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F. R. Note No. 596

MINISTRY OF TECHNOLOGY AND FIRE OFFICES I COMMITTEE
JOINT FIRE RESEARCH. ORGANIZATION

CONTROL OF FIRES IN LARGE SPACES WITH INERT GAS AND FOAM PRODUCED BY A
TURBO-JET ENGINE. PART 4 PERFORMANCE TESTS WITH INERT GAS IN THE

MODELS LABORATORY, FIRE RESEARCH STATION

by

D. J. Rasbash , G,~S. S.tark and G. H. Elkins

SUMMARY

Tests were made o~ the extinction o~ ~res with
3the

J.F.R.O. inert gas and
foam generator in the Models Laboratory, a 250000 ft . barn-like building. Inert
gas oontaining 7 per cent oxygen and delivered at 45000 ~t3 per min. at 1000

- 1200C

extinguished oil ~ires and reduced wood ~ires to smouldering in 8-10 min. High
level ventilation o~ up to 200 ~t2 did not impair extinction; small distributed
leaks allowed air to enter and descend to floor level, where ~res could continue to
burn; large openings at ~loor level increased the amount of air that entered the
building. The atmosphere within the. building became transparent a~ter 2-3 min of
gas injection, except in places where air entered the building.

Firemen wearing breathing apparatus and service clothing could work for about
15 min in the atmosphere produced by the inert gag in the building, i~ the tempera­
ture of the atmosphere was not more than about 60 C. Gas at such a temperature can
be supplied by a prototype appliance at present under construction, which incorporates
devices to reduce the temperature of the inert gases produced. The appliance will
produce gases o~ a wide-range of compositions at temperatures o~ 400

~ 700C



CONTROL OF FIRES IN 1ARG~ SPACES WITH INERT GAS AND FOAH PRODUCED BY A
TlJRBCl-JET ENGINE. PART 4 PEIlFOliMANCE TESTS WITH INERT GAS IN THE

, MODELS LABORATORY, FIRE' RESEARCH STATION

by

D. J. Rasbash, G.W.V. Stark and G. H. Elkins

INTROllOCTION

A pre~ioua report gave details' of the design of an inert gas ge~e,ator ,
based on a turbo....jet engine and of the gas and foam it can produce. \1) An
account is given herein of tests carried out in the Models Laboratory at the
Fire Research Station on the extinction and control of fires with inert gas
produced by this J.F.R.O. inert gas and foam generator-, These tests were
part of a programme in which gas and foam from the generator were used against
fires in premises of different types. Tests'in a set of disused basements in
East London, and inCa f0\'I' atorey tower at the Fire Research Station are
reported elaewhere. 2, 3)

Models Laboratory. The MO,dels Laboratory ,Fig 1,. P.la te 1, is a lar~e undivided
structure; 1.30 ft long, 50 ft wide and 40ft high of about 250000 fV volume.
The bottom 10ft of t.he walls is of brick, the upper section cif the long walls
is' of double asbestoli aheet cladding and :the upper section of the &hort walls
is of wired glass in patent g],azing bara,

A ro,of opening of up to 1500 ft2 area could be obtained by means of a pair of
mechanically operated sliding sPutters. ;when the, $utt,eTS were: closed'2,the gaps
around the edge of the sliding sections left a reaidual opening of 70 ft; this
was reduced by additional sealing to 30 f:t2 for the last few tests. Floor level
ventilation could be provided by doors: and shutters at A, B, C, D and 'E, Fig. 1.
Brick arches 10, ft high extended about 10, ft, into the Models Laboratory from
the openings B andC. The gas from the generator(p;Late 2)was always injected
through the large opening A" (Plate 3). Recording roqm X was used as' a control
labora,tory, and room Y contained the operating gear for the sliding roof; room Z
was used in a few tests as' an access point for firemen to enter the Models
Laboratory from outside.

APPARATUS

Thermocouples and gas sampling points were installed at 5, 20 and 35 ft above
the floor and 5 ft rrom the wall at K, and a mast of 12 thermocouples at 3 ft '
intervals above the ground was erected near the centre of the Models Laboratory
at L. The gaa sampling point at J, 20 ft above the floor was used in some tests
for continuous monitoring of carbon dioxide or oxygen in the atmosphere. As
the proportion of heat lost from the atmosphere through the lIBlls of the Models
Laboratory \'!as small, and the temperature of the inert gas was much higher than
ambient, on most tests the temperature of the atmosphere was used to monitor its
composition, and hence the degree of replacement. In a few of the later tests
some of the upper thermocouples on the mast were replaced by wet bulb thermo­
couples to indicate the moisture content of the ,atmosphere.

Measurement of the extinguiShing properties of the atmosphere

The exi;ingui&hing p~perties of the, atmosphere produced by the injection of
inert gas and its, ability to control combustion were measured by the action of
the atmosphere on a number of fires distributed through the building. The
fires which were Used itLthG' tests were ail follows:



(d)

---- ------ ---------

(a) Wick lamp fires. In the early tests up to 36. wick lamps were used to
give an indication of the way the extinguishing power and hence the
distribution of the gas var-i.ed throughout the building. These lamps

, were mounted at 5, 20 and 35 ft above the floor points 0,. Fig 1. A
remote indication system for giving the exact time of extinction of these
lamps: proved unreliable, but the number of lamps. extinguished during and
at the end of the tests was observed and indicated the distribution of gas.

