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A MATHEMATICAL MODEL OF THE SPREAD OF FIRE GASES
ON ESCAPE ROUTES

Statement of the problem.The existing methods used for the calculationhef ¢concentration of
fire gases on escape routes in the event of afireot allow one to account for the effect of anti-
smoke ventilation with a great degree of precisiddathematical modelling allows one to count

with a sufficient degree of precision the concertrafields of smoke gases on escape routes.

Results and conclusionskor the description of aerodynamic and heat massfer processes the
equations of continuity, momentum, heat and substaransfer were used. The mathematical
model of the propagation of smoke gases in evamuatutes developed using MatLab system
was implemented which allow one to account foraffect of anti-smoke ventilation with a great

degree of precision.
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Introduction

One of the major problems that arises in casefwéas safe evacuation of people. The
existing methods do not allow a highly accuratewalion of fire gas concentrations on es-

cape routes.

The way fire gases spread on escape routes affbgtedti-smoke ventilation has not
been adequately studied up to this day. This papesents a mathematical model of the

spread of fire gases on escape routes.
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1. Mathematical model

The mathematical model of the temperature fieldfaedsmoke concentrations uses the
equations based on the physical laws of the coaervof mass, momentum and energy av-
eraged according to Reynolis—4, 6, 7, 9].

Let us examine the equations of the mathematicaleinof the temperature fields and

fire gas concentrations. A continuity equation barwritten as

ap, 9(pu)
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wheret is the time, seq is the density of fire gases, kg#nx is thei-th spatial coordinate,
m; u; is a flow rate component. In order to isolate $istem, the ratios linking the strain ten-
sors with the rates of fire gases are used. Newttaw that links the strain tensor and the

deformation rate tensor of a viscous gas can bigenras
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wherei, j, k=1, 2, 3;p is the pressure,aPp is the coefficient of dynamic viscosity of fire
gases, kg/msec; 9 is Kronecker functiond; = 1ifi = j andd; = 0 if i #j); p is dynamic vis-

cosity of fire gases, kg/(i®e).

Incorporating the equations (2) and (3), we havemstationary equation of momen-

tum transfer:
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wherek is a kinetic energy of turbulence?ise? g is acceleration of gravity, mise p is a
turbulent dynamic viscosity, kgiSe.In order to isolate the system of equations, non-

stationary equations of thkes-turbulence model were used:
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wheree is a dissipation rate of turbulence kinetic energyse:>.
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A turbulent dynamic viscosity is given by the ratio

k2
M, =pC, Mot (10)

For constants of the turbulence model the followiatyies are accepted:

C.=142,C,=138C,= 18;
C, =0,090, =100, = 11.

A non-stationary heat equation is

o(ph) , o(uph) _ o (7\ ahJ 0 11)
ot 0x ox | ¢, ox

whereh is a specific enthalpy of fire gases, J/ggs a specific heat of ignition, Watt’m

A specific enthalpy of fire gases is given by thga

h=>h(T)c, (12)

wherec; is a mass relative concentration of tiih component of fire gases.

The coefficient of effective thermal conductivity fire gases is determined by the
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ratio

Cp ut

A=A+
ct

whereo; is a constant of the turbulence model.

The coefficient of thermal coefficient of fire gass given by the ratio

where); (T) is the coefficient of heat conductivity of théh component of fire gases,

Watt/(miK).

A specific isobaric heat capacity of fire gasegiien by

A dynamic viscosity of fire gases is given by

N
UZZ“iQ ,

i=1

wherey; is a dynamic viscosity of theth component of fire gases, kg/gac).

