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A fairly extensive programme of laboratory experiments
on the surface application of foam to petrol fires has heen
carried oute I‘or a coriterion of performance of a foam the
time of control of the fire to which it was zpplied was used,
This has been defined as the time taken to reduce the total
radiz tion frem the fire to one third of its valwe at the
commencement of. foam application. The critical rate of
application of foam, i.e. the minimum rate at which the fire
is likely to be controlled, has been Gstermined for a number
of foam commounds, The possibility of scale effects Tms
Been investigated and an examination has been made of the -
influence of expansion factor, critical shearing stress
and type of foam compound upon the relationship betwesn the

. control time and the rate of 2 avolications The results
of the exr-erimeuts contained in this revort sugeest that,
when foam is applied at a rate higher tten the critical
rate, its ability %o combat a petrol fire is a fwetior of
its water content and of its abili{y to flow over .the petrol
surfoce, The loss of foam due 4o destruction by the heat
radisted from fire avpears to be of little importance with most
compoiunds, The fact that {there is little to be gained by
applying foam to a fire unless the critical rate of appli-
cation can be excocded is emphesizeds It is thought that
the accepted rate of application of 1 zal. ner sge . per
min, is unnecessarily high for good protein compounds,

Introdwetion

The develomment of apparatus, described elsewhere (1) which gives
accirate control of foam qUall't:Les has permitted a more thorou,cfh investigat tion
of the surfzce application,¢f foam to potrol fires than was possidle when
Clark, Thornton and Lewis (2) ) performed their experiments in 1946,

The experiments described in.this notec were carried out to obtain
infermetion under the following headinpgzie

1)  To determine the effect of the size of a petrol fire \upon the
ease of control ,of the fire and to see if the resulis of amall-
scale tests are applicable to large fires.

2) To comgare the performance of a ntmber of ‘different foam comno unds
and 4o determine the critieal mte of aprlication of 'bmnchame
qwnlity foam mde from emch compound, The critical mte is
defined as the lowest rate of application at which control is
likely to occur.
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%) To determine the effects of the expansion factor and criticel.
shcaring stress of a foam upon its critical rate of applicati:m:
and upon the time of apuvlication necessary to control the firc,
(The effect of resistance to radiant heat is being examined
sepa,ra’cely),

Evoarimental procedure

¢

Three sizes of petrol fires were used having diameters of 25 in,,
36 in., end 50 in, Thke frays in which the petrol was burnt Were all con-
siructed of 18 s,w,.g. steel sheet and each was 4 in. deeps EBach was fitted
with a fep in the centre of its base so thet liquid draining from the fcam
could be removed periodically, the level being maintained with fresh peticl,
Unleaded pool petrol was used and the depth of fuel in the txay was approxi-
mately 2 in. : o

Five compounds have been examined, namely: -
Corrpund A - A4 protein compound in considerable use (Hydrolysed keratin) . F'I:CMS'\-
Compound B = A rore recent develomment of compound A from the seme manufacturers €.3.

Comoound C = A protein compound having similar mroperties and uses to
Campound A (Hydrolysed blood), :

Compound D ~ A soap compound apparently inferior to compounds A, B and C n
as measured by the figure of merit teats but reported to be LTSNS N
successfully used in practical fire~fighting,

}
Compound E -~ A wetting agent (not normally used in fire-fighting). "l(%’fﬁ

Compound F - A compound of unknown composition imported fram Francee

All these compounds had previously been oxamined in the laboratory to assses
their rerformance in a standard(gﬁaam-making branchpipe and to determine
their etrol figures of merit, . .

In most of the experiments foom was applied to the surface of the petrol
by the method shown in fig., 24, but for compounds D and E the ayplicator
shown in fig. 2B, was used so that the fram reichsd the surface without shock,
This wes considered necessary as it was found that, at high retes of application
with these compounds althwough control of the fire could he obtained, complete
extinction was uncertain and flames persisted above the foam blanket due
to its contrmination with petrol if tle application was turbulent, The
modified appli-a tion appre iably lessened this effect and the trouble was
experienced to a slight degreo only at the histest rate of applicotion used,
The size of the foam applicetor orifice in all cases was mede as mearly
proportionel to the size of the tray as the use of standard pipe fittings
would allow, TPor the 25 in., 36 in., and 50 ine trays the pipe orifices
were 0,63 ine, 0.89 in. and 1.4 in, diameter respectively. The syecial
applicators used for compounds D and E were arranced to lmve similar orifics
arease

