T NS A .’F}REf‘RFSEARCH 'srmou';‘f S ar
SRR} ‘(""*"‘" - BGM*’H“M WOoD . F.R, Note No, 202/1955 °

S

= <.

R Febra

" Research Programme
Ob,]ec‘"lve c1

T:b
Y i
H .D\
B
&
8
M

This report has not been published end .
"ghould be considered as confidential advence
- information, No reference 'should be made
-0 it-in eny publication without -the written -
] consent of the Director, Fire Research =~ . .-
), Station, Boreham Wood, herts. (Telephone:

. ELStree 1341 and 179,) e e

\
v
4
“ :
. .
PR *
i
.
ol e
' )
4 - ‘e
v
Y
'
\
, .
Do
*
L}
'
s .
t )l
‘-
L
o
L
EEAR
'
~et . o " . v )
. . - - .'>' . ..I i B ".' 4 ' ‘.._
. L - . e

T ’ o l?..'!“ rimenis are degcrlbed. relotlng to the -usé of water, in the-

Lo or . Jets, sprays

' ‘ 8CLiGs and 11qu1ds..
coron amph etion ‘of . water below which extinction cannot take place.

or f‘oatnn in the extinection of fires in both
‘1t is shown that- there is & critical rate of

.. The" effect of‘ var:.ous fac‘ccr.:a on crltlcal rete.and o the quantlty

; ,T‘ of‘ the . water used to ext J.ngmsh the: fire is. dlsCussed "
HOI . ! "": SRR
\'_ : Sep‘[‘nmbgr’ 1955. ‘ A . - F:Lr'e Research Statlon, R
e ' : R Boreham Wood, o
: FJ.lc No. F 000/10/5 S ) Hertse R
i . L ‘ o ; s A

; L
1 ",
o~
'
. .
. f
- * - ] N
“ .
. . B
b b
1
-y
. . 0 .
.
f
.r s
.
~
v oo
» 1
. .
B
1 :
+
3
v
f
. .
.
Lo
) *
-
B
CIE TR
* .
f. i
. .
\ ..
i’ ki
K
w ,
. o -
et "
L
PR
Wt F
h ) B




THE USE OF WATER IN FIRE-¥IGHTING
by Lo
P, Nash and D. J. Rasbash s
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In speaking to the Inst1tut1on of Fire ? nglneers' Conference on

'"The use of water in fire-fighting" , we are very conscious that our
.audience will have much more practlcal experience of many branches of

the - subaect than we have,” Upon rcfleotlon, however, I can see, that
the 1dea mey serve o useful - purpose.

The J01nt Flre Research Organlzatlon has as, one of its tasks
the evaluation of fire-fighting materials,’the determination ds to how
best they may be applied to those types of fires to which they &re

 suited, and generally of providing the ‘fundamental information necessary

to the design and develqpment of successful flre-flghtlng equipment and’
tactics, - This work is usually limited of nccessity to small and medium—
scale experlnents, but we are constantly aware of a need to test the
c0nc1us1ons in full-scale fzre-flghtlng. - '

': The Fire Brigades must generally be too pressed by the urgency of’
their full-scale: operations to be able to deviate.far from the methods

' _of flre~f1ght1ng proven by time and experlenee to be efflclent

It is possible that the cono]u51ons which we have reached from our

. ovm and other people's experiments, will offer a new line of approach to ..

some of your fire-fighting problems and that you, on the other hand, w111
be able to supply praetlcal factors which modlfy these conclu510ns.

One of the~ most useful ways of comparing flre-?lghtlng materials

. and methods is by measuring the times taken to control or oxtlngulsh a-
. fire When the flre—flghtlng material is applied- at a series of dlffcrent

rates. -This is best illustrated in Flgu;e 1 which refers to the
extinction “of a ‘fully-developed fire in a model room by ‘means’ of "a’ spray
of water, It.can bé seen that at rates of application below a certain”-
critical value, called the "critical rate, the fire could not be
extinguished, This'is illustrated by the fact that the time to
extlngulsh‘becomes very very large indeed. It is also often truc that. -
there is no appreciable reduction in the intensity of the fire when -the -
material is’ appli d-at rates “only just below the critical, although thlS:
is not shown by thé graph, ' At rates just above the cri tlcal hovever, |

