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'l'he investigations reported here shoH that the production o'l a
foam blanket on the surface of' petrol in a large tenk is prac'~icable,

~~d that extinction is possible, by the injection of foam at tlw bottom
of' the tan:':. 1J.1he foam produced. from f.1E'.ay compounds is considerably
contaminated with petrol on its ','3J' to tlle surface and although the
i'ire can always be greatly reduced in in'censi t:, the burning of' ths
petrol conte.ined in the foo.m may prevent' extinction.

Extinctioi1 Yle.B possible vlith one particular f'oam compound, no';
at the momen-t in general use, b~/' using it in a 3 per ce::,rc nalu·cion to
produce a foam of low eJ,:pansion and 10Yl critical sherxing stress 'Jut
8,t the same time with a 10\1 ra'ce of' drainage. 'll:b~ production of Guch
Go ,foam by anjr self'-aspirating type of equipmen't '\'iould :JrobE'.bly not be
possible, c.nd the developtl"nt or modification of a. fON,' ptl.'llP might
well be re'l.uired.

SOille suggestions are nmoc of the limiting requiremerrts for
pre.cticc.l installe:tions, ydth the reservation that the fisures given
should be confirmed by tests on !l much lrocger sc£.le.
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l'BE K<T :mC'l'IOl; 01' LCTI1.ES m PEl'ROL S'lGRAGE T,J;:':S
BY :;:]iE BASE n:ijECTIOli (Jj,' .HR-F'O.~1.i

by

E, J, Prench and P, L, rankley

':rhe extinction of fires in fuel s tor-age tanks by the be.se injection
of fOeJil is attractive in that the product lines c~n generally be used
for the purpose and little medification is li!cel;y ·~o be needed to
existing installations, ,,'urther, these product Li.nes ere not usua.lly
susceptible to dame,ge by fire in tl~ tan!c or the buad or by en explosion
which mG.Y sometimes precede '~he fire, R!.s·~ \lor!: on this method of t ank
fire-fight inc,' has been surveyed D" 'I'homas \ 1)o ...... .

The problem of extinguishing fires in petrol storage tfIllcs is
fundamentally different from that of' extinguishing fires in -cr:.n2:s
containing high f'Lash point f'ue L, With petrol there is little chance
of boil over;· (F 8;OP over ~i;1ce. the hot. ~o~e l:as a ~empe~atur~. of' less
than 10<PC \2), nowever-, an tins case ~'G a s ~mposs~ble 1;0 extdnguish
'~he fire by cooling alone and it is neceasery to form D. coherent
blanket on the surface of the petrol vhi.ch will protect it from the
radie.tion from the f'Lames above, 'rhis problem of forming a suitable
blanket is, complicated by the corrcami.natLon of the foam by petrol,

'luve and Peterson (3) and other worker-s (4) have inves'Giga'ced
petrol tank fires but no ac'cua.L extinction of fires in to.n2cs con";;cining
a depth of' more than about 10 ft, of pet"ol ~a~ been repo"ted, (~he
"successful extinction" mentioned by 'I'homaa \1) cannot be so r-egarded
ai.nce "vapour continued to burn r-ound the per-i.phery of the tank,;:).

The purpose of the investigations described in this report rras to
determine rrhether base injection was a reliable method of fighting
petrol tan)c fires. It was e.Lso hoped 'Go be able to r'econmend the
optimum foam for base injection into petrol storage t anks to give
certain extinction,

II ~rimental eguip~!lt

( 1) 9E!~1~..2..,?a~~.J;!,p~

The smal.L scale experiments vere cprriec10ut in 8. tank shovm
diagrc.mmatically in !i'igure 1. 'l'hi.s vIas made of' 20 S. oJ. G. sheet sbeeL
and vias 2 ft. diameter at the top. 1110 reduce the amount of' petrol
r-equar-ed in the tan!c the lower pert lias t aper-ed down to 6 in, dia.'ileter,
'1'he injection inlet on th<: bottom was ~~ in. diameter.. ~

Laroe soa.Le tank
--~-_..-......__.._-

The large scale experiments were carried out in a ta.llI\: 9 f'~,
di.ameter and 30 ft, high made of 3; in. steel plate (see li:i.gure 2),
This Vl8.s erected vertically on D. concrebe base 27 ft, di amoter '·'8."ing
a 4.ft, 6 in. high brick wall built on its periphery to form a bund
capable of holding'all the contents of the tank, 'I'he 'cank rrr.s
originally closed at both ends end :i'or these experiments four
quadrants wer-e cut out of the upper end leaving D. 6 in', wide band
round the edge and a 12 in, Hid e cross in the middle,

The t enl; was sur-r-ounded by a 30 ft, high acaf'f'o Lding structure
and a wooden platform 23 [-G. by 18 ft, was erected 4 ft, beLov the top
of the te.nk, Two ladders were provided, with a secondary piatforIn
about 12 ft. up, for access 'GO the main p'Latf'or-n, .A mecr.L chute VlUS

erected Ie addng from one corner of ·~he platform to the gTOlU1G. 'GO give
me~ms of rapid, esccpe 'in case of e@ergency. The general nrrnngement
of the tank and its surroundi.ng structure is shown in Plc,te 1 and
~'igure 3 and a view of the top of the ts.wc in Plate 2,
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A 1 in. drain valve was fitted 3 in. from the bottom of' the tank
8J.,d tHO 2 in. inlets were provided 'j 2 in. from the bocbom, One of these
inlets was extended rr.,dially inuards to within 6 in. of the centre of
'~he tank. Only this latter inlet was used for the base injection of
foam, the other beine used mainly for the filling and replenisl~nent of
the tank with petrol as required.

