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ABSTRACT: In modern buildings more diverse and new polymeric combustible materials widely
used as coverings, beddings, thermal and acoustic insulation, equipment and furniture are applied.
Some of these elements are able to release large amounts of smoke and heat in a very short period of
time. The building can get extremely dangerous situations in presence of fire. Since the major task of
fire protection technique is protecting people from injury, some answers to the following questions are
seeks: how smoke will be spread into the room, is there a chance to be taken away without burning
spread, which are the general parameters defining distribution of smoke and hazards in the premises
and etc.

The solution of the problems raised above resorting to mathematical modeling of fires. For this
purpose a numerical simulation of such processes are accomplished. Here are presented the results of
spreading of smoke and hazards in a room occupied by people as particular attention is paid to a
velocity and temperature field distribution. Based on the results of the numerical simulation, a
scientific-based prognosis of the hazardous factors was made in order to optimize the work of the fire
protection systems (smoke extraction systems, mechanical ventilation) by considering the physical
characteristics of the room.
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1. INTRODUCTION permissible values for a room according the

standards as they create a real danger for

When burning a number of materials .
residents.
significant parts of the composition of ) ) ) )
The main task of fire protection technique

contemporary works, such as polymeric ) ) )

is to protect people from the fire. In this regard,
materials, covering elements, heat and sound ) ) )

addressing the following key questions: How
insulation, equipment and furniture, are ) ) )

will spread smoke in a room, is there a
released in a short time large quantity of smoke o

possibility limiting the spread of flame, how to
and heat. In the most of the cases the values of )

protect emergency escape routes and which
the last two parameters are quite above the o )

solution is more reliable, etc.
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In modern science to achieve flexible,
objective-oriented of fire protection
normalization can be achieved by so-called
mathematical modeling of fires, which is a
decisive point in solving various problems of

fire safety.

Complexity of the developing such a
model, respectively mathematical method for
the solution is based on many factors and
nonlinear solutions of the tasks. The actual
modeling of the combustion process is an
extremely complex task, involving not only
physical but also chemical kinetics. The
burning itself as an uncontrollable, complex,
portable, three-dimensional and thermo-
physical process accompanied by modification
of chemical composition and parameters of the
ambient gas in the room, which at present is
not fully studied. In addition the mathematical
model of the task is "aggravated" by the
presence of turbulent convection and heat
radiation, arising from the heat exchange
between the gases and surrounding structures

of the room.

The main purpose of this work is to
implement numerical modeling and simulation
of the spread of smoke and hazards in the
specific living areas in compliance with the
above stated conditions. The distribution of
some important parameters (velocity and
temperature) is accomplished. Scientifically
substantiated forecast of the dynamics of the
fire danger factors to optimize the activities of
fire protecting and mechanical ventilation

systems is done.

2. MATHEMATICAL
NUMERICAL SIMULATION

MODELING.

2.1. Mathematical modeling

Fire occurs in areas under complex thermo-
and gas dynamic conditions with simultaneous
impact of several factors: non-thermal
conditions, pressure gradients, purification,
radiation, chemical interactions two-phase
effects, turbulence, etc. The direct effect of the
above factors leads to significant differences in
the modeling of heat and mass exchange. The
model describing these two simultaneously
occurring process includes law conservation of

mass, momentum and energy [3].

Below are presented in a general form of
the above mentioned equations used in the

numerical solution of the problem.

Mass conservation can be expressed with

the following equation:

p d P) P)
9w, 2 2 =0, (1
E +ax(pu)+ay(pv)+az(pw) (M

where: p - density, kg / m3;

u, v ,w - velocity components, m/s;
X, ¥, Z - Cartesian coordinates, m ;

t -time, s .

Energy conservation equation is presented

as below:
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where: T - temperature, K ,

q,- intensity of internal heat sources,

W/im.

The  general coefficient of  heat

conductivity can be expressed  with:
r=A+A4+4,,
where: A - heat conductivity coefficient,

W /mK ;

A, - turbulent heat conductivity

coefficient, W / mK ;

A. - radioactive heat conductivity
coefficient, W / mK .

Turbulence model is based on the well
known k — & model [1]. In this model it is
assumed that the coefficient of turbulent
viscosity depends on the turbulent kinetic
energy, dissipation rate and according to

Kolmogorov’s equation [2] has the expression:

2
k
v =Cy—
€ (3)
where: (24 - kinematic  turbulent

coefficient, m2 /s;
=2 =2 —2
k=1/2(u +v +w j - turbulent

kinetic energy, m? /5% ;

uvowo- velocity fluctuations, m/s;

C,=0.09 - empirical constant.

