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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This Technical Specification is intended for the use of fire safety practitioners and regulators who use
or assess one- or two-zone fire models as part of a fire safety design or analysis. Examples of users
include fire safety engineers, authorities having jurisdiction, such as territorial authority officials;
and fire service personnel. It is expected that users of this Technical Specification are appropriately
qualified and competent in the fields of fire dynamics. It is particularly important that the model users
understand the theoretical background and limitations of zone fire models.

In addition tothe fypi(‘a] clauses (1 2. 3and4 thisTechnical Qpp{‘ifi(‘:\finn includesthe fn”nv\ring clauses:

— | 5: Describes fire zone models in general including underlying principles and assumptions
—| 6: Discusses input parameters and data sources of fire zone models
— | 7: Discusses sensitivity of fire zone models to input variations

—| 8: Gives guidance on use and limitations of fire zone models

© IS0 2013 - All rights reserved v
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Thiis Technical Specification is not intended as a basis for:regulation.

2

Scope

s temperature and concentrations and smoke layer position due to fire within an enclosure:
neral guidance to be read in conjunction with specific model documentation providéd, by
Uelopers. It is not a basis for justifying the use of any particular model.

5 important that users of fire zone models understand the theoretical basis of a model and a
hssessing the accuracy and validity of the results.

he models may also include additional sub-models for predicting related phénomena such as
rmal or smoke detector activation, mechanical ventilation, glass fracture or flame spread.
cussion of these related sub models is beyond the scope of this Technical Specification.

TE An overview of features covered by various zone models, can be found in a survey by (
penter.[1]

Normative references

alculating
t contains
the model

re capable

sprinkler,
A detailed

lenick and

The following documents, in whole or in party’are normatively referenced in this document and are

ing

reflerences, the latest edition of the referenced document (including any amendments) applieg.

IS(

3
Fo

3.1
Zo

calculation model for predicting the environment resulting from a fire in an enclosure why

md

4

ispensable for its application. For dated references, only the edition cited applies. Fo

13943, Fire safety — Vocabulary

Terms and definitions

" the purposes of thisddeeument, the terms and definitions given in ISO 13943 and the follow

ne model

re distinCtgaseous zones represent layers formed by thermal stratification of buoyant gas

r undated

ring apply.

tre one or
€S

Symbols (and abbreviated terms)

0 (kw) Time-dependent rate of heat release

m (g/s) Time-dependent fuel mass loss rate

Ah, (K]/g) Effective heat of combustion
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5 General description of fire zone models

5.1 Whatis a fire zone model?

A fire zone model is a calculation method for predicting the fire effects within an enclosure. The
calculations are based on the conservation of mass and energy applied separately to control volumes that
subdivide an enclosure into one or more zones. At any instant in time, the properties of each zone are
assumed to be uniform. The fire is treated as a source of mass and energy and is a user-prescribed input
to the calculation. Figure 1 showing a room elevation illustrates some conceptual features commonly
included within a zone model. ISO 16735 gives algebraic formula for calculating specific characteris
of smoke |

A fire zon
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models cd

sufficient
also been
uniformz
also be ex

Multi-roo
by openin|

5.2 Applications

Zone mod
and speci
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Dependin
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deper]

s in either the walls or floor/ceiling.

ayers generated by fire.[2]

hs can be done using spreadsheet applications or even by hand. Most commonly; used z¢

bne is appropriate. Alternatively, fundamental equations for mass and erfergy conservation ¢
fended to more than two zones to provide greater resolution over thetheight of a compartme

m zone models represent a case of multiple interconnected zone$ where rooms are connecf

) vent flow
wall heat absorption

vent flo |:> heat flow
— massflow

plume flow control volume

fire source

pure 1 — General heat and mass conservation in an enclosure with a fire source

els enable predictiens to be made of the smoke temperature, smoke volume (and layer heig
s concentratiens-within an enclosure resulting from a fire of a given size.

b on the levelof functionality included within a zone model, typical applications may includ

cting the smoke-filling time for a compartment of a given size and for a fire with known tin
dent characteristics ;

ics

e model is most commonly a numerical fire model in the form of a computer pregrdm but

ne

mprise two zones in the form of a hot upper layer and a cooler lower layer\This providles
resolution for many simple pre-flashover fire simulations. However one-zone models hgve
developed (e.g. for fully developed postflashover fires) where the assumption of a well-miyed

an
nt.

ed

ht)

le:

evalu

ating the Iife safety tenability of a fire environment for comparison with design criteria;

reconstructing a past fire event to support or refute theories about the development of a fire ;

determining the likely fire size at the time of sprinkler operation and/or the response time of a
sprinkler (where a sprinkler response submodel is included) ;

determining the smoke extract capacity for naturally or mechanically ventilated spaces ;

determining the impact on important equipment to ensure its continued functionality.
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5.3 Advantages

The simplified physics included in zone models mean they are less computationally demanding and are
relatively quick to run compared to other state-of-the-art models (e.g. computational fluid dynamics)
that attempt to describe the physics using the best available methods. It is an advantage to run a large
number of simulations for the same computing resource because it allows the sensitivity of the outputs
to the various input parameters to be investigated in greater depth. This is particularly useful for design
applications where the exact fire input parameters are not known, yet may have a large influence on the
predicted outputs.

