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ABSTRACT

This paper describes a project aimed at making Computational Fluid Dynamics (CFD)-
based fire simulation accessible to members of the fire safety engineering community.
Over the past few years, the practice of CFD-based fire simulation has begun the transition
from the confines of the research laboratory to the desk of the fire safety engineer. To a
certain extent, this move has been driven by the demands of performance based building
codes. However, while CFD modeling has many benefits over other forms of fire simulation,
it requires a great deal of expertise on the user’s part to obtain reasonable simulation
results. The project described in this paper, SMARTFIRE, aims to relieve some of this
dependence on expertise so that users are less concerned with the details of CFD analysis
and can concentrate on results. This aim is achieved by the use of an expert system
component as part of the software suite which takes some of the expertise burden away
from the user. SMARTFIRE also makes use of the latest developments in CFD technology
in order to make the CFD analysis more efficient. This paper describes design considera-
tions of the SMARTFIRE software, emphasizing its open architecture, CFD engine and
knowledge-based systems.

INTRODUCTION

The application and use of fire models are of
growing importance to Fire Safety Engineers
(FSE). Fire models allow the FSE to rapidly and
inexpensively test new concepts in building
design and explore fire and smoke movement
related issues such as evacuation. The emer-

gence of performance based building regulations
has further increased the importance of fire mod-
els since if properly used, they offer a means of
demonstrating compliance to safety levels.

Two fundamentally different modeling strate-
gies are available to model fire, zone and field
models. Zone models use experimentally derived
correlations to predict the generation of heat and
smoke within a fire compartment, whereas field
models rely more heavily on the fundamental
principles of fluid dynamics. The greater sophis-
tication and minimal use of empiricism found in
field models make them generally a more accu-
rate, valid and versatile tool. Field models
employ Computational Fluid Dynamics (CFD)
software to describe and predict the flow of

hot turbulent fire gases throughout the fire
compartment.

Associated with the many benefits of using field
models are a number of drawbacks. Field models
are relatively expensive to purchase and require
considerably more computer power than zone
models. Field models are also extremely difficult
to use correctly as they require not only a knowl-
edge of fire dynamics, but also a good under-
standing of the specialist knowledge associated
with CFD. This includes an understanding of the
physical and numerical principles upon which
the underlying CFD software is based.

Unfortunately, a significant number of potential
users of fire field modeling technology do not
have the education or training necessary to make
proper use of this technology. However, the obvi-
ous attractions of the fire field model have led to
a situation where practitioners with little or no
specialist CFD knowledge attempt to apply field
models. Although they are experts in fire safety
engineering, they generally do not have the
detailed training in CFD necessary to use the
field model correctly or to interpret the results.
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Those charged with the responsibility of ensur-
ing compliance with the building codes face a
similar problem. Like the design engineer, while
they may have expert knowledge of fire safety,
they generally do not have the detailed training
in CFD to challenge design proposals based on
field model analysis.

This paper attempts to address this issue

by describing a novel approach to fire field model-
ing software known as SMARTFIRE. 2,3 The
SMARTFIRE project aims to make fire field mod-
eling accessible to non-CFD experts such as fire
fighters, architects, FSEs and building regula-
tors. A further project aim is the use of the inter-
active SMARTFIRE environment as a learning
tool which will educate the novice user in good
CFD practice. This is intended to make the skills
learned using the SMARTFIRE software trans-
ferable to other CFD based fire models.

SMARTFIRE-OVERVIEW

SMARTFIRE is an ongoing project investigating
intelligent control of CFD software and novel
CFD techniques. The general philosophy of the
project has been demonstrated previously in the
FLOWES project.4 The FLOWES demonstrator
implemented a number of numerical solvers and
a rule based (expert system) component control-
ler for two dimensional heat transfer problems.
Considerable gains in terms of solution efficiency

Figure 1. SMARTFIRE Block Diagram

were demonstrated using the expert system
controller.

The SMARTFIRE software suite currently has
three main components: front end setup user
interface, expert system and CFD code. The three
components are used in the order presented in
Fig. 1 a typical CFD simulation cycle. This com-
prises set up of the geometrical information
describing the problem, generation of a grid of
computational cells, and simulation of the prob-
lem using the generated grid. The setup user
interface handles the problem specification, the
expert system generates the grid and the simula-
tion is performed in the CFD code itself. Each
component is described in detail in later sections.

