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P. Nash and D. J. Rasbash .'

. r-. .':: •. _.-. ." " INTRODUCTIC'N .,...... ::-"'.:. :.:. '. "
:':':':. ..' _, :. \ .'. . '... ,,'.: . .. ':: '; ;~. !:, '~;"l':' '. "::"

.' .:" In' spewd.ng to the Instiitution of Fire' Engiri~ersi:b~~fere~~e on
· "The use of water' iri fire'-fighting", ;.,. e ' are very conscious that our
,audience will. have much more pract1calexperience of many branches of
the 'subject than we have." .Upon rcflectionj however, I ,cap see that
the idea may servo. 0" useful· purpose. .., ...'

The Jomt F·ire Research Organization' has as. one vof its tasks
theev'aluation' of' 'fire-fightirtg: matcrials/, the determination' as to how
best they may be 'applied to those types of fires to which they'are
suited, and generally. of providing the'fundamental, information necessary
to the design and develoPment of successful fire-fighting equipment and'
tactics. This work is usually limited of necessity to small. and medium­
scale exper-rmenta , but we are constantly' aware of a need to test the
concfusdona in' full-scale fire-fighting.,I... . .. '.

", : The Fire' Brigades ~st geI1eral:ly be' too pressed by the ur'goncy 'of
their full-scale'operations to be 'able to deviate. far from' the methods
of fire;'fightirig' proven by time and experience to be efficient.. . :..,.... . .

It is possible that thc concJusions which we'have reached from our'
ovm and other people'~ experi;ncnts, will offer a neVi line of approach to
some of your fire-fighting problems and that you; on the othcr hand,' will
be' able to . sU1.'ply. ·practical factors which modify these conclusions.

One of·the··niost useful ways of comparing fire-fighting materials
and methods' is by.-measurdng the times taken to control or extinguish a
Hre when the fire-fighting material is applied' at a series of ,different·
rates~ .. This' is best illustrated in Figure 1 which refers to the .
extinction 'of a' fully-developed fire in a model room by imeans of·ri.' spray
of water. It, can be seen that at rates of application belov; a certain
critical value,' called the "critical rate", the fire could not be
ext mguashed, This is illustrated by the fact that the time to" ,
extipguish 'beccmes- very. very large indeed. It is 'also often truc that::·
there is no appre caabLe reduction in the intensity of the fire When the '
material.is appli d 'at rates·only.just beicwi the critical, although t~~s '
is not shown b:r.,the 'graph. "Ati rates just above thc .critical,· however , :""
the time needed 'to' control or extinguish the f~re falls verY rapidlY to
a \7,orkable level. :',~ith a further increase iil the rate' of application; .:
th~ hme to extinguish dimmishes more slOl';ly.· " . r •

, •..". .'! • • • . .•'.•,:

..

.'

•

•

Th~re is'everyre'ason tobelievet~l.at graphs of ' this type"~ppiy,':
with certain exceptions, to full-scale fire-fighting. They, arc"capable";:

. of.giving an estlinate of the minimum size of equipment necessary to .
'han<tli{'a fire of'acertain' size, or conversely,' the size of firc a';' .
· given"array of cquapment can hand.Le , There is no hope' of extinguishing

the.. -t:l.re,. unless the inediumcan be applicd.above.this minimum rate and. it":­
is bet'ter toi>re,vent spread and to protect exposurcaj ror to givep."iocal
conccntinataon of force' to hold: open' an escape' route, than to disperse the '.

· effo'rt over the whole firc, pendfng the arrival of reinforcements.:' .The .;
erap~isdra:wtiiir tcrmsof rate of Ylater application per unHa:reaof .
fire;' If·the··area·is'croubled·tihcn··the·total rate of water applied to":
co~trol 'it-in a given' time isdqubh"d'~ .Ai inost fires,.a:hi actually or: ,
potent~ally.groiiing:·f.ifes at tl19 t1.,1C the Br:l.gadereachcs 'them, the" .'.
graph ~1So ~llus.~ratcs''thencccssity':of providirie a 'striking force capable
of atleas1;; the "critical'rate at t"hc"carIiest ·p6ssible·"niomcnt. .: .By:" '
nniltiP.lyirig 'eachra:te 'of: apl'iicaHon by the qorresPoriding'.:timetci controi'
or extinguiSh tihe'fire, the t'citiii quantity ofnater·used··at·'the ratc ot>:
application is obtained•. , .