Th
it
au

brovides to address some of the transient effects such as heat release species yields; conduction,

omatically opening vents or operating fans based on the fire environment. In addition s
dels offer multi-compartment and /or multi-fire capabilities.

ome zZone

wever, use of simplified physics also means zone model simulations may-have more llmitations
predicting the fire environment than more detailed models for a given s¢enario. Nonetheless, the
uracy achieved by a zone model can be sufficient for many applications eSpecially where uncertainty
Hesign leads to added conservatism in the selection of model inputs.

acy
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.4 General principles, assumptions and consequences

5.4.1 General
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one model subdivides a room into one or more control\volumes (or zones) with an assume
b temperature and density throughout the volume. [n"the simplest case, a single zone mo
bd for cases where the fire environment in the roent’is to be treated as a ‘well stirred react
1lly developed post-flashover fire. However, for growing pre-flashover fires, two zones sef
orizontal layer interface is the most commoapproach. Models with more than two zones

cked) have also been developed[3][4] but are’less common.

small compartments of simple geometry, zone models are often assumed to be sufficientl

most situations involving growingpre-flashover room-scale fires. However, this will be dep
goals of the analysis. The user needs to consider whether adequate validation has been dem
the selected model in relation ‘to the chosen scenario in the proposed analysis. In subcl
re thorough discussion ot zene model limitations is available.

.2 Conservation of mass and energy

hdamental (consepvation) equations of energy and mass transport are applied to each contr
ssflows enterdnd leave each control volume via the plume and through openings in the wall o
ducts/fan§forming part of a mechanical ventilation system. There are also enthalpy flows

d uniform
Hel can be
br’ such as
arated by
(vertically

y accurate
endent on
onstrated
huse 8.8 a

ol volume.
I ceiling or
hssociated

ith each mass flow entering and leaving the control volume and heat transfer terms like rad
adiation, along with the combustion energy released by the burning fuel. Heat losses by ©

ough 'surfaces or by radiation through openmgs determme the net heat transferred to o

iation and
onduction
from the

The position of the interface between the adjacent zones depends on the volume of each zone relative to
the volume of the room. The conservation equations generally solve for the volume and gas temperatures
of each zone as well as the room pressure. Many other formulations of the conservation equations may
also be used.[5] Most zone models represent each volume as a horizontal layer of gas with a constant
cross-section (defined by the area of the room and a height that varies with time). A constant cross-
section is not a necessary condition and some models allow for variations such as sloping ceilings.
However, most zone models assume the compartment to be a rectangular volume defined by a length,
width and height, and since in this case, the cross-sectional area does not change during the calculation
this in effect makes the zone model a one-dimensional analysis with properties able to vary only over
the height dimension but not across the area of the enclosure.
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Zone models do not explicitly solve equations for conservation of momentum. This means that hot gases
are assumed to rise and spread instantaneously beneath a ceiling ignoring the finite time needed for
the plume and ceiling jet flows to reach the ceiling and to spread to the far reaches of the enclosure.
This assumption is usually reasonable for small enclosures, but for large enclosures in practice it may
take many 10s of seconds for a flow of gases from the fire to reach the furthest location in the enclosure.
Neglecting this effect may be conservative or non-conservative, at least in theory, depending on the
design goal. E.g. for the activation time of a detector neglecting the effect would underestimate the
detection time and reduce the safety margin between time of evacuation and untenable conditions.
However initial conservatism associated with instantaneous spread beneath a ceiling may be reduced
or reversed at later times after the hot layer is established with non-uniformities in the position of
the smokdTayer occurring in compartments of [arge area due to gravity waves, heat [0sses, and 1053 of
buoyancy|etc.

A two-zorle model differentiates the upper and lower layer by a difference in the layer properties (¢.g.
temperature, density, concentration). Each uniform layer is treated as an ideal gas. An upper layer dan
exist at any time from the beginning of the calculation 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 ambignt
temperatyre differences between rooms or from a room to the outside.l6] Howewer this would usudlly
be of littl¢ consequence when evaluating the fire environment for the purpose\of determining hunfan
survivability.

Variation [of air temperature over the height of a compartment under dambient non-fire conditiong is
generally jgnored. In practice, these temperature gradients could leadt0 early stratification of smoke at
some disthnce below the ceiling which can be important when attempting to model the performance of
smoke defection systems. These effects are usually only importaht earlier in the fire development when
the plume flows are relatively weak and the gas temperature fise is modest and again would usually|be
of little consequence when evaluating the fire environment for human survivability.

