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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 ft- room with
- . . s .
a 14 ft© open window regulrea the supply of inert gas containing 7 per cent
oxygen at about 2500 ft /hin‘ Fires on different floors could be controlled
readily, when inert gas in sufficient quantity was introduced at ground level.
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Introduction

The results of tests on the control of fir?s in single storey buildings -
and basements have been reported elsewhere\ls 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.

Eggerimental

‘ The experiments were conducted in the four-storey tower at the Fire
Research Station, Fige 1, Plate 14« The tower conslats of one room on each of
the four floors, and a communicating staircase, A doorway of about 16 £t2 area
opens from the staircase into each room, with a_window opening opposite the door.
The upper window openings were each about 4 £4° and the ground floor wifdgw
opening was 16 £t2. The tower is described in greater detail elsewherel3/.

Tests were designed to determine:-

(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 minimum rate of flow to & single floor to extinguish flaming
combustion of cellulosic materials, (timber and fibreboard).

(3) the ability of inert gas to extinguish flaming combustion of
cellulasic materials on different floors when the gas was intreduced through the
ground floor window and when all floors were open to the inert gas.

For the first group of these tests, the dcors of the three upper rooms on
to the communiceting staircase were wedged open, and the windows of the rooms
were also left open. Inert gas was introdiced through flexible ducting sealed
into the first landing window at X, PFigs 4 (Plate 1)« This point of entry
was used because the ground floor room had been sealed at the stalr-way entrance
in connection with another series of experimenta. Inert gas was introduced and
the minimum rate of flow giving uniform distribution was determined.

For the seaond group of tests, the conditilons were as for group 1, except
that the doore from the stair-well to the third and fourth storey rooms were
closeds Two 3 £t cube o&ridb fires of 1 ine square timber were built in the
second storey room, and the walls were lined with % ins fibre board, The total
fire load was about 500 1be. Inert gas was introduced so as to determine the
minimum rate for extinetion of flamesy )

For the third group of tests the seal isolating the ground floor room from
the staircase was removed« Timber fireas of about 300 1b load were constructed
in the second and fourth storey rooms, and the doors to all four rooms from the



staircase were wedged opensy Inert gas was introduced through flexible duoting
inserted through,the 16 £42 open.ground floor window,; Plate 2. The duot was
not sealed into this opening: Whipping of the duot was prevented by .
attaching a nylon-mesh bag to the end of the duoty Bo as to diffuse the
emorging gas and thus reduce the readtion in the ducts Inert gas was
introduced at a high rate of flow and the progress of extinotion followed dy
observation and by & oine=-film reocondy '

- —.The .low.rates._of.gas flow.used. in.these _tests_wers.measursd.by a_simple.
orifice plate inserted in the flexible duoting from the outlet of the Jet
engine generator. Pull rates of flow were oaloulated from the measuwed rates
of flow of air and fuel in the jet engine and reheat seottosa; the water
consumption and the temperature of tho inert gas producedil/,

Results
1« Inert Gas Distridbution

Inert gam was introduced at low flow rates, and the appearance of steam
at the upper three windows was observed. When inert gas oontaining 10 per cent
oxygen was introduced at rates reduoing from 10,000 f't /min to about !
4;000 ££t3/min, the steam issued at similar rates from each of the threo upper
windows, This was the minimum rate of flow of gas examined, as at this time
the rate of flow could not be set to lower values with any &couracys
| : -

2. BExtinotion of Plames in a Single Room

The fire of 500 1b timber and fibre board was ignited and allowed to burn -
until flames had been ooming out of tho windoew for 2 minutes, Inoxrt gap
oontaining 10 per cent oxygen was then injooted at 4,000 £t3/mine Tro flames
deorecsed in sise until after 15 to 20 seocnds of inart gas injeotion no
flames were viaibie. Inert gas injeotion ocontinued for a total time .of 2 min,
30 sec whon 1t was stopped. Tho fibre board reignited 30 seoonds later and
the wood oridas were burning wall, with large flames, 8 miny 30 sec after
injeotion was stopped. The inort gas was reintroduced, 14 mine 5 ses after
being stopped, at 2,600 ft3/min. Bome control of the fire was obtalned at
first; the fiames were pushed towards the window, and the atmoaphere in the
room romained fairly cleare. However, as injeotion of gas continued, the flames
inoreased in sipe and doveloped ¢6 about the same size as those of the fres
burning fire, but were thinner and redder in ocolour and more translucents The
supply of inert gas was stepped after 5 min, injeotione

3¢ Bxtinetion of Flames in 2nd and 4th Btorey Rooms

A preliminary tost was madq dofere attempting ¢o extinguish fires, to
dotormine the distribution of gas between tho roomss Inert gas centaining 10
por oent oxygen was injeated at 40,000 £43/min inte tho duilding through the
ground fleoor window, and the temperatures Eeaohed in the doorways of tho four
rooms was measureds In this toat an B £4¢ shutter was lef4t open on the stair—-
way on the socond storey level but was olosed for the subsequent teste The
tomperatures rocorded are given in Fige 2. During this tost the duot system
was stablo and did not whip. The rate of riso of temporature indloated a
ropid distridution of gas to all Ploors; this was oonfirmed by obaervation of
stoam issuing from the windowse Btoam omerged from the ground floor window,”
where the duot was introduced, at a very high rate, dut tho steam 1ssued from
tho uppor windows at what appeared to de a similar rate to that from the single
room in the proviocusly mentioned teste

The £iro oxtinotion test was thon proccoded withe The fires wera ignited
in tho socond and fourth atorey rooms, and allowed to burn for 12% minutess

-l - A



Inert gas containing 10 per cent oxygen was then injected into the ground floor
room at h0,000.ft}/mhléﬁ an indicated temperature of 859C. The bulk of the gas
was seen to escdpe as steam from the ground floor window, but steam isaued from
all windows in a few seconds no flames being seen at this points The flow of
gas was stopped after 1 mins 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 for a further 1 min.
30 secy 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 flames 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 mines 30 secs, when the
gas was changed to one containing 16 per cent oxygen at about 27,000 ft?/mind
The photographic record and observation showed that flaming combustion of the wood
was gradually re-establisheds Temperatures measured in the second storey room
confirmed the observation and photographic records of the control of the fires,
and a sharp rise in temperature indicated that burning was resured 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 {rom timber fires could be extinguished with
inert gas containing 10 per cent oxygen at a rate intermediate between 4,000 ft;ﬁmn
and 2,600 ft3/min. Assuming that the eritical rate for flame extinection was the
intermediate value, 3,300 f't /min,extinction with the most inert gas produced by
the jet engine generator, containing 7 per cent oxygen, would be expected at a rate
of 2,300 to 2,500 £t3/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 1,000 f+3/min but greater than 2,600 ftzfminﬂ The amount
of gas escaping from the ground floor window would therefore have exceeded 70 per
cent of the gas delivered through the ducting.

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-or lift-well, through a number of floorss 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.es
to extinguish flaming, but not smouldering, combustion, and secondly, the pressure
loss and hence the height and width of the stair-or lift-well, coptrolling 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 £t3/min of inert gas cantaining 7 per cent oxygen would extinguish
flaming combustion in one room with a 14 f£+° open window the total output of the
jet engine generator, 45,000 ft3/ﬁinrmight be expected to extinguish flaming
combustion in 15 to 20 such roomss
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4 Storey tower

) Entry of flexible duct to stairwell

4 Storey tower

Entry of flexible duct through ground floor window
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