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THE USE OF HIGH AND LOW PRESSURE WATER SPRAYS AGATNST FULLY
: DEVELOFED ROCM FIRES

by

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

1. Introduction

The proportion of fires in buildings which are extinguished by hose reel
jets has steadily increased since the war until now 75% of the fires in vhich
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 appliauce,
The following factors might be expected to influence the amount of water used to
extinguish fires in buildings.

(2) The rate of application of vater, Ior water as for other extinguishiing
agents , there is a "critical" rate of application for a given size of Iire; below
which the fire camnot be extinguiched, There is also generally an "optimum® rate
of application at which a given fire can be extinguished with the minimum amount
of water.

(b) The nmethod of application - 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 should be possible to increase the rate of heat transfer by
increasing the surface area of the water, there are grounds for supposing that
sprays should be superior to jets in some conditions,

(c:) The nozzle pressure of sprays. Increasing nozzle pressure can te (1)
expected to reduce the droplet size of a spray, although most evidence suggestis 1
that there is little reduction for pressures greater than 100 - 150 p.s.i, Loczle
pressure also affects the throw of a spray (5?. '

Other less easily defined factors s, such as the degree of control which can
be exercised by the branchman, may also affect the elfficiency of extinction,

Operational problems may be associated with variations in awy of these Tactors,
For instance, an increase in either pressure or rate of flow increases the reaction
at the nozzle, which at some stage will affect the manceuvrability; on increaze in
the rate of flow increases the pressure drop in the hose which may have to be’
off'set by an increase in hose diameter or pump pressure, ’

When all these variables are coupled with the natural variability of fires
attended by Fire Brigades, it is not surprising that it is difficult from °
operational experience to assess the separate effects of pressure, rate of fiow
and method of application, However, information is required on these separaté
effects to help in the design of more efficient equipment, and because of this
the Joint Fire esearch Organization, at the request of Chief Secientific Adwizer
and II. M. Chief Inspector of Fire Services, Home Office, undertook a series of tests
designed to investigate the effects of pressure, rste of flow and method of
application on th:e extinmctidn of fires in buildings. ‘

The extinetion tests were made on fully d.equ.oped. fire in rooms of a aize chosei
to represent approxdimately the upper limit of the present use of hose reel jets,

2. Previous work

Surprisingly few controlled extinction tests have been made on fires in
buildings so there is not very much information to draw 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 :
of f{ire application -Jet or|Pressure [Ventilation| Water used
gal/1000cu.Pt/min | spray| p.s.i’| £t2/pt3 | to control
fire
gal/1000ft2
National Board of )
Fire Und,emﬁ.terq(ll-) 60 spray 100 0.1 2.5
19 spray | 100 0.1 9.5
850 cu.ft rocm lined 21 spray 600 0.4 13,0
with fibre insulating 15 spray { 300 0.1 11.8
board and containing 22 spray 600 0.1 10.0
wood and shavings 16 spray 300 0.1 5.5
116 spray 50 0.1 12,6
.30 spray 200 0,1 k3 ¢
35 sprayd - '
jet | 600 0.1 16
61 - jet “50 0.1 164 |
2 jet 600 0.1 6,2
Wartime experimental 2.4 '
fires at Building (3 stirrup pumps) 0,015 22.5
Research Station ] : . :
1900 cu,.ft room ('0.8 - 1.6
furnished with approxi(182 stirru s ) 0,01
-6 lb@bz - N P PumP ) 5 15
Wartine experimental 7.6 jet - 100 0,04 15,5
fires ' T3 . spray 100 C.0L 14,8
142, cu, £t Toom 6.7 sproy 100 0,04 not !
controlled
furnished with approx ) .
61/1t2 Ls5 spray | 100 9,0l 18 |
Joint Fire R:essa.tnh . .m’
Organization 5 32 spray 100 o, 2
"Birmingham tests! 32 spray 100 0,01 &
1250 and 1750 cu.ft | N T
furnished with approx. 32 jet 100 - 0,01 . 845
6 1b/t2 - 32 ©jet | 100 0.01 5.8
J2 spray | 100 0,01 563
23 jet | 100 0.0 8.6
23 SOIEY 100 0,01 Py
Joint Fire Research L, spray | 120 0,026 1.8
Organization 3.0 spray 60 0,026 1,2
'512. cu £t room lined L spray 120 0,026 1.8
with fibre insulating L.8 et 175 ~0,026 1.6
board and containing 48 jet 175 0,054 1.5
no furniture 4.8 Jet 175 0,034 2.0
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whe rThenamownit: and arrangement of furniture, type of nozzle, stage of the fire
at which extinetion was commenced and the ventilation and rate of application of
water, differ widely in thesc tests, With the &&nception of the 512 cu,ft room,
which was the only one unfurmished, the amount of water used to control the fire
does not vary very widely and it is not possible to discern any separate effects
of the different factors, More information can be inferred from the results
obtained by Thomas and Smart 6) on small scale models of burning rooms, The
rooms were wnfurmished and were lined with combustible material, The effecte of
ventilation, rate of flow and method of application were investigated and the
results indicated that:. '

