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Summary

The investigations reported here show that the production of a
foam blanket on the surface of petrol in a large tank is practicable,
and that extinction is possible, by the injection of foam 2t the bolttom
of the tank, The foam preduced from many compounds is considerably
contaminated with petrol on its way to the surface and although the
Tire can always be greatly reduuec in 1ntensit3 the burning of ths
petrol conteined in the foom may prevent extinction,

Ixtinction was possible with one particular foam compound, not
at the moment in general use, b using it in a 3 per cent solution to
produce a roam of low expansion and low critical sheesring stress but
at the same time with a low rate of drainsge. "he production of such
a foam by any sell-aspirating type of equipment would nrobebly not be
poasible, and the developuznt or modification of & foam pump might
well be required,

? Some suggestions are made of the limiting requirewments for
prectical installations, with the reservation that the fisures given
should be confirmed by tests ont & much larger sczle,

July, 1954, Fire Research Station,
Borsham “ood,
File To, x.41051/1/59 : Herts,
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BY THE BASE INGECTIGH UF ATR-FOAM
by

R, J, French and P, L, Hinkley

I Introduction

The extinction of fires in fuel storage tanks by the bese injection
of foam is attracltive irn that the product lines cen generally be used
for the purpose and 1itile wodification is liltely to be needed to
existing installations, Xurther, these product lines sre not usually
susceptible to damage by fire in the tank or the bhund or by an explosion
which mey sometimes precede the fire, Eﬁs? gori: on this method of tanlk
fire-fighting has been surveyed by Thomas 13.

The problem of extinguishing fires in petrol storage tenlis is
Tundamenvally different from that of exitinguishing fires in tanis
containing high flash point fuel, With petrol there is little chence
of boll over or slop over since the hot zone has a temperature of  less
than 100°C f23. However, in this case it is impossible to extinguish
the fire by cooling alone eand it is necessery to form a coherent
blanket on the surface of the petrol which will protect it from the
radiation from the [lames above, This problem of forming a suitable
blanket is complicated by the contamination of the foam by petrol.

Tuve and Peterson (3) and other workers (%) have investigated
petrol tank fires but no zctual extinetion of {ires in tonks coniaining
a depth of more than about 10 £&, of petrol a? been reported, (The
"successful extinciion” mentioned by Thomas 1) cannot be so regerded
since "vapour continued to burn round the periphery of the tanl, ™).

The purpose of the investigations described in this report was <o
determine vhether base injection was & relisble method of fighting
petrol tank fires, It was also hoped to be able to recomend the
optimum foaw for base injection into petrol storazge tanks to give
certain extinction,

Il IExperimental eguipment

(1) Small scale tenk

The small scale experiments were carried oui in s tanl: showmn
diagremmatically in ¥igure 1, U'his was made of 20 3,%.G, sheet steel
gnd was 2 9%, diemeter at the top, o reduce the amount of netrol
reguired in the tanlk the lower pert was tapered down to 6 in, diameter,
The injection inlet on the bottom was ¢ in, diameter,

o

(2) Large scéle tank

The large scale experiments were carried out in a tank 9 £3%,
diameter and 30 £%, high made of - in. steel plate (see Figure 2),
Ttis was erected vertically on a concrete base 27 ft. diameter hoaving
a L. ft, 6 in, high brick wall built on its periphery to form o bund
capable of holding all the contents of the tenk, The tank wes
originally closed at both ends ond for these experiments four
quadrants were cut out of the upper end leaving a 6 in, wide band
round the edge and a 12 in, wide cross in the middle,

The tank was surrounded by a 30 £t, high scaffolding structure
and a wooden platform 23 f£i. by 18 f£t, was erected 4 £t, below the top
of the tenk, Two ladders were provided, with a secéndary platforn
about 12 ft, up, for access to the wmain platform., 4 metel chute was
erected leading from one corner of the platform to the ground to give
means of rapid escepe "in case of emergency, The general arrangement
o' the tank and its surrounding structure is showm in Plate 1 and
Figure 3 and a view of the top of the tenk in Plate 2,
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A1 in, Arain valve was fitted 3 in, from the bottom of the tanl:
and two 2 in, inlets were provided 2 in, from the bottom, Onz of these
inlets was extended radially inwards to within & in, of the centre of
“he tank, Only this iatter inlet was used for the base injeciion of
foam, the other being used mainly for the filling and replenisiment of

the tenk with petrol as required,

The tank was initially filled with 10,800 gallons of Pool peirol
and during the ten months of the exzperiments was replenished with
3,550 gallons, 750 of these teirz Pool pestrol and the remainder a
stondard grade, 211 the testz were carried out with the petrol level
between 2 £t, and 3 £t, 3 in. from the top of the tant piving en
effective depth of between 25 £, 9 in, and 27 i,

