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",-'HE SURB'A CE APFLICA1'ION OF FOAM TO PETROL FIRES

R. J. French, P. L. Hinkley [;nd J. F. Fry

A fair:Ly e:<tensive l,rogramme of laboratory exper:iJnents
on the surface applics tion of foam to petrol fires bas been
carried out. For a criterion of llGrfonnance of s foam the
tina of control of the fire to which it was applied was used.
This has been &lfined as the time taken to reduce the, total
ro.d:ia tion from the fire to one third of its value at the
cOl1lP.lGncement of, foam application. The critical ro.te of
application of foam, i.e. the ·!J~n:i.mL1ln rate at which the fire
is likely to be controlled, has been dstermined for a nllmber
of foam comJX> unds. The possibility of scale effects has
been investigated and an examination has been made of the
influence of expansion factor, critical shearing stress
and "Yl>3 of foam comround upon the relationship between tID
control Ume and the rate of a'loplication. The results
of the eX',er:i.me;Jts containcd in this relCQrt suggest that,
when foam-is apI'lied at a, rate hi::;IDr than the criticaJ.
rato, its abiHty to combat a petrol fire is a function of
its water content and of its atili ty to flow over ,the' petrol
surfBce. The loss of foam due ·to destruction by the heat
ra diD ted from fire alJPGars to 1,e of l:i. ttle imrortance with most
coml~unds. The fact that thore is little to bo gained by
applying foam to a fire ,unle's8 tho critical rate of appli
cation can be exceeded is empha sized. It is thought tha t
the accolned rate of application of 1 gal. per sq. ft. per
min. is um13cessarily high for ,good protein comrounds.

IntrodLD..E:2E.

The developnent of ap:fBratus, described elsewhere (1). which gives
acc', rate control of foam qualities has permitted a more thorough investigotion
of the nurfnce appl:i.::e, 'G~on(Cf foam to :retro~ fires ~hnn wo.~ possible when .
Clark, Thor~ton iHJd .Lew~s 2) :rerformed theu experJ1Jlents J.n 1946.

The exp0ri.llents desc:t':i.'!Jed in "'his note were carried out to obtain
information under the follOWing heading:;:,

1) To determine the effect of the size of a p;trol fire upon the
ease of oontrol, of the fite and to see if the results of small
scale tests are applicable to large fires.

2) To oomrare the performance of a number of 'different foam com1JOunds
anil to determine the critical rate of allplication of bmnchuice
qlDlity fO<:lm lIIlde 1'1'0.'11 ench compound. Th.e cdtical rote :i,s .
defined as tl'e lowest rate of a'Oplication at which control is
likely to occur. .-
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To determine the effects of the expansdo n factor and critical
Gxaring stross of a foam upon its critical rate of applica.ti·:",
8nu up:J:J ·the time of application necessary to control the fil'e.
(1:he effect of 'resistance to radiant mat is being examined
serarate1y) •

•

'fhree sizes of petrol fires were used having diameters of 25 in.,
36 in., and 50 in. TJ:o trays :j.n which the petrol ,las burnt were all con
s'_rooted of 18 s.w.g. steel sheet and each was 4 in. deep. Each Was fitted
with a tap in the centre of its base so that liquid draining from the foam
could be removed periodically, the level being maintained with fresh peh·ol.
Unleaded pool p3tro1 was used and tl'e depth of fuel in the tray Vias appl'oxi·.
ma.t0ly 2 in.

1!'ive compounds have been examined, narely:-

C':'::':J2ound 11 - 11 protein compound in considerable use (Hydrolysed keratin).

"

9.Q!l!r:ou~ - A nore recent development of compound A from the same IlBnufacturer.tS':

Ccmuound C - A protein compound having similar properties and uses to
Compound A (HydrolJ'sec1 blood).

Compound D - 11 soap compound aprarently inferior to compounds A, Band C
as ne asured by the figure of IWrit tests but reported to be
successfully used in practical fire·fighting.

I
Com'pound E - A wetting scent (not normally used in fire-fighting) •

.c01ilE2.!:!nd F - A compound of unknown compo af.t lon imrorted fram France.

