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The modeling, simulation and numerical analysis of a fire in a
construction with light structure
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"Alexandru loan Cuza" Police Academy — Fire Officers Faculty

Summary

This paper presents a numerical simulation of a light construction structure by
using of the high level dedicated software Fire Dynamics Simulator (FDS). The
important temperatures, Heat Release Rate, Total Heat Flux were computed along
with the numerical fire visualization.
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1. INTRODUCTION

The present study refers to the modeling, simulation and numerical analysis of a
fire developed in a construction with a light structure. The research had as starting
point a practical requirement the realization of a prototype with a light structure
resistant to fire. In this idea tests were made on the structural model chosen, on a
numerical way with the help of the advanced platform “FIRE DYNAMICS
SIMULATOR” (FDS) and also experimental (by ICECON S.A.) by the effective
building of a scale model and the preparing of it for the fire test.

The experimental results obtained were concretized by temperature measurements
in divers points on the burning structure. The measurements were executed at
ICECON S.A., in the context of a mutual research contract with a part of the staff
from The Firefighters Faculty.

2. THE MODELING, SIMULATION AND THE NUMERICAL
ANALYSIS OF THE FIRE

The numerical analysis was made on a geometry with a light structure identical
with the one obtained experimentally, observing the way of fire behavior of it and
the underlining of 20 numerical monitoring points of the temperature on a
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determined time interval. The structure and the calculus network utilized for the
discretization of differential equations of the fire is shown in figure 1.

For the numerical modeling of the fire the “field zoning” type was adopted or more
precise the tridimensional discretization of the transitory characteristically
equations. The 3D modeling of the fire can be shown in principal by the input
values and the output values:

Input values:

» The detailed form of the structure, the construction of the
chambers, including walls, the ceiling and the floor, the number of
air vents and their sizes (if necessary, etc;

» The characteristics of the furniture (if necessary), the
characteristics of the fuel, the parameters of buoyancy and
radiation.

Output values:
» The thermal flux, the movement and speed of smoke;
» Temperatures measured in divers points of the structure;
» Previsions on the time until sprinkler and heat detectors activation
(if necessary), the time to flashover;

Figure 1. The geometry of the light structure and the calculus network

A FDS simulation determines the thermal behavior of the whole structure by
calculating the thermodynamically quantities in each cell of the discretization. The
number of quantities previsioned is greater then the number of quantities that are
normally measured in validation experiments.
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The following is a list of thermodynamically values that will be obtained for every
cell, list that can be compared with the experimental measurements. Their order
underlines their importance.

» The temperature of the gas;

» The speed of the gas;

» The concentration of major gases ;

» The concentration of smoke/ obscurization;

» The pressure.

For solid surfaces, the FDS results are usually:
» The surface temperature;
» The total thermal flux (by conduction, convection and
radiation).

These global quantities are used to evaluate the total energy budget, the
confirmation of the conservation of the total energy in the model, and the
evaluation of the incertitudiny of the values obtained experimentally.

FDS resolves the mass conservation equations, of the momentum and energy for a
multi-component, thermal expandable mixture of ideal gases, like:

Mass conservation

% )
PV opu=
Py +V.pu=0

Component conservation (species)

%(pY,)+V-pY,u=V-pD,VY, + i ()

Momentum conservation

p(%+(u»V)u)+Vp=pg+f+V»r G3)
Energy conservation
0 Dp (4)
a(,oh)+v-,ohu =5, V4 +V-kVT + Vi pD,VY,
1

To note that the extern force of the fluid, represented by the term f in the above
equations, is the friction exercised by the water drops from the sprinklers and by
other external forces. The term 2 _ 9 +u-Vp Tepresents a material derivate. The
Dt ot

conservation equations are accompanied by a state equation that links the
thermodynamically quantities. It is used an approximation of the characteristically
equation of the ideal gas by decomposing the pressure in a ‘“background”
component, a hydrostatic component and a perturbation induced by the flow:
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P=py—P.&+P (5)

For application p, is a constant and the other two components are relatively small.
This assumption can be modified if the pressure rises due to the fire in a small an
isolated compartment, or when the height of the domain is very high and p, can no
longer be considered a constant and must by considered a function of altitude.

The scope of decomposing the pressure is that for the flows with a small Mach
number the temperature and density can be approximated with the state equation:

po=pIRY (Y,/M,)= pTR/ M (6)

These equations (1-6) are simultaneous resolved in time (transient regime) for all
the calculus cells assimilated to the light structure.