A Tlo, O foam-making branchpipe was fitted below the wooden
platform and was connected by 2 in, pipe to an inlet in the side of
the tenk 1 £¢, 3 in., from the top, “fater could be supplied to this
through a 1 in, riser end by this means foem could be applied to the
petrol surface in an emergency or if extinction was not obtained by
base injection. Four ¥ in, sprinkler heads were fitted above the
platform so that the boards could be wetied down before a fire test or
if they caught fire during e test, & circle of % in, pipe conteining
a series of inwardly-facing hoies waus fitted round the top ol the tank
so that the metal could be cooled es required, Ywo more 1 in, risers
were used to supply weter to these appliances, A4 permanent foam
applicator was hung over the bund wall and could be supplied from a
Ho, 5 Toam generetor should a bund fire occur. ¥Hor all testa hose
lines were run to these appliances from a mobile punp drawing water
from a 3000-gallon canvas dam,

Two thermocouples were fitied to the tanlz pletes, one in the side
7 in, from the top and the other in 2 limb of the cross 2 ft, 6 in, in
from the tanlt edge, These were fitied so that a checl could be lept
oni the tonk temperature, cooling water being applied if it beceme too
hot,

ng‘* radiometers, of the type used in the surface application
tests 93, were supported 3 ft, above the top of the tank at the four
corners of a square of 45 ¢, dilagonal, These were used in only a
few tests,

Foam was produced by means of a compressed alr foam generator (6)
from which it passed through 10 £4, of 17 in, rubber tubing into 30 £,
of 1% in, pipe followed by 45 £, of 2 in, pipe to the edge of the bund.
At this point a 2 in., tee-piece was fitied and this had a 2 in, valve
on one limb through which the foam could be allowed io pass to waste,
The 2 in, pipe then continued througl: the bund wall via a non-return
valve and a shut-off valve into the inlet at the bottom of the tank,
The valves at the hottom of the tan sre shown in Plate 3, Vith this
arrangement it was possible to allow the foam to flow to waste untcil
the pipes were rumning full of new foam and samples hed been collected,
Then, with the shut-off valve open, the valve on the tes-piece would
be closed, and the pressure would rise until the non-return volve
opened and foam entered the tanlz, The actual moment of injection
could be observed on a pressure gauge in the line, the reading on
which would rise to & maximum value equivalent to the hewd of petrol
at the moment the non-return valve opened,

IIT Small scale experimenis

-———tar

Previous experimsnts (6), (3) on the base injection of foam invo
petrol tanks heve 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
gurface, The first experiments with the 2 £t, tank were made to
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determine the amount of petrol picked up by foams of different physicel
cheracteristics. A standard protein compound E drolised keratvin -
reierred to as compound 4 in previous reports ) was used in e

% per cent solution, 'his was chosen as typical of the compounds in
general use for surface application, The expansion factor of the {oam
was varied between 3 and 9 znd the critical shesring stress was maintained
&s near to 200 dyres per sq. cm as was practically possible, Further
tests were carried out for expansion factors of from 5 to 9 with a
critical shearing stress o 400 dynes per s3q., cm to find oul the effect
cf this latter feetor, I oll cuzes semples of the foam arriving at the
top were taken and all were Found to be flommable., With foams having
expansion factors greater than about 4 (which is lower then that normally
used for top spplication) the foam sample was sufficlently contaminated
with petrol to be completely destroyed by the burning of the latter,

Other samples were taken from the surfece by weans of e perforated
scoop, care being taken to aveid picking up petrol from below the foam
layer, and were transferred to cans of known volume for analysis, &
simple method of estimating the petrol content of the foam was adopted
tut it was later found that thi: method was not sufficiently accurate,

iving values that were too low., A more accurate uethod was used later
%see Appendix 4), and it was fcund possible to apply an approximate
correction to the results by the first method, L1l figures in this note
are either those obtained by the loter wmore accurcte 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
cculd be reasured. : :

These tests confirmed the results of other workers (3) by showing
that the amount of petrol piclzed up greatly increased as the expansion
was increased. 'Foams with the higher critical shearlng stress picked
up more petrel though this effect was not so large,

It was evident that an examination ol foam of lov expansion would
be most profitable and most of the subsequent work was carried out with
foams having expansions bestween 2; and &,