; the time needed to control or extinguish' the fire falls veny rapldly t0o }'
a. \orkable level, ‘With a further increase in the rate of sppllcatlon,

the tlme to extlngulsh dlmlnLSheB more slowly.
Thére is every reason to believe that graphs of this type apply, )
with certain exceptions, to full-scale fire-figating. They are capable:

~of glVlng an estimate of the minimum size of eqplpment necessary to
'handle 'a fire of a certaln size, or conversely, the size of fire a " _
" given'atrray of cquipment can handle, There is no ‘hope " of extlngulshlng o

the fire unless the medium. can be applied. above this minimum rate and it

- is better to prevent spread and to protect exposures, ‘or to give. 8 local
‘concentration of force to hold’ open an escape route, than to- dlspcrse the’
- effort over the whole fire, pending the arrival of relnforcements. The"

graph is drawn in terns of rate of water’ appllcatlon per unit . area of -
fire,* If the area is’ ‘doubled {hen”the -total rate of vater applled to -
control 1t 1n a glven tlme is dodblcd. - AS most flres, sre aCuually_or

of at least 'the crltlcal rate at thu carllest possible moment -By
multlplylng each rate ‘of applicatlon by the correspondlng ‘time %o control
or extinguish’ the-fire; the totsl quantlty of water used ' at-the rate of
appllcatlon is obtalned.A; ) .
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In Figure 2, the total quantity of water ‘used is shown plotted
against the rate of application. Accordlng to how quickly the tail on
the first graph slopos away towards zero, the tail on the second graph
either rises, remains horlzontal, or even falls as the rate of
application 1ncreases. S

Where the tail rises again, there is clearly an optimum rate of

Lpplying the vater from the point of view of economy; . above and below

.. this rate, more water will be used. Where the tail does not rise, but .
" remains level, it becomes a. qpestlon of putting the f1re~f15hting material
on the fire as fast as possible in order to get & quick reduction of

. intensity and limitation of fire damage, since economy is not affected.

‘"In very large fires the fireman has not much choice as to the rete of .

" application of the material per unit fire area; - he will be usually |
limited to a point not far removed from the critical rate.” It is thus . .
some consolation to find that thc most econ0nlca1 rate is not very much
greater than the eritical, : : :

APPLICATION'HD PIRDS IF pUILDIl\’GS

Although the 1nformat10n obtalncd from the various experlmental
. determinations of the critical and optimum rates for the extinction of -
“wiell-dcveloped fires in rooms by the use of vater sprays and water Jjets - .
is by no means complete, it suggests various important tendencies likely =~ . °
to apply in full-scale flre-flghtlng. . The experimental rooms considered '
have ranged in size from models of 4% cu. ft to full-size rooms of |
" 2,000 cu, £t and the information has been extended to actual flres 1n
. YOOmS up to 33,000 cu, ft ' _ : L

" The Work in the 4f-cu. £t room, (1) is naturally the most
comprchensive -owing to its cheapness, and it is necessary to examine
the cffect of various factors on the critical rate and compare, xhere we.
can, ‘their effect at lerger scales.. The fire in the model room
developed similarly to a fire in an ordinary living~room, attaining
" moximum tempcratures of 700-900°C a?cordlng to the degree of ventilation.
The fires were extln%ulshed by two '/32-in, diameter jets which could
~either impinge at 90“ to form a spray, or could be used as separate Jets. \
The' Jets or the spray could be Jixed or moved about at will, - '

Flgure 3 compares “the quantities of water used to xtlnpulsh the
fire by fixed spray at different degrecs of ventilation, expressed in
square feet of wall area per cubic feet of room volume. .Reduction of
ventilation rot only reduced the amount/pf water used at any chosen rate

.. of flov, but reduced the critical ratelof extinction very markedly.

-It is. evident that if the water uscd in extinguishing the fire is all’

- assumed to have been evaporated and its volume is expressed in terms of -
the volume of the room, thcn in these experiments the steam would have had
a volume verying from qhout - 11 times the room volume, This will be

. discussed later, as it suggests a pos51b1e mechanlsn hy vinich the ;1re

- is extinguished, - '