'(a) The amount of water required to extinguish a fully developed room fire
is very small 1f it is applied efficiently, while control was schieved with as
little as 2 gall/1000 cu, ft in the experiments,it was thought likely that this
would be increased to 5 « 10 gall per 1000 cu, £t under full-scale operational
conditiens, '

. (b) The quantity of water required to extinguish the fires in the modsls
inereased with increasing ventilation, and alseo as the rate of application of |
water increased, :

(¢) The cmount of water used by a spray was the same or leas than that uced
by a jet to control the same fire, The difference becanc more marked as the rate
of application of water was increased, The only published infomation on the
amount of water used to cxting?isth different types of fire under operational
conditions is given by Mobius (7), One brigade reported the performance of two
spray nozzles against 211 fires, not including small fires confined to furmiture,
The nozzles delivered between 25 and 30 gallors per minute at pressures between
60 and 85 p,s.i, The reports contained information on the type of fire, the
‘nature of the combusiidle materials and the amounts of water used, The minimum
anount of water used per fire was about 100 gallons; the amount of water
increased with the ventilation and with the amount of "glowing" (fires in straw,
textiles and upholstery etc, were defined as "glowing"fires), Mobius concluded
that rapid extinction was obtained in rooms when the dimensions of the rovoms wvere
less than the throw of the spray, He also suggested that the ideal nezzle would
be one in which the branchman could control the spray pattem and the rete off
flow, '

3. Test Programme

‘In the main test programme, it was required to investigate the effect of
pressure on the amount of water, appiied as a spray, necessary to control and
extinguish a fully developed fire in a room, The range of pressures to be used
was 80 - 500 1b/sq,in, for flow rates from 5 to 25 gal/min, During the cowrse of
the tests il was decided to include further tests to compare the effectivensss of
water applied as a jet, These tests were maude over the same range of flow rates
at a pressure of 80 l'b/ s8qein, The main programme thus consisted of 50 testa: -

SPRAY 2 tests at 5, 10, 15, 20, 25 g,Delte’
. at each of the following pressurea:=- L0 tests,
80. 125, 225, and 500 p,s.i,.
These tests were randomised,
JET, 2 tests at 80 p.s.i, at 5, 10, 15, 20 and 25 g,p.m. ) 10 tests,

These tests were randomised amongst themselves,

o



Provision was also made for fourteen preliminaxy tests with three nain
objeots; first to determine if any measurable property of the fire could be
used to obviate a subjective assessment of the condition of the fire during
extinction; second to develop a suitable test procedure; third to train the
branchmen so that he should hove reached his meximum efficiency with this type
of fire before starting on the main programme, Seven tests were made with a
flow rate of 10 g.p.m, at 80 p.s.,i, and seven at 25 g.p.m, and 500 p.s.i,