. .,
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In Figure 2, the ~Qtal quantity of 'wat~'used is shown plotted
e.g·ainst the rate of application. According to hOY! quickly the tail on
the first graph slopos away tmvards zero, the tail on the second graph'
~ither rises, remains'horizo~taltoreven falls as the rate of
application increases.

Where' the tail rises again, there is clearly an optimum rate of
e.p'p-~~ .the Yinter from the point of view of economy; . above and be Low
this rate,' more Yiater· will be used; Whore the tail does .not rise, but

" remains· level,' it becomes .a:..quest ron of putting, the fire-fighting material
on bhe fire as fast as possible in order to get a quick reduction of

, intensity and limitation' of 'fire damage, since economY is not affected.
"In ve~ large fires the fircnwm has not much choice' as to the rate of.
app~ication 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 the most'economical' rat~ is not very much
greater than the critical.

, APPLICATION 1U FIRES Dr BUILDme-s

Although the inf'ornk1.tion obtained from the various experimental'
determinatipns of th~ critical and optimum rates for the extinction 'of

',well-developed :fires in rooms by the use of water sprays and 'water jets .
is by no· means complete, it suggests various important tendencies likely.
to:applY in full-scale fire-fighting~ . The experimental rooms considered'
have ranged in size· from models' of 4t cu; ft. to full-size rooms" of .'. '.
2,000 cu. ft and' the· information has been extended to'actual fires in' ,
rooms up to' 33,000 cu. ft.. .

The ~ork in the 4i-cu. ft room, (1) is'natural~ the most
comprehensive .'owing to its cheapness, and' it is necessary to examine
the effect of various factors on the critical rate and compare, wher-e we."
can, :their effect at larger scales.. The fire in the model room .
develOped similarlY to a fire in an' ordinary living-room, attaining
maXimum ~emperatures of' 700-900OC arcora:ing to. ·the degree of ventilation.
The fires ~ere exti~uishcd by trJO /32-,in. diameter jets which could

. either impinge at .90 to .f'ortn a sproy, or could be used as separate jets... \
The'·jets or the ,spray could be fixed or moved about at will•..

Figure 3 'compares 'the ,quantities of pater used to extinguish the
'fire by fixed ,spr~ nt different degrees of vcntilatfan, 'expressed in
square feet of. Viall area per cubic feet of room volume. . Reduction 'of
ventilation ~ot on~ reduced the amount~Qf water used at anY chosen rate

.. ' of f'Low , but reduced the critical rate (9f) extinction very markedly.
'. It ·is. evident that if the water used in extinguishing the fire is all.

assumed to have been evaporated, and its volume is expressed in terms of
the volume of the room, then iri-these experiments the' steam would have hod.
e. vol.ume varying from abt?ut t - 1t times the room volume. This will be
discussed later, as it suggests n possible mechanis~ by whic~ the fire
is ,extingUished. . . . .
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'experimental, and the other being one possible' result from an 'arbitrary
,choice of 'fixed jet position., The curves ,also illustrate'the degree of
.iaupez-Lor-Lty of spray over jet.' It is clearly less than the increase

of economy to be obtained by scanndng ; "hich is in its turn more
'itiIportant for jets than :it .is for sprays.

