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THE USE OF HIGH AND ILOW PRESSURE WATER SPRAYS AGAINST FULLY
DEVEIDPED ROOM FIRES

D, Hird, R, W, Pickard, D, W, Fittes and P, Nash

" 1. Introduction ’

The pmport:.on of fires in bu:.ld:.ngs which are extinguished by hose reel
Jjets has steadily increased since the war until now 75% of the fires in which
water is applied by fire brigade- equipment are extinguished in this way. This
increased use has stimilated interest in obtaining the most efficient application
of the limited amount of water which can be carried on the first aid appliance.
The following factors might be expected to influence the amount’ of vater used
with hose reel equ:l.pment ,

(a.) The rate of application of water, For water, as for other extinguishing
agents, there is a "oritical™ rate of appligation for a given size of fire, below
which the fire camnot be extinguished, There may also be an "optimum“ rate of
application at wh:.ch 2 g:.ven fire can 'be ext:mgu:.shed. Wlth the m:m:l.mum amo'unt
of water.

. (b) The method of appl:.ce.tlon - by spray or jet. The cooling or smothering
action of water in a fire depends on the rate at which heat can be taken up by the
water. Since it may be possible to increase the rate of heat transfer by
increasing the surface area of the water, it might be supposed that sprays would
be supenor to Jjets in some concht:.ons '

(&) The" nozzle pressure of spra ., Increasing nozzle pressire can be (1)(2)
-expected to reduce the droplet size of a. spray, although most evidence .suggests
that there is little reduction for . pressure? I)zrea.ter than 100 - 150 p,s,i, Nozzle
pressure also affects the throw of a sSpray

Other less easily defined factors, such as the degree of control which can
be exercised by the branchman, may a.lso affect the efficiency of extingtion.

. Opemtn.oml problems may be a.ssoe:.a.ted with variations in any of these factors,
For instence, an increase in either pressure or rateé of flow increases the reastion
at the nozzle, which at some stage will affect the mancevrability; an increase in
the rate of flow increases the pressure drop in the hose which may have to be '
offset by an inocrease in hose dia.meter or pump pressure,

When all these variables are coupled with the m.tural variability of fires
attended by Fire Bnga.des, it is not surprising that it, is difficult from
operational experience to assess the separate effects-of pressure, rate of flow
and method of application. However, information is required on these separate
effects to help in the design of more efficient equipment, and because of this
the Joint Fire Research Organization, at the request of Chief Sciéntifio Adviser
and H, M. Chief Inspector of Fire Semces, Home .Office, undertock a series of
tests designed to investigate the effects of pressure, rate of ﬂow and method of
application on the extlnctlon of f:.res in buildings.

The extinction tests were made on fully-developed fires in rooms of a size
-chosen to represent approximately the upper.limit of the present use of hose reel
Jets, at which any differences in efficiency are likely to become important,

2. Previous work

Surprisingly few controlled extinction tests have been made on fires in
buildings so there is not very much information to drew on, The results of the
most important large scale tests are summarised in Table 1,



.Table -1, Summary of extinction tests in rooms

Type and size Rate of Water used
of fire epplication | Jet or |Pressure|Ventilation | to control
ga1/1000cu, ft/min spray P.S.1 £t2/pt fire
' gal/4000£t,
National Board of 60 spray 100 0.1 ‘9.5
Pire Underwriters() 19 sprey 100 .0, 9.5
850 cu,.ft room lined - LI spray 600 0,1 13,0
‘with fibre insuleting 15 | spray 300 0.4 11,8. |
board and conteining 22 spray | 600 0.1 10,0
wood and shavings 16 spray - |. . 300, 0.1 54
. 116 sproy 50 0,1 12.6
30 spray 200 0.1 4,3
35 spray | : ‘
: & jet 600 0.1 16
: .61 jet. . 50 0.1 . 16,4 |
9 jet 600 0,1 6.2 |
Wartime experimental 2.4 _ 1‘
fires at Building (3 stirrup pumps) 0.015 22,5 !
Research Station . ' ?‘
1900 cu,ft rooom . 0,8 -1,6 | , ;
furnished with approx, |(1&2 stirrup pumps) 0.015 15
6 1b/rt2 - .“
‘Wartime experimental 7.6 jet 100 0,04 © 15,5 !
fires e 7.3 spray 100 0,04 14.8 |
1424 cu,ft room 6.7 spray 100 0,04 not
: controlled
S Th/nsy ith approx, 7.5 spray | 100 0.04 1.8
:Joint Fire Rfs?amh . .
Organizationl5) . 32 spray 100 0,04 - 8
JBirmingham tests' 32 spray 100 0,01 - 8 ,
1250 and 1750 cu.ft : 1 .
furnished with approx, 32 Jjet 100 0.1 8.5
6 1b/pt2 o 32 jet 100 0.01 - 5.8
32 spray ~100 0,01 5.3
23 jet 100 0.0 8.6'
_ 23 - spray 100 0.1 - 5.7
Joint Fire Research |- - b spray 120 - 0,026 1.8|
Organization B 3,0 spray 60 0,026 1.2
512 cu.ft room lined - LA spray 120 0,026 1.8
with fibre insulating 4.8 - 1 Jet 175 0,026 1.6
board and containing 4.8 jet 175 0,034 1.6
no furniture L.8 jet 175 0,034 2.(3