All these compounds ba d previqusly been examined in t!:e laboratory to aSS;JE3
their :;:erformance in. a standard(fQam-making branchpipe and to determine
their pltrol figures of merit. 3). '

In most of the experiments fo arn was applied to the surface of the petrol
by the nethed shewn in fig. 2A. but for compounds D and E the applicator.-
shown in fig. 2B. was used so that the f ram reached the surface without shock,
This \'>l:lS considered mces oxry as it vms f'ound that, at high rates of application
with these compounds aL'tho ugh control of the fire could be obtained, complete
extinction was uncertain and flames persisted above the f'oam blanket due
to its oorrt-rum tdon with rotrol if t!:e application was turbulent. The
modified appli.:'a tion e ppre-ria bly lessened this effect and the trouble was
experLenced to a slight degree only at too highest rate of applico.tion used.
The size of the foam applicator orifice in all cases was made as ooarly
proportional to the size of the tray as the use of standard pi.pe fi tUngs
would allow. For the 25 in., 36 in., and 50 in. trays the pil'C orifioes
were 0.63 in., 0.89 in. and 1.41 in. diameter respectively. The special
applicators used for compounds D and E were arrans;ed to !:eve similar orifice
arena,

The foam Vias applied through c. syatem of quick-acting change-over' valves,
placod as close to the applice tor as Flssible, so that samples could be collect'ld
for shear strength measurements and application to the fire at the precise
moment required could be achieved. The critiC!ll shearing stress oea auremerrta
were nude with a rotating vane torsional viscometer, the vane being 3.2 an
square and the rate(Qf shear 13 em per sec. This instrument was based on
the t used by Clark 4-.



- 3 -

In ;;\le rnjority of the Tests f.0alll was applied 30 sec. after the mc;ncllt
of ignition. The fire ha d by this tine reached its je ok and in a few 1:EJstfl
in which this time was extende d to to seconds no appreciable change in 'Ghe
rczl.Et;:; 'NGS obsorvod,

A~; !~ rst it was decided .to use the time taken to extti.ngui.ah the fire
as a oriterion of the perfo rmance of a foam, but tbe results were e xt remeIy
variable, tm e nd po i.rrt being rather indeterminate especially when dealing
,lith foams of hi~h critical shear-ing stress. For this reason it was iecided
to observe tho pro;~ress of tbe firc by measuring the J:'Eldiation from it,
and to obtain a oorrtf.nuous and permanen t record for each test. This made
it possible to define the control tLme, which .Ds to be adoptod as a criterion
of thJ perforIrance of a foam, P s the time takEn to reduce the radiation from
the fj.re to aime selected fraction of the radia tion at the moment when the
application of 'fo em Vias commenced,

'I'he ra~iation was neas ure d by four radiometers of tm gold disc thermo
couple type, placed symmetrically at the four corners of a square containing
the fire tray. The diagonal distance 1JGt'"een the radiQz;eters ,-.as lIB de equal
to five trClY diameters. With the ra diometers placed in this manner, vAriation
of the posi'don of the centre of the fire due to movement of the flame could
not cause a variation in the total e.m.f. produced by the four radicineters
connected in series of more than 5 per cent.

The rodiometers consisted of gold disos, tin. d:i.ameter and 0.004 in.
thick. -to the receiving surfaces of which copper-oonatarrtan thermcjulJctions
of 28 s.w.g. wire Were silver-soldered. The receiving surfaces Vlere covered
with carbon black from a burn Lng candle. The gold discs wore made small to
reduce the ii-me of response and t:iJne constant of these radiometers under the
cor.di';ions of the expertine nts was about 6 sec. Because of their low hea.t
GCl:;ccity they were somewbat sensitive to draughbs] an air velocity of 1 ft.
per. sec. prod uc.i.ng a. f311 of 15{b in the e.m.f. when this Was 5 mY. (too mrpdmirn
1'0C01'.10:1 in too experlne rrts}, However, measurements of draughts carr:i,od
out in the buildine-in wh.i.ch the smaLLer tray Was use d showed t~t no air
volocity oxcee dting 0.35 ft. pol' sec. existed in the neaghbonrbood of the
radiometers. This was also true in the b ui.Ldd.ng in which the larcer trays
were used, .except on very windy days when intermittent draughts of up to 1ft.
per sec. wore recorded, thouZh only in too neiilh"!xlllrhood of one 01" t:','o radio-
meters at any one time. In generel therefore drn ught effects were not aj:'Precia·b19.

