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AIR FOAM IN THE CONTROL AND EXTINCTION OF PETROL FIRES
BY SURFACE APPLICATION
by
R. J. French and D, Hird )
1. Introduotion o

In the application of". foam to the surface of burning petrol there are throe
mein aspects to be considered., They are:

'(8) its ability to control and extinguish the fire when applied at
- normel liquid rates;

"7 (b) its ability to maintsin a sufficiently protective blanket on the
petrol surface after the fire is extinguished;

(o) its 6ritica1 rate of applicatiﬁh i.e. the minipum rate of application
which will enable the fire to be controlled.

The relative importance of each of these three factors will vary with the

" particular ciroumstances under which the foam is being used, but the following
generalizations may be made. For small contained fires and spill fires, which
form the majority of incidents, the greatest need is to control the fire quickly
in order to limit damage and spread of fire; extinotion by the continued applica-
tion of foam will follow control since the apparatus available is adequate. In
these small fires the maintenance of a good foam blanket after extinction may not be
of great importance. The need for an enduring foam blanket may, however, become
.of major importance when dealing with large fires involving extended operations,

“multiple ‘firés or obstructed fires. The critical rate of application only becomes:
importent when the equipment resources are limited in relation to the fire
situation. The purpose of this investigrtion was to study the influence of the

~following faotors on the fire-fighting properties of foam: .

type of compound;

concentration of foam compound;
.. L criticel shear stress of foam;
O T Ve expansion of foam,

These factors have been varied independently. as far as possible to help in
understanding their separate effects. In practise the critical shear stress and
,_expansion are dependent on the type and concentration of foam compound and the
~rfoam~making equipment used. The significance of the experimental results in terms:
of practical equipment are also discussed in this report.

2 Apnggatus

Motor spirit (74 octane) was used in all the. experiments and was contained in
. & _tenk giving a petrol surface area of 3 sq. ft. The tank was constructed of
18 5.W.G., brass, the upper section being of circular cross section 237/46 in.
;~internal dlameter and 4 in. deep, while the lower section was conical in shape
“and was fitted at the bottom with a 2§ in. diameter x 23} in, long glass measuring,
tube. This tube was used for measuring the amount of foam sclution draining from
the foam applied to the petrol surface. The tank was supported in a stand which
_ carried four radial arms to wht S radiometers could be attached for use in the
¥ manner of. previous experiments(1), This apparatus 1s.shown in Plate 1.
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L.3. Determination of the critical rate of application

... At the criticel rate of application the rates of loss of liquid from
£he foam by drainage and evaporation just balance the rate of application,
At slightly higher rates of application the fire is extinguished and at rates-
of application below the critical rate extinction is not possible, The
critical rate was determined by adjusting the rate of foam application to the
tost fire until equilibrium conditions were established with a small but
constant (5 per cent) reduction in radiation from the fire, The rate of
drainage from the foam under these conditions was measured and the rate of
loss of water by evaporatlon could then be calculated, '

The critical rate of application determined in this wey gave slightly
lower ‘values than by estimatlng the . asymptote to the control time - rate of -
applioation ourve. , , . _

Foams made from compound B in concentrations between 1 and 10 per cent
were investigated over a range of critical shear stress and expansion, 4
number of experiments were also made with foams from compounds E, N and P. - -

5. Experimental results and dlscussion

- 5.1, Control and Extlnction

- " The e;perimental results (Figs. 1 to 10) show that the two most important
‘factors affecting the time taken to control a fire with foam are the rate of
_‘application to the fire (R) and the fluidity of the foam. The critical shear

" stress (S) of a foam is a convenient index of its fluidity and Pig. 1 shows
" results for Compound B which illustrate the effect of foam fluidity flound
“with all the compounds tested., Concentrations of foam solution of 1, 3 end
"~10 per cent were used to produce foams with a range of critical ahear stress.
It is evident that the concentration of foam compound has some effect on the
control time at the lowest rate of flow and et low values of critical shear
’etrees, and this is most marked at low rates of application. For example,
“there:1s some increase in the control time with 1 per cent solutions when the
""critical shear stress is reduced below.about O.4 1lb/ft2, The effects of the
_ concentration and shear stress on the 7/10 control time and on the time taken
" to extinguish the f:lre sre similsr to those for the 2/3rc1 control time shown
in Fig. 10 :