The SMARTFIRE software suite aims to assist
the CFD novice using its expert system compo-
nent. The expert system performs a key expert
task: generation of the computational mesh. All
the user needs to know is the problem’s geometry.
Once the geometry is specified, the expert system
generates all the setup parameters for the CFD
code, which then can be run to determine the
simulation results.

SMARTFIRE is fully developed by the University
of Greenwich using a combination of in-house
and proprietary software building blocks. The
software version described in this paper is known
as SMARTFIRE V1.0. SMARTFIRE will run on
PC’s under the NT environment and on workst-
ations under UNIX. The minimum computer
platform required to run SMARTFIRE is a
100 MHz Pentium PC with 32 Mbytes of
memory.

CFD CODE

The CFD code (called CWNN+ +, Code With No
Name + +) is written in C + + and has been

developed in-house from an existing FORTRAN
CFD code.5 A full description of the code can be
found in Ref. [5]. CWNN + + uses the validated
numerical methods of the legacy FORTRAN code
enhanced by object oriented developments in
C + + . CWNN + + uses a 3D unstructured mesh,
enabling complex irregular geometries to be
meshed without the need for body-fitted coordi-
nate grids. The code uses the SIMPLE6 procedure
and can solve turbulent (two equation k-eps
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closure with buoyancy modification) or laminar
flow problems under transient or steady state
conditions. Unlike conventional CFD technology
such as PHOENICS,7 FLOW3D,8 JASMINE9 and
SOFIE,1° this allows complex geometries to be
efficiently meshed. The current prototype ver-
sion of SMARTFIRE simulates the fire source

through the use of a user defined volumetric heat
release rate model and does not as yet include
a radiation submodel. As part of the on going
SMARTFIRE development program it is in-
tended to provide a number of options for specify-
ing the fire including standard combustion mod-
elsll such as the eddy dissipation model&dquo; and
more complex models for solid fuel combustion. 13
Radiation models such as the standard flux mod-

els and discrete transfer models are also planned
for inclusion.

The CFD code has its own unique windows based
user interface depicted in Fig. 2. Unlike tradi-
tional fire field models, this allows the user to

interact with the solution through observation of
the developing solution and by allowing the user
to make adjustments to control parameters while
the code is in operation. Adjustment such as this
in traditional CFD codes involves stopping the
simulation, editing input files (possibly search-
ing through large files containing nothing but
floating point numbers), and restarting the simu-
lation. With CWNN + +, this form of dynamic
user control is considerably easier. All that is
required is point and click of various buttons on
the user interface. This form of dynamic parame-
ter adjustment is intended for expert users only,
since a novice user would not know which param-
eters to adjust or how to adjust them. However,
in the hands of an expert user, this capability
has the potential of achieving great savings in
computational time. In addition, given that the
solution data is displayed graphically, the user
can see the effect their changes have had on the
simulation far more easily than with traditional
CFD codes.

Figure 2. SMARTFIRE CFD Code User Interface
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It is intended to further explore the capabilities
of this approach in order to develop automated
dynamic control. This will be achieved through
the development of an expert system to automati-
cally control these parameters given certain con-
ditions. This is intended to be an aid for the nov-
ice user, and is likely to include control of param-
eters such as time steps, iterations per time step
and relaxation.

The object oriented data structures on which the
CFD code is based, has enabled the development
of a novel solution technique known as the &dquo;group
solver&dquo;. The group solver-which is still undergo-
ing development and testing-allows the solu-
tion domain to be split into a number of groups,
each of which is controlled independently. At the
cell level, cells are placed in different groups
according to their relevance to the solution. This
is achieved dynamically and is defined by physi-
cal values defined on the cells. A cell with a great
deal of flow across its faces (i.e. high pressure
differential and velocity values) is more critical
than one with little flow.

Use of groups has the benefit of directing compu-
tational effort where it is needed most. Whereas
traditional CFD codes have the same number of
iterations and other control parameters across
the entire domain, the use of group solvers can
ensure that computational effort is not wasted in
areas that contain redundant flow, or contribute
little to the overall solution. Conversely, areas
that are solution critical can receive more compu-
tational attention. For example, a three group
hierarchy could be: important, normal and unim-
portant. The important group receives most com-
putational attention, and is likely to contain the
fire and its plume. Fig. 3 shows the control win-
dow for manual control of group solvers.