(b) Crib and scrap wood fires. The crib fire used in the main' progril.mlne of
tests consisted of. 25 pieces of timber 4 in square and 3 ft long, cross
laid in layers of 5 pieces with equal 4 in spacing giving a crib 3 ft
square by 1 ft 8 in high.. The crib waS' built at a height of 9 ft above
the ground on a weighbri~e which allowed the loss of weight to be
observed. In all tests the fire was placed at a point P, Fig 1 to' allow
easy ob.s.6n:atlon from the z-oom X. In a number- of tests fires Of waste
wood about 4 ft diameter and 2 ft high were al.ao lit at points Q,. Fig 1.

(c) Diesel oil try fires. 12 tray fires 6 in diameter were mounted at 3 ft
increments above the floor on a mast at N, Fig 1. In the group of tests
in which firement entered the building, a 7 ft high platform across the
Models Laboratory at R3 supported tray fires of diesel oil, 6 in',1 ft
and 2 ft diameter. Addi tional 3 ft diameter tray fires were also placed
on or near the floor at ~ and R2.

Hay Bale fire. This fire wa.s of a bale of hay mounted on a stand 6 ft
above the ground at point S', Fig 1. The bale was about 4 ft long and
18 in square. A Bmouldering fire was established in the bale and
immediately prior to the injection of gas in a test a thermocouple was.
inserted into the smouldering zone, to record the effect of the inert gas
on the temperature. .

(e) Fibreboard surface. A panel of fibreboard, 8 ft. high by 4ft by1 in'thiok.. ·was
erected 12 ft above the ground at 14, Fig 1.

Plate 4 Shows a number of these fires bur.riing prior to a test in which firemen
entered the building.

The filling of a building with gas of the type used was an unprecedented
process and the effect of the gas on such items as electrical s.ervic·es and other
apparatus in the building was. to some extent an unknown quantd,ty. The velocity
and the available pressure in the gas .stream from the jet engine' app'ld.ance were
so. high that pressure.s might have built up in the building which could have
damaged the windows and asbestos sheet cladding 0.

Therefore a first group of experiments wa.s. carried out in which the total
amount of ventilation in the building at first large, was progressively reduced.
The main object of these' tests was. to ascertain whether the gases produced at the
maximnn output of the appliance and injected directly into the building could
damage the contents or structure. These experiments were however combined with
observations on the ability of the gas to extinguish or control fires, thus giving
information on the effect of openings in' the building on the' efficiency of the
process.

In the second group Of experiments the gas was injected at the full rate and
wi th all the openings in the building closed except for the opening at the
periphery of the sliding roof· and the leaks between the Sheets of asbestos cladding.
In this' group of experiments comprehensive measurements were made of the teinperature
distribution through the height of the building as a function of timEi, the
visibility in the building and the effect of the gas on the extinction and control
of fires of different types.

- 2 -



A third, group of experiments was carried out, under similar condf tiona
to the second group-but in which laboratory personnel and firemen entered the
building far relati~ely prolonged periods to determine the extent to which
uaefu l, work could be carried out in the atmosphere produced.

In all tests reported the gas was injected from an open ended duct
30 in diameter, with its. axis about 3 ft above the ground at a point near the
centre line of the opening A, Fig 1 (Plate 2). Except where stated'otherwise
the inert gas was injected at about 45000 ft3/min and had the. average composition
by voLume; oxygen 7 per cent; carbon dioxide 3 per cent, nitrogen 46 _per cent and
water vapour 44 per cent. The temperature of the gas injected was about HOoC.

llESULTS

Group 1. Exploratory Tests. with va.r;tins ventilation in the building.

Test No.· 1. In this test doors B, C, D arid E were fully opened. The door-s A
through which the gas was injected were opened to a width of 3 ft and there was an
opening in the roof of 785 ft2 A continuous measure of the carbon dioxide
content of the atmosphere was made at the point J on Fig 1 at a height of 20 ft.
Temperature was measured also at paint K at heights of 5, 20 and 35 ft. During
injection of inert gas the bulk of the building became filled with a misty
atmosphere except. for a part near the openings B, C, D and Ey equal to about
10 per cent of the :volume Of the building, which remained cLear-, The
temperatures reached by the thermocouples were substantially conatant after
about 5 mi.n; and corresponded to an increase above ambient of 40

, 290 and 34°C,.
indicating oxygen contents. of about 20.3, 18.3 and 17.7 per cent at the heights
of 5,. 20 and 35_ ft respecti~ely. The measured concentration of carbon dioxide
at 20 ft was 0.68 per cent. Ambient temperature at the beginning of the test
was 15°C, Thus on the basf,a of the readings of the upper thermocouples there
was a dilution of the injected gas with about 3 parts of air, while on the basis
of the carbon dioxide' content there was a dilution with about 3t parts of air.
The test did not affect the struoture of the Models Laboratory or the electrical
wiring and equipment.

