experiments (e.g. W14B3 Fire Tests) 
with the same values of Global Equivalence Ratio (GER) and temperature. Essentially 
this uses small-scale toxicity date to model real-scale fires. 

 

  

The W14B3 Experimental set-up Example results graph showing comparison of the 
CO2 from the experiment with the predicted CO2 

from the Toxicity model 

 
 

The UoG/RockWool room test fire Example results graph showing comparison of the 
CO2 from the experiment with the predicted CO2 

for the both the room and the doorway 

Figure 7 : The SMARTFIRE Toxicity Model 
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The toxicity model has performed very well on a variety of different test scenarios, 
generally providing good agreement with experimental measurements taken from 
calorimetry data. 

The SMARTFIRE Toxicity model has also been extended to handle additional fire 
effluent toxic gas species such as HCl[5] and HCN. These additional species can present 
considerable modelling issues where the gas can react with certain types of surface or if 
the surfaces are moist and the gas is easily absorbed by water.  

4.5 Coupled Field-Zone Modelling 
Field modelling (CFD) can have unacceptably high computational time requirements 

for large or very large scenarios. Generally, not all areas of geometry need to be 
accurately modelled with CFD, due to having minimal flows, e.g. in areas well away 
from the fire. Research is now exploring a hybrid approach[6] to fire modelling using a 
field model only for the most important parts of the geometry and Zone modelling 
elsewhere. The field model then sees the zone model as an accurate set of boundary 
conditions at the interfaces between the field and zone modelled regions (See Figure 8). 
This hybrid approach uses SMARTFIRE and the CFAST zone model produced by 
NIST. 

 

  

Coupling of the Zone model into the boundary 
conditions for interface cells in the CFD code 

Test scenario showing floor plan of symmetrical 
building simulated fully with a Field model 

 

Test scenario run in hybrid mode with the upper 
left area (1) and the fire room (2) modelled in 
the Field model and the lower right area run in 

CFAST[10] Zone model 

Comparison of Field only and Field-Zone hybrid 
results in the fire compartment shows only minimal 

differences in the solution and the same trends. 

Figure 8 : SMARTFIRE Coupled Field-Zone Model 
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Since the Zone model is so fast in comparison to the Field model, the percentage 
time savings are very similar to the percentage cell budget savings from the replacement 
of parts of the original field model with their zone model equivalents. 

4.6 Fire Spread, Suppression and Smoke Production/Transport 
The SMARTFIRE researchers are heavily involved in researching Fire Spread (See 

Figure 9), Fire Suppression by Sprinklers and Smoke Generation from gaseous 
combustion/pyrolysis and for Smoke Transport. 

 

  

A rail car compartment The SMARTFIRE model set up 
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Comparison of experimental and predicted HRR using fine and coarse meshes. The flame spread model 
has refined the burnable surfaces so that the results are less mesh dependent 

Figure 9 : Fire Spread Modelling 
 
Recent research has investigated fire spread model over burnable fuel surfaces in a 

rail carriage compartment[2] and has attempted to ensure that this is independent of the 
mesh resolution. The model performs well in predicting the extent of the burning 
surface over time. 
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4.7 Modelling Positive Pressure Ventilation (PPV) Attack of Building Fires 
Recent investigations have looked at Positive Pressure Ventilation attack of fires in 

buildings. This uses a high powered fan at the building entrance to blow clean air into 
the fire compartment and to displace smoke through the fire compartment windows. It 
should be noted that PPV needs a well managed and cautious approach to ensure that a 
free through path is available, that local wind conditions will not render the PPV attack 
ineffective and that the attack will not accelerate the fire spread or flare-up a ventilation 
controlled fire. 

 

 
 

Full 3D view of Fire Fighter Training Building First floor layout 

  

First floor temperatures at 1.22m high without PPV 
fan active 

First floor temperatures as 1.22m high with PPV 
fan active 

Figure 10 : Using PPV fan to provide smoke clearance from building fire 

5 FIRE FIELD MODELLING ERRORS AND LIMITATIONS 
Fire Field Modelling (FFM) uses complex physics, chemistry and mathematics. 