~rhe a .m.f. produced by the fa ur radiometers in sories was amplified by
means of a:D.C. amplifier, the output from vrhdch was connected to ::1 recording
milliaIDDOter. The layout of this !t\ dia tion re cording appara tus is shown in
fig. 1. A dovice Was included in the cireuit to enable the observer to make
timing marks on the, recorder chart by means of a push button. Such marks were
made at the moment of ignition, the commencement of application of foam and the
extinction of the fire. As a check on the rocorder clDrt speed, which varied
from expc r irnerrt to experiment, an observer also tlmed the durn td.on of the fire
by roans of a remotely controlled stop,vatch.

Init::.alJ;y tl13 rndinmC't.er,; were connected by copper constantan compensa.Hng
leads, tl';", coLd jU'1ctbn l.eing encLoae d in a box which maintained them a.:~ a
cor.8t~r:i·t ·~emperatu.re for the dure.tzlon of an experiment. With this Drl'enZ61c~ntJ

becau 3'3 of the rise in a;.r tempera tJre during an experiment, the e .m.f. produced
Was up to 0.5 mV. hi:..her immediate ly after extinction of the fire than immeili.a tely
before tho fire was ignited, and a correction had to be made for this. It Was
possible to do this for the srra llest tray vt.l thout ca using an error more than Jt~

in the estimation of the control time. In tho case of the two larger trays
a s irrd.Lor corroction Was difficult to make without causing en error of up to
10-:%. Gonsequently in the case of most of the e xye rdmen tn \7ith the Iarger ',ra;y"
'the radiometers were modified by placing tm cold junctions behind the gGJ.d
discs so that they were shielded from rcd.i.ation but were always at the pN;va::'L.'.li,
air t eID1Jerat ure •
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The four radiorJete~'f;, mr:'''3cted in series, were calibrated by men GlIY·:i.ng
the e.m.f. produced Ylhen ~~,lace(~ at various distances from a snall radian';
runel, at which poi.rrt s the' intensity of ramation was known. It Was found
toot, for the purpose of these experdmerrt a, the relationship between the e.m.f.
and the radia tion over the range of temperatures used Was closeJ,y linear.
Ocnsequently, no attempt was made to translate tre results obtained into
units of radiation and all observations were mode directly from the recorder
charts.

Reproductions of typical reca~der ch3rts are shewn in figs. 12 and 13.
It will be aoe n that, at first, the application of foam mused no reduci::;'ur.
in rt:'.diation but this initial IEriod Was followed by a .rapi.d fall in l'acliation
an coverage of thn surface Was achieved and the fire was brought under con';rol.
The fire had then broken up into several small fires, which were extinguished
more or less rapidly, resulting in Ill3.ny cases in a long tail to the curve.

This led to the decision to define tre control time as the mozent ab
which the radiation was reduced to ';'rd of its value at the moment of appl:i.ca
tion of foam. Thi.s propoz-tdon is much larger than that used by othnr worker.:
(2) but this is considered justified because:-

1) Once the radiation had fallen to this value the oontinued applica
tion of foam was always found to achieve extinction,

2) Typical experiments were observed by experienced firemen whe were
asknd to state When they considered thn fire to' be under contrcL,
Thn control tine obtained in this m.y agreed very closely \vi th these
obtained from the !omation curve,

3) Tm J.X>int selected lies on a rapidly cln nging Plrt of tre curve
where errors in the neasuremerrt of tID radiation have little Gff",c'~

on the estimo.non of tID oontrol time.