If it is assumed that there is 1 ttle bregkdown of the foam ag it covers
the fire area, then it can be shown(3) that ‘the control time should be
proportional to S/R, The relation between the 2/3pd -control time and S/R
for Compound B is shown in Fig. 2, for rates of flow from 0.035 to Q.15 gal.
£t=2min~1 and shear stresses from 0 3 to 1.6 1b/ft2, The relationship does

-not hold for rates of flow near the criticel rate, where the foam is
appreciably destroyed in controlling the fire. : :

The slope of the line (8)- between S/k and control time (t) can be
-considered as a measure of the quality of the foam compound. Thus, foams
made from compounds E and P would be expected to have greater values of @ than
" the other compounds-investigation. The tests show that the results for
_compounds A, Bamd C. can be expressed as

18+27S/R o -

t

12,7
“-for compound E

. .

5416548 0 = 16
-and for compound P ‘

t 5+105R © = 10

]



The results for the ? 10 control time and extinction time show a's
similar relationship withS/R although the variabt ty of the extinotion
time is considersbly greater., It has been shownlt that ‘expansion is not
an important feotor when foam is spplied in this manmer amd. ih:these;experi-
mehts with foams-of expansion from 3} to 13 have been used and no effeot
of expansion has been found. The time takem to control or extinguish a
fire depends, therefore, primarily on the rate of application and the
critical shear stress of the foam. The concentration of foaming solution
has some effeot at values leoss than 3 per cent and the type.of compound
oan also have an effect,

5.2, Stability of foam blanket

"As a measure of the nta‘bility of a foam blanket a.t‘ter a fire has been
extinguished, the quantity of liquid remaining in the foam 10 minutes after
the start of foam application was measured. The way in which this quantity
depends on the concentration and oritical ghear stress for compound B is
shown in Fig. 3. The amount of liquid required to extinmguish the fire
increases with the critical shear stress of the foam as shomn in Sectlon
5.1y and the proportion of the applied liquid lost by drainage deoresases
as the critical shear stress increases, With a concentration of foam
solution of 1 per cent, there is a slightly more rapid rate of drainage
than with the higher concentrations. Foams made from the wetting agent,
compoupd D, lose 80 per cent of their liquid content in 10 minutes f;;lg.h-),
but it can be seen that it was only possible to produce foams of low
oritical shear stress. Providing the concentration of the foam solution
is above 3 per cent, the results for the different compounds suggest that
‘the critical shear stresa is the most important factor in determining the
stability of a foam compound after a fire has been extinguished, This is
“gubstantiated by Pig. 5 where the results for the different compounds are
plotted againat the oritical shear stress, Although there is a consider-
able spread about the best straight line, it is evident that stability
under these cireumstances is dependent more upon the ocritical shear
stress of the foam than on t?e foam compound from which it is produced.

It has been shown previously %) that petrol temperature greatly influences
the breakdown of a foam layer, and this is confirmed by the results shomn -

“ -4dn Fig. 6. It 1s not; of course, only the surface. temperature that affects

the draimage rate as the heat content of the baody of the petrol will contrel
how long the swrface temperature is maintadinéd, In genoral, long preburn
times have little effect on the quantity of liquid required for extinetion
but do have a marked effieot on the stability of the foam blanket a.fter :
extinotiono

5-3« The critical rate of a.g;glioation

The effect of the critical shear stress of the foam on the critical
rate of application for foams in 3 per cent concentration from compound B
1s shown in Pig. 7. The way in which this critical rate of application is
balanged by drainage and evaporation losses can also be seen. Fig. 8
showa the effect of concentration and oritical shear stress on the crit-
ical rate of applicaticn, The evaporation loss is largely independent of
caneentration and only very slightly dependont on the shea.r stress of the
foam and may be considered constant at 0,011 gal/! /min, «Since the
evaporation rate is constant, the drainage rate :I.s the important factor
in comparing the critical rates of application of different foam compounds.
This drainage rate is aff'ected by the concentration of foam compound and
the oritical shear stress of the foam, but is indepandent of foam expan~-
sion in the range %5 to 25 (Figs 9).