, To obtain the' des';';ed' variation' of flaw in these experiments while
,!';;.ill using' the 'fiXed 1/32-in. orifices, the, pressure had to be varied
f;r-:r,l 5 .• ,120 1b/sq. in., and this pressure variat ion was, naturally
accompan'iedtby a, decrease in the drop size from, the spr1:W'. It can be
s"~n, hanever, , that once above the critical rate, the fixed spray used an
a:Lil,ost constant 'amount of Viater to extinguish the fire;, which suggests
that drop size has 'little' effect on economy, A s tudy of the curve

: for the' .scanned jet' shoes that doubling the rate, of ,flO'o'1 by .Lncreas Ing
tho' pressure from 30 - 120 1b/sq.in. reduces the extinction time by
i 5 per cent, and .thereby produces an increase of ",ater, consumption of
about 70 per cent. ",

In making a compar-ison between the quantity of' ":'ater used in these
model tests with that used in the larger-scale experiments and in actual
'fires it must be' borne in mind that' in geometrically similar r-ooms the
,ventilation geta proportionately less as the size of: room ,increases, ,
owing to, .a natural scale effect. T,he ancreaeeun economy due to
reduced ,ventilation is somewhat; offset because a similar degr-ee of
scanning of jet or' spray cannot be used owing to the increased nozzle
reaetion of the larger appliances. ' ,"

The ,fires in model rooms were'extingUished with scanne;d jets or,
,sprays ,with about f gal .ofwater per ,1,000, cu. f't of room volume 'lU1der,
the best, coriditions. A fixed spr-ay Ylith a medium degree,of,ventilation
produced extinction with abouf 2 gal of water per 1,000 cu. ft~, In ',:
another series of experiments (2) ,using sprays and jets in an' 8-ft., cubic
r-oom (512 cu. ft, in volume) lined .7ith 'fibre insulating board and with,'
some mock furnit;ure of fibre insulating board extinction, was -obt adned
with 1 gal, of water per 1,000 cu. ft , shovring that the efficiency" of
the model €lxtinction was Obtainable up to at least -box-z-oom size:•

, Ina further series of twelve experiments made by t';r. ".Ji'.R.O. in,
co-operation with the City of Birmingham Fire Brigade, in
furnished rooms of about 1,500, cu. ft in volume Ylere:,extinguished with
the use of 8 gal of Yiater ,per '1.000 cus ft , both by jets and, by sprays
(Figure 5). ,The rate of delivery of 40 gal/min at 100 1b/sq.in. "
pressure'Vias chosen to shmv up any potential difference be~neen sprays
and jets. 'Figure 6 shm,s ,that in fact no,such difference ,appeared,
.a'Lthough during the course of fhe repeated experiments it was found possible

, to reduce materially the amount of water used. This was explained in the
case of 'jet application by the increasing familiarization of' the br-anchmerr
'with the particular fire. For sprays the reduction was explaine,d by' the,
realization that water .coul.d be cut off as soon as the 'steilm,appeared,at

" the viindoy/s (Figure 7). ,The sprays then required less, technique in , "
handling, but it was not irrnnediately obvious how soon, the water- could be .:

',cut off,' since the room'was full of steam. In these ,experiments it,was'
notea that ,there was'little, if any, free water lying in ~he rooma~ter ,,'
the extinction"which may'the,efore be regarded as reasonably: efficient.. . . '., .': '.

"The"remainirlg' full-scale 'experiments .In r-ooms .werc made by the'
Ministry of,Home' Security who found'4 ga~1,OOO cu. ft, necessary to'
control a fulJ,y-developed fire in a, furnished room of' ,1',400-cu. ft