The foem was applied through o system of quick-acting change-over valves,
placed as close to the applicator as rossible, so that samples could be collected
for shear strength msasurements and application to the fire at the precise
moment required could he achieved, The crifical shearing stress measurements
were mdp with a rotating vane torsiomal viscometer, the vane being 3.2 am
square and the rate 25' shear 13 cm per sece This instrument was based on
that used by Clark ( .
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Iy the majority of the fests fram was applied 30 sec, after the monent
of ignificn. The fire kad by this time reached its reak and in a few @ sts
in which this time was extended to €0 seconds ne appreciable change in Ghe
resitis Was observed,

2% first it was decided to use the time taken to extinguish the fire

ag a criterion of the performance of a foam, but the results were extremely

voriable, {ne end point being mther indeterminate especially when dealing
with fooms of hich critiesl sheqrmff stresse Tor this reason it was decided
Yo ouserve tlo prosress of the fire by measuring the rediation from it,
and to obtain a oon’clnuous and permanent record for each test, This made
it possible to define the mn‘l:rol time, which ws {o be adopiod as a criterion
of the wperformance of a foam, »s the time token to reduce the radiation from
the fire to wome selected fraction of the rodiation at the moment when the
applicotion of Toam was commenced, .

The radiation was measured by fowr radiometers of the gold disc thermo~
couple type, placed symmetrically at the four corners of a squere containing
the fire traye. The diagonal distance between the rodiometers was made equal
to five tray diameters, With the radiometers placed in this manner, variation
of the position of the centre of the fire due to movement of the flame could
not czuse a variation in the total e.m.f, produced by the four radiometers
connected in series of more than 5 per cent,

The rodiometers consisted of gold discs, % in, dicmeter and 0,004 in,
thick, o ths rmceiving surfaces of which copper~constantan thermecjunctions
of 28 s,W.5 Wire Were silver-soldered, The receiving surfeces were covered
with ¢arbon black from 2 bwming candles The gold discs were made small to
reduce the time of response and time constant of these radiometers under the
conditions of the experirents was about 6 sec. DBecause of their low heat
copeeity they were somewhat sensitive to draughts; on air velocity of 1 £,
per sec. producing & fall of 15% in the e,m.f. when this was 5 mV, (the neximum
weorded in the exveriments). However, measurements of draughts carried
out in the building-in vhich the =maller tTray was uvused shoved thzt no air
velocity exceeding 0,35 fi. per sec. existed in the neighbourhood of the
radiometers, Th:x.r' was also true in the building in which the larger trays
were used, except on very windy days when intermittent draughts of up to 1f4.
Per sec, werc recorded, thoush only in the neighhourhood of one or two radio-
meters at any one time. In general therefore draught effects were not appreciabls,

The e.n.fs produced by the four radiometers in series was amplified by
means of a D.C. amplifier, the output from which was connected to a recording
milliammoter, The layout of this mdintion recording apparatus is shown in
fige 1 A device was included in the circult to ensble the observer o make
timing marks on the recorder chart by means 6f a push buttons Such marks were
made at the moment of ignition, the comnencement of application of foam end the
extinction of the fires, As & check on the recorder ciprt specd, which varied
from experiment to experiment, an observer also timed the duration of the fire
by meang of a remotely controlled stopwatchs

Initially ths radirmaiers were connected by copper constantan compensaiing
leadz, the cold junctinn leing enclosed in a box which meinteined them av a
eonstany vemperature for ihe duretion of an experiment. With this arrezugement,
because cof the rise in aiy temperature during an experiment, the e.m.f. produced
wWas up o 0.5 mV, hi; her immediately after extinction of the fire than immediat{ely
before the fire was J.g,m.'ted, and 2 correction had to be made for thise I% a3
Po.;slule to do this for the mmellest trey without causing an error more than 3%
in the estimation of the conirol times In the case of the two larger trays
e similar correction was difficult to make without causing an error of up to
10%, Consequently in the case of most of the exteriments with the larger traya
“the I'ddiOI'l]C'teI‘S were medified by placing the cold jJunctions behind the zold
discs so that they were shielded from rediation but were always at the prevailing
air temperature,



The four radiometsrs. cormacted in series, were calibrated by meanuving
the e,m.f, produced when nlacef &t various distances fram a small radiant
penel, at which points the infensity of radietion was knowne It was found
that, for the purpose of these experiments, the relationship between the e.ml.f,
and the radiation over the mnge of temperatures used was closely linear,
Censequently, no atiempt was made to translate tte results obtained into
units of radiation and il observations were made directly from the recorder
Char 'ﬁS- b

