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FIRE EXTTNCTION T.STS I ROONS
by
P. H., Thomas ard 7, . T. Smart

Introduction
During the 'past few years, laboratery arserizmvinis have bcoen made to
exarine and compare the extinguishing orosiriies of water novawg and water

Jets hen applizd to fully—dzvelopzd fimes in model roo“~. Thic werk 7
ané a review of certain full-scale teste, iz descrihed in the report ( )

While these model experiments have orovided useful information on the
amount of water reouired to ext1ngu1sh such fires, and on the minimum rate
of appolication at whizh extinction is possible, they have suffcred from the

disadvantage that no suitable full-scale tests have been made by which
their findings may bec zystematically comparcd with those of practical (2)
fire-fichting. Zxpcriments of the Nationel Board of Fire Underwriters ’
for example, consizted of twelve tests, each with different conditions of
application of waler; nine %tests were with sprays and three were with Jets,
and five different pressures were employed, rangingz from 50 to 500 1b/in.
Compari onu of marticular smll-scale fegts v1th their full-scalc counter-
parts, \t/vhere thesc existed, showed the resulte to be reasonsbly consis-
tents, hOhOVur, and gave promisc of the general cxtension of information to
full-scale,

In these circumstances, an offer by the Home Office to arrange for
facilities for the pecrfomance of full-scale tests was most welcome, and
the recady agreenent of the City of Birmingham Pire Service to co~operate
in performing a trial sequcnce of twalve tests permitted the work to
procced. Reports of members of the Service appended to this paper, show,
among other things that the Joint experiment was aporeciated by them also,
and their advice and obscrvations, based on their lont expericnce, vere
invaluable to the Joint Pire Reczcarch Orczanization.

This report describes the sequence of tielve tests, the objects of
which were to obtain an cstimate of the repeatability of full-scale tests,
to measure the amount of water required to control a fully-developed firce
in a full-scale room, and to compare contrel by a spray and a jet at one
choaen condition.

2. Experimental design

In considering the objects of the tests, it was decided that all.
twelve fircs should be made under conditions as nearly identical as
possible.  There were, houhvhl, some unavoidable differences vhich had
to be taken into account in the experiicntal design. The size of and
access to the upstairs and downstairs rooms were different (sce
Section 3 (a))., There was the possibility that the extinction time would
be reduced as the operators gained experience of this particular firc, a
factor of unknoevm extent. In order to minimize the chance of firc damage
from the firat fire in cach house affecting the second fire, the upstairs
fire ws performed first. The two fircmen "A" and "B" (sec Section 3(f))
tock turns to handle the nozzle, the other being in support immediately
behind, The twelve tests were performed on three successive days, each
fireman using the spray and jet once ecach day.

The experimental arrangcment cventually chosbﬁ, af tor consuitation
with Mr, D. W. Millar of the Joint Flre Research Organization, is showm
in Table 1.
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3.  Experimental arrangements

(a) Site of Tests

The property used for the tests was mrt of a terrace of baci:-to~back
dwelling houses., Six houses alike in size and construction had bcen
selected, sach having one ground floor room ith a stone floor, and tvx
srmaller rooms on the unper floor. The dividing wall bet~een the two usper
rooms in each house was removed, raking a total of twelve rooms of
comparable size available for the tests. Figure 1 iz photograph of
part of the site. Approximate dimensions of the rooms were:-

Ground floor: 12 ft. x i3 ft. x 8 ft. high. ¥indow area 1 x 17% sq.ft.

Upper floor: 16 ft. x i3 ft. x 8% ft, high, Vindow area 2 x 12 sq.ft.

The Juilding Surveyor of the City of Bimdngham arranged to malke zood
the damage cdone to the pronerty while it had been standing vacant and to
re-cover the {loors and ceilings :/here necessary,

(b) Combustible conieni of rooms

Sets of furnitwre consisting of a cunboard, table, four ordinary,
and two larger chairs werc jade to the desizn shoun in Figure 4 and wers
arranged in cach room as shown in Figure 5.  This furniture wag gimilar
in design to that used in ecaxlies tects on the spread of fire, 9/  Some
wood ool and paper stuffed under the armchair, and between it and the
cupbcard provided the initial fire, As additional combustible material
some 4 f't, x 4 ft. sheets of °/i5 in, thick fibreboard were put under
the table in the dovnstairs rooms which had stone floors. As the object
of the tests was concerncd with the extinction, and not the development,
of' the fires, it vas possible to put saste razc, cardboard and wood wool
into some of the roowms where the furniturc was found to be damp, so that
"flash-over" would occur before the ceiling or floor were penetrated.