5.4.3 Vdnts

Zone models typically use the Bernoulli equationto relate the pressure and velocity within a flow|ng
stream of|(incompressible) fluid allowing the mass flow through a vent opening to be calculated while
friction Igsses are ignored. The mass flow rate of gases through a wall opening is dependent on the
hydrostatjc pressure profile either side of the opening. A detailed description of the governing algebrpic
equationslis given in ISO 16737.[Z]

In large byildings with many hundreds or thousands of compartments and vents, the use of a traditiopal
two zone[model becomes impractical, and more efficient network models[8] have been develoged
that use d simpler lumped-parameter approach to conserve mass, energy and momentum at the vent
connectiops (or ventilationnodes). However further discussion of network models is beyond the scqpe
of this Tedhnical Specification.

5.4.4 Fire growth

Normally Fone models do not model the fire growth i.e. the actual rate of heat release from the fire. The
user is refjiived to provide either the rate of heat release or the fuel mass pyrolysis rate and heat of
combustion. If the zone model also calculates the concentration of oxygen in each layer then the burning
rate and corresponding heat release rate may be constrained to a lower level that can be supported by
the available oxygen supply. In this case the model may also track unburned fuel as an additional species
which may be allowed to burn in other rooms or outside the enclosure provided sufficient oxygen is
available at that location.

If there is a considerable amount of unburned fuel in remote spaces from the room of origin this would
suggestthattheroom oforigin maybeawell stirred conditionindicatinga one-zone approachisreasonable.

Preflashover fire growth may be simulated based on the characteristics of actual fuel objects (room
contents) or by the use of a generic fire growth curve such as a t-squared fire. In the former case, unless
the model includes the capability of estimating the ignition and burning of secondary objects, the
simulation can only be based on the initial burning object and it will not be possible to evaluate the fire

4 © IS0 2013 - All rights reserved
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environment beyond the time that more than one object would be involved in practice. In the latter case
of a t-squared or similar generic curve describing the rate of heat release, fire growth may be assumed
to continue until restricted by the oxygen supply, or until an assumed peak burning rate is reached. If
fully developed or post-flashover burning is to be simulated then the selected model shall have been
validated for that purpose.

5.4.5 Plumes

ISO 16734[2] describes a set of equations for quasi steady, axisymmetric fire plumes.
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ss from the lower to the upper layer through a process called entrainment. The plume
umed to be small in comparison with the volume of the compartment. No mass is transfer
the interface between the layers except via the plume and vent mixing flows. At.some st3
the¢ course of a fire, negatively buoyant flows may be generated due to convectivexcooling d
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frainment is calculated using both theory and empirically derived terms. A'variation of a
entrainment may be expected between the empirically derived entrainment coefficients

bd.[10] It is assumed that the plume is unaffected by ventilation systems or wind as well as
uced flows (e.g. due to make-up air supplies). If these effects are ptesent the plume can be
blown over increasing the total amount of air entrained into the plume and leading to a

uced flows are high, smoke-logging of the space may be observed.

Input parameters and data sources for zene fire models

Enclosure geometry

ume such that floor area and perimeter length are conserved. This maintains both the v

tance between the fire and.the smoke layer interface.

me zone models allow foryvariations in cross section area over the height of an enclosure
ping ceiling) in the calculation of the upper layer volume and layer height. However, this
y not be very impoftant in situations where the occupants are located well below the slopin
ere the cross-séetional area of the smoke layer interface is the same as the floor area. |
fupants are assumed to be located at elevations nearer the roof, it is important to carefull
time histopy of the smoke layer, particularly in the early stages of fire development.

cases where a zone model requires the enclosure to be represented by a rectangular
hceAvith a pitched roof shall be represented by an equivalent rectangular volume. The he

tangular volume may be equal to the highest level of the roof, and the floor area adjusted

the thickness of the upper layer and corresponding reduction i temperature. In cases wl

he models usually require enclosures to be\represented as rectangular volumes with unifd
tional area over their height. Non rectdngular spaces can be modelled as an equivalent re

rface area to correctly represent heattransfer. It is also required that the height be conservs
plume entrainment and smoke“production calculations are strongly influenced by th

bout 20 %
fommonly
any other
disturbed
1 increase
here these

rm Cross-
ctangular
blume and
d because
e vertical

(e.g. for a
capability
g roofline,
f however
y consider

volume, a
ght of the
such that

the overall volume of the enclosure is conserved. Alternatively, where the height of the clear layer is
the primary calculation of interest, the average height of the roof may be used and the floor area and
perimeter length conserved. The first representation will more closely represent the entrainment rate
and the volume/depth of the smoke layer in cases where the fire plume is located beneath the peak of
the roof, however the differences in the calculated clear layer height are not great and generally either
assumption may be acceptable.

