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A fire has been characterized chemically as
‘an exothermic process of oxidation and combus-
tion and physically as a rise in temperature of the
ambient atmosphere and its pollution with fire
gases’. As the definition of fire indicates, it is an
exothermic process of oxication and combustion,
implying that when it occurs (either intentionally
for some useful purpose or by any accident) it re-
leases large amount of heat energy coupled with
increase in volume of combustion products. This
heat energy from the flames through radiation is
responsible for heating and vaporization of fuel. In
case of liquid fuels, the rate of vaporization at the
liquid surface is determined by the nature of the
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flames and, in turn, by the nature of the liquid fuel
and the size of the pool. While in the case of wood
piles, during the period of primary burning, vola-
tiles are released at the upper level of the solid
combustible material.

Thus fire, if starts, can be extinguished only by
removing combustible material from the site or
stopping air (oxygen} supply to fire (for materials
not having inherent oxygen producing agents) or
cooling the fuel or flame so that vaporization of
fuel can be reduced and ultimately brought down
below the maximum level at which fire does not

occur.  For cellulosic substances burning with ex-
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‘i ress of air it is sufficient to reduce the temperature
| of solid to 250°C to extinguish the fire, while in
| rase of volatile flammable liquid, jt is necessary
| or liquid to be cooled below fire point.  Without
Joing into dctai[& of physical and chemical me-
;bhanisms, it is worthwhile to mention that whijle
ibe different extinguishing effects can be separated
 principle, the action of a given extinguishing
Agent does not have to fall exclusively in the realm

|1 #
| of one or another of the mechanism.

. Extinguishing system whieh are in practical
use, include :
— Water
— Carbon dioxide or inert gases
[l — Dry powder
[ — Volatile organjc halides, and
rl — Foams
I
.‘ Water
|‘ Water is the primary extinguishing agent used
by fire services. The fact that it s economically
cheap liquid having a very high heat capacity which
cnables its cooling action to play a predominant
(part in the extinguishment of fires and is readily
‘l‘avnilablc in large quantitjes. makes it an almost
|| lideal extinguishing agent. Water used for fire-
i!-"ﬁghting operation must be applied in a manner so
| that maximum quantity of water takes away heut
[|from burning rraterial and forms steam. Thus,
the maximum rate of heat absorption, which may
[[take place will depend on the exposed surface of
(water. It is a well known fact that fire-fighting
'ficfﬁciency of water can be improved by increasing
I‘thc speed of water vaporization which can be obtaj-
I"ncd if water is used in atomised form or of very
fine drop size. I Practice it is required that
|water be discharged at a djstance from and be
i‘|brnught 1o the surface of the burning object in
‘l‘sufﬁcicnt quantities per unit time. However, very
-”ﬁnc droplets cannot be casily focussed at an object
[|from a distance 10 give proper coverage and they
do not have sufﬁ{:icnt ¢nergy to resist the upthrust
of the combustion gases when entering the com-
| bustion zone. Radusch! found that 0.35 mm,
drop size gives the maximum heat transfer, which
is comparable with the optimum values of 0.4 (o
0.6 mm. obtained in England during tests on the

|
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extinguishment of liquid fires. The author also
concluded that for a water flow of 100 liters/min,
and with an initjal drops velocity of 30 mm/sec.,
the absolute velocity of the drops at a distance of
8 mm. would be 4.2 mm/sec. which is presumed
to be sufficiently high to allow the drops to reach
the focal points of the fire against the upthrust of
the combustion gases, The time of flight would
be 0.45 sec. However gravity would make drops
having 0.35 mm. dia, to fall a distance of 0.68 m.
Rasbash and Stark? however found that exting-
uishment with water sprays should not be attemp-
ted where the fire diameters exceeds 10 ft, (3.04 m)
and fire point exceeds 100°F (37.7°C) or.when the
fire point is less than 100°F (37.7°C) and the fire
dia. exceeds 5 fi. (1.52m). Thijs emphasises the
importance to develop atomizing nozzles which
produce water drops of uniform size regardless of
Pipe pressure. Nash?  showed that  there is a
critical rate of water application necessary to
achieve extinction which can be given by

Re -= Constant Dt :

ATr
Where Rc = Critical rate of
(litres:min.)
D = mass median droplet size (mm.)
AT = difference between water temperature
and liquid fire point (°’C)
X y are indices which are approximately equal
to I.