In addition, the furniture was wetted with a petrol-oil mixture, It was
because of this failure of the ccilinz or floor that the first three

tests were unsuccessful. In Test 4 and subscquent tests ignition produced
a larne fire for a short time after which it died away, and almost went
out, The fire spread, hovever, from the cupboard and chair, i'lares
spreading acrocs the ceiling and igniting the table, In this respect

the fire spread wac then normal. ‘ .

~



(c) Yentilation

“Ventilation tc the dovmstairs roan was provided by one m’.ndrm, both
the door leadine to the stairs and the front deor ziving access %o the
street beinz lLept closed. TUpstairs fires were veﬂtllateu by one window
and the stairway, the door to which wes kept partly open. During the
developnent of the fire, hcat was conserved by boarding which had besen .
placed over half the windmr. lost of the boards had either fallen or
been pushed in by the time the vater was applied.

(2} Design of noszles

In the extinction of fires of this type it ic desirable that the
fire should be controlled with the minirwm of water damage, but that
the water should not be cut off so gsoon that there is unnecessary hazard
to the firemen, Both the time of control and the arount of water
necessary were showm to depend, in the small-scale experimenta, on the
rate of applicetion of vater, and for this serics of experime=nis this
was chosen to be about 40 gallons per minute. This rate is about ten
times greater than the minimun capable of extinguishing a fire of this
size, and w5 chocen beerwse any differcnce betuien sporovs and Jets- was
likely to show up at tiw higher rates of flow,

The nozzles for the exneriments are shown in Figures 2 and 3 and
were made to be screwed onto a branch f‘itted with a stop-cock. The
spray nozzle cansisted of six pairs of in., dianeter orrifices to produce
s8ix pairs of Jets impinging at 90 the b:...,ectov of the angle between
gach palr of Jets being inclined outwa.res at 15° to the axis of the
nozzle, The jet nozzle hed a single orifice cof 0,40 in,- dizacter, On
calibration at 100 1b/i:n.? it was found thab while the spray gave
40 galfrén., . the flov through the jet was slightly more and the pressure

nt thonozele was appropriately rceduced to zive equal flow. The quantity
of water used in cach test was deterimined by measuring the chanze in
water level in the 400 gallon %ank from which the nozzle was supplied by
hose reel. A check was also mede by calculation,

(e} Experimental measurenents

Thermocouples swere pla.cec. 2 in, below the ceiling, one above the
cupboard in the corner, onc above the table in the centre of the room,
and a third in the corner above the second large chair, The temperetures
of the couples were recoited at 3 sccond intervals,  Photopraphs of the
fire were taken throuzh the open window., The time of any marked change:
in the state of the fire was_noted,

(£) Method of attacking fire

The fire vas ignited in the combustibles betveen the first armchair
and the cupboard, and was allowed to develop until it "flashed over”"
the whole room, During the developuent of the fire in the dovmstairs
room, tirec front dooi was kept closed to conserve heat, At a suitable
moru,nt aftef flashover, vhen it vas obscrved that the thermocouple
readings had reached a maximum, a signal was piven to the firemen to
enter the room (see Pigures 14 and 15) and fight the fire in accordance
with their c¢xperisnce, the time for shutting- ~off ‘inhe water be ing decided
by the fireman at the nozzle,

Results

In Figure 16 a scries of photographs taken during the course of
Test 10, shows that, in a successful test, therc was a clearly defined
point at which steam was emitted in large quantitics at the windows of
the room, Visibility vms rcduced with sprays much moxc than with Jots,
and it may not alvays have been possible to sece the firc. During the
course of the tests it was found that the time of shutting-off the
water could be rcduced almost to corrvespond with the time of cmission of
stesm, with the certainty that the fise was in a controlled state and
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only saall pocicets of fire remained to be extinguished by hand. pumn.
Table 2 and Figure 13 illustrate this point.