Reproductions of typical recorder charts are shown in figs. 12 and 13,
It will be seen that, at first, the application of foam caused no reduciion
in rediation bui this initial period was followed by a .rapid fall in radiation
as coverage of the surface was achieved and the fire was brought under control.
The firec had then broken up into several smell fires, which were extinguished
more or less rapidly, resulting in many cases in a long tail to the curve,

Thiz led to the decision to define the control time as the morent et
which the radiation wes reduced to ird of its value at the moment of applica-
tion of foam, This proportion is much larger than that used by other workers
(2) but this is considered justified because:-

1)  Once the radiation had fallen to this value the continued applica—
tion of foom was always found to achieve extinction,

2) Typical experiments were observed by experienced firemen who were
asked to state when they considered the fire to-be under contrcl,
The cortrol time obtained in this wy agreed very closely with those
obtained from the radiation ocurve,

3) The point sclected lies on a rapidly clonging mort of the ourve
whexs errors in the measurement of the radiastion have 1little effaci
on the estimtion of the control time.

Details of mrjﬂénts carried out

Using compounds A, D and E tests ware carried out on each of the three
sizes of tray to determine the relationship between the control time and the
rate of application of liquid, maintaining the foam qualities constant, ~ The
rate of application was lowered tmtil a point was reached at which the fire
could not be controlled, so that an estimate of the aritical rate could be
obtained, The critical mte was defined as the minimum rate of application
of tiz ligquid content of the foom at which control was likely to be obtained
and ws token as the ssymptote o the curve of confrol time ageinst rate of
application of liquid, ;

Further experiments were made with compounds B, C and F with the 25 in.
tray to find the control time - rate of application relatiocnship and the
critical rates for these three compounds,

For ell these experiments the foam was arranged to have physical
characteristics, expansion factor, end aritical shearing stress, similar to
those of foam produced by the standard feem~malking branchpipe.

Exrerimen ts were then performed using compound A and the 25 ine trey,
to deteniine the effect of {a) expansion factor (keeping the shearing stress
constant) end (b) shearing stress (keeping the expansion constant) upon the
control time ~ rate of applicetion relationship and also upon the criticsl
rate of spplication,
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Using compound A only, tests were mede with the 36 in, tray to ascerizin
the relationship between control time and critical shearing stress for each
of foiw expansionfactong, The rate of application of liquid was mainduined
at 0.7 gals par sq, fte. per min, for all these testse. Similar tesgts were
carrizd out with the 50 ine tray for each of two expansion factors.

Throughout this investigation each individwl experiment was performed
twice and the average of the two results was useds Gererally good agreement
was cbtained between members of each pair of experiments, except where the
criticol rate was being arproached; at this latter stege some divergence of
results occurred, :

Experinental results

The results of these investizations-are shown grephically in fige 3 to 11,

Fige 7 is derived from fL. 5 and shows the relationship between the rate
of aprlication of liquid and the total quantity of liquid required to achieve
con"'rol of the fire,

The three recorder charts reproduced in figs. 12 to 14 represent three
experiments using compound A in which the rate of apolication was about 5 times
the critical rate (fige 12}, the rate of application was only L0% above the
critical rate (fig. 13) and the rote of application was not sufficient to
control the fire tf:.r. 14) o

Discussion of resulis

1}  Scale effects

From figs. 3, 4 and 5 it is seen that no appreciable or signifiosant
scele effect over the range of siges of fire occurred, The ratio of miunimum
to maximum area was, of cowse, only 1 to 4 and it might be advisable to fill
in the zap between these sizes and the prectical size of fire hefore sayiug
that the results are directly apolicable to the practical case, Experimente
have been carried out by other workers on larger fires, Clark (2), using
a 9 f{, diameter tray and compound A, obtained 2 critical rate of aporoximately
0.035 gal, of ligquid per sq. £t. per min. as compared with 0,028 gal. per sq.
f%¥. per nin, obtained from the tests described: here. Navarin and Malcolm (5)
verformed tests on a fire 25 ft. by 30 ft. using 3% % in, depth of yetrol on
water; foam was produced by the fog Toam method from a protein compound and e
critical rate of about 0,045 gal. of liquid per sqe fte. Per min, Was obtained,
There is, therefore, soms evidence that the resultsof thue expermen'ls described
here are to some degree appllcable to larger fires.