4e Test Pire

The test fires were designed to represent a fully developed room fire,
A 1750 cu, £t room with ample ventilation (,035 £t2/ftl) wes used and a plan
of the room with details of the furniture is given in Figs, 1, 2 & 3, The
fire load was 6} 1b/£t2° (52,000 B,Th,U/ft2) and consisted of a floor of # inch.
timber and simple "mock-up" fumiture of 1 inch timber, All the wood was kiln
dried but because of the large amounts used it was not possible to maintain
the moisture content censtent throughout the series of tests, and it varied
from 93%% to 154, The fires were started in the two boxes shown in Fig, 1 by
burning a § pint of petrol in trays + £t2 in ares, The fires were started in
this way so that they would spread to involve the whole room as quickly as
possible and in the majority of tests the room was fully involved in fire
within 3} minutes, In some tests, however, the fire tock longer to develop
and this wes generally, although not always, associated with a high moisture
content of the fumiture, The effects of this on the test results are
discussed later, Temperature records for the tests were provided from nine
26 8,W.g. chromel-alumel thermocouples connected in series and mounted within
an inch of the ceiling,

. Before any extinction tests, a test fire was made to decide the stage at -
which extinctlon should be attempted and also to confirm that the fire would
last long enough for the extinction tests at the lowest rates of applieation, . --
when extinction might be expected to take a considereble time, The time-
temperature curve of this preliminery fire is showm in Pige Lo .

5. Test Nozzles and Eguigment

It was decided to use sprey nozzles of the impinging jet type, on which much
previous experience eoxisted, In order that any effects of pressure on the droplet
?ize of the sprays would not be masked, the orifice sizes were kept constant ab

/16 inch in all the nozzles,. The rate of flow at a given pressure was therefore

" increased by increasing the number of pairs of ilmpinging jets and not their size,-
Slight menufacturing differences, as well as the fact that the rate of flow per .
pair of impinging Jjets does not increase quite as rapidly with pressure as would
be expected, produced some variations from the predicted flow rates, It was
decided to keep the flow rates constant at the agreed levels for the test
programme end to do this the pressures were adjusted around the four chosen levels,.
The numbers of palrs of impinging jets used for the different nozzles are given in,
Table 2 and the actual pressures used to give the desired flow rates are shown in™
parenthesls, Fige 5 shows the final form of some of the noazles,

-

- .

Tgble 2, Details of Nozzle Design

No, of pairs of 1/16" impinging jets required
e R '
Rate of 80 120 225 500
flow ?g.p.m.
5 5 (78) |4 (128) [3 (232)|2 (490
10 10 (79) (8 (123) |6 (232) |4 (485
15 15 (81)]12(121) |9 (210)]6 (510
* 20 20 (73)116(130) [12{213)|8 (495
25 25 (85)120(121)(15(240) | 10(520

The angle of impingement of the Jets was 60° and the angles of divergence
of the two rings of impinging jets (Fig, 6) were chosen to give as uniform a
distribution of water as possible in the 300 cone angle of the spray. The cone

e



angle of a spray is generally taken as the angle of the spray ot the nozzle,
However, with small numbers of pairs of impinging Jets this is not well defined.
and it wa.s therefore decided to define the cone angle as that angle subtended av

. the nozzle by the area wetted by 90 per cent of the water on a plane perpendicular

to the axis of the nozzle and at a distance of § feet,

The nozzles were fitted to a trigper-operated gun (Fig, 7) which was modified
proprietary equipment., The {rigger was fitted with a switch connected to.a
recorder so that the time for vhich water flowed through the nozzle could be
recorded automatically,

6. Results of Preliminary 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 clso
decided to measure the amount of watér required to "extinguish" the fire, Ths two
terms "control" and "extinguish" were found to be. sufpiisingly. "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,
Typical temperature records of fires are shown in Fig. 8 and photographic sequénces
in Fig., 9. Radiation measurements proved unsatisfactory due to the screening
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
necessaxry - therefore to adopt an observer's assessment of “control" and "extinction",