=" In Flgure 4 the results of moving the spray about ranldly or ecannlng
the room are shown, . It can be seen that there is a marked reduction in
the critical rate and that at rates .sbove the critical the scanned spray
- is always more economical in water, although the economy falls off as the
rate of flow increases. This is because for. the very high rates of flow
" the extinction occurs more and more rapidly and the time to extinction
occupies less and less scans until only about a very small fraction of a .
scan occurs in the extinction time. - The spray therefore behaves more |
and ‘more as it would do if fixed, Now if scemning improves spray - .- .
. performance: it would be expectcd to do so because it disperses. the water..-
“better within the room. This being so, ‘it is possible that @t would
effect a greater proportlonal improvement to a fixed -jet than to a Tixed .
. spray, . ince a spray :carries- its own "built-in: dispersion", .In Pigure- 47—4—-—-
. ,corresponding curves for-g’ Jet have been drawn,the scanned curve’ belng ‘
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" the extlnctlon, whlch may therefore be regarded as reasonably eff1c1ent

"Hlnlstry of . Home Security who found 4 gal/1,000 cu, ft necessary to

capaC1¥y.- 'The Building Research Station controlled fires in a .
. 2,000~cu.ft- room with 2 gal/1,000 cu, ft; The Nationzl Board of Pire -
:Underwrlters extlngulshed flres in 900=cu, ff rooms.with various -

"expérimﬂntal; and the other being one possibié'result from an-arbitrary

choice of fixed jet position,. The curves.also illustrate the degree of

‘superiority of spray over jet, It is clearly less than the increase

of economy to be obtained by scanning, which is in its turn more

1mportant for Jets than it is for sprays.

To obtain the deslred variation of flow in these experlments while

. &%ill using the fixed 1/32=in. crifices, the.pressurc had to be varied

.4"

|.

wem 5~ 120 Lb/sq.in,, and this pressure variation was. naturally
C:ﬁmpanled by & decrease in the drop size from. the spray. - It can be
5370, however, . that once above the eritical rate, the fixed spray uscd an
alrost constant amount of water to extlngulsh the fire, which suggests

' +hat drop siz¢ has little ‘effect on economy. * A Suudy of the curve
.for the scanned jet: shovs that doubling the rate of flow by .increasing

the pressure from 30 ~ 120 Lb/sq.in, reduces the extinction time by
15 per cent, and thereby produces an increase of viater consumptlon of
about 70 per cent, : - .

' In making a comparison between the quantity of vater used in these’
model tests with that used in the larger-scale experiments and in actual -

‘fires it must be bome in mind that in geometrically similar rooms the -~
ventilation gets proportlonately less as the size of: room increases,.

owing to .a natural scalc effect.,’ The increase in economy due to
reduced ventilation is somewhat offsét because a similar degree of
scanning of jet or spray cannot be used ow1ng to the 1ncreased nozzle
reaction of the larger appliances, ' : Gt

The .fires in model rooms were extinguished with scanncd jets or .

:sprays.with about 1 gal of water per 1,000 cu., ft of room volume under. -."

the best conditions. A fixed spray with a medium degree of.ventilation .-
produced extinction with about, 2 gal of water per 1,000 cu, ft.. In . .
another series of experlments 2) wusing sprays and Jets in en 8-ft, cubic .

. room (512 cu, £t in volume) lined with Tibre insulating board and with -
. some mock furnlture of fibre insulating board extinction.wvas obtained
. with 1 gal of’ water per 1,000 cu, ft , showing that the cfflclcncy of
the model extlnctlon was obtalnable up to at least-box-room slze.

In a further series of twelve experiments made by i Jd.F.R,0, in.
co-operation with the Clty of Birmingham Firc Brigade, in
furnished rooms of about 1 500 cu, £t in volume were. extinguished with
the use of 8 gal of water per 1,000 cu., ft , both by jets and by sprays
(Pigure 5),. The rate of dellvery of 40 gal/mln at 100 Lb/sq.in, oo
pressure was chosen to show up any potential difference between sprays ' ‘
and jets, ‘Figure 6 shows that in fact no.such difference .appeared, |

-although during the course of the repcated experiments it was found p0551ble {
" . to reduce materially the amount of water used. This was explained in the \

case of ‘jet application. by the increasing familiarization of the branchmen

with the particular fire, TFor sprays the reduction was explained by the .

replization that water could be cut off as soon as the steam.- apbeared at

- the windows (Figure 7). .The sprays then required lcss technique in o :
.. handling, but it was not 1mmed1ately obvious how ‘soon- the water could be . '
.cut off, since the room was full of stecam, = In these. experlments it was -

noted that -there was' little, if any, free wiater lying in theé room after -

, i

The remalnlng full-scale expcrlments An rooms .werc made by the

control a fully-developed fire in a furnished room:of- 1,400-cu. ft .

