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AIR FqAM IN THE CONTROL AND EmNCTION OF PE'rROL FIRES

BY SURFACE APPLICATION
.-,- ' ...; .

1. Introduotion.

by

R~ J.French and D. Hird

c.

• In the application Of.foam to the surface of '9urning petrol there are three
main aspects to be cons:l,dered. They are:

•

,....
, ...~." .....

•

'~"These fact~~s have been varied independently. as far as possible to help in
understanding their separate effects. In practise the critioal'shear stress and

_'- ElXPansion are q.ependent on the type and concentration of foam compound and the
-'r·foam~!JlB.king equipment used. The signifioanoe of the experimental· results in terms:

of fractioal equipment are also discussed in this rElPort •.

2. Apparatus

Jlotorspirit (74 octane) was used in all the expllriments and w/!.s contained in
,Il., tank giving a p.etrol surface area of 3 sq. ft. The tank was construc~ed of .
18 S.W.G. brass, ~he. upper section being of circul!U' cz:oss section 237/ 16 in.

:'inte1'l!al diameter and.4 in. deep. while the lower section was conical in shape
'. and was fitted at the bottom with a 2~ in.' diameter x 2~ in. long glass measuring,

tube. This tubl1 was used for measuring the amount of foam solution draining from
the foam applied to the petrol surface. The tank was supported in a stand whioh

. caITied· four radial a;r::ms to wht'c~ radiometers could be attached for use in the
".:.manner of, previous experiments 1) •. This apparatus i.8. shown in Plate 1.
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• .Examine'A; in. prevUlua invesUgat1f;81{1).

41. EXperiment,al

4.1. Detereina~Flon'of th.e, ·abti;Vp.J!,;·AJ~~"" to o.ontrO.:J" mdn.~ ,
a fire' '.. " .' -.

+, + ::. ~ • I . ~ .

The' time to control a fire. was" determined f'rom reoatds of the .
radiation~ the fire as measured by ·the four mdiom&te:re.-.. b)'tb 2."
and 9/10 .control times were .measUred·and. the extinDtlon t1JE wae else
determined. A 30 seo. pre'blJ)!n t.1Joo' was used..·in .the ma,Jorl'Qi' tIt the .
experiments. Fcams with an expansion/of 7,and a ranse af cr'1t;~ .
shearing stresses and oor:responding 2.5 per aant~ t1maa{2}~
produced from compOunds B. E, N lIt1d P :IJl i to 10 per oeDt CD1QSntrat1Gm;
oompO\md:'Bi"1Ia8 uaad':;f'ar .tlie•.~·,ar'itbe tests. The toam was ap?).:tal
to the surface at the· petrol a i k!o' B.SeP. t&epiece situated
with'its 0\tt1.et8. just above the pet.roleurtaeeo Bates d ap~catiab at
foaming liquid tram 0.035 to 0.1.5 .814-~.ware~. '1J!:le appJ.1o..
aUon' of f"oam was oantimJeq. 111 ead:l''t1adt,q1..W;:.~·:,Nn ~I'&S:.~_

.
, ,

"1 , ..

4.2. Det~tiap o£ the e~JJ.&I2a~

The stah1 Jj:tvJ" of' the fcmm produce\' cSt' uhe- petrol~ TihiJ.e
extinguishing a f"ire was dete.l1n1Ed l:(y~ the rate of~ .
of f oamili,g 'soJutlCGl cblr::JJ1g' the 100 to t2. adm.. fi'aD the IPOIJlfm.t fIJI OlJ1UII9nse­
m9nt of toem applica:t~on.. Foams o£~ 7 and td.th B l'anse·at
critioal sheer 8~s'ses were used, IIlB4e freD~ B. B, N IIld P :U1 .:
n.rious canoantratianaCl. 'l!Ie liquidate or e.ItpUoat1. 1T8.B 0.10 gaJ.~ , '
rt-2JJd.n"1i ~ all the Be teste. :

. Addit1aD1l testa wOre made to obts:Lu same 1nUeat1a1 Qf the effeot
~ the .tempenlture at the pstftal surtoe ~o 'f'Jds. 1188 d.c:ae to' usini
a raage or p!'6bD'z'A t1mes em tJae teet~ _ the~;'_e

.1lieastlIU1 ·ltv a,~ m sJass thermomete:l1hunediateJ.y af'toelo the fire
had b,een .t.lu£u!;s!ie4.



4.3. Determination of the critical-rate of application

.: -At the critioal rate of application the rates of loss of liquid rrom ­
fhe' foam by drainage and evaporation just balance the rate of applioation.
At sligb,tly higher rates of application the fire is extinguished and at rates­
of application below the critical rate extinction is not possible. !he
critical rat-e was determined by adjusting the rate of foam application to the
test fire until equilibrium conditions were established with a small but
consteiit' (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 evaporation could then be calculated.