The tank was initiall;y filled with 10,800 gallons of Pool petrol
and. during the ten months of too expez-i.merrt.s was replenished 'llit;1
3,550 ga.llons, 750 of these ce!.r:g Pool petrol and ti,e remainder a
stondard grade. p~l the testz ~ere carried out with the petrol level
between 2 ft. and 3 ft. 3 in. :Prom 'l;he top of the tank giving "Xl .

effective depth of between 25 ft. 9 in. and 27 ft.

A 170. 0 foam-making bz-anchpi.pe vias fitted be Low the wooden
platform and was connected by 2 in. pipe to an inlet in the side of
the t!lJ1!c 1 ft. 3 in. from the top. W~ter could be supplied to this
through a 1 in. riser and by this means f'oem could be applied to the
petrol surface in an emergency or if extinction Vias not obtained by
base injection. Four tin. sprLnkler heads were fitted above the
platform so that the boards could be wetted down before a fire test or
if they caught fire during e. ·cust. A circle of ~ in. pipe corrcrdndng
a series of invrardly-facing holes was fitted round the top of the ta.~c

so that·the metal could be cooled a2 required. ~wo more 1 in. risers
were used to supply wa.ter to these appliances. A permanent foam
applicator was hung over the bund Hall and could be supplied from a
No. 5 foam generc.tor should a bund fire occur. 1<'or all testa hose
lines Here run to these appliances from a mobile pump drD."oiing l~ater

from a 30oo-ga11on canvas dam. .

T'10 thermocouples were fihed to the tanl( pla.tes, one in the side
7 in. from the top and the other in a limb of the cross 2 ft. 6 in. in
from the tank edge. These were fi t'ced so that a check could be lcept
on the tonJc temperature, cooling water being applied if it become too
hot.

F9Wj' radiometers, of the type used in the surface application
tests ~) , ~ere supported 3 ft. above the top of the ~aruc at the four
corners of a square of 45 ft. diagonal. These were used in only a
few tests.

Foam was produced by means of a compressed air foam gener-abor- (6)
from which it passed through 10 ft. of 1..~; in. rubber tubing into 30 ft.
of 1t in. pipe followed by 45 ft~ of 2 in. pipe to the edge of the bund.
At tlus point a 2 in. tee-piece Has fitted end '~his had a 2 in. valve
on one limb through which the foam could be allowed to pass to waste.
The 2 in. pipe then continued through the bund vrall via a non-return
valve and a shut-off valve into the inlet at the bottom of the t enk,
The valves at the bottom of the tan]( ar-e shown in Plate 3. \"lith this
arrangement it was possible to allow the foam to flow to \laste until
the pipes were running fuil of new foam and samples had been collected.
Then, with the shut-off valve open, the valve on tlw tee-piece would
be olosed, and the pressure woul.d rise until the non-return vD.lve
opened and foam entered the tanl~. The actual moment of injection
could be observed on a pressure gauge in the line, the z-eadfng on
which vrou'ld rise to a maximwn value equivalent to the he ..d of petrol
at the moment the non-return valve opened.

III ~l scale experi~ts

(1) ~asureme~~E::.trol .~S:!<:-_lll'.

Previous experiments (6), (3) on the base injection of foam in'~o
petrol tanks have shown that the extinction of a fire may be prevented
by the burning of the petrol picked up by the foam on its way to the
surface. The first ex..periments rdth the 2 ft. tnn~::: were made to
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determine the amourrt of petrol picked up by foams at' different plwsical
charact.eristics. A atandard protein compound (h,ydrolised keratin ­
referred to as compound A in previous reports (5-) ) rras used in a
3 pOI' cent solution. ~his was chosen as typical of the compounds in
genera.L use for surface aplJlica.tion. The expansion factor of the foaJIl
was varied between 3 and 9 an.I '~he critical shearing stress was maintained
as near to 200 dynes per sq. em as was practically possible. :Further
tests were carried ODt for expansd.on factors of from 5 .to 9 v"lith a
critical sheering stre8S of 400 dynes pc;.' sq. em to find out the effect
of this latter fe.etcr. ::.\". 011 '?·H3'?E; 32.:nples of the foam arriving at the
top were taken and all ','(ere f;:A;:C1J to be flc.mrnable. With foams having
expansion factors grea·;;8:>:' than about 4 (r!hich is lower than that normally
used for top e.pplication) the fcam sample was sufficiently contaminated
with petrol to be completely dp-stroyed by the burning of the latter.

Other samples were t&!ce'l :::'rom' the surf'e.ce by .ueans of e. perforated
scoop, care being taken to avoid picking up petrol from below the foam
layer, and were transfer-ed to cans of known volume for analysis. I:
simple method of estimatjng the petrol content of' the f'oam VIas adopted
cut it was later found that ttL: m~thod was not sufficiently accurate,
~iving values that were too low, A more accurate ue thod was used later
(see Appendix A), and it was round possible to apply an approximate
correction to the results by the first method. 1.11 figures in this note
are either those obtained by the later more accurt-te method or are
suitably corrected. The liquid content of the foam sample was measured
so that the proportion of the injected liquid reaching the surface
could be nessur-ed ,'

'rhese tests confirmed the results of other workers (3) by showing
thl:l'c the amount of petrol pd cked up greatly increased as ·~he expansion
l1as increased. 'Foams with the higher critical shearing stress picked
up more petrol though this effect was not so large.