Water application

Nash also showed that if water application rate
exceeds critical application rate,
time of fire can be given by

t=52x105x D035 R2a (AT)S 3
where t -= tiine of extinction in Sec,

D = mass median drop size in mm,

R = Rate of application I, m? Sec,

AT = difference between
and fire points in °C,

then extinction

[

Wwater temperature

Fig. 1 and Fig. 2 show the effect of mass
median drop size on critical rate of application
and time of extinction respectively,

However an undesirable characteristic of water
is its high surface tension, which wil) not allow
Waer o spread uniformly over 3 surface and
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affects its wetting and panetratiOn’ power. Much
work has been done in the last twenty years to
improve the effectiveness of plain water by addi-
tion of small amount of organic chemicals, known
as surface active agents or/ wetting agents. by signi-
ficantly reducing surfacg tension of plain water,
Table 1| shows the effect of agents on surface

tension, |

Table 1: Effect of Surface Active Agentson
Surface Tension of water

Agent Conc*in He 0 Surface tension
Dynes cm.

Water at 250°C 100 71.97
B 0.05 320

0.1 323

0.3 32.5.

C 0.1 314

0.3 28.7

1.0° 28.4

E 0.05 34.9

0.1 324

F 0.05 27.8

0.1 21.8

Some laboratory tests were conducted by Los
Angeles Fire Servicest to compare surface penetra-
tion and internal wetting ability of various liquids

when applied to a standard mattress. In this test,
a fixed volume of solution is applied at a uniform
rate to a standard insulated mattress. The appli-
cation is repeated at intervals of 90 sec. for six
applications. The weight of the
(gross weight at any time minus gross weight at
starting) is measured prior to each application. The
absorption of solution is run-off weight for plain
water minus run-off weight for conc® of the
solution at the same time. Results of the experi-
ments are shown in Fig. 3.

Modern technology, is trying to help fire-

fighting personnel with some notable contributions,
Beside ‘wet water®, ‘slippery water® is one of these,
resulting from mixing the organic
such as polyethylene oxide with water thus
reducing the energy required  for pumping.

run-off water

chemicals

When water is pumped through a hose, the
pressure loss occurs. The small percentage
of this loss due to overcoming true friction, tte
attraction between the molecules of water and
between the water & walls surface of hose. The
remaining portion, which is major one is lost due
to turbulence of the water, flowing through the
hose line. The long polyethylene molecule, which
is made up of many thousands of small molecular
units strung together in an immensely long skele-
ton like chain, reduces the wildly random fluid
motion caused due to turbulence and thus reduces
the loss of energy in these unproductive motions.
Purington5 measured the friction loss studies using
0.0127 m fire hose. In his experiments, he injected
the polyethylene oxide into the water which was
fed into 0.0127 m dia. rubber booster hose of
30.48 m length. The pressure transducers, the
signals from which were fed to a strip recorder,
were connected to both ends of hose.  Thus the
friction loss in the test section was recorded by a
strip chart recorder. Purington found that injec-
tion of polyethylene oxide in the water stream re-
duced the fricton by an average of 44%,. Ths re-
sults are shown in Fig. 4.

Carbon dioxide or inert gases

There are two basic reasons for using built-in
fire extinguishing svstem—(i) the size of fire and
rate of development likely are such that staff on
the spot with portable extinguishers are inadequate
and the fire brigades attendance time is too long
for the pz'micular risk and (ii) the nature of the
risk is such that a specific, clearly defined method
of extinguishing is required rather than a general
fire extinguishing approach.

The most common built-in system is a sprink-
ler or water-deluge system but for three types of
risk it is preferable to use inert gas extinguishing
agent such as carbon dioxide, nitrogen etc.  These
are;

(a) where water could cause unacceptable
damage (clectronic or other delicate
equipment).

(b} where water would cause spreading of
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the fire (process tanks .of flammable
iquids etc.)
(c) ;where water is unable to penetrate to the
'seat of the fire (jute, high piled stock, ex-
panded plastics etc.). :

The cooling of the flame by inert system is
usually thought of a smothering process, since the
presence of inert extinguishing material results in
the reduction of the concentration of oxygen. How-
ever carbon dioxide or inerting system when used
as extinguishing medium not only have the smo-
thering effect but also have cooling phenomenon
which also plays very important role depending
upon the mode of application, application rate
and place of application. In the process of exting-
uishing a fire by cooling, there are at Jeast three
different heat and mass transfer processes that are
of some importance.

(1) Cooling of hot and burning solids by the
agent prior to vaporisation.

12 ; The Fire Engineer

(2) Complementary to (1) but not identical,
the production of vaporized agent at hot
surfaces, and

(3) The cooling of the hot surfaces by the
vaporized agents.