- Temperature rccords of thc successful tests are shovm in Fipures’
& - 12, The minirum tines for the anpearance of stean corréspond to ¢
gurantity of water of approximately 6 g:ﬂlons per 1000 cu.ft. of room VOlLL"‘lC,
and the minirwm times of shubting off %he water ceriespond to asproximately
9 aallons per 1000 cu,ft. of rocm volu;.se. Peak teirperatures were about
80000 and in all tests after test 5 the temperature over the table
exceedod 600°C for between 1 and 5 ninutes before applying water.
Plashov: did not occur as rapidly in same tests as it did in o thers and in
same instances water vms applied sooner than experimentally desirable because
of the irminence of the collapse or burning through of the ceiling., This
therefore added %o the variation in the development and extinction of the
fires, Tne azounts of water used, as measured by the tank of the Fire
Brizade Tender, ars gzivin in Appendix I. The revorts of a Fire Officer
observer and one of the two firemen concerned are given in Appendices II
and III,
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Discussion

There is no evidcnce of any differcnces between the performnce of the

firemen or betireen the fires in the upstairs and downstairs rcons; it is
valid, thereforc, to use all the successful cxperiments in an cxanination of
the main factors.

An apparent =zlight superiority of the jet in torms of amount of watsr

“used may be due, if it is a real difference, to thc application of experience
gained primarily uvsing Jjots to the usc of a spray.

In the extinction of a firc theore are generally two tines of imporiance,

" the control time and the extinction time. Control time is relevent beenuse
it represents a time at which, say, %the fire sunreads no further or alter
. vhich the fire does not re~cstablish itzel! at once if the asnlication of
extinguishing agent is stopped. In sractice, if the meaning of ‘control time'
is in the latier sense, some convenient featurs of the fire is chosen by which
it may fairly be represonted,  VWhile this cholce iz to acre extent

arbitrary, it has the advantage of reducing the variability of humen judgement.
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Por exanple the tine at which the radiation from a licuid fuel fire has
fallen to & cortain fraction of its initial value has been talien as the
control time in ecxweriments in the use of foam on potrol fires, Values
of control time may be expected to be lesz variable than thoss of
extinction time, if only because variation of the latter generally
includes, and thsrefo e exceeds tuat of, control time,

In the light of the above diszcusgion it is interesting to note that
in the results in Table 2 and TPigue I o, thg time ol shuttinz-off the
water was able to be decreased bv a factor of twe fo three, while the
time at which mteam was observed to apoear at the windows was practically
constant. Since in Test 8 the water was shut off practically girml-
tancously with the appearance of steam andl there was no sudasn re-growth
in the fire, it seems reasonable to take this time as a measure of the
conirol time, - It is seen frow Pigure 13 that it is less dedcndent on the
expericnce of the fireman than iz the moment at which it was thought safe
to turn off the water, These shut-oif times are .of course charccteristic
of' the previous experience and training of the fireman in the first test
only and for this reason a series of repeated tests in which the same men
takke nart camnot be resaided as giving results necessarily applicable in
practice, Althourh vhere the test is repeated in noninally identical
conditions the firenan's perfomance would be expected to improve, this
docs not imoly nat ne was in the first place inadequately trained: that
covld only be =aid if he were expscted always to ficht fires identical
with the test fires, Iven so, it is pertinent to ask how much, if any,
of this improvement in the course of a few reneated tests can be regarded
ag additional experience which can be transferred to future performance
in other fires, and how ruch is of transitory worth only, This question
can only be ansvered cxperinentally. All that can be said is that it is
possible Tor sowme permanent irmprovement to be retained vhen it is realized
that the water used may be reduced by a factor of two to three with a
conzequent reduction in water damage but since the firemen vere trained
men and experienced in the use of jets any transference of experience
from one fire to another is nwch less than in reneated tests and may be
insufficient to markedly rcduce the amounts of vater used with present
techniques.,

Sc far as a couparison of sprays and Jets is in these experiments
concerncd, any differences between them were overshadowed by the decreasge
in the amount of water uscd froa the first to the last tests. Since
the fire was not so readily observed when using the smay, it is probable
that the fircmen had to fall back on their experience with Jets, which
was greatcer than that with spravs, in deciding the time at which to shut
off the water., The time at vhich it is safe to ston annlying the vater
was shown $o be very soon after the emission of steam from the windows,
and it is clear that a cuestion of technique is involved. '

The dispersal of water by a spray is much greatcer than by 2 jet and
in consequence it iz not nearly =o important thet it be noved about. It
is probablc, therefore, that the same or greater efficicney in controlling
a fully-developed fire can be achieved by a soray than by a jet, with
less skill on the part of thec operator.