It was evident that an exami.natzi.on of' f'oam of 10\1 expansion would
be most profitable and most of the subsequent worle VlV.S ca...'ried out with
foams having expansions between ~b and 4.

(2) The distribuUsm at' petrol within the foam layer

In an attempt to find out how the petrol picked up is contained
in the foam, the small tanlc was filled with petrol that had been heavily
dyed red. Poam having an expansion of 5, which ensured a high pick-up
of petrol, was injected into this kill: urrci.L a layer appro:ciJnE.tely 2 in.
thick had been formed on the petrol surface. It was noted that,
i.nitially, before the surface was comp'Le t eky covered appreciable
qua~tities of petrol were thrown up onto the surface of the foam to form
small pools, but these rapidly dispersed or evaporated. The layer was
sliced through vii th a steel rule and the dyed petrol could be seen to
be present as evenly· distributed globules; the diameter d' these
globules was from 0·2 to 3 mm and a few of them appeared to contain
bubbles of air. Individual fl~:es.of forua did not appear to contai~

any such globules and it seems that the petrol is trapped between the
flakes as they flow together to form the blameet.

0) Fire tests - conbr'o.'. DJ1d extinction
-.-~--~. .~------_._--

A series of ;."ir6 ·~mits WHS per-f'crmed on tho 2 ft. t9111: using an
OXlX4"lsion of 4 ~nd a rnnge of rDtes of L~j~ction. In theoe experimento
the r;.tdiometers Here placed at the four corners of '11 squuro of 10 ft.
diagonal, and the control time "as c~culated, as in the surface. .
applicution experiments l5J, as the t:Ltm tll.ken to reduce the rad~at~on

to -1, of its vul.ue cc ·~he moment of ~'Otilll :;;pplication. Determination of
the ~p",trol pt.ck-up and the proportion of tho liquid orrivinG ~.t too

d b f ' 'h .,. t t 'i" petrol t enroe..·"tlll'e " JSI..Wff~lJe :.:ero mrl. e c ore oac . .i l.re ec. .l.,Ll.O ...~I J:"""J. '.~ . • •.-...

'b",tHeen 8 rind i GOe and a 30 second preburn poriod was [lll",;od. 'I'he
r;).\;e of injecti.on wns vei-Led betr.reen 0010 end Q·02 gal. of lir~uid p"r
sq. n. per min. L-1 all cases 'che fire WM extiflGuished ill trom 2 to
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}J) "Ii!:. and controlled in from 20 to 45 sec. The petrol pick-up in
'~j:~)~,,: i.",I';·~s W0.3 between 9 and 11 volume of petrol per 100 volume of
H,p::'ii, o.;-rivir.g G.t the surface and between 55 and 70 per cent of the
injbc~ed liquid reached the surface.

f. fe" cX".;?Grimcr,ts were carried out in which the petrol content of
the foam was a:r-':.:ii'icinlly increased by inje,c"i;ing additional petrol into
the f02J1l line. Vrilere t,:"e pet:"Ol content was greater than about 12 volume
per 100 volwne of l~'J.c:id extinct:i.:m Vias not possible.

other (:xperimcn'~:2 'i7e!'e .~)~;:,·~:'('·X·tJi./>Jt w:tth the petrol at different
temperatures. 'I'he l'ei:'~'()l WClU };:'ated by b.llo.ting a long preburn period
with intermit'cAnt air stirr,ing \.u:til the required temperature vm.B r-eached,
As the petrol bemperutui-e WM .lncr-eaeed the pack-up increased and at 6000

had r-enched 21 volume per 100 volume of solution and extinction was not
possible. Pigure 4- shows thesa results in graphioal form. l!'igure 5 shows
a radiation record of a test in \7l>.ich the foom was too highly contaminated
for extinotion to be possible; ,; this curve gives !\ typical representation
of the progress of a fire in ·;hich extinction was not achieved. In this
exper-iment the fire vac =:::.pi'::.3' controlled and o.s surface became completely
00v~ced the radiation was redu~ed to as little as 5 per cent of the maximum,
b~t DS the flames collapsed a foam fire developed which the continued
injf1ction of foom would not reduce.

In one experiment in Hhich the petrol' paclc-up wes just below the
allowable maximum, it was observed that a small foam fire went on burning
fo:~ up to I~O min. when the upper part of the foam layer had been destroyed
over its whole area. The fire finally died out leaving a ·thin scorched
foam blunlcet. \lith foams of lou petrol content the radiation would fall
rapidly to a minimum and extinction would ocour almost as soon as the
surface' was covered, there being virtually no foam fire. The radiation
record of such a fire, using foam containing 7 volume of petrol per
100 volume of liquid, is shown in Pigure 6.

J.i'igure 7shol"ls the relationship between the control time and the
rate of applicati.on obtained from these(tysts in comparison with a typical
curve obtained for surface application 5). ,

'l'he general concl.ucxons of these small soale tests were that a fire
oould not be extinguished with certainty if the foam contamination
exceeded 10 to :12 volume of petrol per 100 volume of liquid at the surface
and that this would probably be exceeded for foams of expansion grea'~er

t.han 4.