Group solvers are currently undergoing investi-
gation, and coupled with expert system dynamic
control, offer the potential for reduction of com-
putational time while preserving the accuracy
inherent in CFD techniques.

Validation 
z

The CFD engine is the subject of an ongoing set
of validation tests to ensure that its results are
reasonable and compare well with experimental
data and other benchmark CFD codes. Initially,
standard CFD test cases such as the backward

facing step and moving lid cavity problems were
examined. Results showed that the CFD code’s
results were acceptable, and subsequent tests
have concentrated on the specific application
area of fire simulation. The examples discussed
here focus on the Steckler room fire experi-
ments. 14 These were chosen as a suitable valida-
tion test because they contain a large amount of
experimental data from a variety of tests and
have been used by a number of other researchers
to validate/test their software.9,10,15-18

The Steckler experiments involved a 2.8 X 2.8
X 2.18 m room with a variable width door. Dif-
ferent size fires were placed in varying positions.
A thermocouple stack was placed in a room cor-
ner close to the door and temperatures were mea-
sured throughout the door opening. Bi-direc-
tional velocity probes were also placed in the
doorway allowing velocity measurements to be
made. The results presented here relate to the
configuration in which the fire was represented
by a 62.9 kW burner centrally located in the room
and ventilation provided by the 1.83m high by
0.74 m wide door.

Comparisons are made in this paper between
SMARTFIRE generated solutions and experi-
mental results as well as solutions generated pre-
viously using PHOENICS1’ and FLOW3D.ls For
this reason, the SMARTFIRE setup was as simi-
lar as possible to the previously reported cases.

The previous cases modeled the insulating walls
of the test compartment as adiabatic bound-
ary conditions and radiation was omitted from
the models.16,17 Furthermore, the fire was mod-
eled as a volumetric heat source. Thus, in the
SMARTFIRE treatment, the walls are treated in
a similar fashion and radiation is ignored. As
radiation was ignored and adiabatic wall bound-
ary conditions were used in the model, the quoted
experimental heat source was not used in the
simulations. In order to account for these approx-
imations, the heat convected out of the room was
determined from the experimental data and used
as the prescribed heat source. For the central
fire case this was found to be negligible, account-
ing for approximately 3 kW.

In the previous cases, a mesh of 8280 cells in
total was used to discretize the geometry. The
mesh was non-uniformly distributed with refine-
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Figure 3. Manual (Expert) Group Control

ments in the wall, floor, ceiling, fire and doorway
regions. 16,17 For the SMARTFIRE simulations
two mesh resolutions were used. In the first case,
a mesh of 8280 cells was constructed by
the expert meshing component of SMARTFIRE.
The second simulation used a finer grid of
62400 cells. This grid took advantage of the sym-
metrical nature of the problem and therefore rep-
resented half the domain cut through the center 

.

of the compartment through the door and fire.

Figure 4 depicts temperature contours through
the center of the compartment as predicted by
SMARTFIRE (Fig. 4a) and PHOENICS (Fig. 4b)
using the 8280 cell mesh. As can be seen from

Fig. 4, there is quite good agreement between
the two codes.

Vertical temperatures through the center of the
door and the corner thermocouple stack were com-
pared next. Following this, velocities and mass
flow rates through the door and neutral plane
height were also determined and compared.

Figure 5 depicts the vertical temperature distri-
bution through the center of the doorway as pre-
dicted by SMARTFIRE, PHOENICS and
FLOW3D as well as the experimental data. As
can be seen from the figure, the SMARTFIRE
generated temperatures are in reasonable agree-
ment with the experimental data and the predic-
tions from the other codes. All the numerical
results overpredict the upper layer temperatures
with SMARTFIRE producing the greatest over-
prediction. The general overprediction is thought
to be due to the simplistic treatment of the walls

(i.e., adiabatic) and the exclusion of radiation. In
the lower regions of the doorway, the numer-
ical results produce a much better agreement
with the experimental data with SMARTFIRE
arguably producing the best overall agreement.
Also, the lower &dquo;knee&dquo; representing the base of
the hot layer is predicted far more accurately in
SMARTFIRE.