• ' capaCiiy~" :The Building, Research Station controlled fires in a ,"
, z.ooo-ec.re room with, 2 gaJ/1,OOO cu. ft; The National'Board of Fire
:Underwritersextinguished ..fires in ,900-cu. ft, r-ooma-wdth various
,appliances"using pressures up'to 600 1b/sq.in., forjet'and for,spray.
The results show. exti,nctions, varying from 4 gaJ/1 ,ODD, cu. f ,using a
200-Lb/sq.', in. :JrnIiiriging jet spray*- to 15 ga1/1,OOO cu. 'ft using'spray
and then jet 'at 6001b/sq. in. ,In the above exper-imcn'ts , no attempt ,
appears to 'have been made': to, select" the most cconomacal, rate of delivery,
so direct comParisons' arc difficiIlt. The work does, however, show broadly
that fires ,in such roQrnSmay be extinguished with about 8 - 10 gaJ/1,OOO cu.ft.
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The follcwling factors regarding the mechanism, of extinction can,be
,observed from 'these expcr-imerrts , Assuming .pez-f'eob mixing an amount of
steam equal "to about L,0 per cent of the volume of, the r-oom would be
required to iilhibit the combustible vapour-a, " This' requirement would
have to be increased if it Vlere considered that the 'combustible gases
leaving the room had also .ro be, mer-ted, If, no, mixing occurred then a
vo'lumo of s team equal to that of ,tho room would be; rclquirecl ' If steam
i~ lost ,i'rcm the room in addition, 'the volume would need ,'to 'be even
g::,(,)otcr. ln the tests ,performed by the Nationai Board, of Fire Under-
':!'.':~':;l):':'~.' (4) and at the BUildiJ;lg)Research Station,' as well as in actual
fj,::-os z-cpor-tcd by Lloyd Layman ~~ the amount of steam used' corr-esponded
to about biice ',the room volume, that is some two or three times the '
proportion used in the scall,model-room tests. In the Ministry of
Heme Security tests" the factor was about ,4.

It may be shown, by calculating the amount of heat required 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 IDve absorbed heat frorn the solid, surfaces of the room. This
may well explain why drop size', and with it pressure, has little '
significance in fires of this type. So long as the drop is small enough ,
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 terminated and this, may be effected by a , ,

,uniformly-distributed layer of water 1/1,000 in.' thick. '

, ,As the si'ze of the roomLs increased, however, the size of it's'
internal surfaces becomes less in comparison with its volume, due ,to the

'scaling 'law mentioned earlier. It becomes progressively more diff,icult '
, ,

- -to provide the steam required to fill the room, by evaporation of the ,
wate. at .the hot surfaces. The mechanism of extinction' then probably, .. :

, , changes gradually f.oin one, of smothering with some cooling of the solids,
1: o ,one 'of much cooling of the solids vii th s orne smothering. This, may

well provide the, explanation of the reduction in the efficiency of,
extinction as 'the' size of the .oorn is increased.

APPLICATION TO LIQUID 1,'UEL FIRES

y!3th a liquid fire the critical rate' of, applicationof:waterby,' '
sprays'depends on 'the' size of drops, and on'the current of entrained

,.' air'; more over- the spray" most suitable' for a fire in ,one type or:
liquid.<Ila,y be inappropriate for another•.. ", ---.- '~,--'_, ..

'" Drop'size,
.:---------_..- - .-'

, In general e.decrease in drop size, improves the efficiency of a
sp.ay as long as the drops can reach the base of' the 'flames and the,
burning liquid,. , ,Figure 8 gives an indication of' how the drop size of a
spray affects the ext~nctJ.ol1 of, different liquid fires. This table gives
the extinction time of six different liquid fires for sprays within the
drop,size range '0·28 - 0.49 rom. With all'the liquids the finest spray
was quite efficient; this was particu1,c.rly T"Jtic''l1iblirfor'volatile .
'liquids (pet.ol, benzole" alcohol) where there was a marked decrease in
efficiency as ,the ~rop ,size Vias increased, whereas uith transformer oil
and gas oil t hez-e was a small .mcrease inefficiency. ' With petrol and
benzole 'the flam~, was' extinguished .and the finest spray was best
pr-eeumabfe 'because it could extract heat most easily from the f'Lames;

; With the aIcohc), fire extinction was causeddrrmost tests by 'dilution
of the surface layers;' 'the finest spray waamoat efficient in this case' -,
because itbroughtabotit the least',mixing with undiluted alcohol belcw,',
these layers.' 'The hi~:boiling'liquidsvlere.ex~inguishedeither by , ,
cooling the liquid' belbw :',the, fire point; or by causing sufficient steam,
to be generated, at' the sUrface to smother the .fLames, 'Thefiriest sprays
were, slightly lesseffic~ent,oo'causethe intense sputtering they ,
produced on application to' the fire intensified the ,fire and delayed. . '" , . . '. .: ~ '.: .... ' .
.," .