:::on~ol in a given time C811 be obtained Viith base injection at an
,,-:_preciably lower rate of application than with surface E>.pplication.
·.rilis differel)cy was thought tc be caused by the stirring of the petrol
by the foam ,2) and some experiments were carried out injecting air
alone into the tank. 'I'he third curve in l!'igure 7 shows the effect of
this stirring action on the control time and it can be seen that it
musc p Lay an appreciable pc:c!: in the process of base injection. '~he

curve was plotted by taking an equivalent rate of applioation of liquid
as the rate of injection of air divided by the expansion of J~ used in
the foam injection exper-Lmerrca, ' :b'igure 8 shows a radiation curve for a
typical air-stirring experiment.

IV LargE! scale experiments.

( 1) ~urement of petr.£!.pi~.

The first series of large scale experiments was carried out, using
the S!J.Ir.e compound h1 the snme concentration for the same range of
expansion factors as had been used with the 2 ft. t E. n k , '~O fin d
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out how the scale affected the contamination of the f'oam, A simile.r
:':'31dionship between expc.nsion factor and' pick-up was found through
tJ:e actual values' of the pick-up tended to be slightly. higher t han \1ith
·t·~-:e smaller. ~anl~.

Lt"Urther determinations of' the amount of' pecr'o.L picked up were
then made Hi t.h the large tank concerrtr-c.cing on expansion f acbora in the
range i~ to 4. Durang these experLrreuts it Vias noted that the umount
of the petrol p.i.clo-up was veIying v/i"ell the par-t i cuLar- drum of compound
used. This meant that even if extinction were possible Viith a given
batch of this compound this variation might be auf'f'Lci.errt ·~o make the
method \li1reliable. During these testo measur-emenbs of the drainage
rates of some of the· foams were measured, by the method used by 'ruve
and Peterson (3). .;'.l1 ane.Lvei,a 0"' the result obtained shows th~.t for
the' given critical shearing stress and expansion factor the pd clc-up
increases with increasing rate of dTeinage.

Prom It'igure 9 it may be seen that the petrol picked U~J by foams
of the Lowez- expansions in the larger tank is appr'oxi.mat.eLy twice that
picked up by comparable foams in the smaller tank. lilhe effec";; of
increasing the concentration of the solut~on to 10 per cent was
investigated and was found to result in en i~crease in the petrol
pick-up of about 50 per cont ,

Pigure 10 gives the rele.tionship between petrol pd.ck-up end
critical shearing stress for an expansion f'actor of 3 for the large
scale bank,

11\ / 0 fire tests ,\';rere then carried out on the large tank with foams
of eApDnsion 3 and 4 made from a 3 per cent solution of compound ~.

'l'he rate of injection was O· 063 gal. of liquid per sq. ft. per min. and
the critical shearing stress was 250 d)~e per s~. em.; III neit!wr c~se

was the fire extinguished. Fith the f'o am of the Lower expansdon t~1e

petrol surface was covered completely and '~he petrol in the foam did
not burn but an edge fire developed wh.i.ch could not be eX'oinguished by
base injection. ~.Yith the higher expansdon f'oam coverage end con ·~rol

were obta.ined in about 50 seconds. 'l'here was no edge fire but, as had
happened vii th some unsuccessful small scale tests an uncorrcro.Llab.le
f'oam fire developed as the major flames collapsed. ;\ feVi more fire
";ests were carried out on the large scare and in no case was ex'~i:1ction

:jbtained, although the fire Vias usually reduced to very small flames
')70r the foam sur:;:'ace and a slight edge fire. Ir~ generrd , the course
'.J!" the fire folloVied '~he pattern dr8ady noted on the sulall scale.

It was evident from these tests that the extinguishing of a fire
·Jfl~he Larger- tank was more difficult U12.n in the smr.ller tali:: and
wou.Id be Wllikely wi th compound :'. as used in t he se tests. Consideration
was therefore given to reducing the petrol pd.ck-up on overcoming its
effect by the addition of an extinguishing agent to the f'oam,

A previous small scale test, in vnlich the level of the liquid
drained from the foam had accddentIy been allo!1ed to rise high enough
to cover the base injection inlet, gave an'abnormally low'petrol pick­
up and to verify this effect a second test with dyed petrol was
c[~ried Qut ,lith the base injection inlet submerged in water. The
number of globules of petrol in the foam "VIas estim.nted to heve been
reduced by about 75 per cent. A simibr test Vias carried out on the
large tank in rlhich the foa'll was Lljected into one foot of water and
'the petrol p.i clo-up measured, but no significant reduction was found.
:Co thus appears th8.t the effect is confined to shallow depths of petrol.
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(2) 'rhe additi2.£...£f extinguishing c.gents ~ the foam

:,ttempts were made to extinguish the foam :2ire by the adc....tion of
ext.inguishing agents to the foam before it was injected. 'roo addition
uf carbon tetrachloride to petrol in various proportions showed thc.t
0:1; 50/50 mixture of the two was necessary to prevent combustion and
'.: was therefore estimated that it would' be nccessary to get at least
as much carbon. tetrachloride to the surface as the amount of petrol
picked up if this method was to be successful.

Experiments were cccrried out with the small scr.Ie tp.n!c using foam
having en expenai.on of 6. '~!hen carbon tetrachloride was injected into
t.he maxf.nz chamber' of the foam ,·'enerator at a rate eoual to one-vthiz-do 0 •

of the foaming liquid ,flow rate, the foam arriving e:c the surf'ace of
ti:le petrol contained a mixture of carbon tetrachloride and petrol in
the ratio of 7 to 3. The addition of carbon tetrachloride resulted in
ehe proportion of foaming liquid reaching the surface bein~ approximately
:1r.lved. In a fire test extinction \7aS achieved shor'Uy af'cer the surface
':'I·as covered.

