
<.:ON<.:I.USIONS

An analytical model has been developed for the estimation of the critical conditions for
flashover during application of water-based fire suppression systems. Two limiting cases of
spray behavior (purely convective heat transfer and complete evaporation) have been
considered. It has been shown that the equations of droplet motion and heat transfer can be
solved analytically with sufficient accuracy in the case of convective heat loss and
predominance of tangential velocity.

The minimum water flow rate required to prevent flashover has been found as a function of
droplet size distribution in the spray and fire geometrical and physical parameters. Critical
water discharge rate in the case of water mist system is approximately 40 times less than that
for a conventional sprinkler. In both regimes the amount of water required to prevent
flashover is significantly less than delivered by commercial fire suppression systems under
regular operating conditions.

REFERENCES

I. Luo, M. and Beck, V., "A Study of Non-flashover and Flashover Fires in a Full-scale
Multi-Room Building", Fire Safety Journal, 26, 191-219, 1996.

2. Luo, M., He, Y. and Beck, V., "Application of Field Model and Two-Zone Model
Flashover Fires in a Full-scale Multi-Room Single Level Building", Fire Safety Journal,
29,1-25,1997.

3. Thomas, P.H., "Fires and Flashover in Rooms - A Simplified Theory", Fire Safety
Journal, 3, 67-76,1980/81.

4. Thomas, P.H., "The growth of fire - ignition till full involvement", in Combustion
Fundamentals of Fire, ed. G. Cox, pp. 273-328, Academic Press, London, 1995.

5. Bishop, SR, Holborn, P.G., Beard, A.N. and Drysdale, D.O. "Nonlinear Dynamics of
Flashover in Compartment Fires", Fire Safety Journal, 21,11-45, 1993.

6. Holborn, P.G., Bishop, S.R., Drysdale, D.O. and Beard, A.N., "Experimental and
Theoretical Models of Flashover", Fire Safety Journal, 21, 257-266, 1993.

7. Graham, T.L., Makhviladze, G.M. and Roberts, J.P., "On the Theory of Flashover
Development", Fire Safety Journal, 25, 229-259, 1995.

8. Graham, T.L., Makhviladze, G.M. and Roberts, J.P., "The Effects of the Thermal Inertia
of the Walls upon Flashover Development", Fire Safety Journal, 32, 35-60, 1999.

9. Novozhilov, V. and Kent, J.H., "Effect of Sprinkler Operation on Flashover Development
of Compartment Fires", 1999 Australian Symposium on Combustion and The Sixth
Australian Flame Days, The University of Newcastle, pp. 175-179, 1999.

10. Kung, H.C., "Cooling of Room Fires by Sprinkler Spray", ASME Transactions - Journal
of Heat Transfer, 99, 353,1977.

II. Faeth, G.M., "Evaporation and Combustion of Sprays", Progress in Energy and
Combustion Science, 9,1-76,1983.

12. Novozhilov, V., Moghtaderi, B., Fletcher, D.F. and Kent, J.H., "Numerical Simulation of
Enclosed Gas Fire Extinguishment by a Water Spray", Journal of Applied Fire Science,
5(2), 135-146, 1995-96.

350

The New Approach to Det.rmln.tlon
Fire-Extinguishing Concentr.tlon. of Gas
Compositions.

A.N. BARATOV. S.G. TSARICHENKO. A.F, ZHEVLAKOV, I.V TIMOFEEV .nd R,A, YAJLlYAN
All Russian Scientific Research Institute for Fire P,otectl()fl
143900. Balashiha-3. Moscow Region, RUSSI'

ABSTRACT

rhe article is discussing methods of extinguishing concentration (EC) determination of gas
compositions which intended for volumetric fire suppression, The article marked, that the "cup
burner" method appears to be insufficiently objective and universal. This fact indicates, Ihat in
case of using this method we always receive overstated EC value in comparison with real
conditions of fire suppression, The article offers a more objective way of EC determination
that is the "cylinder" method which is based on introduction of the cup with a fire hearth in
prepared environment. The EC value is determined as relation between extinction time and EC
value, We made analytical research of accumulation process of extinguishing substance in
reaction zone of diffusion flame, The accumulation is made by its diffusion transfer from
environment. From the results of our research we determined an extinction time equalled 10
seconds, The EC value determines from the diagram "extinction time - EC" After processing
of the results we have the following EC for 23 halon is 8,5 % vol and for halon 125 - 7.3
°/ovo1.