-
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The -amount and arrangement- of furniture, type of nozzle, stage of the fire
at which extinetion was conmenced and the ventilation and rate of application of
water, differ widely in these tests. With the exception of the 512 cu.ft room,
which was the only one ufirnished the amount of water used to control the fire
cloes not vary very widely and it is not possible to discern any separate effeots
of the different factors. IIoEg :.morma.tlon can be inferred from the results
obtained by Thomas and Smart ) on small scale models of burning rooms, The
rooms were unfurnished and vere laned with combustible moterial, The effects of
ventilation, rate of flow and method of application were investigated and the

-results indicated that:- ]

(a) The a.mount of water- mml.u. red to extinguish a fully developed.room-fire
is very small if it is applied ef‘f‘:.clently, vhile control was achieved with as
little as 2 gall/1000 cu.ft in the experiments, it was thought likely that this
would be :l.ncreased to 5 - 10 gallmcr 1000 cu. £t under full-scale operational
cond:.t:.ons. o |

|

(v) The qua.nt:t.‘by of vater réguired to extinguish the fires .in the models
increased vith increasing ventilation, and also as the rate of application of
water increased, -

. | .

(c) The amount of water used by a spray was the same or less than that used
by & jet to contrdl-the same f:i.'::'e'.I Thé 'difference -became more marlced 43 the rate
of’ annllca.’c:.on of water wasg increased.

The only publis hed: :mfomatlon on bhe amount of water used to extlnf;uj.sh
different types of rIire under oPemt:.onaJ. conditions is given by lobius

brigade reported the performance of two spray nozzles against 214 fires, not
including small fires confined to f‘urm.ture. The nozzles delivered between 25
and 30 gallons per mimute at pressums between 60 and 85 p.s,i, The reports
contained information on the tyve ox ire, the mature of the combustible materials
and the amounts of water used. lhe ninimum amount of water used per fire was about
100 ga._lons- the amount of vater 1ncreased with. the ventilation and with the
cmount of "glowing" (fires in straw, textiles and upholstery etc, were defined as
"plowing” Fires), Mobius concluded that rapid extinction was obtalined in rooms
vhen the dimensions of the rooms were less than the throw of' the spray. He also
suggested that the ideal nozzle -muld be one in which the branchman could control
the spray pattern and the rate of flow

5. Test Programme |I - : .

In the main test programme, itlwas required to imvestipate the effect of

pressure on the amount of water, .:mpl:r.ed as a sproy, necessary to control and

extinpuishr a fully developed fire 1n room, The range of pressures to be used
was 80 - 500 l'b/sq_.:m. for flow mtes from 5 to 25 ga.l/m:n.n. During the course of
the tezts it was decided to :mcludetihrther tests to compare the effectiveness of
water avvlied as a jet. These tests were nade over the same range of flow rates
at o pressure of 80 lb/sq.:n.n The main programme thus consis ’ced o 50 tests:-

SPRAY 2 tests at 5, 10, 15, 20 25 g.p.m.,
at each of the zollom.ng pressures:- 40 tests
80, 125, 225, and 500 p, s.i, '
I
I
JET, 2 tests at 80 p.s.i. at 5, 10, 15, 20 and 25 g.p.m. ) 10 tests.
' |

These tests were randonised amonzst themselves.
: I

These tests were randomised.



» fourteen preliminory tests with thiee main

Provision was also made o
T any neasurable property of the fire could be

> ek

objects; Tirst to determine

used Lo obvinte a subjective assessment of the condition of the fire during
extinction; .second to develop o suitable test rrocedure; +third to train the
branciman so that he should have opproached his nmasdrmn efficiency swith this tyve
of fire before stertinz on the main progrompe, Seven tects were nade vith a
flow rate of 10 z,p.n, at 80 ».c,i, and seven ot 25 p.p.n, amd 500 v,s.i,