Chlorobromomethane was tried as an alternative extinguishing asent.
This wc.s more effective thfu, cerbon tetrachloride and the addition of
~O volumes to every 100 volumes of foaming liquid resulted,in the
extinction of the fire shortly after the surface was covered. The
resulting foam blanket appeared to be more per-sdatant 'chan 'ch£,t
oontaining carbon tetracluoride. .

One test WM carried out on the large tank using foam \'lith an
expansion of 3 to which carbon tetrachloride was added at a rate equal
to 30 per cent of the foaming liquid flow ra'ce of O· 05 gal. per sq. ft.
per min, The carbon tetrachloride - petrol r,lixture contained in the
foam at the surface vms found to be in the proportions of 6 to 4 but
only 45 per cent of the f'oanung liquid reached the surface, In t: fire
test carried out under these conditions it \7as not possible to cover
the petrol surface, presumably o\7ing to the deterioration of the foam
cauaed by the carbon tetrlichloride; this had been observed to some
extent, on the small tank. Success me,y have been possible with
chlorobromomethane but this line of investigatioa vas .not continued as
the use of another f'oam comoound was pr-ovmg hopeful. The additional
0xpense and complic2tion of~using extinguishin~ agents is obviously
i:Jot war-r-ent.ed if foam alone can be : ! ....de to Hor~: reliably.

Exami.nati.on of f'oam compou,1ds
--~-~.,,-~-_._-- -,.~..~---

The petrol pick-up "as determined for a number ot' forun compounde
::.;:•.1 mixtures of foam compound and wet-cil"..g agents. ~loerll was made .J.n !.. a
u.;,11ple foam generator shown in l~i~ure 1, '.rhe liquid f'Low Yle..s a.d~u~'(;ed
~,) 22 cc, per min. and the expanea.on set to about; 5. J1 sampke or the
i'0am f:o:"om the generator was first collected in a ber.ker- 'of knovm
volume and its expansd.on factor determined. l!'oam was then injected
into petrol contained in a 6 em. diameter glass tube as shovm in
]'igure 12. The foam overt'Lowmg the top of the 'cube was collected in
a becker of known volume and its petrol convent \'I2.S determined.

In order to allow for ';;he veriations in the actual expansion
factor, it wae assumed tru:.t, over the small r-ange of expansion fac'"ors
involved, the pick-up VIas proporhonal to the air volume faotor and
petrol pick-up index was defined as

~trol pick-up in volume p.eE.,..'!...oo volume of liquid !:.t s~'..c:!_
air volume factor
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3~~ (1.) + O· 1j;
t wetti.ng agent; (2)

j •••••_--_.••_-_•._---.-+------+---------+

1
1i ;;) (A) + 1-h~
wo i;;~:.ir.g egerrt (E)I(sli.lJge filtered off)

~:, (J~)-::-O-:;b(by·------+------t--

! weight) wetting agerrt
(1 )

C, Eydrolysed protein
(Austrc.lic.n 3;~)

-"

The results are given in Table t. from which it can be .seen that the
foam produced from the wetting v~ent h~s a high petrol pick-up and that
the wetting agents conferred this property onto f'oaras produced- from
wetting agent protein compound mixtures. '.I'he experdmerrcal, compound (B)
had a pick-up lower than any other- compound investig8.ted and it .1<1S

c.ecided to include this compound in the large scale experiments.
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VI Lar~.9E-~ test's wil!.l...~le?cperimental .compound

L'xcge scale tests with foam produced from a different bateh of
',~)\".JL)'.md B gave pd.ck-up figures which were lower than the very small
mo,le tests had indice:i;ed they might be. The first i'ire tests were
t!:c..de \7ith the foam generator set as it had been for earlier tests.
l:'r.der these conditions the fire could not be extinguished but the foam
f:;.re was reduced to little more than flickers of flame. It was
e.ibaequentIy discovered that by arranging 'che foam generator so 'i;hat
more ener·gy was put into the production of the f'oam, a more homogeneous
feam resulted with, but little increase in critical shearing stre~s.

'l'his foam was found to drain more slowly than the less homogeneous
one previously used. The petrol picked up with this foam was found '(;0

b,·, )+ to 5 volumes per -100 volumes of foaming liquid, only 30 to 50 per
(;(;n'l; of that obto.ined l'Iith standard protein compound used for the
"r,:·:.~i..er- unsuccessful ·oests. Up to 75 per cent of the liquid injec'i;ed
'''.''''''10.",'\ the surface. Pla'ce 1,. showa this foam rising to the petrol
rJ,.,;::t"3.ve and Plate 5 shows the blanket formed.

A fire test was carried out with a foam of expansion factor 3·5
~;:.: "ch)("J~ in the above manner. This foam had a critical shearing
$t~oc~ ~f 130 dynes per sq. em and took more than 3,0 min. to lose
6 :,e~ cent of its liquid content. The rate of injection of liqlJid was
0'075 gal. per sq.h. per min. and foam injection was commenced 2 minutes
,,:,,-ter the ignition of the petrol. The fire was extinguished i,: 3' 3
;;d~utcs almost as soon as the coverage ~ the surface WD.S complete.
,'l'here was no burning ~ the petrol in the foam nt any sto.ge end it was
evident that the' quantity of petrol picked up wo.s not sufficient to
cause a foam fire. A second test carried out under generolly similar
comlHions but with n preburn time of 3' 5 mi.nuties gave very similrr
results with extinction in 3' 8 minutes. A further Lncrecse in the
preburn time to 9 ininutes hnd no apparent effect and extinctio;1 17aB
obto.ined in 3'3 minut~s.