The oritical rates of appliocation obtained from the other compounds
teated, with corresponding drainage and eveporation rates are given in
Table IX, in comparison with typical results for compound B.



TABLE II

Compound Compound Critical | Critical rate l: Drainage Evaporation
shear of applicationi - rate rate
Tdentification |Concentration | S.°07 gal‘gt‘zmin? galift-Zmin-1 |gal.ft~2min="
1b/£t2 .
1 0.20 0.0247 " 0.0110 0.0107
B 3 0'35 0.0155 ", Onm32 0-0121
5 0.45 0,013, 0.0022 0.0142
10 0.85 0,0109 0,0002 0,0107
E 5 0.20 0.0270" - 0.0130 0.0140
N 5 0,33 0.0170 ©0.0047 0.0128
: o..?i;‘
3 0.50% OO 0.0230 0.0085
P 10 0.27 - -} 0,350 0.0257 0.0093
10 045 0,308 | ¢ 0.0216 0.0092

*It was not possible to produce stable foams from compound P in 1 per oent
concentrations or stable foams of 10n critical shear atreas in 3 per cent
concentrations.

It is interesting to note that the evaporation rate as wall as being
largely indepéndént of concentration and critical shear stress is also little
affected by the type of compound used,

An empirical relation between the crltlcal rate of ‘application and the
concentration {C) and critical srear stress of the foam can be obtained for

compound B, This is 2
Borit = 0.0175 c0- 2253'0 -15.
where Rerit = oritical rate of application (gal’ft m13'1)
C = concentration-of foam solution (per cen
3 - cr1tica1 shear stress of foam (lhﬁrta)xir"\

This relation is shown in Fig. 10, where the results obtained for compounds -
E, P and N are also glven, - ,

6. Application to the use of Fire Brigade Equipment

So far the effect of foam characteristics have been varied independently
With Fire Brigade equipment of fixed design and fixed energy input, variation of
the compound concentration will influence the expansion and the critical shear
stress of the foams produced. To determine the overall effect upon the perform-
ance of the foam tests were carried out with.branchpipe foams. The characteristics
of the foams produced by a typical foam-making branchpipe of 50 gal/min. nominal
water capacity, were measured using concentrations of 1 - 10 per cent of compound B.



Characteristics and performance of .bm ipe fosns

Table 3

-'conpoimd

Goncentration .
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Stress 1b/f

:5::
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. seo,

Iiquid
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.
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When using a branchpipe type of foem it is evident that at a very low concen-

tration the advantages of a low critical shear stress are offset by the lack of
stability and the control times are likely to be higher than with foams of higher
shear stress because of this. A reasonable balance between shear astreas and
stability is obtained with concentrations between 3 and 5 per cent.

Conolusions

1.

2.

3.

k.

-

The time taken to control or extinguish a petrol fire with foam depends on

the rate of application and the critical shesr stress of the foam, There are
no essential differences between the normel protein foam compounds and the
concentration of foam compound is of little importance providing it is greater
than 2 or 3 per cent,

Stability of the foam blanket after the fire has been extinguished is primerily
dependent on the critical shear atress of the fosm, Increasing the critical
shear stress increases the stability. Soap and wetting agent compounds give
foams of low stability, since 1t is not possible to produce foams with
sufficient high values of critical shear stress from these compounds.

At the coritical rate of application, the rate of application of foam is
balanced by the rate of loss of weter by dreinage and evaporation. The evapora-
tion loss has been shomn. to be independent of the type of compound and foem
properties and equal to 0,011 gal,Pt"dnin=!, It is, therefore, the foam proper-
ties,which control the rate of drainage under these conditions, which affect

the critical rate of drainage. These have been shown to be the critlcal shear
stress of the foam, the concentration and type of foam compound.

A reasonadle balance between the conflioting requirements of a low critical
shear stress for rapid control of the fire and a higher critical shear stress
for foam stability can be obtained with the normal foam-making branchpipe with
foan compound concentrations betwsen 3 and 5 per cent.
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