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ABSTRACT

A new model (F-Z model) is proposed for compartment fire model ing, which is a
eombination of field model and zone model being currently available. The main
idea of the F-Z model is to use field model for rooms (in which the two-layer
assumption of zone model is inadequate.) of fire origin, with strong
ventilation or the rooms in which a detail simul.tion is required, and to use
zone model for other spaces in the compartment. The general structure and the
way to deal with interface between field and zone models within the framework
of F-Z model are described and demonstrated by performing two- and three

-dimens ional F-Z modeling for a two-room compartment fire.Also, the case is
elperimentally studied. Predictions by the F- Z model are in qualitative
agreement with 8lperimental data, which shows that the F-Z model is promising
in compartment fire model ing.

INTRODUCT ION

Computer modeling has drawn much attention from engineers and scientists in
f ire research(1l. There are maiDly two kinds of models available at present
for compartment fires . They are zone model and field model. The zone model is
active, being widely developed, which is based on two-layer assumption (al in
a compartment fire. The zone model produces a fairly reasonable simulation
in many eases(lIl . However, the two-layer phenomenon does not generally elist
in some special eases, such as in a room of f ire or igin or wi th strong
nntilation. Also, eurrent zone model is limited in its simulation of fluid
flow, heat transfer and flame spread, whieh are of importanee to many
applications (deteetion, sprinkler aetivation, eomplel geometries, et e.}. The
field model(4l ean in prineiple give the distributions of gas veloeity,
temperature, eoneentration of various species and their variation with time
in a eompartment fire by solving a set of partial differential equations.
However, the field model needs a large amount of storage and run time of a
eomputer. It is still impossible for applying the field model to a high rise
building in the foreseeable future.
It is advisable to develop a new model, which retain the ad,antage of both
field and zone models. The new model presented here is a combination of field
and zone models, and so called as the Field-Zone model (F-Z model in short) .
The main idea of the F-Z model is to use field for rooms of fire origin, with
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continuity, momentum,
solved together with the
be cast into a general form

~.

strong ventilation or rooms in which a detail simulation is needed, and to
use zone mGdel for the others connected with the rooms mentioned above. By
the F-Z model compartment fire will be able to be predicted well under the
capab ility of present computer. The main difficulty in construction of the
F-Z model is to explore a way to treat an interface, of which on both sides
the field model and zone model are performed respectively.
Within a framework of the F-Z model either one- , two- or three- dimensional
field modeling can be adopted for predictions of fire behavior in those
specially-interested rooms. Accordingly, they can be called respee t i te lr as
one-, two- or three-dimensional (I- , 2- or 3-D in short) F-Z model. In the
present paper two cases have been studied in different ways. First. both 2- D
F-Z mode l and Zone model are carried out for prediction of smoke movement in
a two-room compartment, and the predictions obtained by the two models are
compared. Secondly, the 3-D F-Z model is used in a small-scale system, which
is experimentally studied as well. Comparisons are made of predictions and
experime ntal data.

F-Z MODEL AND EXPERIMENT

The F-Z model consists of three parts. They are field model, zone model, and
the inter face treatment .

1. FIELD MODEL

Fire is a complex phenomenon. It consists of fluid flow, heat and mass
transfer, chemical reac t ions and the ir interac t ions. Most of real - fire are
turbulent processes . Models are usually needed to describe the processes ~: ~ f
turbulence transport , turbulent combustion, heat radiation, vaporization --of
liquid fuel or pyrolysis of solid fuel , soot formation and consumption, etc.
Mod~ls are various with different generality, reliability, flexibil }ty - and
economy. Therefore comprom ise must be made according to the requiremen tl in
study, when people choose a model .
In the present study the governing eq uations of
energy and chemical species are constructed and
buoyancy-modified k- E turbulence model. which can
given on Table 1. [Ill [8l

2. ZONE MODEL

Various zone models are ava ilable in literature. A moderate- level zone
model £7] is adapted for the present study.