W

¢

Lo Test ¥re

The test Tires were Jesigned to represent a fylly developed room fire,,
A 1750 cu, £t room vith amnle wventilation (.035 1"1:2/ 7t2} was used -and a plan
of the room with details of the furniture is ziven in IMigs. 1, 2 &.5. The
five load wms 61 1p/942 (52,000 -B.Th.U/£t2) and consisted of a floor of ir inch
timber and simple "mock-up"” furniturs of 1 inch timber, A1l the wood was kiln .
dried but because of the larpe cmounts used it was not vossible to maintain
the moisture "content constant througshout the series of tests, and it varied
fron 9%4 to 156, The fires were started in the two boxes shown in.Pig, 1 by
burning o - pint of wetrol in trays 7 £t2 in area, The Tires were started in
this vy so that they wouwld coread to involve the vhole room as quickly as
pocsible and in the majority of tests the roon waos Dully involved in fire
within 3% minwtes., In some tests, hovever, the fire tr~ok longer to develop
and this was generally, althoush not always, associctéd with o hizh moisture
centent ol the furniture, The effects of this on The test results are
discussed loter, Temverature reeoords For the tests were provided from nine
260 sarl.p. chronel-alunel thermocounles connected in series and ‘mounied within
an inch of the ceciling.

Belore any extinction tests, a test firc was .made to decide the.sicpe at
which extinction should be attenpted and clso to confirm that the .fire would
Llost long enough for the extinction tests ot the lowest rates or application,
vhen crrtinetion night be emmected to tolic o considerable time. The time-

e S

tenperature curve of this prelininary fire is showm in Mg, 4,

5. Yent leszles and Scuipment

It won decided to use spray noznles of the inninginz jet 4ype, on vwhieh much
vreovicus, ermerience existed, In onder tluwt cay elfeets of pressure on the droplet
sine cff the sproys would not be macked, the orifice sizes yrere kept constant at
1/96 inch in 211 the nozzles, The rote of fiow at a siven pressure was therefore
incxeased by increasing the mber of nairs of impinging jets and not their size,
Slight mamalactering differences, os well as the fact that the roate of low per
pair of impinging jets does mot incrcase auitc as Tanidly with pressure as would
be expected, nroduced sone variations fron the nredicted flow rates, It was
decided to leen the Tlow rotes consbont ot the angreed levels for the test ‘
program:e and to de this the pressures vere adjusicd around the four chosen levels,
The mmbers of nairs of impinging jews uced for the diffexert nozzles are given in
Table 2 ond the actual pressures veed to give the desired flow rates are shom in
perentliesis, Pig., 5 shows the fincl Form of some of the nozzles,

Tzble 2, Details ‘of llozzl= Design

I'c. of pairs of /16" imvinging jcts required

rressure

D.5,1,

\

|49
(@
2
<
R
!
)
8

Rate of
flow (g.p.m,)

5 5(78) 4 o iaoo
10 10 {79) ; L (285
15 TR IRE 6 (510
20 20 (73) 46 8 gz@a
<5 75 (85 10 (520

e

W anzle of At H0% Led the ancles of diverpence
o the two rings of o gens (Fie, re ohosen o give as unifom o
Cistrioution of tmiter as poosible diy who H0OY cone wayle of the svray. The cone

e
("

. -



a.ngle of a spray is generally taken as the a.ngle of the spray at the rozzle, -
Hovever, with small rmumbers.of pairs of impinging jets this is not well defined
and it was therefore decided to define the cone angle as that angle subtended at
the nozzle by the area wetted by 90 per cent of the water on a plane perpend.lcula.r
to the axis of the nozzle and at . a distance of 8 feet, The cone angle was
substantially the same for all preesures and ra.tes of application,

The nozzles were fitted to a| trigger—-operated gun (Fig. 7) which was modified
propr:.etary equipment, The trigger was fitted with a switch conneoted to a
recorder so that the time for whn.ch water flowed through the nozzle could be |
recorded automatically.

6. Sjgra.y Properties . B |

Va.r:.a.t:.ons in nozzle pressure and rate of flow can produce changes in a
mumber of spray properties such as throw, veloc::. c(‘ag entrained air, wate{
distribution &nd droplet size. Rasbash et alia ; ) and Fry and Smart 10)
have examined some of these, It has been shown that the fome of the
entrained air current of a spray increases with rate of flow and is approximately
proportional to the square root of the nozzle pressure, Variations in a mumber
of factoES can affect the throw of a ‘spray and an empirical formula has been
derived (3) from the examination of many spray patterns which gives ‘the throw of
a spray (T) in terms of nozzle pressure (P), rate of flow (R) and cone angle (8).