The tests showed that the extinctions generally followed a similar pattern,
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
cne 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 wvas
considered to be "controlled" at a later stage when all the main flaming hed
ceased and only small pockets of flame were left which were unllikely to caouse &
rapid redevelopment of the fire., The latter stages of the "extinction" consisted
in putting out the smaller pockets of flame which remained, The roem could bhe
left for at least 10 minutes after "extinction" without any appreciable TecUrrence
of flaming, Whilst the assessment of "extinction" by the observer and the branchmar
agreed, the branchman's assessment of "control" was generally a little later thun
the cbserver's, and it was decided to use both estimates during the main programue,
It was evident after the first few preliminary tests that the access of water would
have to ‘be improved to two of the boxes or a disproportionate time would probadbly
be spent extinguishing the fire within them, end this might detract from the main

"obJects of the programe Boards were therefcre 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 was easterly, With this condition, the branchman's vision

was seriously impalred by hot air and smoke blowing out of the docrway, For this
reascn it was decided not to carry out any tests in the main programme with a wind
in this direction, , .

7. Test H‘ocedure.

As a result of the prel:l.minary tests the following test procedure was adopted

" in the main programme,

The rooms were furnished on the morning of the tests and the moisture content
of the wood was measured, To obtain a mean value, the number of measurements made
‘on the floor and furniture were pr0porti<ma.1 to tha percentage of the total weight
represented, The fire was started in the two boxes indicated in Fig, 1., Two
minutes after the whole room had become involved ('flashover') water was applied
through the dcorway, The observer's assessment of "control®" wes indicated to the
branchman by a bell after which the application of water was "stopped when the-
branchman thought the fire "controlled", When the room had cleared of amoke end
steam, water was reapplied intermittently, at the discretion of the branchman

-unt:.l the fire was -considered-to be extinguished, A typical record of the water

B



applied is shown in Fig, 11. No further water was applied for at least ten minutes,
in order that any tendency to rekindle could be detected, In the fires which took
longer to develop (Section 4) it was sometimes necessary to reduce the period
between' flashover' and the application of water to avoid completﬂ destruction of
some sections of the furmniture,

The average wind speed and direction were measured during each test, Thickneas
and weight measurements were made on the furniture befare ond after the teats to”
determine the rate of burning, : :

8. Test Results for Sprays

The quantities of water used to "control" and "extinguish” ‘“t:‘ﬁca\ffixles were
determined for each test and the results are given in Table 3,

Table 3, Vater unsed to control cnd extinguish l{ires

Pressure Salions 3 )

1b/in2 ¢

80 - 125 225 520 .

Mlow Rate .

. Gal/Min ? : _ . N "
. Gontrol Eo; 8.8 20:8| 2.7 ol12i1 5| 5.7 2.8
5. Control (B) | 9.4 32,6| 3.6 35.6(22,7 7.3 | 40 3.5
Extinction ;15,5 58,6 9,7 L5.431,3 26,3 |21,2 16,7

" Control Eog 6.7 3.5\ 3.3 5.0[:5.8 h.2| 88 4.3 -
10 Control 7.7 5.3 7.7 6.5 6.3 5,0[10,2 4.8
Extinction |12,8 14,2[18,5 25.7| 6,3 9.9122,3 16,5

] X , -

Control Eo; b5  L.5| 6.8 L3l 3.5 57| 1.3 5.0 -
15 Control (B 5.3 7.3| 7.5 5.4 4.5 6,6| 5,8 5,4
Extinction |10,2 23.0{17.3 12,5 6,3 28,51 12.9 20,8
Control EO% 1000 5.0 5:7 5.3 )1'-—03 '!Iu? 5.0 ’{-03
20 Control (B) [10.7 5.8} 7.7 3.7 6.3 6.7] 5.7 6.7
Extinction (20,7 7.7117.0 17.7120,0 12,8 | 5,7 8,3

