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F.R. Note No .550

DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH AND FIRE OFFICES'· Cl'lMMITTEE
JOINT FIRE RESEARCH ORGANIZATION

CONTROL OF FIRES IN LARGE SPACES WITH INERT GAS AND FOAM
PRODUCED BY A TURBO-JET ENGINE

(9) THE DISTRIBUTION OF GAS AND CONTROL OF FIRES
IN. A MULTI-5TCllEY BUILDING

by

G. W. V. WRK AND J. F. CARD

SUMMARY

A series of tests were made to study the extinotion of fires in a four­
storey tower. The extinction of flaming combustion in an 850 ft3 room with
a 14 ft2 open window reguires the supply of inert gas containing 7 per cent
oxygen at about 2500 ft3!min.. Fires on different floors could be controlled
readily, when inert gas in sufficient q~tity was introduced at ground level •
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CONTROL OF FIRES IN LARGE SPACES WITH INERT GAS AND FOAM
PRODUCED BY A TURBO...JET ENGINE

(9) THE DI Sl.'lI.IBUTION OF GAS AND CONTROL OF FIRES
IN A MULTI-8TOREY BUILDING

by

G.' W. V. STARK AND J. F. CARD

Introduction

The results of tests on the control Of' fir~s in single storey buildings
and basements have been reported elsewhere 1" 2). The present note describes
a short series of tests undertaken to assess the distribution of inert gas in
the four-storey tower at the Fire Research Station~ and to determine the rate
of flow of inert gas required for the extinction of flaming combustion of timber
fires.

Experimental

The experiments were oonduoted in the four-storey tower at the Fire
Researoh Station"' Fig.. 1, Plate h. The tower oonsists of one room on each of
the four floors, and a communicating stairoase.. A doorway o,f about 16 ft2 area
opens from the staircase into each room" with a window opening opposite the doon,
The upper window openings were each about 14 ft2 and the ground floor willdQw
opening was 16 ft2• The tower is described in greater detail elsewhere~3).

Tests were designed to determinel~

(1) the minimum rata of flow needed to replace the atmosphere with inert
gas on all floors open to this stream of inert gas.

(2) the mini~ rate of flow to a single floor to extinguish flaming
oombustion of oellulosio materials,' (timber and fibreboard) ..

(3) the ability of inert gas to extinguish flaming oombustion of
cellulosio materials on different floors when the gas was intro,duoed through the
ground floor window and when all floors were open to the inert gas.

Por the first group of too se teste" the doors of the three upper rooms 011
to the oommunicating staircase were wedged open, and the windows of the rooms
were also left cpen, Inert gas was introduoed throu(!h flexible duoting sealed
into the first landing window at X, Pig. 1 (Plate 1). This point of entry
was used beoause the ground floor room had been sealed at the stair-way entranoe
in oonneotion with another series of experiments. Inert gas was introduoed and
the minimum rate of flow giving uniform distribution was determined~

Por the seoond grouP of tests, the oondi tions were as for group 1, exoept
that the doore from the atair~ll to the third and fourth storey rooms were
closed. Two 3 ft oube Orib fires of 1 in. square timber were built in the
second storey room. and the walls were lined with t in .. fibre board. The total
fire load was about 500 lb. Inert gas was introduoed so as to determine the
minimum rate for extinotion of flames.

Por the third group of tests the seal isolating the ground floor room from
the stairoase was removed. Timber'fires of about 300 lb load ware oonstructed
in the second and fourth storey rooms., and the doors to all four rooms from the



stairoase were wedsed open'. Inert sas was introduoed thrOUSh flexibls duotins
inserted throuSh \the 16 ft2 open" sround floor window" Plate 2~ The duot was
not sealed into this openinso Whippins of the duot was prevented by,
attaohins a nylon-meshbas to the end of the duct, so as to diffuse the
emersins sas and thus reduoe the reaotion in the duot. Inert sas was
introduoed at a hish rate of flow and the prosreu of extinotion followed by
observation and by a oine-film reoord~ ,

.. ."., .-_The.low.rates.of_saa..flow.,used, in_theaa_testB_ware.meallUl'ed..by.a.simple.
ordfioe plate inserted in the flexible duotins from the outlet of the jet
ensine senerator. Jull ratee of flow were oaloulated from the meas~ed rates
of flow of air and fuel in the jet ensine and reheat seot~oQsi the water
oonsumption and the temperature of the inert SBS' p~oduoedl4J.

lesults

1WI Inert Gas Distribution

Inert sas was introduoed at low flow rates; and the appearanoe of eteam
at the upper three windowl was observed. ' When inert Sail oon tainins 10 per oent
oxysen was intro,duoed at rates reduoins from 10~~00 ft'!min to about :
4-;,000 ft'/min', the steam iuued at similar rates from eaoh of the three upper
windows. This was the, minimum rate of flaw of. sas examined,' as at thi s time
the rate of flow oould not be sot to lower valulll with any aoouracy.'