The critical rate of application determined in this way gave slightly
lower 'valuesthan by estimating the _asymptote to the ,control time -_rate of -
application curve. ',- - - _.

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

5. Exper1IDental results and discussion

5.1 • Control and Extinction

The experimental results (Figs. 1 to 10) show that the two most important
. faotors 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. T~e critioal shear
stress- (S)of a foam -is a convenient index of its fluidity and Fig. 1 shows
results 'for Compound B w~ch illustrate the effect of foam fluidity found

"'\vi th all' the' compounds tested. Concentrations of foam solution of 1. 3 and
.. -"10 per cent were used to pr-oduce foams with a range of critical shear stress.

It is:evident that the concentration of foam compound has some effeot on the
control time at the lowest rate of flow and at low values of oritics+ shear
'stress, and this is most marked-at low rates of application. For example,

-r. ""there', is' some increase in the control time with 1 per cent solutions when the
'-'critical shear stress is reduced below, about. 0.4 lb/ft2• The effects of the

" concentration and shear stress on the 9/10 control time and on the time taken
to extinguish the fire are similar to those for the_ 2/3rd control time shown
in Fig. 1. '

_. -If it is assumed that there is l~ttle breakdown of the foam as it covers
the fire area, then it can be shown(3) that 'the control time should be
proportional to SIR. The relation between the 2/3rd-control time aDd SIR
for Compound B is shown in Fig. 2,-for rates of flow from 0.035 to 0.15 gal.
ft-2min- 1 am shear stresses from 0.3 to 1.6 lb/ft2• The relationship does

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

The slope of the line (O)-between SIR and control time (t) can be
-considered as a-measure of the quality of-the foam compound. Thus, foams
made from compounds E andP would be expected to have greater values of 0 than
the other compounds-investigation. The tests show that the results for
compounds A, B and C_can be -expressed as

t

-'for compound E'

t

-and-for compoundP

. ~ .. " - - S
c -18 + 2.7 IR 0 - 2.7

= 5 + 16 SIR 0 c 16

t = 5 + 10 SIR e = 10

- 3 -



The results tor the ~10 control t1llle and erlinotiont1me ahoY &~ S

81mil ar relationship with ~ althouch the variab~Uv 'or ,the 1Zt1AoUoa
t1ms is coiid.d8Z'&~ greater. It has b~SD' ahOWD{1 J that expepdQll is aot
an important taotor when toem is' applie\l1il'this m&m1er&lld,1b"theae"aperi­
ments with toams"of expans10n from }i,to 13 have been used. and no effsot
of expansiQll hais- been tollll4. The t1lIe taken to oontrol or extinguish a
tire depends, theretore. pl'iAariJ,y on the rate of applioation and the
critical shear stress of the t08lll. The conoentration of tollll1ng solution
has some effeot at values less than 3 per oult and the type, of oOlllpound
can also have an effeot.

5.2. , Stability of foam blazlket

.As a' measure of the stability of a: to.. blanket atter a' fire has bean
erlinguished, the quantity of liquid reme1r.IiDS in thetoUl 10 miJmtes att..
the start of 1'08lIl applioation was measured. !he ~ in which this quantity
depends on the concentration and oritical shear stress for compound B is,
shown in lig. 3. The amount of liquid required. to erlingu1sh the fire
inoreases with the' oritical shear stress, of the foam as sholll1 in Seotion
5.1, and the proportion of the applieci."liquid lost by drainsge decreases
as the critioal shear stress increases. With a oonoentration of foem
solution of 1 pSI' oent, there is a alightly IIl.Ire I'Ilpid rate of draiDage
than with the higher oonoentrations. FOll!Dsmade frOlll the wetting a~t.

oompoillld D. lose 80 per oent of their liquid content in 10 minutes (Fig.4-),
but'it can be seen that it was o~ possible to produce foams of low
oritical shear stress. Providing the conoentration of, the foam solution
is above 3 per oent, the results for the different compo\Dlds suggest that
'the oritioal shear stress is the most illportant faotor in determining the
stability of a foam oompO\Dld after a fire has been erlinguished. This is

'''substantiated by Fig. 5 where the results for the different oompounds are
plotted. agllinn the critioal shear stress. Altho. there is a consider­
able spread abotat the best straight line, it is ,evil1ent that stability
under these ou.UII1IltaDoes is dependent more upon the critioal, shear
stress of the foem than on t!}e toam compound frOID whioh it is produced.
It has been shown previousJy(4-) that petrol temperature greatly influences
the breakdoWll of a foam layer, end this is confirmsd by the results shown

" 'in lig. 6. It 18 not, of course, cmly the surface, temperature that a.ffects
" the drainsge rate as the heat content of the body of the petrol will oontrol

how long the surface tlllllprature is maintainetl. In gell8ral, long prebum
t1llles have little effeot on the quantity of liquid required. for extinotion
but do have a IIl8rked effeot on the stability of, the foam blanket after
ext1ilotion.