After these experiments more petrol was pumped in'co the tnrJc and
'(;i1,' new level was such thc,t the reinforcing members o.t the top of the
:',ml': wer-e po.rticl.ly submerged. A fire test \/ith the same foam and the
s~me ro.te of injection and with a preburn time of 5·0 minutes resulted
:.:: extinction of the mrin fire al.most as soon as the surface was
<..0vered rfter 3.3 minutes but flames persisted around the reinforcing
Clerebcrs and for about 1 ft. each side of them. 1'hese flames went out
:-.~ter a further 4-7 minutes injechon. l'l11s additioll~J. time was
:-',)bo.bly occupied by the cooling of the metal to a temperature belovT
'.j':- :Lgnition temperature of the petrol.

A fifth test was then carz-Led out, l"Iith the petrol at the lor!er
:,'-",,<11 and a preburn time of 8· 0 minutes wae allm7ed. Records of
···:.,r':;0rutu::-es during this test indicated that the main pla~es r-eached
~. ~,"ximtm1 temperature of 500 to 540°C in the first 3 to Y:r minutes
·,-l;j. -,t.e the centre of the cross reached about 700oC. This fire was
0.1so extinguished in 3· 3 manu'c es , Thus the four tests wi'ch the petrol
at the lower-level had given consistent results.

It was tlwn decided to investigate the effect of a considerably
longer preburn time, In the final test with these foam properties
the fire wo.a allowed to burn for 30'5 minutes before injection was
commenced. ~'or the mailer part of this time 'i;he tank temperature was
kept down to below 400 C by intermittent cooling but no cooling was
o.pplied during the lo.st 4·0 minutes and the temperature of tlw tank
plates again rose to 500°C,' :I'his test was co.rried out with the petrol
at the higher level and the main fire was extinguished in 5,0 minute s
but smcl.l flames around one of' the reinforcing members lasted for a
further 3·0 minutes. -

\.
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The quantity of liquid required for extinction was 0·25 gUl./s~.ft.

when the fire HUS. put out in 3' 3 minutes and O' 60 gal./sq.ft. if the
reinforcing member-s wer-e submer-ged when extmctaon took 8 minutes.

An ex-periment with the same compound but with the expansaon factor
increased.to 4.3 just failed to achieve extinction but the final
flickers of flame were so small that one person was able ·~o blm"l them
out. It is consequently thought that L,. 3 is very near' to the upper
limit ~f'e~ai.1Sion factor for this compound,

Plates 6 - 8 show stages in one of these successful experiments
and are typical of the pattern of Gell of them. Plate 6 shows the fire
at its height just before foam WE-.S injected and Plate "7 ·~he fire after
foam had been injected for about 2 minutes. It is seen tllc.t at this
stage, althoU[lh an appreciable urea of the petrol is still uncovered,
the fire is weLl, under control; Ule considerable reduction in fire
is probably due partly to the stirring action of the f'oom, After
another minute the surface was covered except for the hole ccused by
turbulence over the foam inlet, as shown Ln Plate 8, and after
approxi=tely a further .;- minute , the blanket was sealed and the fire
was out. these photographs show the complete absence of any f'oam fire.

Prom an analysis of 'che results of the investigations described
here the following gener-al, conclusions have been dr-awn,

1) lllhe amount of petrol picked up by a foam increases rcpidly
with increasing expansion factor (see ~igure 9) and it is estin~ted

thc.t a fire cannot be exUnguished if the pick-up exceeds 10 to 12
volumes per 100 volumes of foaming liquid reaching the surface.

•,

:

2) The proportion of the injected liquid reaching the surface
increases with increasing expansion factor. TIo significp~t relationship ~

be tween this factor and any other property of' c. f'onm was found (see
t'igure 13). .

3) The vi:'riation of the rate of injec·~ion, over the small r-ange
used, had no significant effect on the petrol pick-up.

J}) Increasing the concentration of the f'oami.ng liquid from
3 per cent to 10 per cent appears to increase the petrol pf.ck-up by
about 50 per cent.

5) 1;'01' D. given expansion factor the petrol pick-up increases
with the critical shearing stress (see l'igure '10).

6) :e'or a given expansion fD.ctor and critical shearing stress,
the petrol pick-up decreases M the drainage rnte of £1 foam decreases.

7) Raisin[; the temperature of the petrol greatly increases the
amount of petrol packed up by a foam (see iPigure 4).

8) The amount of petrol picl:ed up on the small scale by f'oams of
low expansion factor was of the order of half that ob·i;ained on the
large scale which suggests ·~hat the pick-up Lncreasea with Lncr-easdng _
depth of petrol.