Dissipation rate term is presented below:

(a_u'ji & Z[a_w'f
ox dy 0z |

In differential form the turbulent kinetic

energy and dissipation rate are as follow:
dk O 4 0k O g 0k Oy ok
— = L= | = || = |+
P dt 3x[0'k ox ) dyloy dy) dz\ oy oz
vy Q4[240 |, 8 19T (5)
ox; (ox; x| Py T oz

de_ 3 (moe), o (mae), o fmoe),
dt ox\og0x) dylogdy) dz\ o, Oz

(9w 2
+Clgvf|: u][aul +ujj+glaT:|_C2i{ (6)

k aT, g ox; | Pr, T oz

1

Where: Pr, — Turbulent coefficient of
Prandtl; C,, C,, oy, 0, oy the empirical
constants in modeling equation has the values
[1]: ¢ =144; c,=192: 0, =1.0; 0, =13;

o, = 0.09.

2.2. Numerical simulation

The numerical simulation is realized using
a commercial CFD product [4]. The first step in
the solution of the problem is geometric
interpretation (geometric model) of the room.
Here is presented a typical and a simple
geometry of space, consisting of four walls,
ceiling, floor, doors, windows and the source of

heat, respectively hazards.
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The main purpose of simulation is to show
the organization of the room air changes after
fires, indicating areas with critical parameters
of the emission of smoke and fire. This of
course is possible only when a distribution of
velocity and temperature field in the room is

known.

The presented room is 12 x 12 x 3.5
meters. The building is a public service in
education and has a class of functional fire
hazard "F4" and the room is kind of classroom.

Envelope of the room is as follows:

- West oriented wall - two of the iron
window frames with dimensions 5.30 x 2.50 m,
separated by a concrete column with
dimensions 0.7 x 0.7 x 3.5 meters. Wall was
erected on one meter of elevation zero and

consists of a brick wall with the plaster;

- South oriented wall - three windows of
the same type with dimensions 3.30 x 2.50

meters, separated by concrete columns;

- East oriented wall - a brick wall with the

plaster;

- North oriented wall - internal brick wall
with lime mortar. In the middle of the wall is a
door with an iron frame and windows with

dimensions 2.70 x 2.35 meters.

The main smoke and hazard source is
teacher department made by wood. The
products of burning of teacher desk (smoke and
hazards) with high temperature are subject to
current numerical analysis. As a major factor
seems to be smoke and it contains toxic

substances.

In Fig. 1 shows the geometrical model of
the hall, which will be carried out numerical
simulations. The figure clearly shows the
location of windows, doors, columns and

generator of smoke and hazards — teacher desk.

The next step in the realization of the task
is so cross-linking of the geometric model. The
presence of the grid cell in the geometric
volume is a prerequisite for carrying out the

computational procedure.

The site is the cause of the fire department
teacher of wood. Combustion smoke and high
temperature hazards are subject to numerical
analysis. As a major factor seems to be smoke

and it contains toxic substances.

In Fig. 1 shows the geometrical model of
the hall, which will be carried out numerical
simulations. The figure clearly shows the
location of windows, doors, columns and
generator smoke and harmful - Department of

teaching.

The next step in solving the problem is
meshing the geometric model. The presence of
the grid cell in the geometric volume is a
prerequisite for carrying out the correct and

complete computational procedure.

A large number of computational cells
provide more detailed information about the
distribution of the parameters. On the other
hand, a large number of cells significantly
increased computational time. It is important to
find an optimal ratio between the number of

cells and the desired accuracy.
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In this case, for meshing of the windows is

selected step 0.2cm, while the rest of the room

elements - 0.15 meters. For meshing is chosen

the triangular cell. (Fig. 2a and b).

e

Figure 1. Geometric model of the investigated room

(@)

Figure 2. Meshing procedure of the geometric model

According to meshing criteria, the number
of cells filling the geometric volume is about
700,000. In setting the boundary conditions is
assumed that the only source of smoke and
hazards is the burning teaching desk.

According to reference data for the smoke, the

temperature is T;=50K " The convective

velocity of the smoke is calculated

automatically according to the preset room
temperature. Smoke leaves the premise through

the joints of windows and doors.

3. RESULT FROM
SOLUTION

NUMERICAL

During numerical solution is accepted the

k—¢e model of turbulence. Heat transfer
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problem is solved with the introduction of the
energy equation. After approximately 360
iterations according to preset criteria solution

has been reached.