.8ppliances using pressures up to 600 Lh/sq.ln. for jet and for. spray.

The results show. extlnctlons varying from 4 gal/1,000.cu, f. u51ng a
200-Lb/sq. . in.: impinging jet spray, to 15 gal/1,000 cu.’'ft using spray

and then jet gt 600. Lb/sq.ln. In the above experiments, no attempt

appears to have been. made” to select ‘the most cconomical rate of delivery,

so direct comparisons are difficult, The work does, however, show broadly

that fires -in such rooms may be extinguished w1th about § - 10 gal/1 000 cu.ft,
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The following factors regarding the mechanism. of extinction can .be
. observed from these experiments. Assuming perfect mixing an amount of
steam equal ‘to about L0 per cent of the volume of the room would be
required to inhibit the combustible vapours. | This requirement would
have to be increased if it werc considered that the combustible gases
leaving the room had also .to be inerted, If. no mixing occurred then a

volune of steam cqual to that of tho room would be: required - If stcam

is lost .from the room in addition, the volume would neced to be cven
greater. In the tests performed by the National Board of Fire Underw

H".u"“"' and at the Bulldl?g Research Statlon, as well as in actual

fimos *'cported by Lloyd Layman (5)

to about twice the room volume, that is some two or three times the

proportion used in the small model-room tests. In the Ministry of

Hcme Securlty tests,. the factor was about L. '

It may be shown, by calculating the amount of heat requlred to turn
all the water to steam in the model room tests that the heat in the
combustible gases in the room'is not alone sufficient.. The. water must
.therefore have absorbed heat from the solid. surfaces of the room, . This
may well cxplaln why drop size, and with it pressure, has little-

significance in fires of this type., So long as the drop is small enough.

the amount of steam used corresponded

to be successfully evaporated when striking a hot surface, then extinction

by smothering with steam will not be adversely affected, The hot )

- surfaces are, in their turn, cooled just sufficiently to prevent their

- ignition when cooling is términated and this moy be effected: bya . -
unlformly-dlstrlbuted layer of water 1/1,000" in, " thick, .

As the size of the room is’ increased, howevcr, the size of its’

W

1nternal surfaces becomes less in comparison with 1ts volune, due.to the -

"scaling law mentioned earlier, It becomes progr9351ve1y more difficult .

+—t0 provide the steam required to fill the room, by evaporation of the

water at the hot surfaces. The mechanism of extinction then probably
. changes gradually from one. of smothering with some cooling of the SOlldB,
o one of much cooling of the solids with some smothering; ° This. may
well provide tlie. explanation of the reduction in.the efficiency of
‘extinction as the size of the room is increased,

APPLICATION. 70 LIQUID FUEL FIRES
¥ith a llqﬁld fire the critical rate of. application of- watef“by’.

sprays depends on the size of drops, and on the current of entrained
cair; moreover the spray. most suitable for a fire in onc type of.

In general a.decrease in drop size improves the efflclency of a
'spray as long as the drops can reach the base of the flomes and the

‘burning liquid, . Figure 8 gives en indication of how the drop size of a N
spray affects the extinction of different liquid firés. This table glves_

the extinction time of six different liquid fires for sprays within the

drop.size range 028 = 0«49 mm, With all the liquids the finest sproy .

was quite cfficient; this was particularly neticedblu for volatile
' liquids (petrol, benzole, alcohol) where there was a marked decrease in
efficiency as the drop size was increased, whereas ulth transformer oil
. and gas oil there was a small ‘increase in efficiency. - With petrol and
' benzole the flame was' extinguished and the finest spray was best '
presumable because -it could extract heat most easily from the flames;
With the aleohol fire extinction was caused in most tests by -dilution

- -

of the surface layers; " the finest spray was most efficient in this case ~

because it brought about the least: -mixing with undiluted alcohol below -
these layers. .The high bomllng liquids were. extlngulshed éither by ,
cooling the liquid belowthe fire point, or by causmng sufficient steam .

~ to be generated at: the surface to smother the £lames, -~ The finest sprqys

were slightly less efficient because the intense sputtering they
produced on appllcatlon to the flre 1nten31fled the fire and delayed

.'.