9) The petrol pick-up may vary from one batch 'co anobher- of the
same compound; a variation as high as 2 to 1 was found in these
experiments.
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l!'igures 14 and 15 give comparatIve curves for extinction 0;" fire
a'c v=ious rates of surface application and base injedi.oll. l"roiil these
it is seen that on a smaLl, scale base i,ljection is a lit'~lc more
efficient than surface application in that at a given r~te of injection
or application the f'ormer- method gives extinction in less time and
consequently wi th less liquid than does the latter mechod, There is,
however , evidence of scale effect with,base injection wher-eas little
such effect was apparent in the surf'ace appl,ication experdmenta, In
the Lar'ge tanlc test more thLn twice as much liquid was required to
achieve ex'cinction than was the case with the smallcr tank, and when
hot metal was present considerably more liquid was needed. A test 09
a full size tank 93 ft. in diameter has been cnrried cut in America U)

.uai.ng , however, only a 10 in. layer of' petrol floating on '19 ft. of
crude oil; approxima.tely 0'85 gd. of liquid per sq. ft. WM used to
extinguish the fire when applied at 0'097 gal. per sq. ft. per min.
through two inlets. 'l'his scale effect ma.y be partly due to the effect
of '~urbulence tending to drive the f'oam to the side of the tank rlith
more force on the l=ger size than on the smaller size of tank and
building up a relatively thicl:er l!\Yer of f'oron so thD.t it '~nkes longer
to cover the surface. It is thought that coverage may only be oMa.ined

: on Inrge trnks, as was the case in the lmerican test, by turninf.; off
the f'oam end allowing it to flow back to fill in the centre of the
blanket.

. " .

~'rom these investigations the following requirements for a base
injection installation can be suggested. The f'oam compound used must
be of' such a type that a homogeneous foam (i.e. even bubble size, and
low drainage rate) with an expansion fact9r of 3 -~o L, can be produced
having at the same time a low critical shearing stress (less t~~n 130
dyne per sq. em). Compounds nt present in general use in '~his country
do not fulfil .these requirements. The successful experimental compound

''''(B) used could be used in a 3 per cent solution to produce consistently
a ,:::'0= having those propertie s which toole more the.n 3 minu'~es ·~o lose
25 per cent of its liquid. ('-,IHh the protein compound (A) used
previously it was not possible to improve on a 25 per cent drainage
time of ,2. 5 minutes and this required a f'oam hewing the high critical
ahear-mg stress of 300-350 dyne a per sq. cm., resulting in too high a
petrol picle-up).

It is not 'thought that it will be ~ossible to produce the type of
f'oam required using compound B or a similar compound in normal practical
equipment, except possibly from a foam pump, as the energy required to
make such a homogeneous foam is comparatively high and may be outside
the possibilities of any self-aspirating t~rpe 0:::' generator. It is
possible trult the design of suitable equipment may prove necessary if
existing equipment cannot easily be modified to give the necessaFf
foam properties.

It is estimated that the rate of base injection vlill have to be
at ~. minimum of 0.05 gal. of foaming liquid per sq. ft. of surface per
min. to ensure th.~t the amount reaching the surfcce exceeds 0·03 gal.
per sq. ft~ per rnin. as below this it will be seen that the total
quantity of liquid required increases consddernb'ly Cl"igure "5). As
there is evidence or scale effect for base injection it is difficult
to estimate the total quanti'ty of liquid that will be needed to achieve
extinction but it will almost certeinly be as high as 1 gal. per sq. ft.,
and may reach 2 gal. per sq. ft. pnrticularly if the petrol surface is
br-oken up by eny metal reinforcing members around which small but
persistent fires may develop. On ti'lis basis a '100 ft. dipl"eter tMlc
might well require 8000 to 16000 (;als. of foalning liquid injected rvc a
mi.rumum rate of 400 gul. per min. for cert2d.n extinction. ~'l'lis woul.d
require 240 to 480 gal. of foam compound.
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In the experiments de scr-Lbed here the inlet velocities of the foOlll
were campar~tivel~ low (1-5 ft. per second for the s~ccess~u~ ~cXg0
scale expen.ments) end the author-e have not accumul.ated SlXifJ.cJ.ent
results to SBS" what '~he limi"Gs for lo;,.'ge scale application should be,
'l'uve and Peterson U) report that using a 22-~ in. di8meter t<:1.nk the
inlet velocity lnay be as high as 20 to 30 ft. per second but it is not
known whether this figure is subject 'co scale ef~·ects. In the 11\I'ger
scale American test, mentioned above,. with a single foam inlet and e.
ve:i.ocity of 9· 2 f·c. per second extinction W<:1.S not achieved wher-eas rlith

. two inlets and half the velocity it was successful. It should be
remembered thL,t the foam was first injeC"Ced into crude oil on Ylhich
there was a '10 in. deep Lcyea: of petrol.

'1'0 be more certain of the miniT:1tun requirements it is felt ·chr..t I).

large scale test with a bank of sa;,· 40 to 50 ft. diameter is needed to
gain more information about the effects of scale, especially with
rer;srd to the tru'.XLlUlIl pernusafbf,e inlet velocitJ.

'I'he authors wish to express ',;heir apprecirction of the ass.i.stance
of H. ':1. Claridge in carrying out the experiraenbal, nork and also the
assistance of P. H. '1" Smart and D. \f. l)it'~es in some of the l:crge
scale tests.
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for fuel t onlcs, ~el.'..artment of_§cie)}tifi9._a,p_d_;I;~!l~r_:h'\1}:<..e~~~p!l.

~2.J~ire OfficeE~.,~~_~~ Jo~m l;'ire 1~~s.£...arEl~...OrgatP:~.2·5~~!?l1.l!" p. E. riote Fo. 57/51. September, 1951.

(2) BUl<G01TE, J. E. and Iij\Tiul; L. 1. :i.ilires in open to..l-L:;n of
. petro1ewn products: some f'undernerrbaf. aspecua, Journal of the
!~tl-j;ute 2£..J'~j;Eol~~ 1]47, ~ (279) 158-135.----·-·-·----.