T ='E__ﬁ.
. g

L - . . ]

where K is a consta.nt ' l

The mASs med::.an droplet size |(D) of sprays of Ehg :unp:.ng:mg Jet type d.es:.gned
to reduce coalescence to a minimum have been shown to depend- on both rate of
flow and pressure, The droplet s:.ze increases with rate’ of flow, due to coalescence,
and decma.ses with pressure in. the following manner: '

- e,
ot

"D = _AP"x I

1. where A"ié' a constant, - ’

and the va.lue of x aspend.s upon’ the value ‘of P, depreasing from 0 .5 to 0,2 as
the pressure is increased from 5 to 100 1b/:1_n2 o

These mea.suremen_te were made wi_th nozzle pressures up to 150 1b/in? and
since there is no information on this type of spray at higher pressures, the
water distribution and mass mec'b,an drop size were determined for a mumber of the
sprays used in the extinction tests. These sprays were chosen to cover the range
of vardiables used and the mass medien droplet sizes are shown in Table 3.

Table 3. Drop size-of sprays

Mass Med:l.a.x:l Drop Size mnm:
Pressure '
\lb/inz | )
‘Rate of ! 60 225 5.00

| flow gal/min \l
5 \ 0.55 | 0,39 0,32
15 M 0,85 0.62| 0,61
25 ) .514- 0.59] 0.9

I
The effect of pressure on the mass median dmplet s:.ze agmes masonably with
that suggested by Rasbash'at’ the lower mtes of: I’lcw. G T e e

These relations are . i :

D oo P-0’5 !at 5 ga.l/m:.n
Doo POA7  lat 15 gal/min,




At 25 gal/min however the droplet size increased mth increasing pressure. The
measurements of water distribution showed that the distribution of water in the
sprays became less uniform.as both pressure and rate of flow increased, The

proportion of water in the centre of the spray increased with consequent increase
of coalescence of the drops, This was most marked at 25 ga.l/m:n.n and 500 J.‘o/ln2 )
and probably explains the high mass median droplet size found with this spray. -

7. . Erélininary Tests : _ .
. The amount of water required to "control" the fire, that is, to reduce its

intensity to a point at which a rapid redevelopment of the fire would not occur
if the water application were stopped, had first to be determined, It was
‘also decided to measure the amount of water required to "extinguish" the fire,
The two terms "control" and "extinguish" were found to be umsually difficult
to define for this type of fire. It was found in the preliminary tests that -
they could not be related to a given room temperature, as this temperature varied -
with the time taken to achieve control or extinction, presumably due to the ‘
cooling of the room, Typ::.c&l temperature records of fires are shown in Fig, 8
and photographic sequences . in Fig., 9. Radiation measurements proved unsatisfactory
due to the soreening effect of the smoke and steam produced in the early stage .
of the extinction and the very low values of radiation intensity when the fire -
neared control. It was necessary therefore to a.dopt an observer's assessment
of "control" and "extinction", . -

The tests showed that the extinctions generally followed-a similar
vattern, The intensity of the fire was rapidly reduced when water was first
applied, but if the application of water was stopped too early, the fire quickly
regained its full intensity. This is indicated in the temperature record of
Fig. 10 illustrating one of the preliminary tests in which the application of
water was stopped when large volumes of steam were first seen issuing from the
windows, The fire was considered to be "controlled" at a later stage when all
the main flaming had ceased and only small pockets of flame were left which
were unlikely to cause a rapid redevelopment of the fire. The later stages of
the "extinction" consisted in putting out the smaller pockets of flame which
remained, The room could be left for at least 10 mimtes after "extinction"
without any appreciable recurrence of flaming. Whilst the assessment of ~
"extinction" by the observer and the branchman agreed, the branchman's assessment
of "control" was generally a little later than that of the observer. However, .
since the branchman's estimate is the one which is important operationally, it -
wa.s decided to use this during the main programme, It was evident after the ~
first few preliminary tests that that the access of water would have to be improved -~
to two of the boxes or a disproportionate time would probably be spent extinguishing
the fire within them, and this might detract from the main objects of the progremme;-
Boards were therefore removed from the rear face of boxes 1 and 2, (Fig, 1) -

Finally, it was evident during these tests that extinction was much more “
difficult if the wind were easterly. With this condition, the branchman's vision -
was seriously impaired by hot air and smoke blowing out of the doorway. For this
reason it was decided not to carry out any tests in the main programme with the -
wind in this direotion,

8, Test Procedure in Main Programme

As a result of the preliminary tests the follmng test procedure was
adopted in the main programme, ‘

The rooms were furnished on the morming of the tests and the moisture
content of the wood was measured, To obtain a mean value, the mumber of
measurements made on the floor and furniture were proportional to the percentage
of the total weight represernted, The fire was started in the two boxes indicated
in Fig, 1. Two mimtes after the whole room had become imvolved ('flashover')
water was applied contirmously through the doorway until the branchman thought
the fire "controlled", When the room had cleared of smoke and steam, water
was reapplied, intermittently, at the discretion of the branchman until .the i
fire was considered to be extinguished, A typical record of the water )
applied is shown in Fig. 11. No further water was applied for at least ten
mimites, in order that any tendency to rekindle could be detected. In the fires
which took longer to develop (Sect:.on L) it was sometimes necessary to reduce

.




i the period between 'flashover! a.nd the application of water to avoid complete
¢ destruction of some sections of the furmiture, .