'I',
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further access of sproy, to the burning liquid. ',Further tests on ,
transformer oil fires with considerably coarser 'sprays, .iithin the range,
of elron sizeO"i,:' - 3 nm showed that the extinction' tIllie, increased in
;"FPJ;'o;CimateJ.:y direct proportion to the increase indrcp:size, i.e.

, doubling' the drop, size doubled the extinction time. ,~'Foi' petr'olfires,
one!: fu"op: sizes of'o·i - 0·6 mm, the extinction t,im<;l "la~(/lPproximately ,
P~('PC7'ti01~~,l to the fourth power of the: dr-op size, i.'e~' doub:Ling the
d:,.O? 5iz,:' Increased t)'le extinction time by a factor of about ,16.

. :. ':

=

;

•
" W~en' apr'ays arc applied downward to a fire an increase in entraiIied

a:'2' current increases the spray efficiency. This air current increases
the access', of the spray drops to'the seat of .the 'fire by blowing the
f1::unes aside. This is illustrated in Figure 9 which shows two sprays
of similar drop size and rate' of, flow to the fire area acting downward
on the transformer oil fire. One spray' (a) has a,l~" entrained air
veloCity and the flames can burn upwards against it, theothe'r, spray (b)
has' a high entrained air veloei ty which pushes the flames as Ide bringing
about a shorter extinction time. The entrained air current appears to

'assist in the extinction of a petrol fire, in' which the fJ:ame' itself is ,'~,

'extinguished, in quite a different way. Thus when sprays are applied'
downward to a petrol fire an increase in entrained air cur-rent continues
to reduce the extinction time even when the air current, is much greater,'
than the upward motion of the flames (about 8 - 10 f't/sec). Moreover"
it has been found that hand, application' of wat e.r spray to' a ,petrol fire
is muchmore efficient when the spray is applied nearly vertically to 'a
fire than when it is a~plied horizontally across, the fl.,'re. Thus sprl1Y '
,from a single pair of /32-in. impinging jets at a pressure 01'100 Lb/sq.in.
could' not extinguish a 1-ft diameter petrol fire when applied, ' " ,
hor-LzontaHy but, could do so when applied from an angle, of about, 600. to'
the horizontal.' After a petrol fire has been burning about 6 - 10 sec,
there' is often a sudden improvement in the ease ,of0xtinction. The
above factS can be explained if it is assumed that the entrained air
current can help extinction of the flames by dilllting thec'cnbustible,
vcpour , The entrained air current is usually considerably in excess of
the amount of air required to reduce the vapour evolved from 'a fire ,to a

',concentration' at which it cannot burn. , In order' to' dilute' the vapour"
effectively'the crrbrrdncd air'must be 'able to mix rapidly with it and '

,this, occur's most readily when the "prny i::l nplcli"a' vcrticdJ.Y 'rather' ,":: '
thnl1 l1orizontnll;i to' the fii'0, end if there i.e: .: thick zone "1' vapour, .
nb("!Vc"thLi'liguid. "s in the; casowhen the fire has been burnang 'fOI: (Jor'£', time.

-,'

•

An increase in rateof flow of water to the fire area increases'the ",
spray efficiency. This is illustrated in Figure, 10 which shows the
specific effect of rate offlovi for three different fires. Irrpr-ac't Ice
it is vet:Y, 'difficult to vat:Y, the rate of flo~ of 'spray to a fire without'
varying the entrained air current and the drop size 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 incre as ing .the
nurilber ,of nozzles spraying on the area, both the entrained air current and
drop .sd.zc 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 j;ime but also reduces it to the extent of
using less water in bringing about 'extinction. This point'is illustrated
in Figure 11' which gives the re suf.ts of ,tests in which the rate of flow '
of. sprays from 1/32-in. impinging jets to a petrol fire i-ft. ,diameter was
increased by increasing the number of pairs of jets used.', Both the
extinction time, and the' quantity of water used in the 'extinction'decreased
as'the rote "o{ flov; ,increased., ," ,"" i ' "

,,'

" ,

"

'. ';'"

Praetic;"!, uspects,,~~;" ,,' '
'. ! ~:. f. ;";: ';.; i :~:. '~' ,,'. . : .; " . "_.