Test No.2. Conditions -were similar to those of Test No.1 except that
entrances Band C were closed. As well as the temperature and carbon dioxide
measurements; two masts of wick lamps were lit and scrapwood' fires were lit at
positions P.and Q2. The temperatures recorded at K, Fig 1 were substantially
constant after 6 min.-; however due to a recorder fault the early par;!i of ;!ihis
regord was lost. The steady temperatures at 5, 20 and 35 ft were 42 , 65 . and
72 C, indicating oxygen contents of about 17.9, 1}.4 and 12.3 per cent
respectively. The carbon dioxide concentration at 20 f't reached a steady value
of 0.9 per cent in 6 to 7 min. These measurements indicate that the injected
gas was diluted with about 1 part of' air in the upper part of'the building and
with about 3 parts of air near the lowest, 5 f't thermocouple, Visibility after
the first 2 or 3 min of' gas injectio.n was good except near ground lev:el, where
there was a layer of' mist~ All wick lamps were extinguished within 6 min of
injection. The scrap woo_d f'ire at Q2, Fig 1. continued burning with little
change throughout the test, but the flames from. the fire. at P whi~h was above
ground lev:el started reducing in size after 2 or 3 min injection, the wood
becoming less involve.d arid af'ter 8 min injection flames were supported from an ­
area of' ~9 in di.a, only, The laboratory was errter-ad f'rom time to -time after
6 min injection~ The atmosphere at head height, 5 f't approximately,- f'elt above
blood heat, but wall to],erable. When injection of' the inert gas stopped the
fire at P increased in size and was f'ully involved in about 5 min. The
structure of the Models Laboratory and -the electrical e quf.pmerrt were again
unaff'ected by this te-st, but water condensed on and dripped -from main: roof
beams. .



Test No.3. For thia teat all openings to the building, except for a 200 ft2

opening in the roof and doors D and E,were shut. 3 masts of lamps were lit and
a wood fire was lit 9 ft above the ground at P. The crib fire was allowed to
burn for 5 min when the flames had reached a height of 4 to' 6 ft before injecting
inert gas. The temperature and carbon dioxide content of the" atmosphere are
given in Fig 2. They had reached fairly steady values in 6 min and 9 min of
injection respectively. The temperatures indicate oxygen concentrations of.
about 14.3, 12,5 and 11.9 per cent respectively at 5, 20 and 35 ft above floor
level. The dilution of the inert gas with air was less than in the previous
tests, the higheat dilution being 1 part air to 1 part gas from temperature
measurement and 2 parts air to' 1 part gas' from carbon dioxide measurement. Mist
was formed in the building as the inert gas was introduced, but the atmosphere
cleared after 3 min injection; viaibility was very good after 5 min, when the
whole length of the building was visible. All the wick lamps were extinguished
by 3 min 40 sec. The crib fire continued burning, but the flames reduced in size
and luminosity as the test proceeded. From 9 min after injection to the end of
the test, the flames were very small, about 6 in' high; and almost non-luminous and
were at the centre of the .crib· only. When gas inje'ction was stopped, the crib
fire recovered and became fully involved again in 5 min.

In the foregoing three tests; temperatUres were measured at the point K,
Fig 15ft away,. from the wall of the Models,'Laboratory. It was observed that
during injection of the inert gas, mist formed at the walls of the Models
Laboratory, and dropped down to floor level, where it either spread out or dispersed.
In test 4 and sl,lbsequently, the mast of 12 thermocouples in the centre of the Models
Laboratory was also Ulled, to record temperatures at a position unaffected by the
mist formed at the walla. The infra-red gas analyser became difficult to keep
stable during the foregoing teats, and in test 4;and subsequently, gas samples were
collected for analysis in an Oraat apparatus. ~part from 'condensation of water on,
and drips from the main roof beams, the Models Laboratory was unaffected by the test.

Test No.4. For this test the roof of the Models Laboratory was closed, leaving
only the gap of 70 ft2 around the edge' of the sliding aec tn.ons ; Doors D and E were
kept open until 21 min after injection, when they were both shut. 36 wick lamps
were distributed throughout the Laboratory at heights of 5, 20. and 35 ft. There
was also a crib fire on a w~ighbridge 9 ft above the ground and a hay'bale on a
platform 6 ft above the flOor at P and 5, Fig 1. A loose hay fire was built 2 ft
above the floor at Q2. The inert gas was injected for about 24 min, The
atmosphere in the Models Laboratory became. ~sty a few aeconds after injecting the
gas, but started clearing 2 min after injection, except in the path of the air
entering from doors D and E. The speed of entry of air through these doors
increased during the first minutes of injection and reached a steady value of about
10 ft/sec after 5 min injection. Some mist remained close to the floor, but after
5 min injection the full length of the Models Laboratory was visible above the 10ft
level, and looking from the door of the recorder room X the atmosphere at head
level was translucent, with a visibility of at least 10 ft. The doors D and E were
shut after 21t min injection. . Then visibility at ground level increased very
rapidly and the mist extending from the doors D. and E disappeared.