Users need good understanding of these issues to use FFM effectively. Using general 
purpose CFD software (for FFM) requires the user to have an even better level of 
understanding of these skills as it may be necessary to modify equations, write code or 
set various options that would not normally be used in general purpose CFD, e.g. for the 
buoyancy terms in K-Epsilon turbulence equations. Even fire specific software can be 
challenging to use correctly, since there are a multitude of possible boundary 
conditions, control strategies and solution parameters that can be modified and adjusted 
by the user. 

The following sections identify some of the common sources of error that the user 
can introduce into fire simulations.  These errors can lead to the generation of results 
that, while they seem to be reasonable or plausible when viewing colour temperature 
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output graphics or animations, suffer from potentially quite serious shortcomings when 
the results are studied in detail. Wherever possible, the example scenarios are kept 
relatively small and simple to show the fundamental principles which are affecting the 
solutions. 

5.1 Extended Regions Beyond Vents (i.e. Doors and Windows) 
FFM solution will critically depend on the ventilation conditions within a structure 

and having accurate prediction of all external vent flows (e.g. through open doors). In  
SMARTFIRE, using a VENT object, to define an external door or window, will 
automatically give an extended region beyond the vent with free-surface boundary 
conditions (i.e. fixed pressure). However, most CFD software does not have this 
capability and it is up to the user to set the boundary conditions appropriately. A 
common error is to use an outlet (uni-directional outflow) or an inlet (uni-directional 
inflow), at the vent surface (e.g. doorway). This will typically produce incorrect flow 
conditions at the boundary. Another common error is placing the ER free-surface too 
close to the vent which can create reasonable looking flows (i.e. bi-directional) but the 
flow detail/magnitude may be incorrect. The severity of these errors will depend on 
relative location of vent and the fire. 

 

  

Simple room modelled with and without an 
extended region beyond the single door 

Vertical temperatures between the fire and the back 
wall are very different 

Figure 11 : Errors from using no extended region 

5.2 Ignoring the Effects of Thermal Radiation 

Performing a simulation with a large heat output fire or a small fire compartment can 
give rapidly rising temperatures. As temperatures exceed 500-600K, thermal radiation 
becomes the dominant heat transfer process due to Stefan–Boltzmann’s law, where the 
radiant energy is proportional to T4. 

In fire calculations, there is often a strong temptation to ignore radiation as it is (i) 
difficult to calculate (i.e. some codes do not have a thermal radiation model); (ii) 
expensive to calculate (i.e. using radiation can extend computation time considerably). 

Where significant temperatures are observed, but thermal radiation is not calculated, 
the temperatures tend to be over predicted and can become unrealistically high. To some 
extent, the buoyancy driven flow will attempt to compensate for increased temperatures 
but this can lead to unrealistically large flows. 
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Long room modelled with and without thermal 
radiation enabled 

Vertical temperature stack shows marked 
temperature elevation when radiation is not used 

Figure 12 : Errors from using no radiation model 

5.3 Errors From Using An Inappropriate Radiation Model 
A number of different radiation models can be used to represent radiative heat 

transfer. Unfortunately, the best radiation models tend to use considerably more 
processing time and so are often less desirable.  

 

 

 

 

Long room modelled with a 24 ray radiation model 
and the six flux radiation model, show hardly any 

differences in air temperatures or layering 

However, the surface temperatures show localised 
hot spots for the six flux radiation model 

  

Fire spread into an aircraft from a fuel pool fire 
outside an exit door[4] 

Markedly different burning positions when 
simulating the fire spread using two different 

radiation models 

Figure 13 : Errors from using an inappropriate radiation model 
 
Whilst most radiation models will give a fair to good representation of the total 

radiated heat leaving the fire, they do not tend to give a very accurate measure of 
thermal radiation arriving at an arbitrary surface. This can be critical in some 
applications, (e.g. fuel source ignition). The six flux radiation model is not particularly 
good for this application as it over-predicts the radiative fluxes in the six co-ordinate 
directions (combines all of the thermal radiation losses into only six coordinate 
directions) and underestimates the radiative fluxes in the other directions – but it is 
relatively quick. Multiple-ray/discrete transfer radiation models are much better for this 
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application as they represent the fire (or hot layer) as a point source radiating in many 
directions. 