The average wind speed and direction were measured during each test,
! Thickness and weight measurements were made on the furniture before and after
ithe tests to defermine the rate of burning. .

9, Test Results for Sprays |

The quantities of water usedito "control" and "extinguish" the fires were
determined for each test and the results are given in Table 4.,
, 3
Table 4. Water used to control and extinguish fires
: ! : _

Pre7su§e ' Galldns ! . .
b/ in : e e
Flow rate ' 800
Gal/min % 125 | 25 | 5
' ' = i |+ -m |
5 Control 9olf- 32.6 306 35.6 22.7_. ’7.3 ""-5-40 305
Extinction 15.5 58.6 | 9.7 454 |31,3 26,3 121.2 16.7
10 Control 7.7 5.3 | 7.7 6451 6.3 5.0 [10.2 . 4,8
. Extinction 12,8 14,2 [18,5 25,7'|76.3 9.9 |22.3 16.5
15 Control 5.3 73| 7.5 5ub | 45 . 656 5.8 5.4
. Extinetion - -}10,2 .23.0°(17.3 12.5 | 6.3 28.5 112.9 20,8
20 Control  |10.7 5.8 | 7.7 . 3.7 1 6.3 6.7 5.7 6.7
Extinction 20,7 7.7 |17.0 17.7 {20.0 12,8 | 5.7 8.3
25  Control 446 7.3 | 4.2 9.8 |13 10.2 | 7.9 3.5
Extinction 25011- 12.5 1201 1301‘ 1500 30_00 . ‘_OJ-]-_ _Z¢3
!

+ Omissions were made in the preparation of: this test which invalidated
the results. The figures included have therefore been estimated,

# In these tests the fire took longer to develop (Sect:.on 8) and a
.gonsiderable amount of the furniture had collapsed before the fire
was tackled, This meant that instead of readily accessible sirfaces,
there were heaps of burning material which-appeared to be more
difficult to extinguish,

10, Analysis of results with sprays

i
In the analysis the logarithms of the ‘quantities of ‘water were used as
being of a2 more normal distributioh than the quantities themselves,

It is first necessary to d.ec:l.d.e whether the "starred" tests in
Table 4 can be included in detem:.m.ng the effects of pressure and rate of
application or whether they must be considered as tests carried out under
different conditions from the unstarred tests. There is no apparent reason
why the collapse of the furniture- should affect the amount of water required
to control the fire although there are good grounds for -assuming that it would
affect the amount of water used tolextinguish it, Whereas there are two
starred tests in which appreciably 'more water was used to control the fire
than in the unstarred tests, more water was used to extinguish the fire in all
the starred tests, Analysis shows that there is a highly significant difference

(1% level) between the means of the amcints of water used to Egp._:. the fire
in all the ztarred and unstarred tests

Thus in analysing the results of the -amount -of water used to.extinguish the
fire there are good grounds for om:Ltt:.ng the starred tests wheéreas they might
be included in the analysis of wa.ter used to -control,

7=



The analysis has therefore been made with the starred tests both included
and éxcluded, for control of the fire, but only with the starred tests excluded
for extinotion of the fire ;

(1) Water used to control the Pire

(a) All the reSults were analysed and none of the factors were s:.gn:!.f::.oan‘h

at levels higher than 10%. A linear effect o
pressure, and a quadratic effect of rate of a
icant at the 10% level,

.

where P is the nozzle
ation appear as signif-
If it is assumed that these are an expression of

real phys:.oal laws then these laws can be represented by the following
regression equation, which also gives the 95% confidence ln.m:.ta.

Log10 = (0,854 % O 074) + (o.0n4 % 0,04) (r2-2) + (0,03t 0 oy,)(zp)

where W is the quantity of water used in gallons,

T = —"—ﬁ and R is the rate of application in gal/min
= 2_':_;.1@ and P is the nozzle pressure in 1b/in2.

.022

If the effects are real effects the expected sav:.ng in water under the
test conditions which can be achieved, together with the ra.nge of expected
results, can be obtained from equation (1

These are shown in 'I‘e.ble 5.