Thus in the cooling process, which is associa-
ted with the extinction of fires, liquid COz and N,
have a substantially lower capacity to remove
heat than water, However, these liquids are
vaporized more easily than water and a substantia]
part of the extinguishing capacity of all these
agents lies in the vapour form. Therefore jt may
be beneficial to use liquid Ng and COs for fires
where the use of water results in most of the water
running off unvaporised. These type of fire may
broadly be classified as those where burning sur-
faces cannot be directly reached by the jet.  Cool-
ing capacities of these for solids, liquids and for
flames are givea in the following table :

Table 2:; Thermodynamic Properties of liquid agents

Agents Pressure

Boiling Latent Heat content of vapour or
in or sub- heat of gas Cals/gm.
atm limation vapori- Boiling 0-100 0-250 o¢.
point zation or sub- .H, Hj; 1300
C Cal/gm limation : H,
' point °C
| Hi
Water 1 ©100 540 Tl W8 1135 6913
CO; Liquid 21 t —10 67 12.6 20.8 50.2 363.7
- COq Solid 1 —78 137 15-5 -do- -do- -do-
N, 1 —196 48 49 24.8 62.4 354
e ORI VTARE H (R
] i
Table 3: Cooling capacities of liquid agents '
Agent Conditions énpacity for Cap. for Capacity for
- cooling Cooling cooling flames
- (burning (Burn, lqd. Gas Gas/cond-
cellulosic fire point) alone ensed phase
solids
Water 15°C, 1 atm 694 None 847 1472
COy 0°C, 21 atm 136 80 376 443
Ng —196°C, 1 aim 156 97 403 451
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Thus Carbon dioxide and inert gas system
have following advantages :
(1). Cheapness  (2). Ease and speed of
refilling  (3)./ -Absence of contributory
_damage. (4). |Shur volumetric flow rate
* which is safeguard against difficult con-
ditions at time of ﬁm.!

Halogenated Hydrocarbons

Besides the liquid extinguishing agents, there
are other well established extinguishing agents,
which are formed by replacement of hydrogen
atom or atoms from hydrocarbon by halogen atom
or atoms. The halogen atom may be same as in
case of carbon tetra chloride (CCly), which has
become obsolete due to its high toxicity or of diff-
erent nature as bromochloro methane (halon 1011),
bromochloro diffuoro methane (B.C.F. halon 1211}
Bromo trifluro methane (CFs Br) etc.  These
agents extinguish the fire mainly by inhibition but
cooling also plays important role though to a lesser
extent. A detailed and classic review on some
fundamental knowledge of flame inhibition has
been reported by Raymond Fredman and LevyS.
Wise, Rosser and their co-worker? concluded that
(1) for halogenated hydrocarbon compounds,
compounds, containing iodine and bromine were
equally effective but both being more effective

than chlorine containing compounds (2) for™

Bromine - containing compounds the fiame inhibit-
ing effectiveness was proportional to the number
of bromine atoms per molecule (3) inhibition by
these agents was not accompanied by any reduc-
tion in flame temperature. The boiling points of
halogenated extinguishing agents are shown below:

Agent.s Boiling Point °C
CHj; Br i 356

CHj; CIBr 68

CF; CIBr \ 4.0

CFy Bry ' 228

CFs Br —51.9

|

Limiting oxygen Index method seems to be a
practical means of determining the relalive efficie-
ncy of volatile fire extinguishing agent.

: 0.21 (Volumetric flow of air)
LOI = et
VYolume flow of air+volume flow of agent

Where LOI is limiting oxygen Index and
volume flow are expressed in cc/sec. Petrello and
Sellers® varied the air flow rates for 0.617 cc/'sec.
flowrate of propane and found Limiting Oxygen
Index for inhibited propane flame. The results
are shown in Fig. 5.

The main advantages of these system are their
high rate of vaporization, damage of the material
on which they are applied and their utility for
electrical fires. The recent development is self
heat actuated bromochloro difiuoro methane ex-
tinguisher.

Dry powder extinguishant

Sand has been the most common extinguishing
medium for combating solid fuel fires and is stjll
used in areas where either water is unavailable or
proper means of fire-fighting are not available.
Since sand has limitation as its efficiency is low
and it cannot be used for liquid fuel fires, hence
dry chemical extinguishing powder based on sodium
bicarbonate became popular in early té¢nties,
Different research Workers have developed different
dry chemical powders®?, majority of them is based
on sodium'potassium bicarbonates. It can be con-
cluded very well that flame extinguishing dry
powders have one or more of the following charac-
teristics :

— Tkhey are generally salts of alkali metals
or of ammonia.