. ) ®

Control EO; 12,1 5.4 4.2 7.5 75 7.9 6.3 3.3 -
25 Control (B) |14.6 7.3| 4.2 9.8{11,3'10,2} 7.9 3.5
Extinction |25,k 12,5[12,1 13,1115,0 30,0 [ 20,4 7,3 |

CONTROL O; - Observer's assessment of 'control'

CONTROL - Branchman's " "

+ Th:Ls test was unsat:.sfactory and the results have been estimated, -

# In these tests the fire tool: longer to develop (Section L) and o considersble.
amount of the furniture had collapsed before the fire ms tuckled “this mesnt -
that instead of reasonably readily accessible sarfaces s there were heaps of
burning mat..rlal which appeared to be morce difficult to extinguish, -

The variability in the results is high as can be seen from Table 3 and there are
no obvious effects of either pressure or rate of application on the amount of water
used in the tests, Although this meons that cny effects there muy be on pressure
or rate of application are likely to be marginal, it was necessary to snalyse the
results in detail.

8. fnalysis of results for Sprays

-

In order to obtain as much information as possible from the tests the results
were analysed in a number of ways and the results of all the analyses are given in
this Section. The logarithms of the quantities of water were used as being of
more normal distribution ‘Lha.n the quantlt:l.es themselves,

-
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ST Before doing .the analysis it is necessary to declde to vhai actent the,__ﬂ

‘"gtarred"tests .of Table 3 can be included in determining the effects of . ' =
pressure or rate of application and whether or not they must be oons:Ldered a.s -
tests carried out under different conditions from those of the unstarred ’cests.
‘There is'no apparent reason why the collapse of the furniture should affect the’ '™
amount of water required to reduce the main flaming, and the résults show that;
in only one of the seven "starred" tests was the observer's estimate of the amount

- of water required to comtrol (control (0)) appreciably greater than in the unstarred
" tests; This test, the second at 5 g.p.m, and 80 p.s.i. appears to be an exception.
There are two ngtarred” tests in the branchman's estimate of control (control (B))
: in which appreciably mare water was used and it is less likely that all tb.e tegts
can 'be considered as under Elm:l.la.r ccnditlons. _ —

—

RS

" Mowe water was used to extingulsh the fire in all the “ata.rred“ tests and

a comparismm of the means of the amounts of water required to extinguish the fire

in the "starred" -and unstarred tests shows that the difference between them is

highly significant. Thus in anelysing the results, all the teats might be included

in the amount of water required to control the f:.re , but the "starred" tests should
\ not 'be included in an ‘analysis of the water used to ext:.nguiah the ﬂ.re. -

(1) oks erver 3..estimate of control (control 0)

" (&) All the. results were analysed including the test in which there was &n
appreciable increase in the amount of water used, This analysis shows the 1inea.r
erfect ‘of pressure-and the q_uadratic effect-of “rate to be aignificant a.t the 5%
lervel ""The most- probable results: are given by

L°810W‘=- (0. 742 ,062) + (.04 %,.037) (™% 2) + (028 * 028)--,_(2P)
.. where W is the quantlty of water: used- in- gallons ' " S
o= NI—;—E- and R is the rate of appl:.cat:.on in gallons/min
~ o ID ‘J’_E' "OTS’andP :xs the nozzle preaaure in l'b/in2 S
The most p‘:'bi%le results aré shown gra.phically in Fig. 12

" The maximumn effects of the two variables can be detem:med from the 955 cdnfid&ﬁc:‘a
limits, ‘and these sre shown in Table l... :

Maximom- effects ut‘

Table . .
-on the amount-of-water used to control the fire
5°g.pems. | 10.g.poms 15 gop.m. | 20:gep.m,: | 25 g.pom.
i Varying the pressure _ ‘
. from.500 p,s.i, to o T = s
‘80. p.8.1. is likely 0 -5.3 0-3,9 0- 3,6 0-13,9 0 ~-'5,5
. to vary the amount of | = gal, gal,. gal, gal, gal,
water used within the | - e Ao '
‘following limits -

i. e. changing the pressure from 500 p.s.i, to 80 p.8.i, at 5.0r.25 g.. Jm, can
either have no effect on the amount of water used to control the fire (about 7
‘gallons), or can increase it by an emount up to 5.3 gal.. '

iy



80 p.s.i. | 125 ps.i. | 225 pus.i. | 500 p.s.i.]

