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The breakdown and subae quen t dn.innge of a foam layer
on the surface of petrol has been measured for a rfu'ge of
petrol temperatures, using di.fferent types of f'oam compound.
In the experiments describe2, the liquid resulting from the
breakdown of the foam was collected after it had drained,
and a "petrol resis t,mce index", definec1 as the time in
which 25 per csn t of the liql~j.d content of the foam could
be collected, was ualculated. This index was found to vary
greatly with the temperature of the petrol and this type of
foaming agent cmpLoyed ,
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'rIlE RESIST.AFCE O~' :;'IRE-:i.!'I(.i!ITD'G :;!'OAi,iS TO IlESTP.UCTIOlT BY PETROL

. by

,R. J. French and P. L. Hinkley

;J;!1.!il"oduction

Not only should a foam used in fighting fires iiwolving liquids
having 10.1 flash points form a b Lanket on the surface of the hot liquid
but it should persist ai'ter the .extinction of' the fire in order to
prevent re-ignition when application has ceased. The purpose of the
experiments described in this note vias to obtain a measure of the time
that foams made from various types of foaming agents can exist as a
blanket on both hot ,and cold petrol.

Preliminary experiments showed that certain foams can exist fcr
several hours on the surface of cold petrol 8.J."1d, in order to shorten
the time taken by each expei-amerrt , H Vias decfded to collect the
liquid draining from the foam af'cer its br-eakdown by the petrol and to
define the '~trol reaistance ii1dex" as the time, taken to collect
25 per cent of the liquid content of the foam. It is found that if
foams differ only in -cheir expansion factors the mi.namum rate of
application necessary to achieve control of a fire and the time needed
to control a fire at a giv en rate of aj)plica.tion are the same if these
rates are expressed in 'Genns of the liquid content of the foam \ 1).
It was therefore decided to make the depth of the foam layer in these
experiments proportional to the expansion factor SO that the liquicl
content of' the foam was always the same. The voIume of foam applied in
each experiment was the equivalent of a layer 1 in. deep of a foam having
an expansion ratio of 10.

~iption of D.P.2aratus.

The apparatus, which is ahorm in }'ig. 1, consisted essentially of
a copper vessel containing petrol Vlhich could be heated to any desired
temperature by means of a steam coil. The steam fo:c the coil was
supplied fran a boiler heated b:r a controllable ir,unersion heater, and
couId be cut off entirelJr if' necessary.

}'oam was applied to the surface of the petrol from the app Li.cc.t or­
.A, whaoh consisted of a copper cylinder of the same diameter as the
petrol vessel al.Lgned with the latter by means of two pins. A disc: :S,
having a diameter alightly less than that of the cylinder was mounted on
a plunger C, so that it could be slid up and down in the qlinier. The
lower litni t of travel 0:2 '~he dis c coincided accur-atelyviith the bottom
of the eyli~cr while the upper limit could be varied by means of an
adjustable collar on the plunger rod SO that the distance of travel of
the disc could be made proportional to the expansion factor of the foam.
Calibration of the applicator showed 'l;;1at the initial liquid content of
t he f'oam layer could be rrcintained constant vlithin .:':. 1'5 per cent. The
li'quid draining from the foam could be collected in a graduated ~l[LSS

tube .roz- me asur-omerrt,

The p ctz-o L was raised to thE; r oquar-ed te);':~·I'(.;:i;<l!'e and the Leve'L was
adjusted so thao;:; the ullage was equal to ·;;he reCl.uirec. dC"2tl1 of the foam ,
layer. The applicator Vias inverted with the plUl:ger rai.sed and was
filled vlith foam, any excess being removed. A. fid ~.,J.a·:;e was placed
over the base and the assembly Vias placed in posi tiol1 on top of 'ch'l
petrol vessel. Thirty seconds after the collection of the f'oam the
ple.te vias wi.thdrarm, the plunger depressed, and the applicator carefully
slid off le/:,.ving a IIlJ'er 0:;' f'oam of the correct depth on the petrol.
The time for the collection of 25 per cent of t ne lig.lid content of the
foam was rreasur 00.
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'l'he foam was produced in a compressed air generator (1) and had
the same cri1.1. cal shearing stress and expansion ratio as foam produced
wi th a. i·To. 2 branchpipe, 'l1he physical properties of the four types of
foam tested are stated in '.rable 1.

TABLE 1

Expanafon ratio and sheuring strength of foam tested

Laboratory I Foaming agent Critical Bxpenai.onI

reference

I
shearing factor

istress

l ~..... --
I I
I

ctme/ cm2 iI

I
,
I

A I B,ydrolysed keratin 680 7.. 5I,
D I Soap solution 90 11
E i "Jetting agent 65 11
G Itrdrolysed protein 500 7·0

.~--_...._.. .....-....- .. _- ~

EXuerimental results-- -
. . . . .

In Pig. 2 the petro L resistance index of each of the four foaming
agents used is plotted on a logarithmic scale against temperature.