If in practice the plume is horizontally offset from the peak of a sloping roof (see Figure 2), the actual
entrainment is expected to be less due to the lower height over which entrainment occurs. In this case,
itis usually conservative to locate the plume beneath the highest part of the roof to generate the greater
smoke volume and faster smoke-filling rate. Therefore it generally acceptable to ignore the impact of
lower offset plumes where conditions within the lower part of the enclosure are the primary concern.
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40

Base of smoke layer

20

N

20

Fire

Figure 2|— Example building geometry with the seat of the fire and rising plume centrally (left
hand side) and near a wall (right hand side)

Limitatioms with respect to enclosure size and aspect ratios are discussed in Glause 8.

6.2 Multiple rooms

Zone modgls may apply to either single rooms or multiple rooms conne¢ted to each other and the outsjde
with operlings (called vents). Models may be limited in the maximum number of rooms or vents ablg to
be accominodated.

The accurjacy of zone model results for adjacent rooms canbe expected to decrease with the number
of rooms that lie between the room of fire origin and a target room (i.e. in the case of a six room model,
more religble results can be expected where five rooms are directly connected to the room of origin
than for the case where all six rooms are connected-in series and there are five door openings betwgen
the room ¢f fire origin and the target space). Uncertainty in the vent flow calculations will be multipljed
with each| successive vent flow increasing the'tetal uncertainty. Users should aim to use the simplest
arrangement and least number of rooms that€an adequately represent the building to be modelled.

6.3 Opeénings

Openings|such as doors and windews may be located within either internal or external walls of the
building aind these are usually'‘represented as rectangular openings defined by their width, height gnd
elevation [in the room. Some.zone models may only allow a single opening, while others may perinit
multiple dpenings.

A flow cog¢fficient, defined as the ratio of effective flow area over geometrical opening area is typicdlly
in the ranjge 0.6 -~0.7 for rectangular orifice-type vents.[11] In practice the flow coefficient depends|on
the shape| and smoothness of surfaces (e.g. round or sharp edges). In general, flow coefficients vary for
different ghaped openings e.g. for fins, the flow coefficient can be as low as 0.20; and where the top o¢f a
rectangu]qr nrifir‘p-‘rypp vent openingisat the same elevation and is continuous with the r‘pi]ing the flow

coefficient may be closer to 1.0.

Some models assume a constant default value for the flow coefficient, in other models it may be adjusted
to allow for the individual shape and construction details of the opening. The width of multiple openings
in a room may be summed and represented as a single opening when the height and elevation of the
openings are the same and they connect to the same space (e.g. outside the building). Some models may
also allow the openings to be opened or closed, or the width of an opening to be varied, during a simulation.

In most zone models, room pressure changes need to be small enough that its effect on gas density
is negligible. This may be an issue for pressurized spaces and specific approaches may be needed for
these cases that are not usually covered by those zone models intended for the built environment. Some
specialized models can account for the pressure variations in a confined and ventilated space, e.g. for
nuclear plant applications.

6 © IS0 2013 - All rights reserved
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Zone models intended for the built environment should not be used for completely air tight spaces, and
leakage from the system to the outdoors should be included,[€] or other means provided for addressing
the pressure build-up. Compartment leakage may be modelled using a narrow vent spanning from floor
to ceiling with the width selected to provide the desired amount of leakage area.

6.4 Bounding materials

Zone models typically assume the bounding materials (e.g. walls, ceiling and floors) to be inert and
non-combustible (i.e. they do not ignite and contribute energy to the fire). In this case if combustible
materials such as plastics or wood products are used as surface materials on the walls or ceiling, in
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\ctice they could be ignited by the fire source and contribute additional fuel and energy

ses by using a total heatloss fraction as an input, while other models attempt to calculate the

ses using finite difference methods accounting for thermal propernties of the bounding

e models may allow bounding surfaces to be constructed from multiple layers and materi

fhout air gaps, or as a single layer only with specified material thermal properties. Some m

ht transfer to two surfaces only (those in contact with the upper layer gases and those in co
lower layer gases), while others calculate the heat transfer to four or more surfaces.

most zone models, any temperature dependency of*the bounding material thermal propg

ue of thermal conductivity for the bounding-imaterials will lead to higher predicted expos
hperatures and higher room gas temperdtures. It is recommended that an average val
terial thermal conductivity over the expéected temperature range of interest be used. Input
rmal properties can be obtained fromi-heat transfer texts, handbooks or product technical

he models do not account for any heat transfer to the contents of the room, only heat tran
inding enclosure surfaces, although this is not likely to significantly affect the results obta

b Design fire parameters

Th

mqst important input variable influencing the course of the fire and in particular the gas tem
re3ched is the pate/of the heat release as a function of time.[12] If a zone model is used to assq
that are dependent on the smoke density such as visibility through smoke or the response
smoke detéctors, appropriate selection of the smoke/soot yield input parameter is also very i