'l'UVE, R. 7.J. and ~~~bRSOI7) H. B. A study of
and their use for extinguishij.1~; tank fires.
~at2!'Y- Rep9!t ';0. 3725. AUGust, '1950.
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(4) BURC..QTIili, J. H., }~AT.ll.l>T, L. L. and TIIClIi'pJ)SOrr, .J. », rrhe o.pplica­
tion of air foam to oils burnmg in bulle. Journal of the Ins'cituteof l-'etro1eum 10 ) 0 (12) -81 _.__..•.•._•. __.._ _•.
•__....._ .•.• .0.> -' L/, ~ 3 795 4•

(6) 1''lCY. J. 1''. and 1'RZF;·illI. R. J. A mechanical foam gener-abor for use
in laboratories. J~~.of.;}J?P1-2:2E.2E!:'mi!!.t!y.... 1951, L 425-1,29.

~'he first method adopted for the estimation of the petrol content
of a foam sample was to add a illeasured volwue of iso-propyl alcohol
appr-oximat.efy equal to 'che volume of the liquid c~n',;'el1t oJ: '~he foam.
This rapidly broke down the foam 'completely and the volume of the
resulting liquid was measured. This was allo'led ',;0 stand in a
measuring funnel for· more than five minutes so that the jetrol
corrtaLned in the mdxcur-e rose to the surf'ace and could b~ dra\m ofr
end measured. This method led to very low values of the amount of·
p'ltro1 picked up as. i·~. was subsequently discovered 'chat if the amount
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of ~_S!?:-?ro),:"l alcohol used exceeded 50 i,Jer cent of the volume of the
licuid. content of '<;he f'oam sample some of the petrol wou'Ld dissolve in
thtJ solution alcohol mixture. If sma.I'Ler- r,ut,n'ci';;ies 'of iso··propyl
alcohol, ve.re used the sludge formed by reaction between-the' zrLcoho L
ond the foo.rnint, solution mnde measurement of the petrol volume very
inaccurate.

It wn.s fouIid 'chai:; by cent:.~j.fu~ine the ndxtur-e o"utQined bJr breakin:~

the foam down for about five minutes the petrol could be easily separated
from the sludge and it Y1US noc neceasarv to use a volume of iso-o.:>ropyl
alcohol exceedang 50 per cerro of the liquid corrtent of -Gl,e foam' ~e,lilple.
:J.'herc we.s a slight difficult"' in using this smaller quantdty of iso-propyl
alcohol in that it did not completely bred: the foam down but t~quontity
of liquid contained in the rer,lD.ining fro'ch was not more than 3 ,ler cent
of the total liquid.

O'~her anti-foeming agents for bre~ldng down the f'oam were tried.
Tributyl phosphate and silicone "l.,l'ltifoem Po" vhi.ch are not soluble in
\7D.·~Z::':' -, did not completely break dovm the foam of smal.L oucb l,e size
produc"d by the laboratory generator though '<;heY'<lere effective on foams
of l~Ig~r b~bble sizes.

Higher alcohols (n - octyl alcohol and sec - octyl alcohol) vrer'e
found ''<;0 be very efficient in breal;:inG down fooins ,;lncll did not concam
petr'oL but the presence of petrol grcatIy reduced 'chair efficienc,r as
the alcohol dissolved in it. Hovrevcr-, in several cases ~, - octyl alcohol
was substituted for the'~?:propyl alcohol and there was no signifi~~t

difference in 'che results obtained. '

'I'he ':)rDcedure finally adopt.ed ,\7aS to br-eak down the f'oam by addinf\
a volume of ~propyl alcohol equal to approximately l~-50 per cent of
the volume of the liC'uid content of the foam and to measure'the volume
of the resulting liquid. 140 cc, of this was poured into four tubes
and eentrifui~ed for 5 minutes at 3,000 r.p.m. .A cake of brown sludge
formed between the petrol and the e.lcohol-solution maxture and
occasionally a white gel formed in the petrol lDyer \j1ll1dng its volume
difficult to measure. TIns could often be removed by o.cidifJri.l1.g with
sulphuric D.cid and centrifU3ing for a further "bwvo minutes. ',llhe volume
of' the petrol W6.1l obtained by measuring its depth in 'che tubes. 1Js
the petrol was an addition to the foam all values of 'petrol pick-up
have been calculated as vo'lumes of oetrol ?er '100 volumes of foaming
liquid. •

Both methods were used on sexna occasions to determine the amount
of petrol pack-up, Analysis of the results nas shown that a re asoneb'le
correction for the errors in the first mebhcd ccn be made by aasunring
that each of the results was too small by 5 vo lureea ol petrol per
100 vol.ume s of liquid.

In order to calculate the percentage of the injected liquid
reaching the surface it was assumed toot the mass of the air corrbaaned
in the foam was the some at the surface as when it '/C.S injected.

'l'hen the percentage of liquid arriving at the surface is siven by

•

•

•

Es - 1
0--_.0'••.-

Ei .:. 1
x 100

where ~ is the expansion factor of ~he injec'ced foam

Es is the expansion factor of the foam at 'the surface

and is given by ~w.?_e of~.!\l?l". of fo~~lume of ,£.:lE'El:.
volume of solution contr..ined in sample

Fe.
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Plate I. General view of 9 ft by 30 ft tonk.

-,

Vitw of top of tonk.

~..

'~e ,

Plate 3. Arrangement of valves at bottom of tonk.



Plate 4. Foam rising topdrol surface.

.,

Plate 5. Foam blanket at petrol surface.
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