5.4 Errors From Using An Overly Coarse Computational Mesh 
For practicing fire engineers, coarse meshing is very attractive as it can dramatically 

reduce simulation times thereby improving project turnaround times. Unfortunately, 
many important complex and normally observed flow structures (e.g. re-circulations, 
plumes, jets and opposing layer flows) will not occur if the mesh is too coarse or may 
occur in incorrect locations. Ideally, a thorough CFD fire analysis will include mesh 
dependency checks (using different mesh resolutions) to ensure that a suitably refined 
mesh has been used – but this is not always the case. Coarse mesh simulations are 
useful to get a quick idea of likely fire conditions, however, they should not be relied 
upon for engineering decisions and should never be considered the final solution. It is 
often difficult to detect poor nature of solution unless experienced in CFD fire 
simulation. 

 

 
 

Long room modelled using a moderately refined 
and a coarse mesh 

Vertical temperature stack shows lack of 
stratification and smeared temperature profile for 

the coarse mesh 

Figure 14 : Errors from using an overly coarse computational mesh 

5.5 Errors From Not Using Buoyancy Modification Of Turbulence 
The KE turbulence model needs an added “C3” buoyancy modification term to allow 

the model to correctly predict the temperature stratification in the y-direction. This term 
is essential for fire simulations because of the large range of temperatures encountered. 

 

 
 

Small room modelled with and without the C3 
buoyancy modifier in the KE turbulence model 

Vertical temperature stack shows lack of hot layer 
stratification for the case without C3 modifier 

Figure 15 : Errors from using no C3 buoyancy modifier 
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In many general purpose CFD codes, the C3 modifier is either absent or inactive by 
default. In which case, the user must either write code to add the term to the equations 
(e.g. include as a source term) or “set” a switch in order to activate the term. 

5.6 Errors From Poor Convergence 
Poor convergence can produce results which are highly misleading – although they 

look plausible seen in isolation. In a hypothetical atrium scenario, poor convergence 
greatly delayed the development of the high temperature regions, suggesting that the 
environment was tenable for far longer – producing longer Available Safe Evacuation 
Time (ASET). Poor convergence could equally have lead to higher temperatures 
producing shorter ASET.  

 

 

Atrium geometry with raised walkway to be tested for evacuation purposes 

 

Comparison of the well converged and poorly converged simulations showing marked 
differences in the temperatures at the walkway at 120 seconds 

Figure 16 : Errors from using poor levels of convergence 
 

It should be noted that the poorly converged cases required considerably less 
computer time than the well converged case, which could be seen as an incentive for 
producing poorly converged results. Using a tolerance of 1e-5 produced results which 
were almost identical to those using convergence to 1e-8. While the differences in the 
predicted results were produced by using poor convergence tolerance, a similar effect 
can be produced if the maximum number of sweeps per time step is set too low.  

5.7 Final Considerations About Errors 
There are a few special instances where poor modelling decisions can produce poor 

outcomes (for example giving poor ASET time for a building) without there being any 
actual “error” or omission in the modelling. 

One such example is when using a field model to predict the temperatures, thermal 
radiation, smoke and toxic gaseous species generated by the fire and modelling their 
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dispersion through the building BUT failing to combine the various factors to give the 
cumulative effect that a building occupant would experience on their escape route. 

All of the examples that have been discussed have assumed that the scenario models 
are fully representative of the actual real world fire cases.  

6 CONCLUDING COMMENTS  
FSEG is one of world’s largest fire and evacuation modelling research groups and 

has: 
• undertaken research into CFD fire modelling for more than 25 years, 
• been developing its SMARTFIRE CFD fire simulation software for more than 

20 years, 
• been supporting users of its SMARTFIRE software around the world for more 

than 15 years, and 
• supported the development of validation standards for Fire Field 

Modelling[11][12][13]. 
In this paper we have presented an overview of the SMARTFIRE Fire Field 

Modelling Environment and described some of the recent application areas.  Recent 
research undertaken by FSEG into fire simulation and fire modelling has also been 
described.  Also presented, in this paper, are examples of some of the common poor 
modelling choices that engineers may make when running CFD fire simulation software 
and the impact these may have on the quality of their fire predictions. 

FSEG continues to develop, support and apply the SMARTFIRE software to fire 
safety and fire engineering problems around the world.  For more information 
concerning FSEG research and its two main software tools, SMARTFIRE and 
EXODUS, interested readers are referred to the FSEG web pages at 
http://fseg.gre.ac.uk. 
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