Lonclusions

Fully-developed fires in domestic rooms can be controlled by Jet
0i' by spray with avout 6 gallons of water per 1000 cu.ft. of room volume,
This figurc agrees well witih other full-scale tests and recpresents a
volunme of steam nearly twice the room volume. It is three fto four times
larger than the amount of water used to extinguish fires in smaller
experimental rooms in which thcre wac no furniture but which were lined
throughout with fibre insulatingz board. '

A very significant thing was, that even though the testc were carriecd

out by trained firamen the anount of water uscd was able to be reduced
by a factor of 2-3 frow the first to the last testz.  This suggests that

¢
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as far as Jets are concerned training does not automatically result in

© the nminimum quantity of water being used and this meanz that experience in

using Jjets is not able to be carned over conpnletely from one trpc of
fire to anotner,

‘¥hen usiny sprays it is not so imporfant for the neczzle to be moved
about as it is with jets, and it is probeble that there is a simpler
criterion for the acacs._mcnt of the ting of control af fhe fire, ¢ may
therefore be found that experience vwith spray cgulpmont iz sufficieatly
transferable to producc a marked cconomy in the use of water, It is
worth while carrying out experiments to invesitizate thic.
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APFEIDIX I
Nozzle Pumping tine Gals : Reiarks
PP I ——te e -
Test No. 1 Spray - 50 i
2 Jet 70 25 Bimnch open and
iy
! [
5 Jet 52 56 o ores
4 Spray 72 50 |
5 Jet - 39 30
6 Spray 69 ' 45 !
7 Spray 28 20 !
| 8 Jet 17 1
' 9 Spray* 12% 104
10 Jet 12 174 &
! 11 Jet 13% 124 )

12 Spray 16+ 14 E

From rznort of Chief Engineer Hole.
® In original report these appeared incorrectly in the reverse
order,

% This figure appears to be too large in relation to time involved,
In all these tests efforts werc made to rele all rcadings with
the hoge fully charged and to take the quantity reading before
re-opening the nozzle.-



i

' ATPENDIX II
(cory) - ) -
FROM: Divisional Officcr Beeby TO: Chief Pire Officer.

Lo you requesied at the terainaticn of the experimental fires in
Grosvenor Street West and 3ssington Strect last week, I submit-herewith
my own cbservations on the tests carricd odud.

I rzathered from the start thet the prime purrzosc of the ftests was
to ascertain whether a jet of water or a spray jot was the most
cconomical and cefficicnt for extinguishing fires, Over and above this
prime factor, it was intended to time the effects of fire spread but due
to -the difficulty of igniting the material employed, this preved scme-
vhat difficult but by using inflarmable liquids as the ienition maserial,
the graph of heet built up, after the initial flarc-up did resemblc to
some cxtent what wauld happen to normal materials which could ignite in
a small way, ’

The tests were extremely interesting end were thoroughly enjoyed
by all who took part.

From my own views, the most recassuring poirnt was how much fire
could be put out with so little water, As far as I could gether not
one of the fires required fifty or more gallons. of water to extinguish
it.

From discussions with the branchmen at different times, I gathered
that they werc inclined to the Jjet of water rather than the spray although
their observations changed from time to time dependent on the heat
intensity of the fire., The rain point is that where a Jet properly used
can cover a large area and a far arca, the spray covered a wider arca
but does not have the rcach. Conscquently the spray causes more
punishment to the branciman duc to him having to penetrate into the hecat-
laden atmos phere further than with a jet.

