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CONTROL OF FIRES IN LARGE SPACES WITH INERT GAS
AND FQAM FRODUCED BY A TURBO-JET BNGINE'

PART 1 - INTRODUCTION AND PROFERTIES OF INERT GAS AND FOAM
by

D. J. Rasbash

Introduction

From time to time fires occur which are very difficult to fight because
of the presence of dense smoke. During the years 1944 - 1950 a special
study of such fires was made including an examination of the methods used.at tliat
time for clearing smoke. -This included the uge, of artificial ventilation (1 ),
the use of water sprays for washing down a? % ; ;, and devices for location of
objects and sources of heat through smoke \3) {4}). However, none of the
above methods offered a satisfactory solution to the gsoblem, although each of
them could be a pallistive under certain oonditions The objection to
artificial ventilation was that, in conditions under which the smoke was
likely to be a major problem, & far greater capaocity for moving air was
necessary than was avsileble at that time. Thus, it was estimated that for
a fire, which occurred in Covent Garden in December, 1949, an air moving
capacity of the order of 1,000,000 cu. 3 wes required if artificial
ventilation were to have any useful effect The effect of air is to
increase thé rate of burning, and although the burning might beceme more
efficient theré is’ no-decrease in the total amount of smoke produced.

The use of an inert gas would suppress the burnirng rate and diminish
the amount of material that entered thé atmosphere as smoke.. However, at
that time (1944~1950) there was no known method of producing inert gss
which would fill & building in a reasonably short tinm.'

In 195 (6) it was suggested that quantities of inert gas of the right
order of magnitude of 10,000 to 100,000 £t3/min could be obtained by the use
of a Jet engine and W1th this flow rate of inert gas it should be possible
to use this medium to control difficult smoky fires. Inert gas may be
obtained by vaporising the sppropriate amount of water into the exhaust of
the engine. This would give a transparent gas of a suffiiciently low
oxygén content to prewent normal flaming combustion. It was not possible
t0 examine the propesal in detail at that time, but a detailed examination
of the proposal and an inquiry into the  possible usefuilness of* the appliance
was made in 1957 with the helpful co-operation of the National Gas Turbine
Establishment (7). This examination showed that certain practical problems,
which would accompany the building and operation of the appliande, wete
likely to be surmountable. Moreover, the range of types of fire in which
such an appliance mlght find use was wideir than Just those fires which had
given difficulties in the past due to dense smoke, and which had prompted
the enquiry in the first place. Thus in reports of 100 firea occurring
in 1954 in which the lass was greater than £10,000, thirty-six contained
sufficient information teo allow an assessment of the usefulness of the
appliance. It was estimated that in 26 of these the¢ use of the inert ges
generator would have significantly reduced the fire losses. For these
reasons it was deoided to request the National Gas Turbine Establishment
to btuild a prototype unit producing 50,000 cu. ft/min. of inert gas which
could be used for experimental purposes} «nd the appliance was delivered
to the Joint Fire Research Organization in April, 1960, and is shown in
Plate I. In the meantime (1956) a new method of controlling mine fires
was developed at the Safety in Mines Research Establishment.. In this
method the ventilated sir in the mine was oconverted into a high expansion
foam, by interaction with an appropriate amount of a detergent solution.

It was clear that the gas produced by a jet engine could also be made to
produce high expansion foam in a similar way. This could be used as an
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alternative or supplementary method to inert gas in extinguishing fires. A
re-examination of the incidents mentioned above indicated that in 32 of the 36
cases the use of combined inert gas-foam generater would have reduced the fire
losses. A further examination of 22 fires occurring in 1959~60 in which more
than five pumps were useds 14 contained sufficient informetion to allow an’
assessment of the appliance and in 13 of these an inert gas-foam generator
would have been of assistance. A provisional patent was taken out in 1957(8)
covering the use of a jet engine to help fight fires in a number of weys
including the production of inert gas, of high expansion foam amd & current of
entrained air,

In this note some of the basic properties of the gas and foam that may be
produced by an applaince of this nature are outlined. Experiments with the
actual appliance produced by the National Gas Turbine Establishment will be
described in later notes. o S