Sirjce.ith most zone models, the design fire characteristics are input variables to be provided b
it is‘cpitical that for design applications in particular, the project stakeholders and regulat

design fire is the.quantitative description of the fire characteristics to be used by the zone 1

o the fire

Is, with or
dels treat
ntact with

brties (e.g.

rmal conductivity, specific heat) is ignored and-¢onstant values are used in calculations. This is
copsidered an acceptable assumption given the overall level of accuracy of the zone modg

l. A lower
bd surface
e for the
values for
iterature.

sfer to the
ined.

nodel. The
peratures
ss factors
of optical
mportant.

y the user,
ors agree

beforehand on the design fire to be used including rate of heat release and species produc

Gu

idance on selection of design fire scenarios and design fires is given in ISO/TS 16733.[13]
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6.5.1 Rate of heat release

Two of the following three fire characteristics are typically required to be specified in a zone model. The
variables are related such that

Q=mAh,

where

Q‘ (kW) Time-dependent rate of heat release;

m (g

Ah, (

6.5.2 Radiant Loss Fraction

The radia
from the {
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Although
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kj/g) Effective heat of combustion.

ht loss fraction, being the proportion of the total combustion eneggy-that is lost by radiat

bnt of conditions leading to flashover, including the secondaty ignition of materials, and
hot layer depth and gas temperature.

the radiant loss fraction in real fires varies with fuektype, temperature, available oxygen 3
entration in the flame, zone models typically use aconstant value. However, the radiant |

The radiTt loss fraction can vary in the range 0.15to 0.50 depending on the fuel with a value
i
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used to raise the temperature of the layer gases. Radiative heabtransfer strongly affects {
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ered to be a reasonable default value-for sooty fires.l14] Additional data on radiant lpss

ecies production

e models track and calculatéithe concentration of various combustion products such as carh
(CO), carbon dioxide (CO2),smoke/soot (C), hydrogen cyanide (HCN), water vapour (H20) 3
hydrocarbons. Oxygen consumed during the combustion reaction must also be accounted

oduction rates input to a zone model may be either expressed as a yield i.e. mass of speg
per unit mass of\fuel pyrolysed, or as specific ratios of the yield e.g. C/CO. Specific zone mod|

Fill vary during the course of a fire depending on the fuel composition and the combust
5 at the time.

on’far an average species production rate derived from laboratory experiments to be used

input to a

one maodel

on
nd
or.

ies
els
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on

for

Calculations of concentrations of asphyxiant gases (e.g for CO, HCN, CO3) enable a tenability analysis to
be carried out for life safety assessments using methodology such as that described in ISO 13571.[16]

Water vapour and carbon dioxide gases along with the presence of soot particles in the hot layer allow
a more detailed calculation of the radiation exchange including emission/absorption by the gas layers.

In these cases, the following additional inputs relating to the fire effluents may also be required.

a) Smoke/soot
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Smoke and soot particulates are commonly considered to be 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)
or as the mass ratio of C/CO;.

Reasonable soot yield values for well-ventilated free burning fires involving “sooty” fuels are in the
range 0.05 - 0.10 g/g [14][17] with lesser values appropriate for clean burning fuels. These give reasonable
results with models that do not account for soot deposition i.e. these are calibrated values and higher
numbers may be appropriate if the model also allows for the deposition of soot on surfaces. There are

currently no established models that include soot deposition effects.
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;Lically generate CO/CO3 ratios < 0.05.[18]

ditions as discussed below. Specific products may even cause higher soot yields thafi
bve due to chemistry of the material used e.g. due to chemical treatment or the chemical'st
fuel (high C/H ratio).

Carbon monoxide and carbon dioxide

'bon monoxide (CO) and carbon dioxide (CO2) are both products of pyrolysis and combus
odourless and colourless gas and its production is primarily dependent.orn’'the equivalence
upper layer temperature. It is not strongly dependent on the fuel type: Well ventilated fla

influence of CO; is mainly its effect on the rate of respiration of other gases, while t
bleted gases have a hypoxic effect. In cases where combustible materials are pyrolysing in|
f layer (e.g. wood ceilings), there may be large increases in' the observed CO yield.

Hydrogen cyanide

drogen cyanide can be assumed to be produced by nitrogen containing fuels such as polj
m, wool, nylon, synthetic rubber and melaminie. There is very limited data available in the
the yields of hydrogen cyanide in fires. Referencel19] describes an investigation of HCN ¢
m some common nitrogen containing materials in residential environments under both fl3
h-flaming conditions.