KEYWORDS: extinguishing concentration, "cup burner" method, "cylinder" method,
extinction time,

INTRODUCTION

Today many countries conduct studies in order to find new "clean" agents of fire
extinguishing systems, which can be alternative to brom-containing halons Moreover it is very
important to get adequate values of fire-extinguishing concentrations of these agents, which
will be in conformity with the real conditions of volumetric fire extinguishing There are two
methods of determination of fire-extinguishing concentrations (Ee) I) "cup burner" method
(in many countries it was adopted as standard [I]); 2) "cylinder" method, "Cup burner" method
is in influence of air flow, with additions of fire-extinguishing substances. on flame of burner
with heptane, "Cylinder" method [2] is in creation certain fire-extinguishing environment in
hermetic cylindrical vessel of 50 I volume and bringing source of fire (small crucible with
burning heptane) in this environment. To our opinion, "cup burner" method is not enough
adequate for real conditions of fire extinguishing, Typical dependence of fire-extinguishing
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Fig. 2 The scheme ofthe set-up "cylinder":
1 - vessel V =50 I.; 2 - hatch for feed of tire hearth; 3 -looking window;

4 - cup with burning n-heptan; 5 - vacuum-gauge,
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EXPERIMENTAL

Vacuum-pump
1

1

,oll\,'nllillion <III 11m.. IlltCIISlty IS showlI on till I It "... Iv c<luld Ill' SCCII thai ITs n~c with
"Kll'asc of IlItCllslty of I(nccd convect 1011 The IhlllC'ndC'lIu' /u" comphcatcd character and ClllI
I", dlvldcd Illto three zones III thc first I.one 1'.(' lI.e. cOlltlllllOllsly with somc slowing to lhe
'''Ill' end Rlsc in IT links with volume mereue ol'l'lIclion wnc in difl'usion flame of firc
"Hlrce under increase of oxidant intensity now lhl' Illtcnsltv ofiur 1I0w at this moment is less
Ihan intensity of natural convection in name 'I'll the IIII1C ('lid spread of flame is slowing down
"ecause of increase of inhibitor' s supply In the .econd wne flow rates of air and flame are
e'lllal and they create favourable conditions for supply Ill' cxtinguishing mean to the zone of
l1ame That is why EC is increasing Obviously, the second zone of "cup burner" method
,,,rresponds to optimum conditions of lire extlngUlshlllg flow rate of 0,06 - 0,07 m/s
'''Iresponds to this zone. In the third zone the nllw rate of oxidant exceeds the flow rate of
convection motion in flame and supply of fire-exllllgUlshmg composition in flame becomes
\mrse. Thus EC values increase again in the third zone In thiS case we tilee the problem what
should be the value of flow intensity in order to define EC. It is necessary to underline, that, as
vou can see from fig I, extinguishing of diffusion flame with help of accompanying air flow
with additions of fire-extinguishing substance takes place with bigger flow rate, than in
IInmovable environment. In such situation we have rise in flow rate of fire-extinguishing
substances and rise in price of fire-extinguishing system. When we use "cylinder" method these
dltliculties are eliminated and what is very important the principle of relation between fire
source and fire-extinguishing environment is adequate for real conditions of volumetric fire
extinguishing

Scheme of "cylinder" set-up is presented on fig,2
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RESULTS AND DISCUSSION
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Fig. 3 The dependence of extinction time (t, s)
on concentration (C, % vol.) of CF3H
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C(x,O) = Cw

where 0 -- diffusion coefficient.
Assume that a beginning condition:

where:
K- - effective process rate;
K - kinetic characteristic of process;
~ - mass exchange coefficient.
Below you will see an attempt of analytic solution of the problem, which is based on the
following assumption. Supply of inhibitor in flame is made by diffusion transfer in direction of
normal to the flame surface. Fire extinguishing realises through decrease of active center's
concentration, which is equal Cll in case of absence of inhibitors. Concentration of inhibitor in
the air is assumed equal C(x,t), where x- coordinate, t - time. Then alternation of inhibitor's
concentration in the result of diffusion will be:

ac a'c
-=0-
at at'