Table 5, 9}3% confid.enoe limits of water likely to be used to corfl:m

the fire if effects of rate and pressure are real effects
- WATER USED 7O CONTROL FIRE (GALLONS) : :

Pressure
1b/in?.
Rate of . 80 500
application
ge.l/min
) 5 a'nd 25 5.1 -19.8 3.&- - 13.1
40 and 20 4.2 - 13,2 2,8 - 8,7
15 3. = 13,2 2,2 - 8.7

{i

(b) “A further analysis was then made on the first series of 20 tests only,

containing only one "starred" test."

repeats were obtained were used as estimates of error,

Only a.n intera.otion between a qu.adra.tic effect of rate and a cuble

effect of appeared significant at the 5% level,
rate approached significance at the 10§ level,

Since there are no

physical grounds for the interaction {shown in the analysis to be

significant at the 5% level) to be any more probable than the other
18 effects tested, the test for significance for the largest Foratio

A linear effec‘_l: of

(11)

ought to be appl:.ed If this is done the interaction is not significant
at the 5% level and pmbably not at the 10% level.

The thirteen tests in which satisfaotory



Wate.r nsed- o ex't
N : ‘- |~
The analysis was made on the|resu1ts obtained in the first series of'
tests only, as in 4(b). Only a complex interaction betwesen pressure
-and rate of flow approached significance at the 10% level and this
can be rejected by the test for significance of the largest F-ratio,

11, Test results for jets Co

Ten tests were made in which the water was applied to the test fire
in the form of a jet. A nozzle pressure of 80 1b/in2 was used and-the
teats were made over the same range of rates-of application as with the

water sprays. The results are shown in Table 6,

!Ta.ble 6.

Water used to |extinguwish fire by jet

immm-cm/m -
5 16? s | 20. | 25

»® n M ¥ » -
Cbntml 13-2 11 .O 28-0 703 6-0 707 11"-’-}' 10-0 7-

5
Extinetion | 20,2 16,0 [39.5 125? 18.1 11.5 |18.1 19,4 |24.,6 15.6

"% Tn these tests the time to |fla.shover was delayed and some of the
furniture had collapsed bei]ore the appllication of water,

There appears to be no 31gn:|.flcant difference in the amount of water
used either to control or ext:.ngu:.sh the fire in the starred and unstarred tests
and all the results can therefore be used in a comparison with sprays., Such a
comparison shows no significant dlffemnce between sprays and jets in the amount
of water used. to control or ext::.n;_m:.sh the fire,

A further compariscn between ' spra.ys and jets: nay be made for the "starred"
results only, This shows a s:.gmflcant difference in the amount of water used to
extinguish the fire, less water 'be:mg required with the jets, The 99% confidence
limits of the mean amount of water used to extinguish the fire in the starred
tests with sprays are 22,9 - 45. 7 gaJ_‘I.ons compared with 14 -~ 31,3 gallons using
Jets.

|

12, Summary of :;esults

i
g

(1) Wa.ter used to comtrol fire - Sprays

The analysis shows that ne:.ther pressure nor rate are: s:.gn::.f‘:l.cant at the
5% level but effects of pressure and rate are significant at.the 10#% level, If
the "starred" tests are not 1m1uded in the analysis then only an effect of mate
of appl:.ca.t:.on approaches significance at the 10% level,

(2) Water used to eﬁ%sh!fm-smg
N | K . '
Neither pressure nor rate of f|'low appear significant at the 108 level,

(3) Water used - jets

There is no sigrificant difference between the performance of sprays and
jets against the test fire, but the results with the starred- tests only, indicate
that less water m:.ght be used in "ullopp:.ng up” with jets,

|




13, Branchman's Obscmra.t:.ons

. After each test the branchman mcorded his impress:.ons of the fire and
“the efficiency of extinection,

- The gun was found difficult to manoam at 500 p.s.i, with rates above
15 g.p.m. particularly when operating the trigger. The protection against
rad:.at:.on afforded by the sprays made fire-fighting easier than with jets,
though this effect was not noticed with the tests carried out at 80 p.s.i.
Purther, it appeared to the branchman that 'control' was achieved more rapidly
with sprays than with jets under the same conditions though the directional
properties of a jet appeared to make easier the extinction of more d.ce'p-
- seated pockets of fire beneath collapsed furniture.

14. Discussion of Results ) ;

.The mean amcount of water used w:.th sprays or jets to 'control' the fire

" was 7 gallons, equ:.valen‘b to 4 gallons/1 000 £t3, This is of the same order as

that used in previous tests (Table 1). The mechanism 'by which fires of this type
-are controlled is discussed in the Append:u:

More protection was afforded to the branchman by the spray than by the jet
and this is probably the reason why he'thought 'control' was .achieved more °
" rapidly, although the results do not show this to be so, It is possible, however,,
that under operational conditions 'control' could be achieved more rapidly with
the spray since less manipulation is required. This may not have been shown in
these tests since the branchman had ta.ckled the same fire marny times when he came
to use the jets and knew the p051t:|.on of the main centres of burning,

. The total amount of water used to _ext:.ngu:l.sh the fire was about 15% gallons;
. thus rather more water was used to subdue the small pockets of flaming and to
“prevent the*fiTe from re-establishing itself, than was used to control the fire,

© . It would appear that the amount of water used in this stage of the fire is more

sensitive to the method of application'and the type and arrangement of combustibles
than is the amount of water used to control the fire, This was emphasised by
the tests in which the furmiture colla.psed where considerably more water was -
used for this second phase of extinction with sprays than with jets, This is

- . presumably because the water needs to be applied to a relatively small area

" and the spray is wasteful, Most fires 'in practice are likely to have features
of -this ‘type, upholstered furniture and materials arranged so that supporting

- radiation would make the final fires more difficult to extinguish. It would

.7 stage: of the extlnct:.on.