3, INTERFACE TREATMENT

Boundary conditions must be given in the interface, which ~. are needed for
solving the governing equations in field modeling, Zero gradient condition is
adaptable for all dependent variables except for the velocity component
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perpendicular to the interface, which is determined by an assumption of mass
conservation in the grids adjacent to the interface. Variation of pressure
with height of the interface should be taken into account, which is given by
a formula,

N
PN"PO-~ P 19h 1

,r i" 1

where the subscript 0 denotes a value on the ground, and N is index of a grid
being referred to.
To perform zone modeling in the connected room, the flow rates of mass and
energy cross the interface and their variation with time are required,
which are obtainable from appropriate summation of the predictions of
velocity, temperature, concentration of-. species and density in the interface
by field model ing. Taking calculation of energy flow rate, E, as an example,

where i refers to the index of a grid in the interface; N the total number of
grid in the interface; Cpl,TI' P"UI' and a, stands for specific heat,
temperature, density, velocity of the gael and the area of the grid boundary
respect ively.
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tendency of
predictions
Fig. 7. The

4. EXPERIMENT

The exper imental set - up is sketched in Fig 1. A electric heat source
withcont ro lled power is cent ra lly located in room A. 24 thermocouples are
placed in room A and B , and li nked with a 24 -CH THERMALS AID and a comp ute r
for tempera ture measurement and data processing.
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Fig 1. SKETCH MAP OF TIlE EXPERIMENT

RESULTS AND DISCUSS IONS

Two cases have been studied with the F-Z model .
The fi rst is to predicted the smoke movement in a two-room compartment by the
2-D F-Z model and the zone model respectively. The geometry and the size of
the comp ar tment are shown in Fig. 2 The predictions of temperature

distri but ions in three sections of the fire-origin room are given in Fig. 3. A
typica l saddle- shape cure shown in Fig.3 is due to entrainment of surround ing
air by the fir e plume. Fig. 4 shows the hot- layer de ve lopmen t in the room
nelt t o the room of fi re origin by the F-Z model and zone model res pect ively
They give qu al i t at ively-agreed results . The second st udy is to compare the
resuh s of hot -gas movement in a small-scale compartment (see Fig. i) I

which are obtai ned by 3-D F-Z mode ling and elperiment . The predicti on of
veloci t y dis t ri but ion in a typi cal section is given in Fig,5 ,which shows the
flow f ie1di n de ta i 1.
Fig. 6 gives the res ults in roomA. It can be seen that the
predic t ions and experime nt i s s iminar, although systematic over
are shown. Temperature dis tr ibutions in the room B are given in
layeri ng phenomenon can be seen from the elperiment data.
It cln be seen from the experiments (Fig. 7) that gas layer ing phenomeuon is
not cl ear in a room with a heat source, whereas the two-layer assumption is
close to elpe r iment in the conn ected room.
Predic t ions by F-Z mode l are in qual itat ive agreement with experiment .
Howeve r, the temperature is over predicted, which may be ..ttr ibuted t o the
assump t ions of walls be ing adiabatic, and t o ne glect of therma l capac i ty of
walls and the isolat or of'the el ectric al heat er.
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Here we may draw the following conclusions.
Two-dimensioned F-Z modeling and zone modeling have been performed for
prediction of the smoke movement in a two-room compartment. The F-Z model can
give the flow field, heat and mass transfer in detail, but needs larger
computer capacity(storage and run time) .
Three-dimensional F-Z modeling as well as experimental measurement have been
made to study the hot gas movement in a small- scale two- room system,
Qualitative agreement has been found in comparison of predictions with
experiment data, although some discrepancies exist between them.
The treatment of interface between field and zone modeling within the
framework of the F-Z model is adequate in the present study, but needs to be
fur ther veri fie d.
The F-Z model combines comprehensibility and simplicity, and is full of
promise in compartment fire modeling.

FIG 2. . GEOMETRY OF THE COMPARTMENT
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