I '

I2. Bxtino1lion of Jlamu in a Sinsle Room

The fire of 500 lb timber and fibro board was isnited and a11o'll9d to' burn
until flames had beon oomins out of tho window for 2 minutes. Inort sas '
oontainins 10 POl' oent oxysen was then injooted at 4-.000 ft'!min. Tl'e flamee
deoreased in lIilO until after 15 to 20 seoonds of inort sal injeotion no
flamell were v1l1ibie. Inert sas injeotion oOl'!tinued for a total time.or 2 min.,
'0 leo when it was IItopped. Tho fibre board roisni ted '0 seoonds lator and
the wood oribs were bumins well.: with larso flamu, a min.. '0 seo afte%'
inJeotion wall IItopped. The inort sas was reintroduoed, 14- min. 5 BOO aftor
beins etoppod.' at 2.600, ft'!min'. Some oontrol of the fire was obtainod at
firlltl tho flllllles woro pushod towards tho Window. and the atmosphere in the
room romaine4 fairly olear~ However, as injootion of sal oontinued, the flames
inoreased in silO and developed to about the lame sile as those of tho free
bumins fire., but were thinnor and roddor in oolour and more transluoont. The
supply of inort sas was steppod aftor 5 min. injeotion'.

,., Ixtination of Jlamos in 2nd an4 4-th Storey Roome

A prsliminary tnt wall ma4~ before attemptins to extinsuieh fires, to
determine the distribution of sas betwoen the rooms. Inert sas oontainins 10
POl' Odt oxysen wall injecte4 at 4-0.000 ft'!min into the buildinS tllrouSh the
sround nOOl:' window, and tho tomperatures !Oached in tho doorwll,Ys of the fl:1U%'
rooms was moasured. In this test an 8,ft shuttor was left open on the stair­
vra,y on ths sooond storey l"vel but was 010se4 for ths subsequent toet,., Tho
temperaturos reoorde4 are siven in JiS. 2. Durins this test the 4uot system
wae stable and 4id not whip. The rate of rise of temperature indioate4 a
rapid distribution of sas to all floors) this was oonfirmod by observation of.
steam issuins from tho Windows. Steam emersod from tho sround floor window,'
whors the 4uot was intr04uood, at a very hish rate~ but the stoam issue4 from
tho upper Windows at what appeared to bo a similar rate to that from the s1nSlo
room in tho proviously montioned tost.,

The fire oxtinotion test was then prooeoded with., Tho fires wore isnited
in tho sooon4 and fourth stoZloy rooms,' and allowed to burn for 12-§- minutes.'
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Inert gas containing 10 per cent oxygen was then injected into the ground floor
roon at 40,000 ft3/min at &'1 indicated temperature of~5°C"" The bulk of the gas
was seen to escape ,as steam from the ground floor window, but steam issued from
all windows in a few seconds' rio flames being seen at this point. The flow of
gas was stopped after 1 min. 30 sec, when the steam cleared immediately,' and the
fires were seen to be still burning vigorously. The flow of gas into the
building was then restarted 15 seconds later" and continued f'on a further 1 min.
30 sec. The film record of this part of the test showed that the flames from
the fire in the second storey room were becoming thin and reducing in size in
5 seconds. After a further 5 seconds,' no flames were visible, except possibly
an occasional very small flickering flame~ No flames were visible towards the
end of the period of injection. The flow of gas into the bUilding was then
stopped for 30 seconds, but no flames were seen from either fire.' Injection of
the 10 per cent oxygen gas was continued for a further 1 min. 30 seca, when the
gas was changed to one containing 16 per cent oxygen at about 27.000 ft3/min.
The photographic record and observation showed that flaming combustion of the wood
was gradually re-established. Temperatures measured in the second storey room
confirmed the observation and photographic reoords of the control of the fires,
and a sharp rise in temperature indicated that burning was resumed after 2 min,
injection of the 16 per cent oxygen gas. Injection of gas was stopped 5 min.
later and the fires allowed to burn out.

Discussion and Conclusions

The first two groups of tests indicated that an even distribution of gas to
three rooms was obtained with the introduction of 4,000 ft3/min of inert gas ,. and
that, in a single room, the flames from timber fires could be extinguished with
inert gas containing 10 per cent oxygen at a rate intermediate between 4,000 ft1Vmin
and 2,600 ft3/min. Assuming that the CI'itical rate for name extinction was the
intermediate value, 3.300 ftJ/min,extinction with the most inert gas produced by
the jet engine generatoI',. containing 7 per cent oxygen, would be expected at a rate
of 2,300 to 2,500 ft3/min.

In the last test reported, in which inert gas containing 10 per cent oxygen
was distributed through the whole of the four-storey building, the fires were less
readily controlled than in the single 'room test, implying a rate of flow to each
room somewhat less than 4,000 n3/min but greater than 2,600 n 3/mind The amount
of gas escaping from the ground floor window would therefore have exceeded 70 per
cent of the gas deliJrere'd through the ductdng,

It is concluded from these tests that inert gas from the jet engine generator
can be introduced into a multi-,storey building, and may be distributed laterally,
for example from a stair-oI' lift-well., through a number of floors. The number of
floors to which the gas may be introduced is dictated by, firstly, the need to
introduce sufficient inert gas to any floor to exercise control over fires, i.e.
to extinguish flaming, but not smouldering, combustion, and seoondly, the pressure
loss and hence the height and width of the stair-or lift-well, co¥trolling the
flow of inert gas. The flow of gas laterally would however be reduced if a large
vent existed at the top of the stair-or lift"well~' On a single level, since
2,300 - 2,500 ft3/min of inert gas containing 7 per cent oxygen would extinguish
flaming combustion in one room with a 14 ft2 open window the total output of the
jet engine generator, 45,000 n 3/ mi nrmi ght be expected to extinguish flaming
combustion in 15 to 20 such rooms.
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