Details of elC'[:Crinents carried out

UsinG cornpo unds A, D and E tests'. mro carried out on each of the three .,'
sizes of tray to determine the relationship be~Neen tl~ control time and tho
rate of application of liquid, naintaining the foam qualities constant. ' Thc
rate of application was lowered until a point was reached at which the fire
could not be controlled, so that an estimate of the critical rate could be
ob taf.ne d, The critical rate was defined as the minimum rate of application
of tln liquid content of the forun at which control Vias likely to be obtained
and •.'~::; t:lken as tho l:tlym11tote to the curve of oontrol time against rate of
application of liquid.

F'urther experdmerrt a were ma de \'Iith compounds B, 0 and F with the 25 in.
tray to find the control t:iJoe - rate of application relationship and the
critiC-'ll rates for those three conpo unda,

For aL'L these experiments the foam was arranged to have plwsical
characteristics, expansion factor, and critical shearing stress, similar to
those of foam produced by tin sta ndard from-maldng branchpipe.

E:~riments were then J?Elrformed usinG compound 11 and the 25 in. tra.Y,
to dete rmi.ne the effect of \a) expansion fact or (keeping the shear'Lng stress
const.cnt) and (b) shearinG stress (keeping -the expansion oonst3nt) upon the
control time - rate of application relationship and also upon the critical
rate of epplica.tion.

,
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UsiOF; eompo und Po. on:!.y, tests were na de with the 36 in. tray to asc€).'tein
tlu xv:;;]:;,timJship 'be tween control time and criticnl shearing stress for C[l.~~

of Eo,) l:.:.~ expansdon fnet~..:'SIi Tb.e rate of opplioa tion of liquid WDS Illlint:::..::.tlon
at {)~i)7 .s3.1~ per sq." ft. per nd.n, for all these tests. Similar tests We~e

ca.rrded out 'with the 50 in. traY for each of t'NO expansd.on factors.

T!1roughout this investigation each individtnl e::cperiment Wan pe rf'ormed
twice and th9 average of too two .results was used. Gete rally good agreement
VoIDS cbtnined be twee n nembe rs of each p:iir of expe rdmerrts , except where too
crhico,l rote 'was being a.pproachedj at this latter stage some diversence of
results occurred•

E;q:erin13n tal results

The results of these inve sti:;atio;ns-are shown grophi~lly in fig. 3 to 11.

Fig. 7 is derived from fie. 5 and shows the relationship be tween the rate
of aPliLicotion of liquid and the total quantity of liquid required to achieve
corrt roL of the fire.

The three re corder darts reproduced in figs. 12 to 14 represent three
experdmen ts using compound A in whroh the rate of application was about 5 times
the critiCal rate (fig. 12), the rute of application was only 4Q% above the
oritical rote (firr,. 13) nnd ~m rote of a~~lication Was not sufficient to
control the fire (fig. 14).

Discus~ion of results

1) Scale e ffect~

From fibs. 3, 4 Dnd 5 it is seen that no npr-reciable or signifi:ont
see 'l.e ei'fe~'l:; aVE; r tt-J.C rfln.~e of sizes of fire occurred. The retia of min:;.ffiUl'!l.
to ma ximim area w::>,s, of co urse~ only 1 to 4 and it might be advisable to fi:!.l
in tho Cnp b~tween these sizes and the, practical size of fire befores<;v-:LLlG
thtlt the results arc directly applicable to the p:roctical ca se, Exr;e r:iJmnt!:
have been carried out by other worker s on lar[';cr fires. Clark (2), using
a 9 ft. dinmeter troy and compound A, obtained D. cnt irol rate of n:Pl1roximat.e~v

0.035 gal. of liqL1id rer sq. ft. per min. as compared with 0.028 gal. per SqD

ft. per min. obtained from the tests described' bere , Navarin and lvtalcolIn (5)
rerfomed tests on a fire 25 ft. by 30 ft. using t in~ depth of retro1 on
...vater; foam was produced by the fog f'oam ne thod from a protein compound and a
critical ra te of about 0.045 gal. of liquid per sq. ft. per min. was obtained.
There is, therefore, some eviClence thnt the re sul1t3 of the expe ranenta described
here ore to some decree applicable to larger fires.