— The cﬂ‘:clivencss‘ of the metal cation in-
creases with molecular weight.  Thus

potassium salts are more effective than
* sodium salts. %

— The most effective anions are of two

types; (a) the halides and (b) the bicar-
bonates. ‘

— The chemical bonding is ionic.
They are salts having a low melting point
or decompusition temperature.

They decompose readily in flames produc-
ing new surfaces,
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Besides other properties of dry chemical
powder such as jts specific gravity, corrosiveness,
conductivity etc., its particle size, caking and foam
compatibility properties are very important, The
efficiency of a dry chemical powder increases with
increase in its surface area, However there js an
optimum and practical limit below which decom-
Position of the powder occurs before it reaches
flame front and above which little decomposition
occurs within the residence time of particles in a
flame. Proportion of different particle size fracs
tions is also very important to improve its flow and
anticaking properties.  Besides particle size, cer-
tain substances decompose in flames to give solid
product resulting in large surface area Birchal]10
tried bicarbonates of sodium and potassiur‘n. potas-
sium oxalates and potassium ferrocyanide. There
was apparently no change in case of sodium and
potassium, bicarbonates particles passing through
the flame, but in case of potassium oxalates and
ferrocyanides, he found that average particle size of
efflux was one micron (1p) resulting sixty fold in-
crease in surface area. The results are shown in
fig. 6. On the basis of this finding, Harpurll deve-

. loped a new chemical dry powder, which is a re-

action product of alkalj bicarbonate and urea named
as ‘Monex" which behaves in flames in a similar
TManner as potassium oxalate  The effiux from the
flame in case of ‘Monex’ were of 0.01 to 0.1 micron
particle size,

However the main advantage of dry powder
is its capability of reducing radiation intensity
virtually in no time but unfortunately this advan
tage is coupled with drawback which is jts cooling-
incapabiiity. These two opposile properties exist

ing together require another extinguishing medijum- .

which should be uysed in conjunction with dry
chemical powder in case of big fires such as air-
craft fire or petro-chemjcal industrial fires etc.
Since it has to be used in coajunction with foam,
dry chemical powder thus used for reducing radia-
tion intensity must be compatible with mechanical
foam which is to be used for cooling the flammable
material below ignition temperature besides blanke-
ting efect, Harpur also claimed that ‘Monex"
possesses a high degree of compatibility with pro-
tein foams,

Foam Systems

The extinction of a flammable liquid fire with
foam js a lanketing mechanism in which the foam
layer, sprcfading on the flammable liquid progres-
sively, shields its surface from the flames radiation
thereby reducing the rate of evaporation from the
surface and this starving the flame zone of the
flammable vapours necessary for combustion. Since
flame zone does not get minimum flow rate of
vapours, it collapses and causes extinction of fire.
Laurent in 1904 first used chemical foam to ex-
tinguish naphtha fire, Wagner in 1927 developed
a mechanical foam by the mechanical agitation of
a foam producing liquid, water and air. Then
came the use of protein based foam liquids or com-
pounds which can be derived from the most var-
ied sources such as blood, skin, bones, hoof, horn,
feathers, crushed grain and residues of veget
able oils which contain vegetable protein and
a variety of other substances, Protein foam com-
pounds produce a highly stable foam whose statbi-
lity can be further increased by the additjon of
salts of heavy metals. Some fluoro-chemical
agents when added 1o protein based liquid increases
its Auidity, stability and efficiency beyond the level
attainable by normal protein liquids, However
in recent years, there has been a significant increase
in the production of surfactant which are used in
the form of solutions and foam - concentrate for
different branches of industry,  Surface active
foam compounds and solutions are of particular .
importance for fire-fighting. since small amount of
these when added to water not only increases its
efficiency (app. two times) but also reduces extinc-
tion time in addition to minimizing the damage to
property caused by excessive application of water.
The properties normally used to describe a foam
are (a) expansion (b) critical shear stress and jis
drainage characteristics, The value of these pro-
perties are dependent upon the foam liquid used,
its concentration in solution and the type of foam-
making eqlipmcm employed. However drainage
characteristics of foams are affected by the flamm-
able liquid to be extinguished,

The most recent development in this field js
development of light water which is a new Synthe.
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tic, foam forming conccntrat:-for- ﬂammz‘;blc I.iquid
fire extinguishment. When it is used in suuabile
foam making equipment of the mcchar.ucal or air
foam type, it gencrates a white, non-toxic. vapour
action which is unique in itself.