0

11qu1d nay be inapproprlate for another,. .. - — : UL
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. further access of spray. to the burning liquid., ~TFurther tests on
transformeér oil fires with considerably coarser sprays within the range
of drép sizé 0°k' = 3 nm showed that the extinction time, increased in
. arprorlmately direct ‘proportion to the increase in drOp -size, i.e. '
- doubling the drop size doubled the extinction tlme.P Por petrol fires,
and: dron sizes of 0°2 = 0¢6 mm, the extinction time was, approrlmately
Pr “rCTulﬁP“l to the fourth power of the drop size, i.e. doubling the
drop size 1ncrcased the ext1nct1on time by a factor of. about 16,

EEQ,EEEHQ}”CQ air current

’ hhen‘sorays are applled dowumard to a flre an indréase in entralned.

. air ocirrent increases the spray efficiency. This air current increases

she access of the spray drops to the seat of the fire by blowing the
fiames aside, This is illustratbd in Figure 9 which shows two sprays
- of similar drop size and rate of flow to the fire arca acting doimward
on the transformer oil fire, One spray (a) has a-low entrained air
velocity and the flames can burn upwards against it, the other spray (b) .
has' a high entrained air velocity which pushes the flames aside bringing . .
© about a shorter extinction time. The entrained air current appears to . -
‘assist in the extinction of a petrol fire, in which the flame’ itself is '
~“extinguished, in quite a dlfferent way. Thus when sprays are apulled :
downward to a petrol fire an increase in entrained air current continues .
.. to reduce the extinctioh time even when the air current, is much greater {'_
~ than the upward motion of the flames (about 8 - 10 ft/sec). Moreover . .
+ it has been found that hand appllcatlon of viater spray to a petrol fire
is much more efficient when the spray is applied nearly vertically to a
fire than when it is agplled horizontally across. the fire, Thus spr
from a single pair of '/32-in., impinging jets at a pressure of 100 Lb sq,in.
could not extinguish a 1-ft diameter petrol fire when applied
horizontally but could do so when applied from an angle.of about, 60°. to -
the horizontal, = After a petrol fire has been burning sbout é - 10 sec,
there is often a sudden improvement in the ease of ecxtinction.  The

" above facts can be explained if it is assumed that the entrained air

94

T

current can help extinction of the flames by diluting the ‘conbustible.
vopour, The entrained air current is usually considersbly in excess of
the amount of air required to reduce the vapour evolved froma fire to a
.concentration-at which it cannot bum, In order to dilute the vapour. -
effectively the entraincd air must be -able to mix rapidly with it and

this occurs most readily when the spray is p“ll\d vertically rather -

than Lorizontally to the fire, end if there i o thiek zone of vopour .

- abmrc tm, llquld 28 in the casc vhen the f‘lrc has been burn:mr‘ for uom tme.

_-Rate of flow

~dn increase in rate of flow of water to the flre area 1ncreases the R
spray efficiency, This is illustrated in Figure 10 which shows the _ .
specific effect of rate of flow for three different fires. In practice
it is very difficult to vary the rate of flow of 'spray t6 a firc without'
varying the entrained air current and the drop sizé and one therefore
obtains a composite result caused by the variation of these three factors.
"Thus if the rate of flow to a fire were increased by increasing the
nunber of nozzles spraying on the area, both the entrained air current and
. drop size would be increased, - Nearly all tests carried:out so far have
indicated that. an increase of rate of flow brought about in this way, not
only reduces the extinction time but aléo reduces it to the extent of )
using less water in bringing about extinction., This point is illustrated
in Figure 11 which gives the results of tests in which the rate of flow
of sprays from 1/32-in. impinging Jjets to a petrol fire 1-ft, diameter was
increased by increasing the number of pairs of jets used,.. Both the
extinction time and the quantlty of water used in the extlncthn decreased
as the rate.of flow 1ncreased. Coe ‘L CeTee *'_ s

Practlr'al aspccts

To placé'thé”above 1nformat10n in perspectlve 1t is. necessany to say’
a few words on the properties of sprays availdble for fighting liquid fires,. -
These sprays have drop sizes ranging from O+4 %o 3+0 mm at pressures of

L
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100 Lb/sq.in., non-directional sprays in general being finer than
directional sprays. However, the entrained air velocity of non-
directional:. sprays falls off very rapidly as the distance from the nozzle
- is increased such that at 8 ft below the nozzle this velocity is of the

* order of 3 to 4 ft/sec; with directional spray nozzles the v01001ty of

the ‘entrained air current at the centre of the spray at.this dlstance ig
usually well in excess of 10 ft/sec,