Inert'gas ‘
Rate of.prbﬁncfion and composition of the gaas ’ _ v

The: basis of the method by which the inert gas is produced is shown -
diagrammatically in'Fig. 1. The jet engine is used to burn a substantial part
of the oxygen present in the air used and the hot combustion gases are
subsequently cooled by vapdrising weater introduced ss & fine spray. ‘The rate
at which air passes through the engine is controlled by the speed of the
turbine, which in itself is controlled by the fuél feed to the engine itself.
As long as the speed of the turbine is sbhove a certain limit a substantial
quantity of additional fuel can be burned in the reheat or after burner section
downstream of the turbine, and thus varying this quantity of fuel, the ratio
of the total mass of fuel burnt in the appliance end the mass of air passing
into the engine may be controlled. This allows a degree of control in the
composition of the final gas obtained after cooling the hot combustion products
with the appropriate amount of water.  Figure 2 shows the composition of the
inert ges produced as a function of the fuel-sir ratio, and in Fig. 3 the "
density of the gas and the volume of inert gas produced per unit mass of air
entering the engine is.also shown as a function of this ratio. The data in
Figs. 2 and 3 are based on the assumptions that the fuel is completely burned,
that the cooling water is introduced initially .at 15°C and that the water cools
the exhaust gases of -the engine 4o 1209C and is vaporised completely in this
process. The applience which was developed at the National Gas Purbine
Establishment can burn up: to a -total of 0.83 1b of fuel/s with an air input
of 25 1b/s. The fuel=air ratio is- therefore (.033. Theoretically according
to Fig. 2 the composition. of the .cni inert gas qbtainable with this airlinput
would be 47.5 per cent water vapour, 42.5 per cent N2, 6.per cent Q2,
4 per cent C02. Actuslly mainly because combustion is not complete, but
also because of heat losses this inert gas approximates to +he composition g
corresponding to a fuel/air ratio of 0,030 It is, of course, practicable to produce
an spplisnce operating with a greater fuel/air ratio and giving a gas with less oxygen.

Extinguishing properties of the gas .

The most important property of the inert gas that contrals the extinction -
efficlency (of.flaming and smouldering cpmbustion) is the oxygen concentration. W
Figure 2 shows that as the ratio of fuel to air is increased from 0 ta 0.067,
the concentration of oxygen in the inert gas is reduced from 21 per cent to
zero. In addition, the temperature of the gas, and the proportion of carbon
dioxide and water vapour,, will also have some effect.on the inerting
properties of the gas. The extinction of a hydrocarbon or similar flame
would be expected to occur if the combustion zone were cooled . to the
temperature which it would have at the lower flammable limit. A temperature’
of 1,590°%K may be taken as appropriate for this purpose, and has been used by
Mllins to gsgess whether gases containing water vapour can allow propagation
of & flame 93- " If the oxygen concentration is higher and the gas were
mixed with the stoichimetric quantity of fuel vapour, then on ignition this
would produce an adiabatic flame temperature in excess of 1,590 K, and on the
ahove criterion,flame might be expected to propagate. ~ On this basis it may
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be shoym that an inert gas from the appliance containing 12% per cent

of axygen will be the limiting gas for suppressing flaming camhuation,

The adoption of this criterion for extinguishing flaming combustion

is likely teo give rise to a substhntial margin of safety, since available
inflormation indicates that except under unfavourable condltions diffusion
flames are extinguished at a higher oxygen concantration then pre-mixed
flames and limiting flame temperaturesare likely to be substantially higher’
than 1,590°K foy most of -the flammable vapours and gases likely to be
enouuntered S Using & llmitlng temperature of 1,500%K, it is possible
t0 calculate the amount of air with which the inert gas may be mixed, yet
8till be capable of inerting flaming combustion. This'is shown in Fig. 4
as a function of the fuel-dir ratio used in the appliance to produce the
inert gas. The curve rises from zere at a fuel-air ratio of 0,014 to 1.0
at a ratio of 0.046. In the appliance used at the FPire Reésearch Station;
the fuel air ratic may bé varied up £0 0.033. There is thus a substantiel
margin for dilution of the gas produced with air, when +the appliance is
running at its maximm fuel~air ratio.

The extlnctlon of smnulderlng chmbustlion depends tc 2 marked degree on
the thickness of the smouldering layer as well as i the ?a¥gre of the
smoulderlng material. Experiments carried out by Bowes bave shown
that smouldering would be suppressed in a layer of cork of less than 8 cm
thickness if the concentrstion of oxygen in an oxygen-nitrogen mixture is
less than 9%. For mixed hardwood sawdust, the corresponding figure is
sbout 12%, At greater depths smouldering might contimue with lower
concentration of oxygen. Extinction of a smouldering fire may alsa take a
long time, even if the oxygen concentration is low enough, since the
excthermic reaction may need to be suppressed throughout a large depth of
material and time will be needed for the inert gas to diffuse into the
material. Once extinction has been accomplished, the mass of material will
thén begin to cool to the temperature of the inert gas. Even if the
smouldering has been extinguished it is possible for re-lgnltlon +0 occur
fairly rapidly after air isreeadmitted if* the smouldering material has not
been cocled sufflclently.o Thus, if it is assumed that the temperature
durlngosmoulderlng is' 500°C and that this temperature needs to be reduced
to 250°C to avoid the risk of rapid re-ignition on re—admittance of air
then a cooling time of sbout 10 to 20 hours would be required for a sphere
of amoulderlng material 14 ft in diameter. If the exothermic resction

_has not been completely suppressed, then this time would be longer. It

follows that an appliance that prndnces a gas containing about 7% oxygen
might be expected to produce extinction of smouldering in layers of depths
of 10 to 15 cm. However, very little dilution with air”could be allowed
and continuous appllcatlon for a day or so would be necessary to be
reasonably sure that rapid re—ignitlon would not ocour on re—asdmittance

of air. " For preference it would be more desirable to work with a gas
containing less oxygen.