Figure 6 shows a comparison of the various
numerical predictions with the experimental data
for the door center velocities. These velocities are

measured by a vertical stack of bi-directional
velocity probes located in the center of the door-
way. All codes predict the velocities relatively
accurately with SMARTFIRE producing better
agreement towards the floor and top part of the
door. Note, however, that all the codes underpre-
dict the velocity at the top most part of the door.

Figure 7 depicts a comparison of the various
numerical predictions for the temperatures at the
corner vertical stack. As can be seen from the

figure, results between the CFD codes were con-
siderably more spread out than for the door tem-
peratures and velocities. SMARTFIRE agrees
with the experimental data more closely than the
other CFD codes at the base of the stack (for both
the coarse and fine grid simulations), but both
FLOW3D and PHOENICS perform better in the
upper portion.

In addition to the temperatures and velocities, it
is possible to compare the predicted mass flux in
and out of the compartment with that measured.
It is also possible to compare the predicted neutral
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Figure 4. SMARTFIRE (Figure 4a) and PHOENICS (Figure 4b) Generated Temperature (K) Contours for the Steckler
Room Fire, Center Fire, 0.74 m Wide Door with a Mesh of 8280 Cells

plane height with that measured. Note that the
neutral plane height is normalized to the height.
The results are summarized in Table 1. The
SMARTFIRE results were produced from the sim-
ulation using the coarser expert generated grid,
in order to preserve agreement in terms of grid
and cell budget with the other two CFD codes.

From the flux balances, it can be seen that the
PHOENICS and SMARTFIRE simulations were
run closer to steady state than FLOW3D. How-
ever, there is also an imbalance in the experimen-
tal results; this may be attributed to measuring
error, or to the possibility that the experiment
had not reached a steady-state when the measure-
ments were taken. All results are reasonably close
to those of the experiment.

In conclusion, results produced by SMARTFIRE
for the Steckler experiments compare reasonably,
and in some cases perform better, than those pro-
duced using commercial CFD codes such as
FLOW3D and PHOENICS. The task of code vali-
dation is ongoing and represents a major compo-
nent of the further SMARTFIRE model develop-
ment.

MAIN USER INTERFACE

The main user interface (UI) is used to specify
the problem. The current UI is a prototype design
and as such is limited to defining geometries with
a single compartment. A more generalized UI
is currently under development which will
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Figure 5. Comparison of SMARTFIRE, FLOW3D, PHOENICS and Experimental Data for Door Center Vertical
Temperatures (K)

Figure 6. Comparison of SMARTFIRE, PHOENICS, FLOW3D and Experimental Data for Door Center Velocities (m/s)
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Figure 7. Comparison of SMARTFIRE, PHOENICS, FLOW3D and Experimental Data for the Corner Stack
Temperatures (K)

Table 1. Mass Flow Rates and Neutral
Plane Height Produced by SMARTFIRE,
PHOENICS FLOW3D and Experiment

enable the specification of arbitrarily complex
geometries. Through the UI, the user sets the
geometry, specifies the fire, meshes the geometry
and starts the CFD engine (see Fig. 8).

In specifying the geometry, the user specifies the
room dimensions. On each wall of the compart-
ment it is possible to position vents. Here, the
generic term vent is used to represent any open-
ing to the outside such as a door or window. All
vents are assumed to be naturally ventilated.
Each vent’s size and location is also specified.
The user must also specify the wall material.
The material type is specified using user familiar

terms such as ’brick’ or ’insulator’, and the con-
version to material properties and boundary con-
ditions is performed internally.

In the current prototype version of SMARTFIRE,
the fire is specified as a volumetric heat source.
The user must specify the physical size of the
fire, its location and heat output. The fire can be
specified either as a constant heat release rate or
as a transient heat release rate. If the transient

option is selected, the user is presented with a
menu which allows the specification of an a t2
type fire. Typical values for the various parame-
ters are provided in the menu as shown in Fig. 9.

Finally, the user specifies the cell budget. This
is intended to represent the number of computa-
tional cells the user wants to devote to the prob-
lem. The number of cells the user specifies repre-
sents a trade off more cells will ensure an accu-
rate simulation, while fewer cells will produce a
solution in a shorter time. The cell budget can
be specified in terms of the actual number of
cells, or the amount of time the user is prepared
to wait for a solution. If the latter is specified,
the number of cells is estimated by SMARTFIRE
from the CPU time taken to perform one iteration
per computational cell.
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Figure 8. Main (Setup) User Interface

Figure 9. Transient Fire Specification

Once the problem has been specified in the way
described above, the expert system is launched
from the main user interface to generate the
CFD grid for the problem. It is important here to
note that the expert system component of
SMARTFIRE will determine a cell budget appro-
priate for a reasonable solution to the problem.
This will be reported back to the user who is
given the opportunity to accept the recommended

cell budget, retain the original cell budget or
modify the cell budget. This is described in the
next section.