For the extlnctlon of petrol ferS a fine spray (drop size less than
0.3 m vith a rate of flow of about 3 gal/sq.ft/mln) is required.
There is no practical fire-fighting spray avallable vwhich has these
properties and it would be very difficult bo obtain such a spray by means
of a pressurc nozzle unless the orifice sizes in the nozzle were made very
small; the latter proecedure would 1nuroduce a number of other practical
difficulties, However nozzles bhased on /16 in. impinging Jjets could

.. be made to give sprays which approach the above properties. It is
p0531b1e to extinguish petrol fires very quickly with coarse sprays

(drop size 1 = 2 mm) when applied downwards to a fire as long as the rate

" of flow and the entrained air current are high (2gel/sq.ft/min, and

30 ft/sec respectlvely) These sprays on the other hand have the |
disadvantage that they cause violent splashing of the liquid which spreads
the fire outside the area of effective control., The chief drawback in .
using water sprays for petrol fires is that small pockets of fire
established in a recess or a corner are usually more difficult to -
xtinguish than a fire burning over a flat surface, For this reason

- water sprays are unreliable when used for this purpose and should only

be used when a more satnsfactony extinguishing mediun is not available,

r

Wlth fires in heavy oils small flame pockets can be easily

is not so critical as with petrol and although conrse sprays do cause
splashing. it is of less importance because of the high viscosity of the-
0il, ' The chief requirement for a rapid extinction with these liquids.

is that the spray should reach the burning liquid at a rate of flow of

' size increasges,

about % to 12 gal/sq.ft/mln, the rate of flow 1ncrea51ng as the drop

An 1ncrease in pressure at a glven nozzle will increase the rate .
of flow and .the entraincd air velocity in the spray and reduce the drop
size, All these factors will tend to increase the nozzle efficiency
althouﬁh the effcct will be less for pressures greater than about

;100 Lb/sq.in, than at lower pressures because of the smaller effcect of

the pressure on the drop size,” However it is not vossible to increase
the pressure with a given nozzle indefinitely since  other factors such
as the rcactlon at the nozzle and the power of the pump come 1nt? glay

- which limit the rate of flow that can be handled,’ An analysis

which these .factors have been taken into account has indicated that an

"~ increase in pressurce at the nozzle to values well above 100 Lb/in? is

unllkely to be advantareous.
' | WATER APPLIED AS POAII

Another method of extinguishing liquid fuel fires is, of course, by .
the use of foam, and the criterion of 'critical rate, can also glve useful

" information with regard to this, For .comparison purposes it is simplest

to congider the foam application in ferms of the quantity of foaming
liquid applied.” ~The following illustrations relate to petrol fires in
partlcular ‘ oo L o g

When applylng foam by appllcator to’ the surface of petrol at .
varying rates it is found that there is a critical rate curve, of
which Figure 12 is typlcal For a given compound and given foam

. propertiecs this-curve is the same for fires up to 250 sq.ft in area, .

although there is no information for larger fires at the moment, It can. .

- be seen that as in the case of water sprays and jets the crltlcal rate

3ets the minimum size of cqulpmcnt but at rates of 4 - 5 tlmes the

.crltlcal, the extlnctlon reaches its greatest economy.;

J \
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Poam should thcrefore be applied as quickly as possible and
certainly at not less than this critical rate since cconomy is not
adversely affected by increasing rate., Of course, the curve shown in
Figure 12 will vary for different compounds, and for varylng physical
propcrtlos of the foam.'

Critical and optlmum rates are not the only 1mportant gualities of
foam, Its stability on the hot petrol is most important, especially
vwhere two or more adjacent fires give risk of re-ignition to fires
alrcady extinguished.. Soap and wettlng agent foams can, for example,

" because of their high fluidity, give more economical extinction to petrol

" fires at certain rates, but their life on hot petrol may be rcckoned in

" minutes instead of the hours for which a protein foam may well be stable,
As shovm in Figure 13, a petrol fire may be extinguished with 8 gal of
wetting agent foaming liquid per 100 sq.ft, where 12 ~ 20 .gal of protein
foaming ligquid would be required, though duc to the rapid break-dOWn of |
‘the wetting agent it would have to be .applied at a rate of 55 gal/100
“'sq.ft/m;n compared with the 2 - 3 ga1/100 8q.ft/min of the proteln compound