The equation of state of fire gases is
PRT = pM ,
whereR is the universal gas constarifioleK) ™.
The molar mass of fire gases is given by the ratio

1
M =5

= M,

whereM; is a molar mass of theh component of fire gases, kg/mole.
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A non-stationary equation of fire gas transfer is

d(pc) , d(upc) _ 9 . %% g | (19)
ot X ox | ox ’

wherec; is the concentration of fire gasag;is a specific fire gas emission of the ignition,

kg/(m’Se); D, is an effective coefficient of fire gas diffusian?/se:

D, =D+, (20)
PO,

whereD is a coefficient of fire gas diffusion,¥se:; o, is a constant of the turbulence model.

The initial conditions determine the distributiohtbe rates, pressure, air temperatures
and concentration of fire gases at the initial moired time and depend on the problem at
hand. The air on escape routes either stays ihéneanitial moment of time or is in motion

affected by a ventilation system.

Solid boundary conditions. Enveloping structures comply with the conditiontigit-
ness (a zero normal speed component) and adhesom §peed components), the tempera-

ture or heat flows are specified and fire gasegasetight as required [1, 5, 8, 14, 16, 18].

Free boundary conditions. In open apertures and input-output openings ofilation
systems the boundary conditions are determinedhéyptessure or air speed, input air tem-
perature and fire gas concentration in the inpul®—13, 15, 17].

2. Implementation of the mathematical model

The equations of the developed mathematical modieotemperature fields and con-
centration of fire gases were solved using the serplicit method for the equations linking
the pressureSIMPLER that provide better stability and compliance & tterative equations

compared to the other methods.

For discretization of differential equations thedabof the control volume was used. A
discrete equation of the model is an algebraic #gu#hat links the dependent variable in the
group of the connected nods and formulates the gdwsical dependencies that the initial
differential equation does. The dependent variddnigely influences only the adjacent re-

gion. As there are more nods, the solution of tiserdte presentation of the equations of the
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model strives for the accurate solution of theeatdhtial equation of the model. Before the
discretization, the region was split by the chesd. gDiscrete analogues of differential equa-
tions of the model express law of the conservatibmass, momentum and energy for each

control volume.

MatLab package was chosen as the development envirorohéme programs that im-
plement the mathematical model in conjunction whiga programming languagét+.

While programming in thélatLab environment an interpreted language is used which
means that each command is translated into theinetdnguage commands as the program
is running. On one hand, this enables to run tlegnam both in the test and continuous run
mode, but the time of the transformation of the o@nds makes the data processing a lot
slower. In order to solve this problem, tdatLab environment offersncc utility to transform
m-files into C or C++. This enables the connection with the liesaof mathematical func-
tions as well functions used for graphics. Besiteking the execution faster, the userot
allows m-programs to be used on the systems whWatkab is not installed. Thencc utility
transforms the applications implementedMatLab into individual applications. Processing
takes less time since the execution codes do rext tee be rewritten from one language to

another.

The result of the use of this tool depending onsitings can be ready-to-use execution
files which are console applications as well agahC or C++ files which are the functionali-
ty interface implemented in m-code. As object meduhre being arranged, the applications
statistically connects with thatLab libraries such as the library of mathematical fiorns
and plotting. When the applications wittatLab initially not installed on them are installed, a
package oMatLab Run-Time Libraries need to be installed. All these libraries are phra

self-packaging archive filenglinstaller.exe.

Autonomous applications of eith€@C++ dynamic-link libraries are created using off-

site compilators such allicrosoft C Compiler as part oMicrosoft Visual C/C++.
Conclusions

1. The existing methods used to calculate fire ggagentrations on fire escape routes
does not allow for the effect of the anti-smoketitaion. The problem of creating a mathe-
matical model of the spread of fire gases on esoaytes, which enables an accurate calcula-
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tion of concentration fields of fire gases on egcaqutes. In order to describe aerodynam-
ic processes and thermal and mass exchange thei@gsi@af continuity, momentum

conservation, thermal and matter transfer were used

2. The developed mathematical model of the sprédileogases on escape routes was
implemented as ®latLab computer software. The program allows for a highdgurate cal-
culation of concentration fields of fire gases #mel effect of the anti-smoke ventilation.
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