The effect of the gas on the fires is shown in Fig 3; curve A shows the
weight of the crib, curve B shows the rate of weight loss ·of the crib, and curve C
the temperature of the hay bale against the time of injection of the inert gas.
Curve B shows that there was a pronounced reduction in the rate of loss of weight
between 3 and 5 minutes after injection of the gas, after which the loss of weight
continued to decr

7ease
much more slowly. The rate of loss of weight at the end

of the test was 16th of the rate at the beginning of the test. The temperature
records from the mast of 12 thermocouples and from the three thermocouples 5 ft
from the wall of the Models Laboratory are shown in Figs 4 and· 5. The temperature
of the inert gas injected into the building is included in Fig 4. The temperature
of the inert gas increased when first inj!1cteg,. and was then adjusted at the
generator to give a steady temperature after 8 min .. injection. The atmosphere in
the building 12 ft or more above the floor had a very small temperature gradient.
Closing door-s D and E at 21t min produced a substantial increase in the
temperatures 3 ft to 9 ft above the floor, but a much smaller increase at higher
levels. The temperature of the hay bale reduced slightly during the main part
of the test, but showed a subatantial reduction after the externa~ deors were
closed. Smoke from the firea at P. and 5, Fig 1, reduced quickly on injection
of gas, and only traces were visible after 5 min injection, The hay bale

-4..,
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produced a column of smoke at first dense but which became yery'thin after
10 min injection of gas. The loose hay fire produced dense smoke for the
first 6 min of injection, but the density reduced rapidly until'S min after
injection; after which only a thin column of smoke was visible. No smoke
was visible from a:ri:y of the fires shortly after doors D and E were closed.
When injection of inert gas was stopped, all fires recovered quickly, the
hay fires smouldering strongly and the crib fire increasing to full burning
in less than 5 min.

Samples of the atmosphere in the Mod~ls Laboratory were collee,ted at
point ,K, Fig 1 from 35, 20 and 5 ft above the floor at 5,. 10 and 15 min
after injection of inert gas respeotively. The composition of the samples
is' given in Table 1;' the atmosphere was assumed to be saturated for the
analysis, because mist was observed near the walls at the' sampling point.
The temperatures at theaampling points, Fig 5, were then used to determine
the water vapour content of the samples.

TAllLE 1

Compo~ition of Atmosphere in Mod~ls Laboratory, Test 4

Gas sample
Height, ft.
Time after inJection, min
Temperature, C
Oxygen, per cent
Carbon df.oxi.de per cent;
Nitrogen, per cent
Water vapour, per cent

1
35
5

61
14.7
0.8

63.9
20,6

2
20
to
65.5
15.2
N.D.
N.D.
25.2

3
5

15
44.5
16.0
0,4

74,3
9.3

N.D. = Not determined

Condensation of we,te,r on main roaf beams was again the only effect of the test
on the Models Laboratory.

Group 2. Tests with Minimum Ventilation

For ,thia group of tests all openings to the MO'dels Laboratory were
closed. The ventilation therefore consisted of the peripheral gap around
the sliding roof, and the leakage through the wall cladding. For the
majori ty of the tests, the ,peripheral gap was 70 ft2, but a few tests were
made after the sliding roof had been partially sealed when the peripheral
g~~~~ ,

Tests with 70 ft2 Roof Opening

The experimental apparatus which varied slightly from test to test
included;

A mast supporting 12 diesel oil tray fires, 6 in dia, at increments
of 3 ft above the floar, at N, Fig 1 .

A wood crib fire as in Group 1 tests at P, Fig. 1.

A hay bale fire as in Group 1 tests at S, Fig 1.

A compressed air cylinder with remote indication of pressure and
temperature at J, Fig 1.

A mast of 12' thermocouples in the centre of the Models Laboratory, three
alternate couples in the top 6 were fitted as wet bulb thermocouples in some
tests. Wall thermocouples and gas sampling points at K, Fig 1.

One test is reported in detail, the others gave similar results.

Test No. S. The observations during this test were similar to those of
test 4, Group 1. Ori injection of the gas into the Models Laboratory the
atmosphere quickly became misty, Mist, formed close to the point of entry
of the 'inert gas and passed upwards and then along the Laboratory during
the first minute. After 2-3 min the atmosphere cleared, In the first
3 min of injection flBIl\es from a scrap wood fire on the floor at Q2, Fig 1,

- 5 -



were reduced, but then increased in aize as the test proceeded, The f'lBmes were
fairly large after 15 min of' injection. The top 3 diesel oil fires, on the mast
were all extinguished within 4 min 15 sec, but the top fire was the last to go
out", The pext, 4 fires were extinguished befo:re 5 min 30 sec and all but the
bdttom fire were extinguished by 7 min 1,5 sec. The' bottom fire was still
burning at the end of the test. The crib fire at P was reduced to glowing
combustion and a faint reddish flame about 6 in high in 9 min; and remained
this until the end Of the test. This behaviour was not typical and in all other,
tests in this group the crib fire wall reduced to smouldering combustion only.
The V'ariation of rate of' burning with time is shown in Fig 6. Temperatures'
measured during the test £'rom the wall and mast thermocouples' are shown in '
Figs 7 and 8 respeotively.' Fig 7 includes also the temperature of the injected
gas 'stream. The ris,e in' temperature and pressure of a compressed air bottle
placed 2 ft from the wall of the Models Laboratory and 3 ft above the ,floor are
shown in Fig 9.

Gas samples were collected at point J £'rom time to time during the test
and single samples of gas were collected 15 min after injection from the sampling -;
points at K., Fig' 1. 'The moisture content of the samples was taken as the aatura-
tion moisture content at the temperature of the sample for' the same reasons as fer
Group 1 tests. The variatio,n of composition with time is shown in Fig 10, and
the composition of the ,three 15 min samples is given in Table 2 below.