2) ComT£: rison of comB? lmaS

From fig. 6 the criticnl rote of ap:"lication for branchpipe quality
foams produced from each of too six compounds have been estiI::lated and t be
figures are shown in Tab Le 1.

-- .-

Comp::lund C1'i tical rate of applica tionI den tifica. tien

gal. of liquid, per sq. ft. per min•

A 0.028
B 0.03:1
c 0.025
D 0.055
E 0.055
F '0.065
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There is a 2" to 1 l")r.ge in the values of too critical rate obtained
but tho r.esults of '~:1G 8X9·:;I."irrl.~!i~: indicate t1nt, ~Nhen foam is being appJ.ica
at rates well above tho (;ri tic:ul ;,'l-'ie~ the, selection of .compound is of no
Greai; :L'Tlportance 83 i'a,!' as ,t~ cc!'\+'.Y'ol of the fire is concerned, Compounds
D and E Yloul,1 norma.L'ly bo, c0:1;;ii!er.'80, :1=001' compounds (figures of rerit 35 and
15 resl"ectiveJ.y h(' cc'r..j;'a:~<;il 'I/i,,:h 2C() fOj~ compound B) but their performance
in those expar.imarrt c Vias "u..'"Prisingly good. It should be stated, however,
that ',hose compounds bave poor }JJst extinction stability, being rapidly broken
down by hot petrol. This was of no great importuncs in these exper:inents
but mitlht well be of rna,jor im:9()rbnce if there were large masses of hot metal
in the fil.'e area or if '1;.18:'0 vsrxe danger of flush-backs fran otoo l' areas of
fire.

The 03rived curves i;1 fis. 7 indicate tint the greatest economy in
materiel necessary to achieve control is obtained'by using ratee of application
only slir,htly above the critical rate. ·This effect tends to be cancelled
out by the fact that at rates of application only slightly above critical
tlw til"a "'nlGn to obtain final extinction is generally very long. Consequently
it ~." [enerally best to use rates of aplllica.tion of the order of twice the
c,i';ical rate (as Given in Table 1). The gernroll.y accepted figure of 1 gel.
oi' foam l'lElr sq. ft. per min. (about 0.14 gal. of liqUid per sq. ft. per min.)
is UTlU .:Jessarily high for the protein compounds in general use; for these
compounds t gal. of foam cu. sq. ft. per min. shoUld be adequate.

3) Effect of expansion factor

It is seen from figs. 8 and 9 that, over the ran~e of critical shearing
stresses used in prectice (300 to 700 dyne lJOr sq. em.), the expnnSbn factor
has no measurable effect UIDo the control time. At critical shearing stresses
above 700 dyne per sq. ern, 'the expansion factor beeins to influence the contrQ1.
til.,,) 0.:1.1 cd; hij:.l:'.r-.::t" ~:';l'e3SeS the cont rol time al1J.X33rs to tend: to a limi.t
in'le);'soly r:copC'l."'Cj.olJa,l to t'1.e expa nai.on factor (for expapsdon factors be tween
5 and 13.5). This ef'f'ect rmy be due to the aFDlicotor, rather than the '3xpansion
factor and critical shearin[1, stress, controllin[1, the thickness of the foam
blol1;-cet.

I

Figure 10 shows that ·,ti th compound A, for the nornaL level of critical
s Iro oring stress, the expansion factor Ins no effect upon the control time 
rate of oppliec.tion relationship.

J.) Effect of criticol sheorin" stress

It is evident from fics. 8 arid 9 that for foams which have cl'Hic.al
sr.",,,:~in5 stresses of the order of that obtained w:Lith the standard fO!'.n;-l",'lJdog
b ra nchpd.po (300 to 700 dyne per sq. cm.) the con troj, time is approximately
prorort:ional to the critical sbeardng stress or in otl~r \\1)1'& the ability
of ths f'cam to cover the surface, this being largely controlled by the critical
s'na.t'in" s1;.ress. Fig. 11 shows that, above the critical rote of application,
tl~ cuntrol time increases ,~th increase in shearing stress, ~obably also
beoauco of the influence of critical shearing stress on the rate of coverage.
Cril;i.;:nl sh!3arinf, stress has little effect upon the critiCXIl rate of application.