To place" the: above.', informatioh iil perspective' it' is .necessary to say'
a few words on the prOperties of sprays available for fighting liquid fires.'
These sprays have, drop sizEls ranging from 0'4 to 3·0 nun at pressures of
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100 Lb/sq. in." non-directional sprays in generalbeing finer than
directional sprays. Hcwlever,'the entrained'airvelocity of, non­
di'rectional; .spz-ays falls off. very' rapidly as the' distance from the nozzle
is increased such that at 8 ft. below the nozzle. this ve.locity .is of the
order of 3 to 4ft/sec;: with directional spray'nozzles the velocity of
the 'entiradned air current at the centre of tihe spray, ·at. this' distance is
usually well in excess of 10 ft/sec.

For the extinction of petrol fires a fine spray (drop size less than
0·3 nIDI with a rate of flow of about ~ to t gal/sq.ft/nin) is reqUired.
There' is no· practical fire-fighting spray available which has thcse
properties and it would be very diffieult to obtain such a spray by means
of a pressure nozzle unless the orifice sizes in the nozzle· were made very
small; tl)e latter procedure .would ·introduce a number of other practical
difficulties. Hm.ever nozzles based on 1/16-in. impinging jets. could .
be made to give sprays which appz-oach the above properties. It is
possible to extinguish petrol fircs very quickly with coarse sprays
(drop.size 1. - 2 rom) when applied downwards to a fire as long as the rate
of flOw and the entrained air current are high (2gal/sq.ft/min, and
30 ft/sec respectively). 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
extinguish 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 satisfactory extinguishing medium is not available.

. . With fires in heavy oils small flame pockets can be easily
"extin,isuished by cooling the liquid. Moreover the effect of drop size

. is nob so critical as .with petrol and although c oar-se sprays do cause
splashing. it is of less importance 'because of the high viscosity of the·
oil;' '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

'about tto 1t gal/sq, ft/min, the rate of flow increasing as the drop
. size increases.' .

An increase in pressUre at a given nozzle will increase the rate
of flow and .the entrained, air velocity in the spray and reduce the drop
size. All'these factors will tend'to increase tho nozzle efficiency
,althoU&h the effect will be less for pressures greater than about

.100 Lb/sq.in. than at lower pressures because of the smaller effect of
the preasurc on the drop size.' However it is not :90ssible to increase'
the,pressure with a given nozzle indefinitely since other factors such,
as the :t;eaction at the 'nozzle .and the power of the pump come int9 J?1D,Y

,which limit the rate of flow that CM be handled.' An analysis (6) in
which these,·factors have been ,taken into account has indicated tl~t an
increase in prcssure at the nozzle to values well above 100 Lb/in2 is
unlikely to be advantageous.

WATER APPLICDAS FOAM

Another method of extinguishing liquid fuel fires is, of'course, by
the use of ·roam, and the criterion of 'critical rate, carl also give useful
informntion vlith .regard to this.' For .comparLson purposes it is simplest
to consider, the foam application in terms of the, quantity of foaming
liquid applied, 'The following illustrations relate to petrol fires'in
particular. .

When applying f'oam by applicator to the surface of petrol at
varying rates it is found that there is a critical rate curve, of
which Figure 12 is typical. For a given compound and given f'oam
properties 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 critiCal rate
seta the minimum size of equipment, but at rates of 4 - '5 tinie~ the·
.critical, the extinctioii ~~achea its greatest economy, ",' .