Under ventilated burning

1 C (soot) will increase while the CO, will decrease. The extent to which the combustion
itilated can be expressediin terms of a global equivalence ratio (®), where well ventilated

respond to @ < 1 _dnd under ventilated conditions correspond to @ > 1. Referencel20]
pirical correlationsfor CO yield as a function of equivalence ratio and temperature based
fa as a lower beund.

me zone models require the input to be adjusted manually during the simulation to accot
Fning conditions, while other models may include subroutines that adjust the yield during a
sed on.the conditions. Itis important to be aware of these factors because if only yields corr
wellwentilated flaming combustion are input, and the fire transitions to an under ventilat]
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nificantly under-predicted.

Reasonable carbon monoxide yield values for postflashover under-ventilated fires involving wood
products and typical office-type contents are in the range 0.2 - 0.3 g/g.[11] Reasonable carbon dioxide
yield values for postflashover under-ventilated fires involving wood products and typical office-type
contents are in the range 1.1 - 1.5 g/g.[11] Postflashover CO/CO; ratios are typically in the range 0.1 - 0.4.

e) Deposition of combustion products on surfaces

The rate of deposition of combustion products on room surfaces may be of interest for several reasons.
For example soot deposition is of interest as it may affect the predicted soot and optical density
calculations. The amount of soot deposition will depend on the room surface area to volume ratio, the
fuel type, and the location of surfaces relative to the fire. Most commonly it is ignored in zone model
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calculations with all the soot assumed to be uniformly distributed throughout the gas layers. This is
generally a conservative assumption leading to the over-prediction of the soot concentrations.

The deposition of halogen acid gases on surfaces is of interest to understand the risk of damage due to
the corrosion. Most zone models do not explicitly evaluate these risks.

f) Sources of data
Sources of data for the yields of fire effluents are discussed in ISO 19706.[21]

The SFPE Handbook of Fire Protection Engineering[15] also provides some data on the generation rate
of combudtion products.

7 Modegl sensitivity
IS0 16730|gives detailed guidance on the assessment, verification and validation of calculation methods.|22]

The overall accuracy of zone models is closely tied to the specificity, care and completeness of the data
provided.|23]

It is recoimended to conduct sensitivity analysis requiring multiple simulations rather than carry|ng
out only g single simulation. Sensitivity refers to the rate of change of the model output with resppct
to input vhriations.[23] Model predictions may be sensitive to uncertainties in the input data, the leyvel
of rigor employed in modelling the physics and chemistry and the, dccuracy of the numerical methods.
Minor varfiations in input should not compromise the conclusions of the analysis.

The rate ¢f heat release assumed is often maximised to establish the most severe fire, but this may
reduce th¢ fire duration to very short values. These might notbe the optimum conditions that impart the
greatest Harm. Fire severity calculations need to demonstrate acceptable building response to a range
of possibl¢ fires rather than to a single fire scenario.

It has been reported that gas and surface temiperatures, oxygen concentration and compartment
pressure $show roughly 10 % diversions in response to a 15 % change in heat release rate whereas heat
fluxes shqw roughly 20 % change whereas.the height of the gas layer is relatively insensitive to the
change injthe rate of heat release.[23]

The calcujation of the upper layer temperature and layer height has a greater uncertainty in rooms
remote from the room of fire origin,compared to those in the room of fire origin.[23]

Itis advisdd that calculation time=steps of the order of 0.5 - 1.0 s are usually adequate for zone model us.[6]

8 Usesand limitations

8.1 General

For the simiation of a real world situation, the user of a specific fire zone model should consider the
effects as described imsubclauses 8-2 through 8-10 before using the model.

Next, the model shall be checked to ensure it covers the effects from the real world scenario under
consideration. For this purpose subclause 8.10 provides a checklist that may help in comparing whether
these effects may apply. If the model under consideration does not account for these effects, it is up to
the user of the model to judge whether another model needs to be applied instead, or if the effect is
unimportant under the prevailing conditions.

8.2 Localized effects

Zone models do not consider localized heating effects (other than treatment of specific phenomena such
as the ceiling jet). An analysis that only uses the model prediction of the average hot layer may not be
correct in predicting localized phenomena.

10 © IS0 2013 - All rights reserved
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When interpreting model results, it is necessary to be aware of the following:

:2013(E)

Average hotlayer temperatures cannotbe used to assess the risk of ignition of combustible materials
in contact with the upper layer (e.g. walls and ceiling). The incident heat flux due to sustained flame
contact with combustible materials is many times higher than that due to the average temperature
of the hot layer. (A ceiling jet temperature calculation may provide a better indicator.) Some
models include an estimation of the impact of the plume on target temperatures for heat transfer

calculations, including temperature estimates from the flaming region.