The r:err.al conclusion of a. 'practical nature to be drawn from these ?XI'<ll'j.r'''''\1 t.:
is ·th,~t the performance of a fo am in oombating a petrol fire is a func·:;j.0n
of its water content 2-nd its c.bility to flow over the petrol surface, wh:i.la
with most compounds too loss of foam due to dest:r;uction by this fire i;:; ;,mall;
?lrhcularly when D:?plied at rates well above the critical rate. These .'
conclusions support those of Amsel (6) and Clark (2). The resistanc0 or ~he
foam to breakdo,m on hot petrol may be ofoonsiderable importance perticc;].a"'J..y

•

•



.-

•

as f"r as maintaining cover-age of too surface a,"ter the fire has been ex't.:\.~~ui5h,,(1.

is concerlJOil. This factor may be of more i~,ortance than tre ability 0:' a
foa~ to withstand the effects of radiation.

1. raint of dmpor-tnnoe demons tra ted by these experdmerrt s is that it is 0.

waste of materials to attempt to deal with a pe t ro'L fire if foam cannot
be o.pylied at 0. rate greater t ba n tre critical rot.e. This roint is berne
out by fig. 16 which shows the effect upon 8 fire where the r8te of applicn tion
of foam 1'I8S only 8qr~ of tlu criticDl rate and in which there wa s only 0. slight
and br.rp.:Jrary reduction in rrlln.ation, the fire rapid1.Y returning to its -peak.
Tllis means the t, whenever pcasi.b'Le , if sufficient 6J.ui:prm\; is rot initially 8vailable
it is adv'i.sabLe 1IJ nttempt to build up resources so that the critical rate
can be exceeded before fira-fizhting operations are commenced and the initial
oper a tions should be confined to preventing the s rread of tl"a fire. In roses
wbe re tl"are is a known risk the Wisest procedure is obviously to ensure that
permanen-t equipnent is installed on such a sceIe as to make it possible to
allply foam with tiE mtrnmun of deIay at a rate well above the cri tical rate
for the lDrgest area of fire ever like1,y to occur: this would amount to abcut
~ 5Dl.!sq. ft~/min. for a good ~otein cOilllJOund.

Acknowle d,\ement

The c uthor s wish to expre ss their appreciation of the assistnnce of
R. IV. ClP. ridge in cnrrying out the exper imerrta'l, work.

References

(1) FRY, J. F. and FRENCH, R. J.. A mechanical feam generator for use in
laboratories. Journal of Auplied Chemistry. 1951, I 425 - 429.

(2) CL,A.llK, N. 0., THORmON, E. o nd rEWIS, J. A. EX:fElriments on the rote of
f'oam application to pe t ro'l, fires. Journal of tl"a Institute of Petrolel1lll, 1947.
33, 192 - 196.

(3) FlY, J. F. and FRENCH, R. J. A laboratnry roothod of COml)aring the
efficiencies of fire-fic:hting air-f02.ms. Journal of 1.pplied Chemistry.
1951, L 429 - 433.

(4) CLAPJC, N. O. A
fires. De rtment nf
S~)6cial Re'FX?rt No. •

study of mechanically produced foam for combating petrcl
Scientific and Industrial Rese~rch Chemistr Research
London, 1947, H.M. Statiore.ry Office.

(5) Navard.n, R. C. and MAWOLM, J. E. FoC foam studies. U.S. Army Corps of
EnGineers Enf'ineers Research and Devolo ent Laboratories. Report 1166,
Project 8 - 7 - 01 - 001 9 , April 1950.

(6) ANSEL, O. Die Beurteilune von She1'lmen zur Bek1Jmpfung von Mineralelbrllnden.
Oel und Kohle, 1942, 2§. 293 - 310.

,



•

D.C

AMPLIFIER
RECORDING
M ILL:"A M M I!tr E R

FIRE TRAY

....
GOLD DISC

......_----------------THERMOCOUPLES

FIG. I. DIAGRAMATIC AR.RANGEMENT OF RADIATION RECORDING APPARATUS.
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