EXPERT SYSTEM

Overview of Grid Generation Expert
System
The expert system aims to assist the novice user
in modeling fire situations. It does this in two
main areas: problem specification and runtime
dynamic parameter adjustment. As described
earlier, in the CFD Code section, the dynamic
parameter adjustment is still under development
and so this section will concentrate on the prob-
lem setup expert system.

Problem setup transforms the user’s geometry
specification into a form suitable for CFD simula-
tion. Paramount in this transformation process
is grid specification. This involves determining
the number of computational cells to use and
how they are distributed across the problem
domain. An example of a good grid is shown in
Fig. 10 (plan view only). This is for a problem
comparable to one of the Steckler experiments



22

Figure 10. Expert Generated Grid

where a fire (depicted by the cross) is placed cen-
trally in a square room with a door centrally
located on the left wall.

An expert modeler will try to construct a grid
by exploiting knowledge about the domain. For
example, areas in and around the fire must have
finer cells, as well as the areas near to the walls.
The latter is particularly important if the &dquo;wall-
functions&dquo; used to define wall boundary condi-
tions are to have any effect. Furthermore, vent
regions require what are known as extended
regions. This is an extra part of the grid extend-
ing past an open door or window in which the
external boundary conditions are specified. This
is necessary as flow through a vent is usually bi-
directional, a simple inflow or outflow condition
imposed within the vent would not produce the
required physical flow.

The grid shown in Fig. 10 was actually generated
by the expert system from the geometric specifi-
cation. An extended region was automatically
included, and the cells are refined towards the
walls and within the fire source. Furthermore,
as the fire is located opposite an open vent, the
fire plume is likely to lie back away from the
vent. The expert system has allowed for this
behavior by adding more cells in the region
between the fire and rear wall. The total number
of cells used in this grid is 7125; 25 cells in width,
19 cells in depth and 15 cells in the vertical direc-
tion (not shown). With this gridding of the prob-
lem, the simulation will take more time to solve
than a coarse grid, but will lead to a far more
reliable solution. Conversely, a very fine grid is

likely to provide a marginally more accurate
solution, but the simulation will likely take much
longer to run. This is crucial for the use of models
within the fire safety community, where typically
simulations can require days or weeks to
complete.

In summary, the ideal grid is a trade-off between
simulation accuracy and computational time.
The cell density in any region should match the
importance of the region to the simulation. The
goal of the expert system component described
in this paper is to automate the generation of
this optimal grid. This expert system is based on
the knowledge acquired from several experts in
fire modeling. The process of knowledge acquisi-
tion is described in the next section.

Knowledge Acquisition -

Knowledge acquisition is the process of eliciting
expertise from human experts and transforming
it into a suitable representation scheme for use
by the automated software expert system. For
this work, knowledge acquisition began as a
series of interviews with the experts involved
with the SMARTFIRE project. These gave an
overview of the problem domain (i.e., fire simula-
tion) and pointers for subsequent in-depth inter-
views. A large proportion of the interviews con-
centrated on the process of how many cells to
allocate to different regions of the geometry. As
these interviews progressed, a communication
medium between the expert and the knowledge
engineer evolved. This was based on drawings of
the geometry in plan and elevation views. These
drawings became known as &dquo;case sheets&dquo; since

they were based on a particular example case
used to elicit a particular meshing principle. The
case sheet is a result of knowledge acquired from
discussion with the expert as the case sheet was
built up. An example of a case sheet is shown
in Fig. 11.

Similarities can be noted between the case sheet
of Fig. 11 and the grid depicted in Fig. 10. The
grid is orthogonal, and reflects all the relevant
geometry constraints. The inherent orthogonal-
ity of the CFD mesh suggested cutting the geome-
try into orthogonal regions and assigning cells
to these regions based on their contents. Thus,
the geometrical lines on the case sheet represent
boundaries of different qualitative regions, each
of which has its own meshing instructions.
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Figure 11. Example of a case sheet for a typical
problem.