2) Comerison of comypounds

From fig, 6 the critical rate of aprlication for branchpipe quality
foams produced from each of the aix compounds have been estimeted and the
figures are shown in Table 1,

Tanle 4
Compound o s
I dentifioation Critical rate of apnlication
gal. of liquid per sqe fte per min,
A 0,028
B 0,020
- C 0,025
D 0.055
E 0.055
F 0,065
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A

There is a 2,3 to 1 -wg in the valves of the critical rate obtained
but the resulis of the exnorime *". indicate that, when foam is 'be:mp; apelicd
at rates well usbowe e critical e, the. selectlon of compound is of no
great importance as far as -the oo r‘Wol of the fire is concerneds. Compounds
D and E would noimmally b: consildercd poor compounds (figures of merit 35 and
15 resyectively ns commred wWith 200 for compound B) but their performance
in these experimonis was swprisingly goode It should be stated, hovwever,
that these compounds have poor wost extinction stability, being rapidly broken
down by hot petrols This was of no great importancsz in these experimentis
but might well be of major imperiance if there were large masses of hot metal
in the f'ire area or 1if there wore danger of flash-backs from otler areas of
fire,

The derived cuwrves in fig, 7 indicate that the greatest economy in
matericl necessaxy fo achieve control is obtained by using rates of application
only slightly above the critical rate. -This effect tends to be cancelled
out by the fact that et retes of aprlication only slightly above critical
‘Lm tine oken to obtain final extinction is generally very longe Consequently

it iu renerally best Yo use rates of sprlication of the order of twice the
eriiical rate (as given in Teble 1)e The gemmlly accepted figure of 1 gel.
of foom por Sqs fte per mine (about Os1lL gale of liguid per sqe fte per mine)
is unecessarily high for the protein compounds in general use; for these
compounds 2— rale of foom cues sge ft. per min. should be adequatc,

3) Effect of expansion factor

It is seen from figs., 8 and 9 that, over the range of critical shearing
S'Lressea used in prectice (300 %o 700 dyne per SQe Chma), the expangon factor
. has no measurable sffect umn the control t:n.ne. At eritical shearing stresses
cbove 700 dyne per sde cm, %he expansion factor beging to influence the copfeal
tine and of hicha Jhor streases the control time appears to tend . to a limii
inversely oo ml"cuoual to the expansion factor (for expansion factors between
5 and 13,5, This effect my be due to the applicntor, rather than the expension
factor and critical shearing stress, controlling the thickness of the foam
hlarket.
!

Figure 10 shows that with compound A, for the normal level of critical
shoaring stress, the exjrnsion factor s no effect wpon the control time -
rate of applicrtion relationship.

L) Bffect of critical shesring stress

It is evident from figs. 8 and 9 that for foams which have critical
gshearing stresses of the order of thati obteined wiith the standard foem-raking
bmr»c‘m:.pe (300 to 700 dyne per sqe cm,) the control time is approximotely
proyportional to the critical shearing stress or in other words the ability
of ths fcam to cover the surface, this being largely controlled by the critical
plvaring siresse Fige. 11 shows that, above the critical rote of application,
e cuntrol time increases with increasse in shearing stress, probably also
hecsuse of the influence of critical shearing stress on the rate of coverage,
Criiienl shwaring stress has little effect upon the critieml rete of applications

Congluzions

The gerral conclusion of a practical nature %o be drawn from these experimen -t
is that the performance of & foam in combating a petrol fire is a funciion
of its water content and its cbility to flow over the petrol surface, whils
with most compounds the loss of foam due to destruction by this fire isz smll;
marvicularly when anplied et rotes well above the critical rates Thess
conclusions support those of Amsel (6) and Clark (2)., The resistance of ihe
foam to breakdovm on hot peitrol may' he of gorsiderable importance perticularly
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as far as maintaining coverage of the surfoce after the fire has been extingruished
is concernod, This factor may ba of more imrortance than tte ability o a
foam to withstond the effects of radiation.

4 point of importance demonstroted by these experiments is that it is a
waste of materinls to attempt to deal with a petrol fire if foam cannot
be apolied at a rate greater than the critical rote, This point is borne
out by fig. 16 which shows the eff@ct upon a fire where the rate of svplic tion
of foam was only 8¢5 of the criticsl rate and in which there was only a slight
and temporary reduction in radiation, the fire rapidly returning to its peaks
This means that, whenever possible, if sufficient equijrent is ot initizlly available
it is advisable o attemnt to build up resources so that the critical rate
can be exceeded before fire~fizhting operations are commenced and the initial
operations should be confined %o preventing the spread of the fire, In cases
where there is a known risk the wisest procedure is obviously to ensure that
vermanent equipment is installed on such a scole as to make it possible o
ayply foam with fthe minimum of delay at a2 rate well above the critical rate
for the larpest area of fire ever likely to occur: this would amount to about

% e2le/sqs ft./min, for a good protein compound,

-
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RATE OF APPLICATION OF LIQUID CONSTANT AT /14 Gal/sq.ft/min, 36‘DIAMETER  TRAY. COMPOUND A.
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