Varying the rate of o
application from _
15 g.pim, "to 5 g.p.m. - _ k .
{or 25 g.p.m, is likely 2 -5.1 2 .29 - 1.8 ~ 2.6 | 1.3 -'3.5
| to'vary the amount of : T

water used within the
follcwing limits,

' i -e, changing the rate of -application from 15 g, p.m. to 5 g.p.m, is likely
to increase the amount of water used (about 7 gallons) by an'amount between 2 A
and 5.1 gallons, . . . . : -

-

(v) A1l the results were. analysed but the test result of 28.3 gallens for the
second test at 5 g,p.m..and 80 pP.8.1i. was replaced by an estimated value of 6.2, -
gallons, ) : ) . [

‘When analysed in this way none of the f‘actors were s:.gm.ficant to the 5%
level, : : .

(c) :The analysis was carried out. on the results obtained from the Pitet -
.series of 20 tests only, the estimated result for the test at 5 g,.p.m. and
225 p.s.i being based on these results, The thirteen tests in which satlsfa.otory
repeats were obtained were used as estimates of error,

This gave no factors significa.nt at the 5% level,

(2) Brenchman's estimate of control (control (B))

(a) All the results were analysed as in 1(a); This showed no gsignificant -
effects of flow rate or pressure,: ' .

(b) The analysia was carr:l.ed out on the resulis cbtained in the firat sérn.**s
of tests only, as in 1(0) Only a high ord.er interaction between pressure and rate
was significant at the 5% level,

(3) Extinction

. (a) The ana:lys:.s of all the results was made, although this is of doubtful-
validity since there is a highly significant d::.fference ‘between the results for
the "starred" and unstarred tests, ) _

This ana.‘l.ysis showed no significant effects,

(b) The analysis was mde on the results obtained in the first series of -
tests only as in 1(c), and again neither pressure nor rate of application were
significant, ) ) .-

9. Test Results far Jets . o ' .

The test procedure for the tests with jets was exactly s:.mila.r to thc.'b with
sprays and the results are given in Table e
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This may not have been chovn in these tests since the branchman had tackled the
same {ire meny times when he came to use the jets and knew exactly where the
main centres of burning were, : : N

The totel amount of water used to-extinguish the fire wos obout 15% zallons;
thus rather more water wes used to subdue the small pockets ol Fluming and to
prevent the fTire from rc-e.,‘cablighing"itself than wes used to control the fire,
It would appear that the amount of water used in this stoge of the Jdre is more -
scnsitive to tle me'Lhod of applicotion and the type and crransement of combusiibles
than is the amount of water used to control the fire. This was emphasiscd by the
tests in vhich the furniture collapsed, vhere counsiderably more vater was uscd
for this second phase 0f extinction 'if.'l.uh gproys then with Jets, This is
presumably because the water needs to be opplied to o relatively smoll oren wnd
the sprey is wasteful, Most fires in prectise are likely to have features of
this type, upholstered furniiure end moterials orranged so that supporting
radiation would moke the .finel fires more difficult to extinguish, It would
seem then that operationally o Jet weuld be 'be‘c"cez- then o sprey for the sceond -
stage of the extinciion, '

The effect of both the rate of application ond the noznle pre.;surﬂ on Thi
observers cstimote of the tmount of water uued to control thec fire is umr inel,
This is cleerly demonstrated by the fact that if the one doubiful test =z
5 g.p.m, end 80 p.s,1, is replaced by an estimnied value “hen no e;focus are
significant, Even including this test neither pressure nor rate of flow ars
significant in the branchmen's estimate of control, which nractmﬂ.llj is of more
importa'nce '

Heit her pressure nor rate of flow affect the cmount of wster used Lo
extinguish the fire,

The foregoing naturally apply within the range of conditions of the tesis.
There will be a rate of application at vhich the fire cannot be con trollad ancl
previous experience would suzgest that for this gize of fire the CI‘J. tical rele
cannot be much less., than 5 g,.p.m.