" seem then that operationally a jet would be better than a spray for the second

The fa.ct that the results with water applied as a jet were very similar to
those:when a spray was used indicates that droplet size is not a factor a.ffect:.ng
- efficiency of extinction i

© 15, Practical im]glica.tions of the results

. ™
Although levels of significance carnot be chosen arbitrarily without

considering the implications and consequences of talking action on them, it would

be difficult under most circumstances to interpret a significance at the 10%

level: as anything more than an amber l:.ght, :Lnd:i.cat::.ng that if the suggested
improvements are large enough to merit action, assuming the effects are real

effects, then furtherselected tests should be made to clarify the significance,

' The improvements in the amount of water required to control this type of fire
which may be gained when the nozzle pressure is increased from 80 p.s.i,to 500psican be
seen from Table 5, At the rate of flow 'of 8 = 10 gal/min used on present hose-reel
equipment the amount of water needed might be expected to be in the range -

4,2 = 13,2 gal at 80 1b/in2 ard at 500 1b/:m2 within the range 2,8 - 8,7 gal. The
difference between these ranges is small compared with the amount of water carried
on a tender, However, of more mporta.nce is the fact that this effect of pressure
is lost when the total amount of water requn'ed to extinpuish the fire is
‘considered, Since this is the quantity of practical importance, there would seem
to beino grounds for using high nozzle pressures against this type of fire,

-10-!
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There are no pronounced effects of rate of ﬂow on the amount of water |
required to control or extinguish the test fire, This méans that the fire can

be controlled more rapidly at the higher flow rates. mthout using. a.ddrl::_oml*
water. .. o o

16. Gonolusions
The results of the experiments described in th.'l.s report ha.ve led to the
following conclusions,

(1) A small amcunt of water, about 7 ga.llons, was required to control the
fully-developed test fires in the 1750 cu,ft.room, A‘bcrut 17 gallons
was required completely to extinguish the fire, - ;

(2) It is doubtful whether there is any real effect of either nozzle
pressure or rate of application, within the ranges tested, on the
amount of watexr used to control the fire, . If either does, in faot: s
have an effeot, the saving of wa.ter is unlike]y to be of practical,
importance,

(3) There is no evidence of any effect of nozzle pressure or rate of '
application on the total amount of water used to extinguish the
fires, _ :

. {4) It appears that the ideal equipment would enable the fire to be
. controlled with a spray, and finally extinguished with a jet,

The trigger-operated control was found to be a great convenience
in extinguishing the fire,
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APPENDIX | |

Discussion of Mechanism of Control of Mully Develaopsed Room Fires'

--2 -

The mechamsm by which ﬂ:lly—developed room fires may be oong'olled by
the application of water has been discussed by Thomas and Smart The results T
of their tests with small scale models (4% cu.ft) suggested that the gaseous ! )
comtents of the room were expelled and replaced by steam, In other large scale
tests, however, the amount of water required (per unit volume) to control the fire
was two or three times greater than with the small scale rooms (Table 1), The
mean amcunt of water used with sprays or jets to control the fires in the tests
described in this note was 7 gallons, or 4 gall/1,000 £t3, a figure comparable
with the results of the 4% cu. f£t.model.

To help in interpreting the results, a rnumber of mea.summents were ta.ken to
enable estimates of the rate of burning and the heat content of ‘the fire to be
made, The thickness of seleoted pieces of timber from the fhmn.ture and the floor
was measured before the test, and after the.fire had been extinguished the charcoal .-
was removed and the thickness of the wood remaining measured, Other pieces of
timber were weighed before and after the fire, and the weight of charcoal as a L.
percentage of the weight of wood burnt was determined, ; .