TABLE 2

Composition of atmosphere in Models Laboratory, T~st 8

Gas sample
Height, ft.
Time after injection min
Oxygen, per cent
Carbon dioxide, per cent
Nitrogen,per cent
Water vapour, per cent

1
35
15
14,7
1.2

64.'5
19.6

2
20
15
14.0
0.7

55.5
28.8

3
5

15
14..9
1.4-

66.6
17.1

The composition of the atmosphere, Fig 10, became substantially constant
after 8 min injection, and all fires were under control or extinguished by this
time. The wall temperature, which was higher at 20 ft than at 35 ft above the
£'loor, and the composition of the atmosphere at these sampling podrrts, indicated
a greater dilution with air at 35 ft than at 20 ft. This effeot was noted for
all tests in this group.

The moisture content at 27 and 21 ft above the £'loor in the riliddle of the'
laboratory; calculated £'rom the wet and dry bulb thermocouples is given in Fig 11.
The moisture content of the atmosphere calculated £'rom the measured temperature
of the atmosphere in the building with reference to ,the temperatures of the
injected inert gas and the initial temperature of the atmosphere in the laboratory
is included for comparison.

Tests with 30 ft
2

roof openiIll'j

A f'ew tests were made af'ter addi tiona! sealing had been fitted to the sliding
roof of the Models Laboratory I.' which reduced the minimum opening due to leaka around
the edge of the roof to, 30 ft<:.

The fires used in these tests were 3 ft tray fires ,of diesel ,oil at 8, 10 and
16 ft above the £'loor, a standard wood fire 1,2 ft above the £'loor" and a 6 ft tray
fire of paraffin primed with petrol on 'the' f'Loor-, The last fire was used to fill
the Models Laboratory with smoke and the quantity of fuel used was suf'ficient to
burn only until the inert gas was. injected. The other fires were lit a sufficient
time beforehand to ensure that they were fully d,eveloped when the inert 'gas was
introduced. The gas w'han first iIitroduced was highly inerting, containing
about 7 per cent oxygen; it was delivered at 45000 ft)/miIi at 1000

- 1100 C for
about 15 min. Then the compnsd,tion o:f the gas was changed, by stopping the
reheat, to a gas containing 16 per cent oxygen at abaut 600

- 70oC; this gas was
delivered at about 25000 ft3 min. During this last stage the Models Laboratory
was entered to observ-e the state of' the fires.

r: 6



In these tests the Models Laboratory became smoke-logged about 5 min
after lighting the paraffin tray fire on the floor, except for 3 - 5 ft at
floor le~el where :the smoke was thin. However, on injecting the inert
gas the who.le of the, building became smoke-logged in a few seconds.
Observers outside the building aaw smoke seeping from the joints, between
the asbestos cladding and along the edge of the roof at the start of the
test; the smoke being replaced by steam opposite the point of injection
shortly after the start, of injeotion of the inerl gas. AJ3, the' tests
proceeded the steam replaced more and more of the smoke until only steam
was seen emerging after about 10, min injection, Visibility inside the
Models Laboratory improved after this, time and at 12 to 14 min after

: injection, the atmosphere within the building was such that windo:ws could
be seen 80 ft from the Recorder room door, and obstacles and structures
in the building could be identified. When the gas was ohanged at 15 min
all fires appeared to be out. The atmosphere quickly became misty, but
the mist largely cleared after about 5 min injection of the couLez- gas.
All the diesel oil fires were then seen to, be out. In two out of three
tests the wood crib fire slowly recovered, during the injection of the
16 per cent oxygen gas; the carbond.sed woo,d at first glowed and this was
followed by the produotion of snaIl flames, which then increased in size
until they were about 3 ft long. In the third test the carbonised wood
sho,wed no flames during the 15 m:in in:jection of the cool 16 per cent oxygen
gas, but when injection was stopped and the building was ventilated by
opening doors and the sliding roof, the g],owing combustion increased to'
full'flaming,combustion in about 5 min.

The temperatures recorded at 3, 6, 12, 24 and 36 ft from the maaf of
12 thermocouples, for one of these tests is given in Fig 12. A large
temperature gradient was produced by the hot light comb~~tion gases during
the preburn period. The injection of the hot hig4ly inert gas resulted
in the mixing of the atmosphere in the building, and after about 13 min
injection equilibrium was again established with a much reduced gradient
of temperature, thEl minimum temperature at 3 ft above the floor then being
from 76 - 78°C. The injection of less inert gas, produced by turning off
the reheat at the turbo-jet engine reduced the temperature gradient further,
the minimum temperature at 3 ft falling to about 700C in 2 min. The
temperature close to the ground reduced further as the time of in'jection of
the less inert gas increased. After about 10 min injgction of the less inert
gas the temperature at the 5 - 6 ft level was about 60 C'. and although the
atmosphere in the Models Laboratory felt very warm, personnel found t':1at they
could walk through the building in normal clothing and without breathing
apparatus. The degree of coInfort was. higher when full fire serva.ce uniform
and great-coat was worn.

