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ABSTRACT
In 1998, MoD commissioned ANSYS CFX to
develop a numerical procedure, based on
Computational Fluid Dynamics (CFD), aimed at
providing a practical tool which can be integrated
into design processes in order to optimise lowpressure fine water spray fire suppression systems.
The work, which employs the CFX software,
included a sensitivity study which investigated the
influence of a number of parameters and compared
the predictions with an experiment conducted by the
Loss Prevention Council (LPC). This paper outlines
parts of that work. Preliminary results were
encouraging. The work has progressed to a second
phase, which will include large-scale validation.

INTRODUCTION
International agreements are leading to the
withdrawal of Halon as a fire suppressant. This has
focused attention on Halon alternatives. Water
sprays, with or without additives, have of course been
in use for a long time. MoD and ANSYS CFX have
collaborated in an application of Computational Fluid
Dynamics (CFD) to the use of fine water spray, a
potential Halon alternative for fire fighting aboard
ships.
A fair amount of work has been performed in the past
on theoretical modelling and experimental
investigation of fire-spray interactions. Work on CFD
modelling of these phenomena has been relatively
limited, probably because of the complexity of the
subject. Most but not all published work has focused
on the interaction of droplets with inert hot gases.
This is a sensible step to take before tackling the
combusting situation, but ultimately, most or all of
the physics needs to be taken into account. Examples
of more advanced CFD modelling in this sphere can
be found in Jackman et al (1992), Mawhinney et al
(1996), Kumar et al (1995), Novozhilov et al (1996),
and DesJardin et al (2000).
The model which is being reported here is complex,
and includes multiphase flow (in the LagrangianEulerian category), heat and mass transfer, thermal
radiation (with full two-way coupling), combustion,

and coupling of evaporation to the fire. The direct
(impingement) interactions of water spray with the
fuel surface have been ignored.
The work has been performed in parallel with an
experimental programme which has served the dual
purpose of (1) identifying suitable nozzle types, and
(2) providing data for validation of the mathematical
modelling. For a review of the past experimental
work done in this project, refer to Edwards et al
(1999). The experimental work was performed by the
Loss Prevention Council (LPC). The tests were
conducted in a single compartment of 96m3 volume,
involving a heptane pool fire (with a diameter of
0.3m) and four fine water spray nozzles (GW LoFlow
K15-C) selected from MoD’s water based system
development programme.
Various sensitivity studies have been carried out, in
order to ascertain the importance of the many
parameters which are capable of influencing the
suppression dynamics. This paper reports on one of
these studies, namely the mesh resolution. The fate of
the fire was found to be very sensitive to the mesh
quality.
This paper describes some of the work undertaken in
the first phase of a longer programme, completed late
in 2000. A variant of this paper was presented at
Interflam 2001 (Sinai et at 2001). Phase I employed
version 4.3 of the CFX software. Phase II began in
December 2001 and is using the newer CFX
software, which is named CFX-5 and which offers
unstructured meshing and a coupled solver. In Phase
II, the earlier modelling is being ported into CFX-5,
and is being generalised and enhanced to refine the
physics and to address a broader range of
phenomena. Large-scale validation is also being
undertaken.

MODELLING
Geometry and mesh
The LPC experiment involved a pool fire produced
by a circular tray of heptane, 30cm in diameter. The
tray was situated at the floor of a cuboidal room,
measuring 8x4x3 metres (the height was 3m). Four
nozzles were situated symmetrically at the roof. The
compartment was nominally sealed, although two
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Here φ represents the dependent variables (density ρ,
three velocity components u,v,w, enthalpy h, various
mass fractions m, and mixture fraction F). µ is a
viscosity, and S is a source. σφ is a Prandtl number
associated with variable φ, and the subscripts l and t
denote laminar and turbulent parameters respectively.

small drains allowed mass exchange with the external
environment (which happened to be the interior of a
large hall) when pressure differences existed. These
drains were modelled, in view of the known potential
effects of leakages (Sinai 1999). Forced ventilation
consisted of an inlet at the floor, and an extract at one
of the vertical walls. The difference between the
flows through these two features was made up
naturally by flow through the drains.
Two meshes were generated; one very coarse (9212
hexahedral cells) and the other fairly fine (101304
hexahedral cells). The meshes were of the multiblock, BFC (Body-Fitted Co-Ordinates) type. The
BFC capability was used to represent the round fuel
pan and its bund. The latest version of CFX offers
unstructured meshing. Views of the meshes from
above are provided in

These equations are supplemented by the radiative
transport equation, which is generally an integrodifferential equation (Hottel & Sarofim 1967). For
most fire applications, however, scattering is ignored,
and the equation is of the differential type.
Radiation has been computed using the ShahLockwood discrete transfer algorithm, one of several
available in CFX, assuming an absorbing-emitting
grey medium. The radiative transfer is affected both
by gas-phase components and by the water droplets.
In other words, radiative energy absorbed by the
droplets is removed from the radiation field at the
same time that it is added to the energy of the
droplets. Bounding surfaces have been assigned
tabulated grey radiative properties.
Droplet phenomena
CFX offers several models for multiphase analysis: A
Lagrangian-Eulerian model (Particle Tracking
Model, abbreviated as ‘PTM’) and Eulerian models.
The PTM was selected in this project because it is
easier to represent the droplet size, velocity and
temperature distributions in a Lagrangian model.
Also the framework for coupling the droplets to the
radiation field already existed in that model.