PTransparency of the gas

The gas as it is produced by the inert gas ‘generator is transparent,
but because of its high water vapour content it can become opaque on being
mixed with air or on being cooled. fhe conditions under which this can
occur, is shown in Pig. 5. ° The curved line is the saturation curve for
water Vapour and’ the alteratlon of the condition of the gas from that on’
the right to that on the left of the curve e.g. by cooling the gas would
result in condensatlon and mist formation.  Point A represents the
conditions of moisture content and temperature for the inert gas produced
when the fuel eir ratio is .03. The curve: AB, Joining this' peint to
0°C and OF reiative hmidity represents tge range of conditions obtained
when the inert gas is mixed with air at 0 C and OF reletive humidity.

The hatched area between AB and thesathrﬁﬁhn1curve represents the
conditions at which condensation and mist’ ‘formation would-decur if the
inert gas is mixed with ambient air st a temperature greater than 0 C.

.. Y.
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If the gas is mixed with air at 25°C and O% relative mimidity (line AC) no
condensation would occur. Figs.6 shows the volumes of air that could be added
to one volume of inert gas before conditiens of mist formation occur. This
volume decreases as the fuel-air ratio .incresses. - Fig. 6 also shows the
temperature of theé cooled inert gas when mist condensation begins to occur. It
will be seen that it is possible to dilute the gas with at least an .equal
volume of air over a wide rznge of fuel air ratios and ambient temperatures
without mist formation. .If the appliance at -the Fire Research Station is
operated without reheat the fuel air ratio is 0.012, TFig. 6 indicates that
about 13 volumes of cold air may be mixed with the gas produced under these
conditions "and the resulting mixture would remain transparent. . Hbgever,

if the outlet temperature of the gas from the appliance were only 90 C instead
of 120°C, the mixture would become saturated when 2.2 volumes of air was mixed
with the gas. '

Condensation of water vapour mlght also occur when the ineri gas flows over
cool surfaces. ‘The gas will be cooled according to the line AD (Fig. 5)
parallel to the temperature axis as long as the surface is dry. If the -
temperature of the surface is well below the temperature D, then the gas might
become misty in & layer some distance from the surface. Thls distance is
unlikely to be greater than a few inches, unless the gas flowed for a long
period, close o a large area of cold surface. Under these conditiona the gas
would become transparent after the surfaces had been heated by the gas.

L 4

High expanéion foam

A number of suthors have described the production and pro? rs ? Sf high
expansion foam based on the use of air .at ambient temperature. 1 13
principle of extinction with this type ‘of foam,. is that after the water in the
foam has been vaporised by a fire, the oxygen concentration of the resulting
aheam-air mixture would be sufficiently low to suppress combustion. Thus if
eir contained 1 »000th of its volume of water then the vaporisation of all the

water would produce a gas containing 9% of oxygen. This would be sufficiently v
low to suppress flaming combustion in all common liquid or solid fuels and alse
smouldering coministion under certain conditions. However, if the water

drains out of the foam before the foam reaches the fire area, or if it is not
completely vaporised insufficient steam may be formed and combustion might
continue below the surface of the foam. If the foam is made by an inert gas
generator, then the gas inside the bubbles can have in itself a reduced

oxygen concentration, such that if +he bulk of +lLe water in the foam drains

off then the gas in itself would be sufflclently inert 4o extinguish combustion
in most instances. As long as the gas contains more than about 1/3,000th of
its volume as water, the foam will be heavier than air and, thérefore, will
tend to £ill buildings from the floor upwards, whereas inert gas tends to fill
buildings from the ceiling downwards. For this reason the production of foam
and inert gas using the jet engine are complementary, the main use of thé foam
heing to keep the inert gas close to the lower part of a building for a
sufficient time for combustion in that part of the building to be suppressed. o

The volume of foam which can be produced by the appliance would be less
than the volume of inert gas before mixing with the foaming solution, and the 4
axygen content of the gas inside the foam bhubbles would be higher than that in
the original inert gas.: The reason is that during the foammaking process
the gas is cooled +o0 a temperature somewhat lower than its sdiabatic
saturation temperature and in this process a certain amount of the water
vapour present in the gas will condense out. As an approximation the maxirmm
volume of the foam which can.be produced will be about two thirds of the volume
of the inert gms, and sbout one third of the water vepour present will condense
out leaving the oxygen concentration inside the bubbles about 1-2 per cent
higher +han in the original gas.
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