(2) The distribution of petrol within the foam layer

In an attempt to find out how the petrol picked up is contained
in the foam, the small tank was filled with petrol that had been heavily
dyed red. Foam having an expansion of 5, which ensured & high plck—up
of petrol, was injected into this tenk until a layer approximztely 2 in,
thick had been formed on the petrol surface. It was noted that,
initially, before the surface was completely covered anpreuiable
guantities of petrol were thrown up onto the surface of the foam to form
small pools, but these rapidly dispersed or evaporated, The layver was
sliced through with a steel rule and the dyed petrol could be seen to
be present as evenly distributed globules; the diameter of these
globules was from 0«2 to 3 mn and a few of them appeared to contain
bubbles of air, Individual flakes of foam did not appear to contein
any such globules and it seems that the petrol is trapped between the
flakes as they flow together to form the blenket,

(3) Fire testz - controi ond extinction

A series of Dire tests was perd ormed on the 2 ', tenk using an
cexpansion of 4 znd & ronge of rotes of injection. In these experimenta
the rodiometers vere placed at the four corners of a squure of 10 It,
diagonal, and the contro% Elme was calculated, as in the surface
appllcat¢on efpcrlments , 28 the tTime taken to reduce the-radlatlog
to ¥ of its vulue i the mowent of foam application, Deteyrmination of
the petrol pick-up and the propartion of the liquid arriving ot the
surfice verc made before ecach fire test, Uhe petrol tempsiature wosd
tetveen 8 and 16°C¢ nd a 30 second preburn period was dllo ed,  The
rate of injection was varied betusen 010 tnd 0002 gal, of liquid per
sq. £t. per min, In all cases the f'ire wes extlnbulshed in from 2 to
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LD win, and controlled in from 20 to 45 sec, The petrol pick-up in
webe Lests was between 9 and 11 volume of petrol per 100 volume of
Liguid arriving at the surfoce and between 55 and 70 per cent of the
ingucted liguid reached the surface,

L few experiments were carried out in which the petrol content of
the foan was ariiliicinlly incressed by injecting additional petrol into
the foam line, Vhere the petrol content was greater than about 12 volume
per 100 volume of 1i wid extinction was not possible,

Other experimentz were nuormed with the pstrol at different
temperatures, UThe pedvol was Lirated by wilowing a long preburn period
with intermittent air sdirring until the required temperature wos reached,
As the petrol temperature was increased the pick-up increased and ot 60°C
had reeched 21 volume per 100 volume of solution and extinction was not
possible, [igure 4 shows thosc results in graphical form, MFipure 5 shows
a radiation record of a test in which the foam was too highly contaminated
for extinction to be possible; this curve gives & typlcal representation
of the progress of a fire in which extinction was not achieved, 1In this
experiment the fire vac ropidly controlled and as surface became completely
coveced the radiation was reduced to as little as 5 per cent of the maximum,
but as the flames collapsed o foam fire developed which the continued
injection of foam would not reduce,

In one experiment in vhich the petrol pick-up wes Just below the
silowable maximum, it was observed that a small {cam fire went on burning
for up to 40 min, when the upper part of the foem layer had been destroyed
over its whole area., The fire finally died out leaving a thin scorched
foam blanket, Vith foams of low petrol content the radiation would fall
rapidly to a minimum end extinction would occur almost as scon 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 Figure 6,

Figure 7 shows the relationship between the control time and the
rate of application obtained from these t?sts in comparison with a typical
curve obtained for surface application (5 . »

The general conclusions of these small scale tests were that a fire
could not be extinguished with certainty if the foam contamination
exceeded 10 to 12 volume of petrol per 100 volume of liquid at the suriace
and that this would probably be exceeded for foams of expansion greater
thon L.,

(L) Fire tests - the role of stirring

Sontrel in a given tims can be obtained with base injection at an
ampreciably lower rate of application than with surface application,
This differe?c? 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, The thixd curve in Figure 7 shows the effect of
this siirring action on the control time and it can be seen that it
must pley an appreciable poit in the process of base injoction, UThe
curve was plotted by talting en equivalent rate of application of liquid
as the rate of injection of air divided by the expansion of 4 used in
the foam inJection experimenis., Figure 8 shows o radiation curve for a
typical air-stirring experiment.

IV Large scale experiments

(1) Measurement of petrol pick-up

The first series of large scale experiments was carried out, using
the same compound in the same concentration for the same range of
expansion factors as had been used with the 2ft, tenk, to find
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out how the scale affected the contamination of the foem, A similer
ralationship between expansion factor and pici-up was found through

the actual values of the pick-up tended to be slightly higher than with
e smaller tank,

further determinaticns of the amount of petrol picked up were
then made with the large tank concentratving on expansion fectors in the
range 2b to 4, During these experiments it was noned that the amount
of the petrol pick-uv was varying with the perticular drum of compound
used, This meant that even if extinction were possible with a given
batch of this compound this variation might be sufficient to meake the
inethod unreliable During these tests measurements of the drainage
rates of some of the foams were mMasured by the method used by luve
end Peterson (3) An analwsis of the result obtained shows thot for
the given critical shearlng stress and expansion factor the piclk-up
increases with increasing rate of dreinage,