Group 3., Tests of the, performance of work in inert gas atmospheres

A series of tests were made to assess the capacity for work in the
a.tmosphereocreated in the Ko~els Laboratory by the

2
i n j ec t i on of hot inert

gas. at tOO C or more, with a, ro,of opening of 70 ft. By arrangement with
the Chief Officer of the Hertfordshire P'lre Brigade Officers and B.A. teams
from the Brigade took part in these tests..

Exploratory Test~ Inert, gas at tOOOq containing 7 per cent oxygen was
injected into the Models. Laborabry, to examine the feasibility of firemen,
wearing normal service clothing and breathing apparatus, entering and working
in the atmosphere created. Brigade officers wearing compressed air breathing
sets with normal uniform clothing entered the building through the door H,
Fig 1,a few minutes after the' injection of the inert gas at 45000 ft3 min, and
staYE!d in the atmosphere for 17 to 20 min. The temperatures registered by the
thermocouples are given in Fig 13;" the thermocouples 'in the middle of the
Models Laboratory failed after the first 5 min Of test.

- 7 -



Comments of the officers on their experience, are aumnar-Lsed below:

I. The time spent, in the atmosphere was approachingothe limit of
endurance. (Temperature at head level about 60 C).

II. Exposed skin was affected by the heat. The covering of the
skin by the wearing of full face mask breathing apparatus and
ear-muffs' or scarves, gloves and leggings made the atmosphere
bearable.

III. T1le air from the compressed air breathing sets became hotter
as time in the atmosphere Lncr-ease'd , and added to the discomfort.

The structure of the Models Laboratory, and the electrical and other
e qui.pnerrt in it, were examined after each test. Apart from the dripping of
condensed water from the main roof beams, and a light condensation of water on
the walls, no other hannf'ul effect was observed. All electrical equipment and
wiring continued to func tion correctly, although th,e wiring sys tem and switch':
gear were not specially protected against moisture and condensation.

Tests of entry and performance of tasks by firemen. Some tasks were devised to
assess the performance of firemen at an incident in which hot inert gas is used,
A series of fires were placed in the Models Laboratory at dif£erent levels. Five
diesel oil fires two of 6 in dia. two of 1 ft dia. and one of 2 ft dia. were placed
3 ft apart on a platform 7 ft high in the middle 0 f t he building. A wick lamp and
an evacuated gas sampling bottle were placed alongside each fire. One 3 ft dia.
tray fire of diesel oil was placed on the floor and sno.ther- 2 ft above the floor.
Crib fires of 4 in square timber were placed 10 ft and 3 ft above the floor;' a
scrap wo.od fire was placed on the floor and a fire of an 8 ft high, 4 ft wide and
1 in thick panel of fibre board was placed 12ft above the floor. 'Five sacks of
gravel weighing 12 stone each were placed at different locations in the building
to simulate unconscious people to be rescued. The general layout of t~e fires in
the Models Laboratory is' shown in Plate 3.

The breathing apparatus teams from the Hertfordshire Fire Brigade were asked
to perform the following tasks:

1. To enter the laboratory and to operate the cocks of the gas sampling
bottle so as to collect samples of the atmosphere, when the associated
tray fire went out.

2. To enter the laboratory 10 min after injection of the inert gas and to
extinguish (a) the floor level fires and (b) the wood crib fires and
(c) the fibre board panel fire.

3. To enter the laboratory and find and remove the 12 stone sacks,
representing the rescue of persona.

Two tests were performed; the tempera~Ire record of the first test, is
given in Fig 14 and the times of extinction vf the fire are indicated in t~e

:Figure. The temperature record of the se cond test is given in Fig 15; in this
test the gas samples at regular intervals were taken by Fire Research Station
personnel. The composf.td.on of the gas w~;; determined in the latter test only"
because the tray fires,. except the 2 ft,diameter fire, had gone out when firemen
entered during the first test, and doubc existed as to the validity of the
samples .

. The firemen completed the set tasks in from 5 to 12 min after entry. The
high level wood and fibre board fires were extinguished by breaking them down
and applying water from hand Id.nes , The 3 ft dia. diesel oil fires were
extinguished with portable' foam 'dxtinguishers. The five oil fires at the 7 ft
level wereopserved and went out as' follows: the wick lamps went out 4 to 5 min
after gas injection, the 6 and 12 in dia. fires went out 6 to 7 min after gas
injection and the 2 ft fire went out 14 min after gas injection. The composition
of the gas from the second of the two tests is given in Table 3.

- 8 -



TAllLE 3

Composi tion of atmosphere 7 ft above. floor in Models Laboratory

G-as Sample 1 2 3 4
Time, min 5 10 15 20
Temp. oc 65 65 64 53
Oxygen, per oent volume 12,,5 13.1 13.5 15.0
Carbon dioxide, per oent volume 2.1 2.3 103 1.9
Nitrogen, per cent volume 61.4 59.6 62.2 69.1
Water vapour, per cent volume 24.0 25.0 23.0 14.0

Note: Carbon monoxide was detected in small quantity. The marked change
in composition of the final· sample was due to the introduction of air into
the Models Laboratory through door H, Fig 1 which was of necessity open
for the entry of firemen and the removal of the 12 stone sacks.

The removal of the 12 stone sacks was accomplished quickly for 4 of
the sacks, but the fifth sack was placed where it could not readily be seen.
The firemen; on being informed of the presence of the fifth sack but not its
location, re-entered and removed it in a further minute or so. The total
time taken for the task was about 6 or 7 minutes.

