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¾Zone models - refresher on assumptions 

and limitations

¾Smoke, importance of sensible input data

¾What it means for predictions of visibility 

and smoke detector activation

¾Problems with large volume spaces, and 

what to do about it
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¾ What is a zone model ?

¾ñacalculation model for simulating the fire 

environment in an enclosure where two 

distinct gaseous zones representing an 

upper layer and a lower layer result from 

thermal stratification due to buoyancy.ò

3



4



¾Predict the smoke-filling time for a 
compartment

¾Evaluate the life safety tenability of a fire 
environment

¾Reconstruct a past fire event
¾Determine the fire size at sprinkler 

operation
¾Determine the response time of a detector
¾Determine the smoke extract capacity 

needed

5



¾Simplified physics = quicker to run compared 
to state-of-the-art models (e.g. CFD) 

¾Larger number of simulations for the same 
computing resource. This allows the 
sensitivity of the results to the various input 
parameters to be investigated. 

¾The principal advantage over algebraic 
equations is the flexibility to address transient 
effects such as automatically opening vents 
or operating fans.
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Vent mixing

room elevation

Heat transfer losses to surfaces

Enthalpy losses/gains via mass flows

Combustion energy from the fire
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¾Zone models do not solve equations for 

conservation of momentum. This means 

that hot gases are assumed to rise and 

spread instantaneously beneath a ceiling. 

Reasonable for small enclosures but less 

so in large enclosures.
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¾A 2-zone model differentiates the upper 
and lower layer by a difference in the layer 
properties (e.g. temperature, density, 
concentration). An upper layer can exist at 
any time and it may or may not be a real 
smoke layer. A non-smoke upper layer can 
be developed by ventilation conditions 
alone wherever there are ambient 
temperature differences between 
connected spaces.
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¾Variation of air temperature over the height 

of a compartment under ambient non-fire 

conditions is ignored. Could lead to 

stratification of smoke at some distance 

below the ceiling which may affect 

performance of smoke detection systems. 
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¾Normally zone models do not model the 

fire growth. The user is required to provide 

either the rate of heat release or the fuel 

mass pyrolysis rate. 



¾Average hot layer temperatures cannot be 

used to assess the risk of ignition of 

combustible materials in contact with the 

upper layer (e.g. walls and ceiling). 

¾Fans used for mechanical extraction may 

be exposed to localised heating from the 

plume or ceiling jets that might exceed the 

rated temperature of the fan. 
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¾Enhanced burning rate caused by radiative

feedback from the flames, hot gas layer or 

compartment surfaces not modelled.

¾Rate of heat release can be as much as 2 

times the ventilation limit for pool fires and 

1.3 times the ventilation limit for wood 

cribs.

15



¾Zone models have a tendency to show the 

position of the layer height rising as the 

heat release decays which is consistent 

with the upper layer reducing in volume as 

its temperature cools, however, this 

behaviour is generally not exhibited in 

experiments.
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¾McCaffrey correlations result in a severe 

over-prediction of plume flows far above 

the fire (i.e. in tall spaces) but provides 

good predictions in immediate over-fire 

region

¾This could have a large impact with added 

cost implications if used to size a smoke 

extract system based on raising the layer 

height. 
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¾Smoke flow through ceiling openings occur 
when there is a pressure difference across 
the opening.

¾The pressure is generated by the 
buoyancy of a hot smoke layer beneath 
the ceiling. In this case, a traditional 
orifice-type calculation of the flow can be 
done.

¾Wind effects on the vent flow are 
commonly ignored.
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¾Orifice vent flow model is not suitable for 
large floor openings where there is limited 
ceiling area to contain a hot gas layer below 
the vent. 

¾In these cases, a fire plume located directly 
below the opening results in plume flow 
directly into the upper level. 