The following are the mean results of these determinations together mth
other details of the fire load,

Mean depth of char ~- J/16 in, ..
Percentage weight of wood burnt = 4 RS CIIENNVORRE CORNY RN
remm a.slgchhmoal i -
Area of wood exposed - 727 ft2
Mean density of wood 3504 1b/Pt3, 0

The fire was allowed to bum for 2 mins, after flashover before water was .
applied and the fire was controlled by-a mean-amount of 7 gallons of water, '
representing about 1v- mimites at 5 gal“l,/m:z.n and about 15 seos. at 25 gall/m:m,

In calculating the m‘ce of burning, a time of 2% minutes would seem to be a
reasonable estimate of the time during which the ma.jority of the loss in welght
occurred, Although this gives a rate of charring of 5/40 in/min E’ d with

the value of in/min obtained with timber beems in a furnace 12§al§ther
measurement d seem to corroborate this higher rate of burning under these .
conditions, Taking this f:lgums the rate of production of heat in the room 'before -
the appl%ca.t:.on of water, assuming 100 per cent efficiency of burning, would be -
3,8 x 100 cal/sec, If the water applied to the fire was vaporized :.mmed:.ately e
then the rate of cooling would be .

at 5 ga.l/mln = 2x105 cal/sec. ‘ T
and at 25 gal/min « 1 x 10% cal/ses.

Sinoce approxi.mately the same amount of water was used to control the fire at the
two rates of flow, extinction is not achieved by cooling at a rate greater than
that at which heat is ‘pmda(lce?. This was also shown to apply to the extlnctn.on of
freely burning crib fires where-the amount of water required to extlngulsh
the fire depended on the themal content of the combustible crib, The thermal
content of the floor and furniture can be estimated from the measurements of the
weight of the charcoal taken during the tests,’ At the commencement of water
application, assuming the cha.rcoa% was at a uniform temperature of 800°C, the -
thermal content .would.be 6.9 x 10° calories, ‘

The fire might be controlled by reducing the temperature of this charcoal to
a point at which a rapid redevelopment of the fire would not occur, say 200°C,
Another consideration is that a relatively high level of radiation, about y
0,6 cal/om2/sec, would be required for the wood to contimue burning when covered
with a thick layer of charcoal,  The intensity of radiation would fall below this
level if the temperatures of the surfaces in the room, including walls and

kT , , “
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ceilings, were reduced to 50000 S

Lo . -

—_——— a— —
'
Ay

: About gollons of wa.ter would h.s.ve to be va.porlz.ed to cool the cl*m.moa.‘l. .
. to 20@00 and considering the efficiency of application of' the wa.ter, this. is " :

at least of the same order as the amount of water actually used, Hovever,

sone heat transfer to the combustible matem.o.l takes place during: the process -

of ‘extinction and this would tend to re=establish burning ‘in parts -of. the flmw e

which had been extinguished. - At the lcrwer flow rates, where extinction. took :

a proportionately longer time, there wou:l.d be a greater opportunity for the v

‘re~establishment of burning and therefore one vould have expeoted more water

to be required at the lower rates of f’,'Lcrr. Since this was not found, it is

difficult to attribute extinction simply to the cooling of the combustible

material. - |

It has often been suggested that the atmosphere in a. burning room is
inerted by the presence of steam and that this plays an important part in
the control of the fire, If the concentrntion of oxygen is to be reduced
from 21 per cent to 15 per cent, the concentration vhich would inhibit flaming,
~ then assuming that there is mixing of stean with air and corbustion products
the concentration by vol, of steam in the room would have to be 28 per cent.
.. The rate at which steom must be produced to achieve this concentration will

“depend on the degree of mixing of the steam with the gases in the room,

: If there were no mixing then about 8 gallons of water if vaporized
would comvletely fill the room. Under 'these ideal conditions there woild be

‘no effect of the rate of application on the amount of wnter used to control
the fire, If on the other hand there was intimate mixing of the steam and

T gases 'in the room then the concentration of stemn, ¢, is given by

V%% — W—XVG ! . itll'..c.(z)
N . [
~where V = wvolume of room .
W = wvolune of steam produced ver sec., by voporization of water,
% = volume of gas removed per sec, as a fraction of the total

room volume,
"After o time t secs

c = -.-:‘?-..(1 -e‘“ﬂct) 000-0-001(3)
Assunfng the temperature of the gases 1eav1ng the room is 100°C an a.pproximate
- value of x of 1/30 can be obtoined by the method outlined by Kawnpoe.® If it is
further assumed that all the water applied to the fire is immediately converted
into steam, an approximation which is doubtful particularly-at the higher flow
rates, then the effect of the rate of appllcutlon on the amount of water required
to control the {ire can be obtained from equation (3), This shows that the

. equilibrium concentration of steam would not be high enocugh to produce an inert

‘atnosphere at flow rates below about 5 goll/min, and that only about o 25%

reduction in the amount of water required would result from increasin: the flow

rate from 7 to 25 gall/m:.n Since this small reduction night be outweighed by

the less efficient vaporization of water at -the higher flow rates the test results

.. could be considered to be consistent with the theory that the fire is controlled
by inerting the atmosphere in the room, |

¥ Kovmgoe., 'Five Bchav:LOur in Rooms', Building Research Institute of Japan,
September 1958, . }-
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