The extinction of the fires above the floer required some of the
firemen to ascend ladders. The firemen experienced increasing discomfort as
they ascended, The sensations of the B--remen at different levels. in the
Models Laboratory are given below:

1.' No appreciable discomfort was felt at floor level when the atmosphere
was entered for a short time only. The temperature felt warmer close
to t he walls of the building than in the main body of the building,
but in the second test there were some areaS where the temperature
was too hot to remilin. Relief was obtained by moving away from
these areas. (Temperatures at 5 •. 6 ft level, first test 60 - 65°C,
Fig 14, second test 70 - 750C, Fig 15.)

2. Temperatures at normal hand level were tolerable during the first
test. During the second test gloves were found to afford greater
comfort. (Temperatures-at 3 - 4 ft level, first test 50 - 550C,

second test 60 - 65°C).'

3. Hands extended above the head felt very hot in the first test, but
the condition could be borne for 2 - 3 min. (Temperature at 8 - 9 ft
level 68 - 73°C). During the second test hands could be kept in this
position for a few seconds only u.~less they were protected with gloves.
(Temperature at 8 - 9 ft 78 - 820C).

4. On ascending ladders to a head height 10 - 12 ft above the floor the
temperature on exposed skin' during the first test was just tolerable.
(Temperature at 10 - 12 ft 78 - 83°C). During the second test,
exposed skin at this height felt scalded and the condition could be
tolerated for a second or so· only (Temperature at 10 - 12 ft 85 - 93°C).

5. On ascending ladders to 15 ft above the floor exposed skin was scalded
in a few seconds during the first test. (Temperature at 15 ft above
·i'loor 80 - 85°C). During the second test the scalding sensation was
intense and could be borne f0f; very short periods of time only
(Temperature at 15 ft 92 - 97 C).

The firemen experienced no major difficulties in finding their'way about
in the Mo.dels Laboratory. Although the atmosphere in the building was somewhat
misty, they were able to see objects 30 to 40 ft away. (Plate 5). They found
that their comfort in the hot atmosp~ere. was greatly increased, even when
working above floor level, by applying water spray from their hand lines on to
their bodies and exposed skin. By so doing, the atmosphere 8 - 9 ft above the
floor was tolerable for at least 4 min, the duration of their exposure at this
he'ight.
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DISCUSSION

The tests reported here have indicated the conditions under which'the
injection of inert gas from the' J.F.R.O. inert gas and foam generator can
control and extinguish fires in the Models Laboratory and similarly
dimensioned buildings"

When there is a high degree of ventilation at high and lQw LeveLs ; and
inert gas coptaining 7 per cent oxygen is injected at 45000 ft)/min,. the losses
of inert gas are too' high for the oxygen content of 'the atmosphere to be reduced
to the, leyel; about 14 per cent"2neede'd for the extinction of flames., ,Roof or
high level ventilation of 200 ft can be tolerated with this condition of
injection, and all fires except those close to 'the ground should be e~tinguished
or reduced to smouldering, provided that the floor level ventilation ,is not great;

, test 3 in the exploratory series suggests theta 70 ft2 opening to the 6 ft 6 in
level does not have much effect on the extinctioIi of a fire '9 ft above the floor.
However, subsequent tests indicated that a further reduction in low level '
ventilation resulted in a more inert atmosphere being produced. Thus to achieve
the maximum efficiency in the usage of inert gas, it is desirable to operate with
restricted high level ventilation arid as little ventilation near the floor as
possible, bearing in mind thet in abuilding of the capacity and height of the
Models2Laboratory, the presence of ro,of leaks or high level ventilation of 'up to
200 ft should still allow extinction of fires to take place. '

The conditions of injection of inert gas in these tests would be expected to
give turbulent mixing of the' injected gas and the atmosphere existing in 'thEl Models
Laboratory, since the modified Richardson Number, N1' is 0.002 (see appendix).,
The temperature distribution iIi the Models Laboratory for the tests showed a
gradient from the floor level upwards, with the rate of increase of temperature
deoreasing as the distance from the floor Lncr-eaaed, The temperature range of
the gradient also reduced as the ventilation areas were reduced; The gradient
was due to the entry of air at low yelocity, (Values, of N1 <~i) through the
openings and the distributed gaps between the cladding of the Models Laboratory.
This aspect of th~ replacement of atmospheres in buildings, is discussed more '
fully elsewherel4). '

A reduction in overall ventilation substantially raised the temperatures 'in
the lower parts of the Models Laboratory. Thus, although firemen were able to
enter the Models Laboratory and work iIi reasonable comfort while, on the floor in
the tests with the 70 ft2 rO,of opening and the distributed wall leakage, they
would not have been ablEl to do this if the roof ventilation were reduced or if the
distributed leaks in the walls were not present to produce stratification of the
atmosphere. It is therefore desirable to introduce inert gas at a lower initial
temperature then ,the 1000

- 1200 C used in the present tests.