Research results of fire-extinguishing ability 23 (CF3H), 125 (C2FsH) halons are illustrated on
fig. 3, 4. In order to define FC it is necessary to choose an extinction time. Theoretically we
can consider on tangency point in dependence "extinction time - fire-extinguishing
concentration". For more detailed analysis it is necessary to consider conditions of supply and
presence of fire-extinguishing substances diffusion flame zone in case of constantly changing
correlation of kinetic and mass exchange process in flame which characterising the famous
expression [3]:

(he given environment IS plepal ed by pamal pressure of componenu of 1111 compOSItion with
tirc-extlllgulshlllg addlllulls or by means of supply of estimated values of substances, which
have relatively high temperature of boiling. This environment should be prepared in an
evacuated vessel. It is important that steam concentration in the vessel must not exceed the
dew point. After supply of fire-extinguishing component in the vessel the pressure with help of
air should be lead to atmospheric. "Cylinder" method has one more advantage that is possibility
to use relatively high-boiled substances. During experiment it is necessary to fix an extinction
time. According to experimental results diagrams in coordinates "extinction time - fire­
extinguishing concentration" should be built.
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~ = X / I, r = t / to

where a - proportioned coefficient.
\ssume the following extinguishing condition:

where f --- extinction time
In order to solve (1), (2) and (5) we introduce dimensionless variables

rqo,r) = al (C KC(O 1:»
u~ DO'

1IIIIIbll'''11 "I' l1alll~ IS d~I~1 1111l1l·d by

\\ here K- conslant of reaction rate.
I)Itlusion flow of inhibitor to flame surface is proportioned to C,
Ihen boundary condition will be:

C" KC(O,I)

DUC(O,t') =0
(Jx

where
I --- flame thickness,
tl] --- time scale.
Transform (2) and (5) to the following

D iJC~O, t) = a(CI] --- KC(O, t»
ox

(1U(~,r) = U2U(~,r)

Dr (x, 2

Dt I'
Assume _0 = 1 that is to = ----

I' D

Introduce dimensionless concentration:

Then (7) will be

20
C, % vol.

I I
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Fig.4 The dependence of extinction time (t, s)
on concentration (C, % vol.) of C2FsH
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(25)

(24)

(23)

(22)

I 11,/1 ,

J
":= f. e " dv
7t ,

Equation (24) is a condition foe determination of extinction time tX

Mark 13~ through "An and 13, je~"( I + erfl3~)dv through "F", we have
2v 7t 2v 7t II

\\ h~r~ erfr.lJ~

11(111) 1 ilk,"'liltl(1il'lt]\Jr)

Then
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Diffusion coefficient value of compositions of tluorine- iod-containing substances estimated
with help of[4] is D = 0,07 sm2/s In order to estimate the value of I in the expression (8) we
assume that I equals the thickness of light zone of diffusion tlame and according to [5] equals
approximately 10 mm. Analysis of expressions (24), (25) shows that value of the first factor in
(25) is closed to 1 With regard to these assumptions we have from (25) extinction time
t' ' 15 s. Assume this with some safety margin t' = lOs. This value is very closed to the
tangency point of the dependence "extinction time - fire-extinguishing concentration" With
regard to this condition according to dates on tig. 3, 4 we will have the following values of EC
for 23 and 125 halons
23 halon - 8.5% vol.
125 halon - 73% vol
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where 13 and ~J - dimensionless complexes.
Extinguishing condition will be:

where r' = t'/t o

and the following solution will be

13\11 f' dvU(~,r)= , H(~,v) ,
v7t 0 vV

You can see from (19) that expressions in (20) are interchangeable.
Solution of the sum (17)-( 19) will be

It is easy to show that