Purther of course, the minute particles of water absorb the heat
more rapidly and change to stcam more quickly with a result that there is
far more stcam produced with a spray nozzle than with a jet. My om
views on the use of spray, its cause of steam, and steam extinction are
gtill open. I did not think tmnt the extrn cxperiment carried out
proved that the steam had any serious dealings in limiting the fire, It
may be that I am old-fashioned and brought up on the jet, so to speak,
but my canfidence in tackling a fire rermins in the use of a solid jct.
There is of coursc the likely possibility of a Jet/sproy branch having
all the good points corbincd but this remmins to be scen,

Dr., Thomas wns, I think, entircly satisfied with the arrangcmonts
made although he may not have gained all the informtion he sought.

I would 1like to say that I think the branchmen did an cxecllent
Job of work and I think sttod out as a good example of the men we have
in this Brigade. .

From: Leading Fireman Partridgc. To: Chief Firg Officer.

. I have to report that on Wednesday, Thursday and Friday, thc ilth,
12th and 13th Novenber 1933, twelve fires were started and extinguished
in six houscs of the 'back-~to-baclk:' type in Grosvenor Strect West and
Esgington Strzet, Ladywood, Bimingham 16.

The fires were cxtingpuished by water from either a spray or a
Jet cannected to 24 in. rubber lined hose aixd supplicd from the pump unit
of a Pump Water appliance using the water contained in the 400 gallon hose
reel hn-ko
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; wht-up on-the-jet; =%e
The water from the spray covered an area equivalent to the average
sized room of a dwelling house, i.e. twelve feet to fifteen feet square.

As one of the two branchmen who extinguished these fires I made
the following observations.

1. The thie taken 4o cxtinguich encli ol shuac fires varied in eausn
cas¢ accordine 4o the temprratwre of the {ire, the armunt of
material buming, and the location of the most scvere parts of
the lire. ’

2. The difference in the times $aken fo extinguisn the firas alzo
varied when using gither the spray or the jet; when fthe fiow
was most severe in the centre of the room 'Zinvolvin‘ tanie oo
chairs) the spray extinguvished it more wuickly than twe jof,
vhercas, if the main fire was in thsz far corner.of the rom the -
jet was more expedient,

3, After the fire had been brought under control and the branch was
shut off, the amount of water lying on the floor was slightly
higher 1n the case of the Jet than the spray, this of course
belnr_ due to the fact that the fire had been mainly "!mocked out"
with the jet as against the cooling and smothering effect of
the sprav.

4, When using the spray the rapid gencration of steam made it -
extremely uncomfortable foxr the branchmen and prevented then
fram advancing into the room to extinguish any remaining pockots
of fire., It mist be noted here, however, that in each case the
windows had been mainly removed for the purpose of observation
and photography, and the ceiling above had been ranidly vented
by the fire due to either the deteriorating of the structure
or damape fran the previous cxperimental fires in the upper
rooms. There is no doubt that if the only openings in the roam
had been the doorway through which the branch was taken the
fire would have been more completely extinguished when th: spray
was used,

5. When using the Jet the atmosphere in the room was clearer but
not cooler and the main centres of fire were quickly observed
and extinguished.

6. This type of spray could be used to extinguish fires of this
type without endangering the branchmen as it does not require
the same degree of accuracy or technique in directing the branch,
the branch could be pushed into the room and would eventually -
extinguish the fire without the necessity of waving it about.

Summing up:

When using the spray it appears that the follomng conditions can
be anticipated:-

(a) The residual heat is reduced to an cxtent that will allow
persornel to enter and operatc within the rooam.

(b)" The atmosphere will be hot and huriid, causing physical
discoamfort, but-this appears to be due to high humidity
rather than excessive heat,

(c) Small pockets of fire and deep scated s;:oulderln'r may be
present. :
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(&) Yhen the volume of ocondensing steam has decreased to a
noticeable extcnt, indirect application has ceaged and
the cooling actlon of the water is restricted to the
area of direct application,

In addition to these twelve fires another fire was started and
allowed to spread to the upper room and roof structure. Vhen the spray
was applied through the doorway on the ground floor the steam generated
penetrated the upper floor and roof spacc and the fire was brouzht under
control, A jet was finally usod fo extinguish fle remaiazng pociets of
fire,

From these experiments it would appear that the ideal branch for
this type of fire wculd be a combination of the spray and Jet,

supplied through the 22 in., hose - the hose reel tubing wou®*’ nnt pass
sufficient water,
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