Fans used for mechanical extraction may be exposed to localized heating from the plume or ceiling

}'ﬂfc that mighf exceed the rated fnmpprafnrn ofthe fan
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Zone models are not suitable for a detailed study of flows within a compartment such

Compartment effects

st models ignore enhancement to the burning rate caused by increased radiation to the fug
e to radiative feedback from the hot gas layer or compartment surfaces. If using free-h
niture calorimeter data to describe the rate of heat release, the user\may need to separate
compartment effects in the design fire.[24]

hancement of the mass pyrolysis rate has been shown expérimentally to be as much as
wtilation limit for pool fires and 1,3 times the ventilation limit for wood cribs.[25] These effe
re important in small rooms and as the fire development@approaches flashover.

rucial factor influencing the degree of radiant feedback is the size of the self-view factor. 4
5 zero (no part of its top surface sees any other partof the mattress), thus for mattresses the
dback effect from the smoke layer is very high, so that when located inside a room the he
e may be increased by a factor of three or@more, compared to open burn testing. For uf
niture such as a chair with a high self-viewfactor, the effect, by contrast is typically only 1
addition, for many foams up to 50 % ‘ef-the heat release comes from liquefied material {
lvn and burns on the floor. For such shielded pools, they see practically nothing of the radi:
upper portions of the compartment.

he models have a tendency to:show the position of the layer height rising as the heat releg
ich is consistent with thé upper layer reducing in volume as its temperature cools, hov
naviour is generally nétyexhibited in experiments[26] and therefore may not occur in
netheless, this effectineéd only be considered if the decay stage of the fire is relevant to the

L Plumes

me entrainment is the principal means of transporting gases from the lower to upper laye
dels comimonly adopt empirical approaches to estimate the amount of air entrained inf
me, There have been a number of different equations proposed in the literature based on
] axisymmetric gas burners as well as theoretical models.

hs may be

needed for fire detector siting.[23] In practice this can be affected by vent locationS)and flows.
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The different entrainment models can lead to a factor of two variation in the results for layer height and
gas temperature and entrainment rate.[27][28]

The Morton-Turner-Taylor theory suggests that entrainment in the buoyant plume region should depend
on H5/3, whereas the McCaffrey correlations uses the 1.895 power for the buoyant plume. According to
Rockett,[29] the McCaffrey 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 more relevant for
small rooms. Over estimating the entrainment will result in upper layers that are deeper and cooler
than otherwise expected. This could have a large impact with added cost implications if used to size a
smoke extract system based on raising the layer height. It is therefore necessary to check that the plume
equation used in the zone model is appropriate for the scale or height of the enclosure being modelled.
This effect is demonstrated in Figure 3 with two different plume correlations for the buoyant plume as
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an example. Heskestad’s plume depends on location of virtual origin, which is in turn dependent on fire
source diameter.

Entrainment coefficients are usually derived from measurements in calm environments. The actual
plume flow may be significantly greater in disturbed environments (e.g. due to HVAC or door/window
flows).[6] Ventilation conditions can also affect plume entrainment including make-up air flows in atrium
smoke management systems.[30]

When the fire plume is very close to a wall or room corner, plume entrainment is reduced when compared
to an axisymmetric plume and some models account for this by modifying the entrainment coefficient. In
a narrow tallenclosure (p g chnﬂ'c) afire p]nmn may intersectwith the wall before rnar‘hing the ceil ng
reducing the total amount of entrainment but also lessening the likelihood of a two-layer environment
forming. Yome zone models include sub-models to specifically address these phenomena.

Plume entjrainment correlations are also commonly adapted to describe the entrainment into\a vent flpw
as itrisesffrom an opening to the ceiling in an adjacent room. In these cases, vent plumesiare commonly
treated ag axisymmetric plumes with a virtual origin located to produce the samenmdss and energy
fluxes as lhe actual vent plume.[31]

Entrainment correlations have typically been derived from pool fires or gas burners whose entrainment
character]stics may differ from real items of furniture and this introduces afrradditional source of erfor
when applied to typical building contents. In this case, if the entrainment i$.overestimated the layer will
drop mor¢ quickly, and be cooler and vice versa.

Entrainment in a spill plume may be larger than the entrainmentén the axisymmetric plume, and this
would not| be accounted for by most simple zone models - more $pecialized models to account for th¢se
effects wquld be needed.

Entrainment calculations in zone models also do not generally account for any interaction efferts
following [the activation of water or gaseous extinguishing systems that may contribute to cooling| or
turbulencf in the smoke layer and general smoke-logging effects within the enclosure.

12 © IS0 2013 - All rights reserved
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Entrainment in Buoyant Plume Region
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Figure 3 — Comparison of plume entrainment correlations for 2500 kW fire

8.5 Ceiling vents

Smoke flow through ceiling openingscecurs when there is a pressure difference across th¢ opening.
In most cases the flow is driven by the hydrostatic pressure difference from the high pressure to the
low pressure side. The 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. Typically flow coefficients
cofresponding to a sharp edged circular orifice would be used.