The normal issue of fire Service uniforms gave sufficient ,body protection to
permit firemen to work for about 15 min in humid atmospheres at about 600 q, with
short spells at higher temperatures. However exposed skin at the facEl, neck and
hands required protection) the face mask of the compressed air breathing
apparatus, scarves and gloves appeared to give adequate protection. _ The 'extra
comfort that firemen obtained by spraying themselves with water 'could have' an
appreciable effect on the time firemen could SPend in hot atmospheres. -

The firemen commented on the discomfort felt on breathing the heated air
from'their compressed air' breathing se ta, The normal .use of compressed air
would cancel any increase in pressure produced by the rising -temperature of the
cylinder, the increase' in temperature however could produce discomfort, the
final temperature of the cylinder being well above-body temperature. It is
considered unlikely that the alternative oxygen breathing apparatus at present
in use in the Fire Brigades would give greater comfort. The carbon dioxide
absorption bag used with oxygen sets presents a large surface arid would heat
gases rapidly, and the cooling devi.ce often used with such apparatus loses
efficiency at high temperatures. However, liquid air or oxygen breathing
appanatua should prove more suitable for use in hot atmospheres than the
above two types of breathing apparatus, because, oxygen or air could be supplied
at low temperatures.

- 10 -



The tests have shown that little damage to buildings should result
from the introduction of the hot, humidified gas, this damage being restricted
to water condensation on massive pillars, beams etc. 'Electrical supply systems
in the Models Laboratory at the normal voltage (44-0 v), in atandar-d conduit and,
trunking and using standard switch gear did not appear to be affected. The
wider application however to buildingS in which there are high voltage 'electrical
systems might lead ,to' a break-down of electrical insulation. '

Deviations were observed between direct measurements, and calculated'va~ues,
of carbon dioxide in the atmospheres, the directly measured value being the lower.
AB there were no marked' deviations for the other gases in the atmospheres, it 'is
likely that' carbon dioxide was' lost either in the sampling line or in the
bui.Idf.ng ,' The r elative humidity measured by the wet and dry bulb thermocouples
was 'consistently lower than the calculated value; this deviation was probably due
to the inefficiency of the wet bulb system.

CONCLUSIONS
.,' , ; .
Inert' gas produced .bya turbo..,jet engine can rapidly extinguish flames and

redu~e solid ,fuel fires' to smOuldering. Us~ the'J.F.R.O. experimental gas
generator in a barn-like building of 250000 ft volume, these effects would' be
produced in

3
8 ' - 10 min when inert gas containing 7 per cent oxygen is introduced

at 45000 ft Imino The presence of distributed;, leaks, such as leaks at the
joints of light cladding, can result in the continued burning of fires on the
ground iii such abuilding. ,The efficiency of extinction and ccrrtroL of fires
is greatest when ventilation is at the top only20f such a building; , with
injection of inert 'gas, at the above rate, 200 ft of high ,level ventilation
can be tolerated without serious reduction in the efficiency of extinction and
control of fires.

The entry of firemen into, the atmoaphez-e produced ,by' tile ,injection of the
inert gas would be faCilitated, by a reduction in temperature of the atmosphere
to 600C or less. A prototype appliance at present being constructed incorporat­
ing devices for the production of inert gas at such temperatures, should allow
firemen to enter premises into which the gas is injected to mop up residual
smouldering gases. '

REFERENCES

(1) D. J. RASBASH. F.R.Note,No.507. "Control of Fires in Large Spaces with
Inert Gas and Foam Produced by a Turbo-jet Engine. Part 1. Introduction
and prope,rties of inert gas and foam."

(2) D. J. RASBASH, (}.W.V. STARK, G.H.J. ELKINS.and B. LANGFORD. F.R. Note No. 527.
"Control of Fires in Large Spaces with Inert Gas and Foam Produced by a

,Turbo-jet Engine. Part 6. TrialJl in collaboration with the London Fire
Brigade at disused basement premises."

(3) ,G.W.V. STARK and J. F. CARD. F.R. Note No. 550. "Control of Fires in Large
Spaces with Inert Gas and Foam Produced by a Turbo.,jet Engine.
Part 9. The distribution of gas and control of fires d.n a'lllulti-storey
building. " ' ,

(4) D. ,J .. , RASBAllH, G.W.V. STARK, G.H.J. ELKINS. "A Model Study of the Filling
'of Compartments with Inert, Gas.," 2nd International Fire Protection
, Seminar, Vereinigung .zur- Forderung des Deutschen Brandschutzes,. held
at'Karlsruhe, 30th September, 1964 -,2nd October, 1964.

.. I

- 11 -



APPENDIX

Factors de'scr-i.bd.ng the mode of distribution of gas
injected irito a compartment

The mode of distribution of gas injected into a compartment ~ be
aacertained f'rom the value of a modifie'd Richardson's Number; N1' given by

where g = gravitational constant
L = 'characteristic Length (diameter of entry duct)
V = entrance velo'city o,f injected gas into compartment
~1 = density of injected gas

('0 = density of initial atmosphere in conaistent units

If N1 is larger than 2, the mode of diatribution of gas is by atratified
flow, i.e., the flow of gas that allowa it to' form a diacrete layer, the growth
of which diaplac,es the initial atanosphare,

If Nt Ls aubstantially lesa than 1, the mode of diatribution is by turbulent
mixing; i.e. the injected gaa Ls intimately mixed with the initial atmosphere, and
the concentration C of injected gas at time t after the start o! injection at a rate
r is given by

- rtC = 1 - e _
Q

where Q Ls the' volume of the compartment;
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