On the figures below are presented some
significant ~ parameter  distribution  from

numerical simulation.
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On Fig. 3 a - d is presented the velocity

field distribution (m/ Sy of smoke for different
periods of time. From the figures, it is apparent
that at the initial moment of time the smoke
rises up perpendicular (Fig. 3a), then close to
the ceiling reaches the opposite end of the

room (Fig. 3b and c), then start to occupy the

entire volume to the door.
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Figure 3. Velocity field distribution at different time

Temperature distribution through a vector
image for different sections of the room is
shown in Fig. 4a and b. It is obvious that the

areas with the highest temperatures are near the

burning site. The coldest part of the room is
near the north wall of the room - opposite side

of the burning object.
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Figure 4. Temperature distribution for representative section of the room

The temperature distribution is due to the
fact that smoke enters this section of the room
after having "traveled" throughout the volume.
Higher temperature is observed in the flow
passing through the joints of windows and
doors due to additional friction of the smoke

through a thin slit.

In Fig. 5 shows the distribution of
temperature field in the room with a fully
developed fire (overall distribution of smoke in
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the room). The areas with higher temperatures
can be seen clearly, which should be
considered during the evacuation of people
from the room. Distribution of smoke in the
room is approximately 40 min after starting the

fire.

1.12e+02
1.07e+02
1.01e+02
l
9.00e+01
8.44e+01
7.88e+01
7.32e+01
677401
621e+01
5.65¢+01
5.10e+01
4548401
3.98e+01
3420401
287401
231401
1.75e+01
1.20e+01
6.38¢+00
812601

Velocity Vectors Colored By Turbulent Intensity (%) Apr 08, 2011
FLUENT 6.3 (3d, pbns, ske)

Figure 5. Complete temperature distribution in whole room  Figure 6. Distribution of turbulent intensity in the premise

The distribution of turbulent intensity is
shown in Fig. 6, that near the burning source
(generator and smoke and hazards) the velocity

and turbulent intensity are highest. Moreover, a

similar phenomenon is observed in the joints of
windows and doors. Overall, with the distance
from the source turbulent intensity decreases as

the outermost edge can be considered
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approximately equal to zero. The intensity is
also an indicator of the degree of transport of
amount of substance (mass), respectively
energy. It is an obvious indicator for the

direction of the processes.

All numerical results give general idea for
distribution of the main parameters of the
smoke (speed, temperature, pressure and
turbulent intensity), which must be taken into
account when designing fire protection and

mechanical ventilation systems.

4. CONCLUSION

The work is an attempt to implement a

numerical solution of the spread of smoke and

hazards in the premise generated by the
burning source. For this purpose was built
geometric model, defined initial and boundary
conditions of the problem. The mathematical
model is based on fundamental transport
equations - mass conservation (continuity),
momentum and energy equations. The

mathematical model is completed with the
turbulence K =€ model.

The simulation is realized with commercial
CFD product. The results of numerical solution
give velocity and temperature distribution of
smoke in the premises. Critical areas are
analyzed in the room, as well as parameter

values in these areas.

NGHIEN CUU ANH HUONG CUA CAC THONG SO CO BAN LEN SU PHAN BO
KHOI POC HAI TRONG TOA NHA BANG CFD
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TOM TAT: Trong cdc toa nha hién dai, cdc tam vdt ligu polymer mdi, dé chdy thuong dwoc sic

dung dé dan twong, lot san, cdch dm, cdch nhiét, cdc thiét bi va phu kién trang tri ngi that c¢é thé tao ra

mét ligng khéi va nhiét I6n trong thoi gian ngdn khi bi chdy. Theo dd, toa nha cé thé gdy nguy hiém

dén tinh mang con nguoi néu xday ra chdy. Voi nhiém vu bdo vé con nguoi khoi cdc nguy hiém, ta can

tim cdu trd 16i cho cdc cdu héi: khéi sé lan téa thé nao trong cdc phong, gidi phdp nao dé ddp tat ngon

lira lan t6a, nhitng thong sé co ban nao biéu dién sw phdn bé khéi déc hai trong toa nha...

Trong khoa hoc hién dai, cdc mo hinh todn cua ngon lira duwoc sir dung dé giai cdc bai todn lién

quan téi qud trinh chdy trong k¥ thudt chéng chdy. Véi muc dich dé, 1oi gigi sé dwoc trién khai dé moé

phéng qud trinh chdy. Trong bai bdo nay, cdc tdc gida trinh bay két qua mod phong sé qud trinh lan téa

cua khoi doc hai trong phong, cu thé véi truong van téc va nhiét @6. Dya trén két qud loi gidi 6, cdc
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nhan 16 nguy hai dwoc xdc dinh givip t6i wu héa hé thong chong chdy (hé thong hiit khéi, thong gié...) ¢é

xét dén anh hwong ciia cdc théng sé vdt Iy trong phong .
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