In [some cases buoyancy instability may be present which can significantly affect the vallidity and
acquracy of using the.standard Bernoulli flow model. This occurs when there is a relatively heavy, cool
flulid (e.g. ambient exterior air) positioned directly above a ceiling vent with a low density hot smoke
la%r below thelvent. This is an unstable arrangement and can result in an “exchange-type” flow where
some of the-detse, cool exterior air will flow downwards through the vent into the fire enclosure.[32]
Some zonemodels include both the pressure-driven and the exchange-type flows while others may not.

is type of vent flow model is not suitable for large floor openlngs of the type found in mall§ and atria
where A and generate the
buoyancy forces. In these cases a fire plume located dlrectly below the opening will result in a plume
flow directly into the upper level and if located in an adjacent space instead, there may be balcony spill
plumes generated increasing the plume flow into the upper level. These phenomena are quite different
to that represented by the standard ceiling vent vertical-flow model. An atrium-type space can be better
modelled as a large vertical space with compartments connected at various levels.

Wind effects on the vent flow are commonly ignored but could be important in some cases.

8.6 Stratification

If ambient conditions are not uniform within the enclosure e.g. where the air temperature is higher
directly beneath an uninsulated roof, there may be some layer stratification effects early in the fire
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development which could be important when considering the response of smoke detectors. As the fire
develops and rate of heat release and gas temperatures increase, these stratification effects will become
less important. Typically zone models do not allow for these effects.

8.7 Plug-holing

The phenomenon of plug-holing occurs when the rate of volumetric flow through a ceiling vent is large
enough to cause a local depression in the smoke layer depth that is comparable to the average depth of
the layer. This results in some of the fluid from the lower layer being included in the extracted gases
with the balance from the upper layer. A zone model that does not take this effect into account will
overestimate the efficiency of the venting system by removing more of the hot layer gases than might
actually ofcur. This phenomenon applies to both natural venting and mechanical ventilation systems.

Plug-holing can be predicted on the basis of the Froude number and the layer thickness. The literatiire
indicates that for circular vents a Froude number greater than 1,6 will result in plug-holing.[331[34] For
natural vgnting, to avoid plug-holing each ceiling vent should have an area less than 2(H+'z)2 where H-z

is the depth of the hot layer.[11]

Some zon¢ models include these plug-holing effects.

8.8 Endlosure sizes, dimensions, geometry

Caution ig needed for enclosures with aspect ratios larger than about's since zone models may not{be
appropriate for long hallways (L/W > 5) or tall shafts (H/min(L,WY) >'5).[23] A particular model shofild
be examirjed to see if it provides a means of modelling these cases:

Caution should be exercised with large fires in low-ceiling leight spaces, where the flames reach the
ceiling anf spread beneath it. A zone model may ignore, the presence of flames across the ceiling gnd
overestimate the heat losses from the hot layer to the ceiling resulting in cooler and thinner layer depth
predictions.[11]

Consider §he extent to which large obstructions at ceiling level will influence the results. Geometricdlly
complex enclosures with complicated ceiling.§hapes may not be suitable for analysis using zone models
and alterpative methods of analysis should be employed. Most zone models require enclosures to|be
representpd as rectangular volumes.

Since zon¢ models assume the formation of a uniformly stratified upper layer, a small fire in a large
space may not meet this requjrement. A small fire in a large space will not be able to drive the fire
gases to the ceiling and smoke-may stratify at some intermediate height rendering ceiling ventilat{on
ineffective.[23] Some researchers have suggested a minimum fire size of 0.1 kW per m3 of compartment
volume aga guide for ensuring the establishment of a hot layer.[33]

At the othpr extreme the ratio of heat release to compartment volume should not exceed about 1IMW/m3
due to linjitations\on the numerical routines.[23] The two-layer assumption is however likely to brgak
down wel| before-this limit is reached.

Smoke baffles or screens may be employed in larger spaces to create smoke reservoirs with volumes that
increase the effectiveness of smoke removal applications. This approach also increases the suitability of
using a zone model in the analysis.

The assumption of uniform properties within a layer may be challenged for spaces that are very long
or wide due to cooling and loss of buoyancy far from the fire that may not be accounted for in the zone
model. In order to extend the applicability of zone models for larger spaces, users have sometimes
subdivided single large enclosures into a number of small “virtual” or “pseudo” rooms connected by full
height and width openings in order to better simulate variations in gas temperature and layer height
across the area of a large space, without the computational expense of applying a more sophisticated
CFD method. Several researchers have discussed this approach in the literature.[36]1[37][38][39] From the
literature cited above it follows that special caution is needed when applying this approach due to the
additional consideration of matters such as the opening flow coefficients for the internal openings.[6] A
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