Figure 1: View of the coarse mesh

The PTM model is fully transient. At each time step,
new ‘representative’ particles or ‘superdrops’ are
launched at the locations of each of the nozzles. On
the basis of laser measurements, the droplet initial
conditions were formulated in terms of several size
groups and directions in the vertical plane. Azimuthal
homogeneity has been assumed. For the four nozzles,
this introduces about 100 particles per time step. If a
particle fails to evaporate totally, or has not struck a
wall during the current time step, it is restarted from
its current position and continues its motion and
evaporation in the next step.
After the release of a given particle, its trajectory
during the current time step is computed. A variety of
forces can be represented by CFX. In this application,
gravity (weight), buoyancy, and drag forces have
been included. A spherical droplet shape and the
standard empirical drag correlations have been
assumed in calculating the drag force. The
temperature and mass of the particle are coupled to
the environment. The former is derived from a
particle heat balance, with the net heat source being
made up of convective exchange with the local gas,
and radiative exchange with the whole environment.
Account is taken of latent heat of evaporation in

Figure 2: View of the finer mesh

Phenomena in the gas phase
RANS (Reynolds-Averaged Navier Stokes)
modelling was employed for the continuous phase
(the gas). Thus, the equations solved here are
generally of the form (e.g. Cox 1995)
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calculating the particle temperature change. The
particles also emit radiation, but this is negligible in
the current context because the droplet temperature is
never above the boiling point of water. The radiative
interaction between the two phases has been fully
coupled. The mass varies due to phase change at the
particle surface, and is driven by differences in
vapour pressure at the particle surface and the local
gas. If the particle is at its boiling point, all the net
incident heat is converted into latent energy.
As far as interactions with walls are concerned, a
coefficient of restitution of 0.0 has been adopted.
Results: Grid sensitivity
Typical droplet trajectories, for the various droplet
sizes, are shown in Figure 3. The large droplets
quickly reach the side walls or the floor, whereas the
smaller droplets are carried away by the gas flow.

Figure 4: Predicted evaporation, coarse mesh

Figure 3: Typical droplet trajectories

Figure 5: Predicted evaporation, fine mesh

The solutions with the two meshes turned out to be
fundamentally different. Figure 4 & Figure 5 show
the overall fuel evaporation rate, in kg/s, for the two
cases. The coarser grid led to a rapid suppression of
the fire, with the heptane evaporation rate dropping to
10% of its initial value within 26 seconds. In contrast,
the finer-grid analysis reported here indicates that, for
the same parameters, the evaporation fluctuates but
on average remains similar to the rate prior to spray
initiation.

Also the fire intensity is reduced rapidly to just over
half its initial level, and it essentially continues to
fluctuate about that level, perhaps with a very slow
decay. The term ‘fire intensity’ denotes the total heat
release over the volume of the compartment. Note
that a reduction of the heat release, without a
corresponding reduction of the fuel evaporation rate,
implies an accumulation of unburnt fuel vapour. This
may be as a result of ignoring water spray
interactions with the fuel surface, as no accumulation
of unburnt fuel was seen in the experimental work, or
the result of less efficient burning of the pyrolysed
fuel.
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CONCLUSIONS
The subject of this work is very complex, both in
terms of the underlying physics and chemistry, and in
terms of the numerical techniques which are invoked
in the simulations. It involves the simultaneous
influences of combustion, radiation, water sprays
(with heat and mass exchange with the latter), and a
fuel burning rate which is coupled to the fire. Strong
non-linear coupling between many phenomena
presents a challenge to the numerical algorithms.
Most of the coding is general, and is therefore
applicable to general geometries, subject to the
ongoing validation.

Sinai Y L, Stopford P J, Edwards M & Watkins S,
Proc. Interflam 2001, 17-19 September 2001,
Edinburgh, Vol. 2, pp 1445-1451, Interscience,
2001.

Qualitatively, the predictions based on the finer grid
agree with the experimental data. There is, however,
a need to validate the modelling for more complex
situations. This is ongoing in Phase II of the project,
and is being done with CFX-5. In Phase II, the earlier
modelling is being ported into CFX-5, and is being
generalised and enhanced to refine the physics and to
address a broader range of phenomena.
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