Where foam is applied by projecting it- against the far edbe of the
tank, or against a baffle, the critical raté may be similar to that using
an applicator; but. at hlgher rates of flow the quantity used is gcnerally
greater, Thus the consumption of a sogp foam may be expected to increase
from 8-~ 18.gal of foaming liquid pér 100 sq.ft, and of a protein foam
from 12 = 20 to 20 ~ 25 gal of foaming liquid per 100 sq.ft. It 'is
evident that while a low critical rate is important for those large fires
where the apparatus available is stretched to capacity, a fluid foam

. possessing an acceptably low drainage rate on the hot liquid is also

valuable in keeping down foam consuiption at the higher and more
economical rates of foam applibation. :

In the base injection or subwsurface apbllcatlon of Pfo ein foams
to petrol storage tanks, it has been shown experimentally that once
again, critical rate curves may be drawn, In work carried out at the
Fire Rescarch Station on a 9-ft diameter x 30 ft high tank (Flgure 14.),

. a rate of application of 7% gal of foaming liguid per 100 sq,ft of petrol

surface was found to be economical, and extinguished a fire in a tank of
this size in approximstely 5 min. In this type of application however,
another factor must be considercd, the quantity of petrol "picked-up" by
the foam on its journey to the surface of the petrol, If the petrol
"pick-up" exceed 10 per cent by volume of the foaming liquid,” it will
1gn1te when- the- initial fire collapses -and a "foam blarnket fire" will
ensure, This will-be illustrated in a film shown during the discussion
* period. The "foam blanket fire" will then be sufficientto destroy the
‘foam layer, oven though application is continued indefinitely.  The
amount of petrol "picked-up" is. governed by the expansion and critical
.shear stress of the foam at the surface.,- Thus a low expansion foam .
must be injected, and this foam must have a low drainage rate, so that
its expansion when it reaches the surface has not inereased unduly. An -

. ...ideal expansion at injection is 3 - 3~, together with a .drainage of not

. more. than & quarter of the liquid content of the foam in 3 min, and a
eritical shear stress not exceeding about 160 dynes/sq.cm. The conflicting
requirements of high fluldlty and low drainage in a low expansion foam
are difficult to meet, and in fact only a small number of existing protein -
compounds can meet them, Given one of these compounds, however, the -
production of suitable foam .is not difficult, and may be accomplished by
cquipment in.com?o? use, It was found in the experiments at the Fire
Research Stationt8) that by passing the output from & mechanical foam .
generator (or pressure foam maker) into a suitably-sized centrifugal
~ pump,  and thence to the input. to the tank, sufficient energy was
- introduced. 1nto thﬂ Toam to give it the necessery low drainage, while
: 'retaln1ng, with ‘a suitable compound, high fluidity, " If the critical
- rate curves for the 9-ft, .diameter tank -apply to: larger dlameters, a:
mechanical foam generator having a flow of 60 gal of water per min at
150 Lb/sq.in., in conjunction with a centrifugal pump of 120 gal/min
capacity, is cepable of extinguishing a fire on a LO-ft diameter fank,
Similarly threc 250-gal/min fosm generators would be needed to deal -
with a fire on a 140-f% diameter tank, .

r
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CONCIUSIONS

In conalu51on, I should like to relterate the importance of critical
rates in the application of water to fires,

Pirst, the very existence of critical rate means that the fire
cannot be extinguished at lesser rates, ZExperience shows that even at
rates only just below the critical, very little reduction of fire intensity
can be achieved, Surrounding the fire to prevent spread, damping-down
of exposurés, and possible local concentrations on cscape routes are the
order of the day. -

) Every effort neecds to be made to concentrate sufficient effort on

- a growing fire, so that the increasing threshold level for water:
application does not remain long out of reach of the - increasing number
of appliances,

Where sufficient force is available, the quickest "knock-down' is A
usually the best, which implies the highest possible rate of application.. -
Where water supplies are limited, however, it should be remembered that
there is a most economical rate of spplication sometimes in existence,

This is not much greater than the criticel rate for scamed sprays end
jets against fires in buildings. ' '

With foam application, the most eccnomical rate of application is
from four to five times the critical rate, There is thus no need to
restrict the total rates of application on grounds of economy of foam
compound, , : : '

Critical rate, and the quantity of water used at other rates, are’
. both affected by the method of application. A knowledge of the most
.economical methods. of application is valuable, since they can give
reduced use of water and foam compound for the same speed of extinguishing
the fire,. ... . . o
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