Los Angeles city fire services!® carried out
comparative evaluation of protein foam and light-
water. ‘The results obtained by them and analysed
by Hy-Cal Enginecring are shown in a tabular
form :

Table 4 : Comparative Evaluation of Protein

—

nations participated. These companies between
themselves marketed different kind of foam com-
pounds. As reported by a Soviet authorld out of
these 24 foam compounds products, 3% percent
were protein based foam ‘compounds, 20 percent
were based on surface active agents (synthetic), 21
percent were fluoroprotein fpams and 12 percent
were fluorosynthetic. Thus 60 percent were pro-
tein based and 40 percent were S{nlhelic type of
foam compounds. However despite the good
stable characteristics of protein foam compounds,

Foam and Light Water

Test Max~ inten- Fire Distance Fuel Extn. Time
No. sity BTU/ area from Type Volume Agent to
fi2;hr sq. ft fleet gallon ext. Sec.
2A 225 1000 70 JP, 300 Light 29.65
waler
2B 190 1000 70 JPg 300 Protein  52.41
3A 135 1000 70 " 300 Protein 31.20
3B 98 1000 70 ' 300 Light 11.58
: water
dAE 120 2730 100 " 900 -do- 35.00
4B 130 2730 100 W 900 Protein.  77.33
5A 215 2730 99 o 1000 Protein 46.79
5B 100 2730 99 i 1000 Light  12.83
. water

The effectiveness of both the extinguishing
media for suppressing the flame intensities are sho-
wn in Fig. 7. There was marked difference between
the performance of light water and protein foam
for different application rates.  Fig. 8 shows the
effect of application rate of both the extinguish-
ment media on extinguishment rate. '

Fuel containing a proportion of water miscible
flammable liquid are, of course, very damaging to
foam. Thus an admixture of 20 percent of wood
alcohol to straight petrol can increase the critical
rate of application of normal protein foam by a
factorof3to 8 depending upon the application
whether it it gentle or forceful. However fluoro-
protein and fluorochemical foams are less suscepti-
ble to this effect than protein foam.

An International Exhibition was held in U.S. S.R.
'-'Flre Fighting Technique 75" where number of
industrial dompanies from industrially developed

their low efficiency leads to high rates of consump-
tion.

Discussion and Conclusion

All extinguishing media as discussed above
are not suitable for all types of fires. Depending
on the nature of combustible material, the use of a
particular/dual extinguishing medium media can
be recommended. However the extinguishing
efficiency of a known extinguising medium can be
increased sufficiently by using the medium with
suitable appliances keeping in mind that its main
purpose is either to  extract maximum heat from
fire or combustible material or ot stop air supply
to combustion zone or to blanket the fuel surface
so that fuel vapour n1ay not contribute
in  keeping combustion | zone  alive;  thus
walter, if used as available in nature with ordinary
nozzle will extinguish the fire, but if the same is
used with wetling agent, its superiority can be |

|
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noticed very easily by observing rapid reduction of
fire intensity which will allow the fireman to move
in more quickly. The weltting agent can be mixed
either in reservoir or in extinguisher but a method
may be used by which wetting agent can be directly
induced to the nozzle from where water js being
applied. Similarly dropsize of water should be 50
adjusted so that maximum quantity of water is
evaporated. In case of chemical dry powders,
the powders which are being developed or already
developed are primarily based on the decomposi-
tion of the powder particles in a flame which not
only have the smothering effect but also appreci-
ably cut back supply of radiation from flame to
fuel. Thus the efficieney of powder will depend
on the density of cloud formation which not only
depends upon the dry powder but also on the ex-
tinguisher nozzle and carbon dioxide expulsion
rate. Besides these, it is very important for a dry
Powder to be foam compatible also with  which jt
is to be used to control big petrochemical or air-
craft fires. Chemical foams have been obsolere in
developed countries and mechanical foams are
being uséd to a grealer extent to combat flamm-
able liquid fires. However fluoro-carbon surfac-
tants (light water) js finding more applicability in
large fires than protein foams. But it is fire ser-
vices personnel or fire-fighters who have to uss
their discretion in fighting a fire for selecting which
extinguishing medium will be best suited for them

and how they can attack the particular fire keeping

in mind that fire will not spread to the surround-
ings. Hence the feed-back from the fire-fighters
will be a great help to a scientist or to a design
engineer for the effective development of fire ex-
tinguishing medjum and appliapces.
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FIG-I'EFFECT OF MASS MEDIAN DROP SIZE ON
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FIG=7 FLAME INTENSITY vs, TIME - TEST NO, 2
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