Knowledge acquisition progressed by using
many examples in order to establish patterns per
region from the complete result set. However,
upon analysis, there appeared to be little similar-
ity between similar regions in different exam-
ples. Overall patterns emerged such as fires hav-
ing greater cell density than extended regions,
but these patterns were too coarse to base a reli-
able expert system on. It appeared that the mesh-
ing expertise was based not only on region con-
tents but also on the overall description of the
example case. Further, as the expert meshed
examples, he would request previous examples
to refer to and adapt the knowledge therein to
the new case.

These experiences suggested a classic example
of a sub-discipline of artificial intelligence and
expert system technology, namely Case Based
Reasoning (CBR). CBR is based on the premise
that humans use experiential knowledge for solv-
ing problems a great deal of the time. This
involves recalling a past experience similar to
the current problem, and adapting it to match
the needs of the current problem. Once the new

solution is created, it can be added to the experi-
ence base.

A typical CBR cycle is shown in Fig. 12. The cases
are retrieved based on search indices. These are
salient pieces of information that differen-
tiate one case from another. In the case of
SMARTFIRE they are relationships such as fire
location relative vent, vent location on its wall,
fire size and vent size. Using these, the cases are
retrieved from the library and the most applica-
ble selected. These cases contain a set of such

relationships together with meshing instructions
per region. Currently, the case library contains
in the order of one hundred cases pertaining to
room fire situations. These cases may be the
result of knowledge acquisition, or stored by
the system.

Once the cases are retrieved, they are adapted
to account for differences between the problem and
the retrieved cases. In the case of SMARTFIRE,
adaptation occurs mostly when the problem has
more than one fire or vent, since the library con-
tains cases consisting of a single fire and vent.
For each combination of fire and vent in the prob-
lem, the retrieval algorithm retrieves the most
applicable cases. The meshing instructions
within the cases are then superimposed to pro-
duce the solution.

The solution is then evaluated against general
meshing principles. These are rules that the final
mesh must obey. A good example of this is that
the fire must contain more than one cell in any

Figure 12. Typical CBR Cycle
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direction. Should the cell budget be small, there
is a likely chance that the mesh will not pass
this rule. In such a case, the fire region would
be adjusted so that it obeys the rule.

Cells are distributed per region in the evaluation
phase of the CBR cycle.. Knowledge acquisition
generated basic guidelines for cell distribution.
Distribution of cells for a particular region relies
on a number of key parameters, common to all
problems: there must be a fine cell next to a wall,
and adjacency aspect ratios between cells must
not be extreme.

Figure 13 shows two examples of aspect ratios
across cells. Both examples are constant aspect,
i.e., the size of the cells decreases at the same
rate. From the figure, it can be seen that 1.5:1
is &dquo;smoother&dquo; than 2:1 (graduated more gently),
and this is generally a desirable feature. Evalua-
tion rules checking these aspect ratios attempt
to keep the aspect ratios as smooth as possible.
For near wall areas and extended regions, a sin-
gle power law is applied. Other rules check
regions inside the geometry, and attempt to keep
the aspect ratios reasonable by applying a third
order spline to the cells in the region, using the
two outer cells of the region as the guide points.

As well as adjacency aspect ratios, internal
aspect ratios are checked and the mesh adjusted
if they are extreme. The internal aspect ratio
refers to a cell’s length in one direction compared
to its length in another. The aim is to avoid
extremely long and thin cells. The vector direc-

Figure 13. Adjacency Aspect Ratio Examples

tions are paired into XY, YZ, XZ, ZX, YZ and
ZY. For each pair, the longest cell in the first
direction is found and the shortest cell in the
second direction is found. The ratio between the
two gives the worst internal aspect ratio for that
direction pair. The ordering of the pairs is impor-
tant since finding the longest cell in X for the XY
pair will return a different result than for the
YX pair, where the longest cell in Y is found.
Once the worst aspect ratio is found for each pair,
it is tested for failure. If it is greater than 3, i.e.,
the cell is greater than three times longer in
one direction, then it fails. This tolerance was
determined by the expert. If a failure is detected,
then there are two courses of action available.
Either remove a cell from the short side direction,
thus increasing the length of the short side; or
add a cell in the long side direction, thus reducing
the length of the long side. Generally, adding a
cell is preferred, since removing a cell will reduce
the accuracy of the resultant mesh. Removal of
a cell is only considered when the cell budget in
that direction is significantly large.