Thus the cholce of a suitable rate of application for hose reel ecuijment
will depsnd on the maximum size of fire which it is intended that the eguipment
shall deal with, Since pressure of itself hes no effect on the fire fighting
capabilities at a given rate of application, the choice of a suitable nozzle
pressure will be dictated by operational and sconomic factors.

13. Conclusions

(1) Within the range of conditions investigated in these tests, neither the'-
rate of s.mplicatlon nor the nozzle pressure affected significantly the amount of
water required to 'control' or extmgu:.sh' the fire, "

(2) From the experience gained during 65 large scale tests and the discuseions
with operational Fire Officers who witnessed many of them, as well as from the -
information that can be dravn from the results, it appears that the ideal equipment.
would enable the fire to bBe controlled with a spra;y' and then r:ma.lly extinguished
with a jet,
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Table 5

Water used.'to extinguish fire by et

FLOV RATE - GAL/MIN

5 10 15 20 25

‘ A E | ® H _ % | = #®
Centrol Eog 7.9 7.7|20,0 5.2](5.0 5.0/6,0 10,0| 8,3 5,8
Control (B) [13.2 11.,0/28,0 7.0] 7.3  6.0|7.7 14.i|10,0 7.5
Extinotion (20.2 16.0(39.5 25.7[18.4 11.5[11.9 19.4 24 6 15.6

# In these tests the time to flashover was delayed and some of the furniture
had collapsed before the application of water.

10, Analysis of results for Jets

There is no significant difference in the amount of water used either to
control or extinguish the fire in the "starred" end unstarred tests and all the
results can be used in a comparison of sprays and Jets., Such a compurison shows
ne significant difference between the performance of sprays and Jets against the
test fire, The rate of application of water as a jet also hed little effect on

“the amount of water used, , , .

In some of the tests (starred results) with both spreys and Jets, the fire
"developed more slowly and as a result, some of the furniture collapsed and was
less accessible, This allows a further camparison to be made between sprays and
Jets, for which there was a significant difference in the amount of water used
to extinguish the fire, less water being required with the Jjets, The mean amount
of water used to extinguish the fire in the starred tests with sprays is 33,8
gollons compared with 22.7 gallons using Jjets,

11. Branchmen's Observations

After each test the branchman recorded his impressions of the fife and the
efficiency of extinction,

" The gun was found difficult to manceuvre, particularly when closing or
opening the water supply at 500 p.s.i. with rates above 15 g.p.m, The'

protection .against radiation 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, Further, it appeared to the branchman that 'control' was achieved

more rapidly with sprays than with Jjets under the same conditions though the

" directional properties of a jet appeared to make the extinction of more deep-

_ seated pockets of fire beneath collapsed furniture easier,

“412. Discussion of all results

Despite the considerable care taken to standardise the test conditions and
procedure, there was still a large variability in the test results, However,
the number of tests carried out was sufficiently large to show any marked
effects of the three variables; method of application, rate of application and
nozzles pressure,

The mean emount of water used with spga.ys or jets to 'control' the fire was
7.gallons, equivalent to 4 gallons/1000 £i”, a very small amount of water, and
Just sufficient to £ill the room with staam ‘if ceampletely vaporised, This
agrees reasonably well with the results cbtained in previous work, Teble 1,
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 rapn.dly,
although the results do not show this to be so, It is probable, however, that
under operational conditions 'control! could be achieved more rapidly w:.th the
spray since less manipulation is required,
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