The geometry of the structure together with the location of the 20 point where the
temperature is measured is shown in figure 2:

a)

Figure 2. a)-b) The geometry and the positioning of the points of numerical evaluations of
the temperature

The location of the 20 calculus points of the temperature can be easier represented
by groups of 5 points, in Figure 3:
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a) TI1 +T5 Thermocouples interior ceiling:
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b) T6 + T10 Thermocouple ceiling:
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Thermocouple no. 6

INTERSEC

~ 35
L 30
& 48 jq'ﬁ\;
£ 20 {
£ 15
=
g 10
= 5
0 t A t t -
0 50 100 150 200 250
Time [5]
Thermocouple no. 7
130
e A
E 20
g 15
Z 10
]
& 5
0 t t y
o 50 100 150 200 250
Time fs}
Thermocouple no. 8
30
o=
4 T
¥ 20 ¢
-E 15
210
£ s
=
0 + + 4 +
0 50 100 150 200 250
Time [S]
Thermocouple no. 9
30
~~
SE
= 20
£15
E 10
£ s
i-‘ O T T T T
0 50 100 150 200 250
Time [S]
Thermaocouple no. 10
.~ 35
£ 30
o 25
Z 20 4
;__ 15
£ 10
S5
1] i t t t 1
0 50 100 150 200 250
Time [S]

ISSN 1582-3024 Article No.9, Intersections/Intersectii, Vol.4, 2007, No.3, “Structural Mechanics” 9 6




AlONS

IN

INTERSEC

ISSN 1582-3024

ERSECTI|

http://www.intersections.ro

Temperature [C] Temperature [C] Temperature [C] Temperature [C]

Temperature [C]

Article No.9, Intersection

The modeling, simulation and numerical analysis of a fire in a construction with light structure

c¢) TI11+TI15 Thermocouples walls:
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d) T16+ T20 Thermocouples door:

Thermocouple no. 16
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, Figure 3. a)-d) The variation of temperature in the 20 considered points
A1
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It is observed that for all the thermocouples the value of the temperatures at that
location was calculated, in the interval 0...250 [s] and the graphics of temperature
variations were created. The obtained values indicate a very high level of the
temperature on in inside ceiling and that it drops in order: wall, door, and ceiling.

The thermal flux by conduction, convection and radiation, respective the total
thermal flux is given in figure 4 a)-d):
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Figura 4. a)-d) The thermal flux (conduction, convection, radiation, total)
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The rate of burning is shown in figure 5.
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Figure 5. The burning rate

In figure 6 some instantaneous numerical visualizations of the evolution of the fire
in the light structure are shown:
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Figure 6. a)-d) The numerical visualization of the fire at diverse moments in time
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3. CONCLUSIONS

In this paper the modeling, simulation and the numerical analysis of the fire
behavior of the small scale model of a construction with a light structure. The
values of the temperatures obtained, the thermal flux, the burning rate and the
numerical visualization of the fire were later compared with the experimental ones,
obtaining very good accordance.

The modeling, simulation and the numerical analysis of fires can be utilized with
success in the following sub- domains of fire security engineering:

- Regenerates of some fires based on the fire’s print, the cause of the fire and
other data (the characteristics of the materials, the way the firefighters
approached the localization and extinguishing of the fire);

- The electronic resolve of the tactical situations;

- The building of fire security scenarios for buildings;

- Providing the necessary parameters for the fire intervention through numerical
modeling.

References

1. Anghel L, Darie E. si Flucus L - ,,Evaluarea securitatii la incendiu a utilizatorilor unei cladiri
rezidentiale — partea a Il-a ” Revista Electricianul nr. 5/2006, Bucuresti, pag. 42-47, ISSN 1223-
7426, Revista Instalatorul nr. 7-8/2006, Bucuresti, pag. 10-15, ISSN 1223-7418. (in Romanian)

2. Anghel 1, Darie E. - ,,Modelarea transferului termic in conditii de incendiu intr-o incapere
inchisa” a X-a sesiune de comunicari stiintifice cu participare internationald ,Leadership si
management la orizonturile secolului al XXI-lea” a Academiei Fortelor Terestre ,,Nicolae
Bélcescu”, Sibiu 24-26 noiembrie 2005, ISBN 973-7809-29-7. (in Romanian)

3. Darie E., Anghel L si Popescu G. - ,, Evaluarea fenomenelor cuplate de transfer de caldura = A
IX-a Sesiune de Comunicdri Stiintifice cu Participare Internationald a Academiei de Politie
“Alexandru loan Cuza” — Facultatea de Pompieri ,,SIGPROT 2006, Bucuresti, 26 Mai 2006, pag.
133-138, ISBN 973-718-513-7. (in Romanian)

4. McGrattan K. and Forney G. - "Fire Dynamics Simulator (Version 4) User's Guide", NIST
Special Publication 1019, Fire Research Division, Building and Fire Research Laboratory in
cooperation with VIT Building and Transport, Finland , NIST, 2006.

5. McGrattan K. B. - "Fire Dynamics Simulator (Version 4) Technical ReferenceGuide", NIST
Special Publication 1018, Fire Research Division, Building and Fire Research Laboratory in
cooperation with VIT Building and Transport, Finland , NIST, 2006.

6. Forney G. P. and McGrattan K. B., -"User's Guide for Smokeview Version 4 — A Tool for
Visualizing Fire Dynamics Simulation Data", NIST Special Pub. 1017, NIST, 2004.

7. Contract AMTRANS Nr. 7B07/2004, ,,Sisteme eficiente de realizare a unor structuri usoare
rezistente la foc pentru constructii civile”. (in Romanian)

Article No.9, Intersections/Intersectii, Vol.4, 2007, No.3, “Structural Mechanics” 1 O 1