5.3., 'The oritical rate of applioation. ,

The effeot of the critical shear stress of the foam on the critioal
ra. of' application for foams in 3 per oent oonoentration from oompo\Dld B
is sholll1 in Fig. 7. The ~ in ll'hioh this oritical rate of applioation is
balanoed by drainsge and evaporation losees oan 'aleo be seen. Fig. 8
show. the effeot of conoentration 8nd oritioal sheer stress on the crit­
ical rate of application. The evaporation loss is largely independent of
oQllOentration and~ very slightJ,y dependent on th,~ sheer stress of the
foam and ma;v be oonsidered oonstant at 00011 gal./tt'2{1l1m:1• SinCe the '
evaporation rate is constant, the drainsge rate is the important £'aotor
in comparing the oritioalrates of applioation of different foam compounds.
This drainage rate is affected by the' concentration of foam compound and
the oritical shear stress of the foam', but is independent of foam expan- '
sion in the range li5 to 25 (Figo 9)0 . ' ,

The oritical rates of applioation obtained from the other' oompounds
tell'ted., with con-eeponding drainsge end evaporation rates are given in
Table II, in comparison with typical results for oompound B.

-4-



TABLE II

l \Critical Critical rate Drainage Evaporation
Compound I Compound shear of a~plication' rate rate

Identification \ Concentration I stress gal.ft-2min..-1 gal.ft-2min- 1 gal.ft-2min- 1
lb/ft2 ..

0;0217
..
. 0.0110 0.01071 0.20

3 0.35 0.0153 .,: 0.0032 0.0121
B

5 0.4-5 0.0134- , 0.0022 0.0112
10 0.85 0.0109 r." . 0.0002 0.0107_._..

E 5 0.20 0.0270' 0.0130 0.0140
-, , R,

..
N 5 0.33 0.0170 0.0047 0.0128

.

O.~
...us: ')

? 0.0230 0.00853 ~.O'15
p 10 ·0.27 - ". g:~~( 0.0257 0.0093

10 0.45 • 0.0216 0.0092
u

·It was not possible to produce stable foams from compound P in 1 per oent
concentrations or stable foams of 10lf critioal shear stress in 3 per oent
ooncentrations.

It is interesting to note that the evaporation rate as well as being
large~ independent of concentration and critical'shear stress is also little
affected by the type of 'compound used.

An empirical relation'be'tween 'the oritical rate 'of 'application and the
concentration (0) and critical shear- stress of the foam can b,e obtained for
compound B. This is I .:' ' ~.

where Rcrit
c
8

Rerit = 0.0175 C-O·2258..o·15
. ' '. '""2

= critical rate of application (gal/tt-, ~:1)
= concentration-of foam·solutiori (per cent) •.

critioal shear stress of foam (1q/f't2)';",.,-'i)

This relation is shown in Fig. 10,where the results obtained 'for compounds <.

E, P and N are also given•. -

6. Application to the use of Fire Brigade Equipment

80 far the effect of foam characteristics hsve'be~,varied ~dependent1Y.
With Fire Brigade equipment of fixed design and fixed energy input, variation of
the compound concentration will influence the expansion and. the 9l'itical 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 charaoteristics
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.

- 5 ...
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When using a branchpipe type of foam it is evident that at a very low concen­
tration the advantages of a low critical shear stress are Offset by tJae le.ck of
stability and the control times are likely to be higher than with fo... r4 higher
shear stress because of this. A reasonable balance between shear stress aad
stability is obtained with concentrations between 3 and 5 per oent.

Conolusions

1. The time taken to control ~r extinguish a petrol fire with foam depends on
the rate of application and the critical shear stress of the foam. There are
no essential differences between the normal protein foam compounds and the
ooncentration of foam compound is of little importance providing it 'is greater
than 2 or 3 per oent.

2. Stability of the foam blanket after the fire has been extinguished is primarily
dependent on the critical shear stress of the foam. Increasing the critical
shear stress' increases the stabilit,y. Soap and wetting agent oompounds give
foams of low stability, since it is not possible to produce foams with
sufficient high values of critical shear stress from these compounds.

3. At the critical rate of application, the rate of application of foam is
balanced by the rate of loss of water by drainage and evaporation. The evapora­
tion loss has been shamn.to be independent' of the type of compound and foam
properties and equal to 0.011 gal>ttf';:lid:n::1. ·It is, therefore, the foam proper­
ties,which control the rate of drainage under these conditions, which affect
the critioal rate of drainage. These have been shown to be the critical shear
stress of the foam, the concentration and type of foam compound.

4. A reasonable balance between the conflicting requirements of a low critical
shear stress for rapid oontrol of the fire and a higher critical shear stress
for foam stability can be obtained with the normal foam-making branchpipe with
foam compound concentrations between 3 and 5 per cent.
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