¾Plumes offset from the vent may cause 
balcony spill plumes increasing the plume 
flow into the upper level.
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¾Caution is needed for enclosures with 

aspect ratios larger than about 5 since 

zone models may not be appropriate for 

long hallways (L/W>5) or tall shafts 

(H/min(L,W)>5).
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¾Many zone models are not suitable for 

modelling post-flashover fires because 

they do not include specific sub models for 

the mass pyrolysis rate of the fuel after 

flashover. 

¾If fire is likely to spread to other fuel items, 

user input HRR may no longer be relevant.
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¾The overall accuracy of zone models is 

closely tied to the care and completeness 

with which the input data are provided.

¾Compartment gas temperatures and layer 

depths within 20% would normally be 

considered to be acceptable in a zone 

model.
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¾Gas and surface temperatures, oxygen 

concentration and compartment pressure 

show roughly 10% diversions in response 

to a 15% change in heat release rate 

whereas heat fluxes show roughly 20% 

change. The height of the gas layer is 

relatively insensitive to the change in the 

rate of heat release.
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¾Smoke represented by carbon particles 

distributed through the gas layers. Model 

input may be in the form of a yield (mass 

of carbon per mass of fuel pyrolysed in 

g/g). Some models may require soot 

production to be expressed as the mass 

ratio of C/CO2. 
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¾Soot yield values for well-ventilated free 
burning fires involving ósootyô fuels are in 
the range 0.05 ï0.10 g/g with lesser 
values appropriate for clean burning fuels 
and wood products. 

¾Handbook values for yields tend to result 
in soot concentrations too high as 
predicted by computer models, possibly 
because deposition of soot on surfaces is 
not accounted for.   
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¾C soot (kg/m³) = Y soot x layer density

¾Average extinction coefficient, k = km C soot

¾Km = a constant for flaming combustion

¾V k = constant 

(~2 reflective signs, ~5 for illuminated 

signs)

¾High soot yield Ą denser smoke Ą less 

visibility

28



¾Only, for smoke detection algorithms 

based on optical density :

¾High soot yield Ą denser smoke Ą earlier 

detection

¾If assumed soot yield is too high then 

calculations of visibility are conservative(?) 

and predictions of smoke detection time 

are non-conservative(?) 
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Ventilation limited
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Living room fire

peak HRR < 200 kW/m²
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BRANZFIRE VS EXPERIMENT
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FDS VS EXPERIMENT
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¾For well-ventilated fires, involving 

upholstered furniture, use a soot yield of 

0.07 g/g in computer fire models

¾For ventilation-limited fire (eg post-

flashover), need to at least double the pre-

flashover value.
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¾Main Issues
ÅMost validation for zone models is for small 

enclosures

ÅNeed sufficient energy in fire plume to get hot 

gases to the ceiling

ÅAs the area of the enclosure increases, non-

uniformity of layer properties increase due to loss 

of buoyancy and heat losses remote from the fire

ÅBRANZ Study (SR195) compares zone model and 

CFD modeling in large spaces
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¾A multi-cell approach that divides a large 

compartment into a number of smaller 

compartments connected by large (full 

width/height vents) 

¾Additional uncertainties and propagation of 

errors in the vent entrainment calculations 

are accumulated each time gases pass 

through a vent opening
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¾For fast growing fires, BRANZFIRE 

provides acceptable temp/layer predictions 

for floor areas up to ~ 1200 m² / 12 m high

¾For larger floor areas, use virtual room 

approach using BRANZFIRE 2008.2+

¾Include sensitivity analysis comparing 

single & virtual room approach with all 

cases meeting acceptance criteria.

¾>5000 m² CFD may be necessary
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¾Be aware of zone model assumptions and 

limitations

¾Think about appropriateness of input data

¾Recommend pre-flashover soot yield of 

0.07 g/g for óupholstered furnitureô fires

¾Enclosures Ó 1200 m² need additional 

consideration (sensitivity analysis/virtual 

rooms/CFD)
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