A number of' measurement s were made of the petrol resistance inde~

of compound D at 19·4°0. This was found to be 2·7 mmuees with a
s'tundaz-d deviation of 0.5 minutes. This deviation is, however, small
compared ,lith differences between values of the petrol =esistance index
of different f'cams and between val.ues of the index or the same f'oam at
dit'ferent temperatures.

O'inng to the time taken for the drops to full into the gradua bed
tube and form a homogeneous body ot: liquid, values of petrol resista.nce
index below about 30 secorda are unreLLabfe ,

'rhe foam formed from compound A degenerated to a geLatdnous mass
Which, before 50 per cent of its liquid had drained, did not cover
adequately the surface of the pct ro L, and cou Id not be r-egarded as
forming ll. satisfactory blanket after 25 per cent ctf the liquid had
drained.

9~Earison of petro}. resistD.nc~J.ndex and n.9nn~dr:..~nage of foa~

i"ihatever sur-f'ace c. foam r-escs upon, che liq.Iid in the foam is
continuously draining through the foam layer and Ul'\Y br-eakdown or
poasd.b.l,e support of the foam in contact \7i th the surface is in e..ddition
to this drainage. In order to make an e stdmate of the relative magnitude
of t hese ,tl70 effects for a foam layer on cold petrol, measurements were
al.so made of the 25 per CQiTG drainage times for foam layers resting on
0. solid s..u:-fage '£hese were obtained bya method based on that of Tuve
and Peterson" 2). The npplicCltor 1'70.8 inverted end filled mth f'oam, a!\y
excess beinS :':'81!lovl;,d; it was then placed 1i1 ';;\e top of a funnel so th.:.t
it had c:.. 1U' sJ.opo o.nd t he liquid dr[l.in:Ll':g f!'Ctn ~~c f'o am rm.s collected
in .a mCD.sHrlT\g cy Llnder ,

In ToJJlt": 2, the 25 per cent drciEage ti.'T..9S or, i..!.. ao.t i.d surface at
rOO:·I-~ t emper-atur-e (15°C) are compared. wit~ the l')1;)i:r0~ resist£\.::1ce indices
a'c 1;he same_t elqJerature.
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Petrol resistance imex and 25 per cent drainage time on a solid
surface

r------------ ---------.,..------

minutes
8
7·6
1· 2

14

Petrol
resistance

index

minutes
(several hours)

4
0.8

14

i
-.-I-------,---;.--------t

I
i
!
i

A I~drolysed lreratin
D soap
E Vetting agent
G HYdrolysed protein

li'oaming agent

I
~---_._--_._._._._--_._----'-
It 'ViII be seen that the petrol resistance index is at least as

great as the 25 per cent drainage time for the protein compourd s A and G.
It is thus unlil:ely that there is much br-eakdown of the se foams by petrol
at this temperature; the liquid draining from the foam .A appeared to
remain suspended beneath the foam 1 oyer.

Discussion of results

It is cl ear- that compound AJ whieh is a typical good quill ty
protein compound, W8.S vzry much superior to the other foaming agents
test ed and both protein compounds were super-ior- to the soap and vTetting
agent compounds.

Observation showed that the time far v..hich an effective foam layer
,;QuId persist Has probably of the order of fcur times the petrol
resistance index except in the case of compound A when it vms of the
same order as the petrol r-es i.starice index. If it is assumed that the
rate of destructi on of any g:i.ven ro am is Lrdepe nderrt of' the depth of'
the layer, it is posai bl.e Joo estimate the ro.te c.t \Thich f'oam must be
app Lded to maintain a blanket of foam on hot petrol after the fire has
been extangui.sbed, rrhis is given in Table 3 for a t empera'tur-e of 70°0
both :}i1)gal./Sq• rt./inin. of liquid and as a percentage of the critical
ra.te U •

TABLE 3

Rate at which foam must be applied to mai.ntaa.n a bla.".'1l:et on
petrol at'7000

------------,---------

;--- I IIRate of ap.?lica- f
I i Rate of application O:,itical tion to maintain I
i For•rnfng agent ! to maintai.:i~ bl8,nl;:e-c I r-ate, I a blanket as a. !
I: Iper-centage of the

1 1 ' I l crit ieal rate

~-----_.--'-:-~------;-~_._.·..~~---_·--+---·---·----i--·--------,i
I i gal. / aq, :':-'t. /mil1~ 'I '.::",,3•• I,..:,:;. f'~ ~ Imin. I
!A I-;vdrolysed keratin) O· 0023 I ~ 'O~-U28' I
j D S08.P I 0'04 O'Olj~!. .... ~ .-' I

i E 'ile~~~L::1£ ag'::l:l; .! 0° 04 I C'\~'.~.j

; G Fydrolysed protein; 0.01 I O· 055 .
. 1,

:.

..
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1<rom these results it would appear- that the drainage and br-eakdown
on a petrol surface of a foam produced for fire-fighting may be a major
factor in determining the critical rate of application of foa~ms produced
f'rom soap and wetting agents, though it does not seen to be so for foams
produced from protein compounds.
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