'. . . ,,'"
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Foam should therefore be applied as' quickly as possible and.
certainly at not less than this critical rate since economy is not
adversely affected by increasing rate. Of course" the curve shown in
Figurc12 will vary for different 'compounds,; and for 'varying physical
,properties of the' foam. '

Critical and optimum rates are not the only'import'ant qualities of
foam. Its stnbility en the hot petrol is most inwortant, especially
where ~IO or more adjacent fires give risk of re-ignition to fires
already extinguished., Soap and wetting 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 reckoned 'in
minutes instead of the hours for which a protein foam may weLl, be stable.
As shown 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 ~f protein
foaming liquid would be required, though due to the rapid br-eak-down of ,
'the wetting agent it would have to be .appHed at a rate of'~ ga]/100
'sq.ft!min compared with the 2 - 3 &a]/100 sq.ft/min of the protein compound.

Where foam is applied by px:ojecting it, against the far ecl;,;e of the
tank, or against a baffle, the critical rate may be similar to that using
an applicator; but, at higher rates of flow the quantity used is generally
greater., Thus the consumption of a ,soap foam may be expected to increase
from 8,-, 18,'gal of foaming liquid per 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, '
valuablp in keeping down foam consumption at the higher and more
economical rates of foam application.

In the base injection or sub-surf'ace ~pplication of Pfotein foams'
to petrol storage tanks, it has been shown experimentally 7) that once
again, critical rate curves may be drawn. In worlc carried out at the
Fire Research Station on a 9-ft diameter x 30 ft high tank (Figure 14),
a rate of application of 7t gal of foaming liquid per 100 sq. ft of petrol
surface was found to be economical, and extinguished a fire in a tank of
this size in approximately 5 min. In this type of application however-,
another factor must be considered, the quantity of petrol "packed-up" by
the foam on its jot;rney to the surface, of the petrol. If the petrol
"pick-up" exceed 10 per cent by volume' of the foaming liquid,' it will
ignite"when,the initial fire collapses and a "foam blanket fire" will
ensure. This'will'be illustrated in a film' shown during the' discussion
period. The "foam blanket fire" will then be sufficient: to destrciy the
'foam layer, oven though application is continued indefinite],)'. The
amoUnt of petrol "picked-up" is governed by theexpahsion 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 increased unduly. An

.. ,ideal expansion at injection is 3 ":" 3t, t'ogether \1ith a.dr-adnage of not
" 'more, than a' quarter of the liquid content of the' foam in 3'min, and, a '

crit'ical'shear stre'ss not exceeding ab,out,160 dynes/sq, em. The conflicting
requirements of high fluidity and low drainage in a low expans i.on 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 .rs not difficult, and may be accomplished 'by
equipment in, c01lllJlQ\l use. It was t'ound. in the experiments at the Fire
Research Statibh~.8) that'bypassing the output from a mechanical foam"
generator (or pressUre fOam maker) into a suitably-sized centrifugal
pump, and thence to the input, to, the tank, suff'Lcierrt energy wa,s
int,oduced,ihtotho foam to ~ive' it the n~cessary Im"dra~nnge,'while
retaining, with a suitable: conipound, high fluidity. ,'If the critical

'''rate curves ,for the9-ft~ .daametier- tiank :apply to .Larger- diameters, 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 ga]/min
capacity, is capable of extinguishing a fire on a 4O-ft diameter tank.
Similarly three 250-gaJ/min foam generntors would be needed to .deaf, '
with a fire on a 140-ft dia-'leter tank.
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CONCLUSIONS

In conolusion, I should like to reiterate the importance of critical
rates in the application of water to fires,

First, the very existence of critical rate means' that the fire
cannot be extinguished at lesser rates. Experience shows that even at
rates onlY just below the critical, very littl" reduction of fire intensity
can be achieved. Surrounding the fire to prevent spread, damping-down
of exposures, and possible local concentrations on escape'routes ere the
order of the day. ' '

Every effort needs to be, 'TInde ·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'increas~ number
of appliances~'

Where sufficient force is available, the quickest "knock-down" is
,usually the best, which implies the highest possible rate of applicatiori•.
Where"later supplies are limited, however,it should be remembered that
there is a most economical rate of application sometimes in existence.
This is not much greater than the c·.-itical rate for scanned sprays and
jets ae;ainst fires in buildings.

With fowii application, the most economical rate of application is
from four to ~ive tires the critical rate. There i3 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 inost

::'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~', '" ' .... .

'.
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