Evaluation rules adjust the mesh a small amount
each time an adjustment is made. The action of
one adjustment impacts on other parts of the
mesh, so the process iterates to a solution. Once
all rules are passed, the solution is deemed rea-
sonable and the mesh is generated.

Example of Expert Generated Mesh
As an example of the mesh generation capabili-
ties of SMARTFIRE, we will consider a case
which does not correspond to any cases in the
knowledge library. This consists of a rectangular
room (2:1 aspect ratio) with three doors situated
on three walls (see Fig. 14).

Two of the doors are not centrally located and
the fire, which is situated on the floor, is not

Figure 14. Room Geometry Consisting of Three Doors
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located centrally. The room dimensions are,
5.6 m in length, 2.8 m in width and 2.18 m in
height. Each door has dimensions of 0.74 m in
width and 1.83 m in height. The expert system
suggests that, for this case, a cell budget of
approximately 15,000 cells be used.

This geometry is significantly different from any
cases in the library. For problems such as this,
each geometric feature, such as vents, is consid-
ered in turn and matched to a library case indi-
vidually. This provides a suitable starting point
for the mesh generation process. The cases are
then adapted to account for the differences
between the current problem and the retrieved
library cases. This is achieved through the use
of the expert rules in the knowledge base. The
grid is then distributed using spline power laws
to resolve aspect ratios in adjacent cells.

The expert generated mesh is depicted in Fig. 15.
The cells near the walls have been refined observ-

Figure 15: Floor Plan (a) and Perspective View (b) of
Expert Generated Grid

ing the y+ boundary layer distance, and the cells
in the vicinity of the fire are finer. Cells have
also been graduated smoothly across the grid,
refining towards the walls and the fire. The
expert system has placed an extended region by
each of the three vents. It is interesting to note
that the extended regions associated with the
vents on the long walls are differently meshed.
This is due to one of the vents being significantly
closer to the fire. As a result, the flow through
that vent is expected to be significantly influ-
enced by the fire hence requiring a more
refined mesh.

Finally, SMARTFIRE has been introduced to
several potential users. While these people have
experience in fire safety and have superficial
knowledge of fire field modeling they have never
used a fire field model. After a 30 minute intro-
duction to SMARTFIRE, they were able to con-
struct a room fire scenario-including mesh-
within 15 minutes and subsequently perform a
successful fire simulation.

CONCLUSIONS

SMARTFIRE is an open architecture integrated
CFD code and knowledge based system which
attempts to make fire field modeling accessible
to those who are not experts in CFD such as
fire fighters, architects and fire safety engineers.
This is achieved by embedding expert knowledge
into CFD software. SMARTFIRE also makes use

of recent developments in CFD technology such
as unstructured meshes and group solvers in
order to make the CFD analysis more efficient.

The current user interface and knowledge base
extends to scenarios involving a single room con-
figuration, including multiple vents and fire
sources. Within these present constraints, the
interface and knowledge base allows non experts
to set up and run a problem within minutes. This
includes setting the geometry, boundary condi-
tions, computational mesh, initial conditions and
solver parameters. Using conventional CFD
codes, non-expert users may require many hours
to set up a similar problem. They also suffer the
risk of generating a poor mesh or incorrectly set-
ting the other parameters. The SMARTFIRE set
up procedure is such that the generated mesh is
of a good quality, obeying the mesh generation
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rules that expert CFD practitioners generally
follow.

Further developments in the SMARTFIRE soft-
ware will include extending the capabilities of
the knowledge base and user-interface to multi-
ple room geometries, extending the knowledge
base to include dynamic control of the solution
process and implementation of standard combus-
tion models. Associated with these developments
are the on-going requirements of field testing and
validation.

Through the integration of expert systems, a flex-
ible and robust CFD engine and a variety of UI’s
which allow dynamic control of the CFD process,
SMARTFIRE attempts to bring the complex
world of fire field modeling a little closer to
the desk of the non-CFD expert. Due to the grow-
ing acceptance of performance-based building
codes by legislators, code enforcement agencies
and fire safety engineers, developments such as
SMARTFIRE are desirable, essential and, indeed,
inevitable.
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