From Figure 9 it may be seen that the pstrol piclked up by foams
of the lover expansions in the larger tank is approximately twice that
picked up by comparable foams in the smaller tank, The eiffect of
increasing the concentration of the soluti'on to 10 per cent was
investigated and was found to result in an incresase in the petrol
plck-up of about 50 per cent,

Pigure 10 gives the relationship between petrol pick-up end
critical sheering stress for an expansion fasctor of 3 for the large
scale tanlk,

(2) Large scale f'ire tests

iwo Tire tests were then carrled out on the ¢arge tank with foams
of expension 3 and 4 made from a 3 per cent solution of compound ..,
The rate of injection was 0-063 gal, of liquid per sq, ft, per min, and
the critical shearing stress was 250 dyne per sq, cm,; in neither case
was the fire extinguished, 7ith the foam of the lower expansion the
petrol surface was covered completely and the petrol in the foam did
not burn but an edge fire developed which could not be extinguished by
base injection, ith the higher expansion foam coverage cnd couirol
were obtained in about 50 seconds., “here was no edge fire but, as had
heppened with soms unzuccessful small scale tests an unconirollable
foam fire developed as the major flomes collapsed. A few more I'ire

sests were carried out on the large scale and in no case was extinction

Jbtalned although the fire was usually reduced to very small {lames
oTET tne foam surface and a slight edge fire, In genurhl ihe course
uf the fire followed the pattern slready noted on the subhll scale,

It was evident from these tests that the ext1n~u¢sh1ng of a fire
11 the larger tanlk wos more difficult than in the smcller tani and
would be unlikely with compound .. as used in these tests, Consideration
was therefore given to reducing the petrol pick-up on overcoming its
efTect by the addition of an extinguishing sgent to the foam,

V Examination of methods of reducing petrol pick-up cy its adverse effecis

(1) =Effect of injecting foam into water &i the botiom ol the tanic

A previcus small scale test, in which the level of the liquid
drained from the foam had accidently been allowed to rise high enough
to cover the base injection inlet, gave an abnormelly low petrol pick-
up and to verify this effect a 3ﬂcond test with dyed petrol was
carried out with the base injection inlet submerged in water, The
nunber of globules of petrol in the foem was estimated to heve been
reduced by about 75 per cent, 4 similor test was carried out on the
large tank in which the foam was injected into one foot of water and
the petrol pick-up measured, but no significant reduction was found,

It thus appears that the effect is confined to shallow depths of petrol,
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{2) 'The addition of extincuishing caents to the foam

Attempts were made to extinguish the foam Jire by the sdéition of
extinguishing agents to the foem before it was injected, The addition
v carbon tetrachloride to petrol in various proportions showed that
ot 50/50 mixture of the two was necessary to prevent combusiion and
3.t wag therefore estimated that it would be necessary 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. Lo

Experiments were carried out with the small scile tenk using foam
having an expansion of 6, when carbon tetrachloride was injected into
the mixing chamber of the foam generator at a rate egual to one-third
¢ the foaming liquid flow rate, the foam arriving at the surfece of
the petrol contained a mixture of carbon tetrachloride and petrol in
the ratio of 7 to 3, The eddition of carbon tetrachloride resulted in
the proportion of foaming liquid reaching the surface being spproximatels
Aalved, In a fire test extinction was aschieved shorily after the surface
was covered,

Chlorobromomethane was tried as an alternative extinguishing sgent.
This was more effective than carbon tetrachloride and the addition of
10 volumes to every 100 volumes of foaming ligquid resulted in the
extinction of the fire shortly after the surfazce was covered, The
resulting foam blanket appeared to be more persistent than that
containing cerbon tetrachloride, '

One test wes carried out on the large tank using foeam with an
expansion of 3 to which carbon tetrachloride was a2dded ot a rate equal
to 30 per cent of the foaming liquid flow rate of 0-05 gal, per sg, I't.
per min, The cerbon tetrachloride - petrol mixture contained in the
foam at the surface was found to be in the proporiions of 6 to 4 but
only 45 per cent of the foaming liguid reached the surface, In & fire
test carried out under these conditions it was not possible to cover
the petrol surface, presumably owing to the deterioration of the foam
caused by the carbon tetrachloride; this had been observed to some
extent, on the small tank, Success mey have been possible with
chlorobromomethane but this line of investigation was not continued as
the use of snother foam compound was proving hopeful, The ad@itional
oxpense and complication of using exvinguishing agents is obviously
ot werrented if foesm alone can be ::~de to wori reliably,

(3) Exemination of foam compounds

The petrol pick-up wes determined for a number ol Toam compognds
av3 mixtures of foam compound and wetting agents, Fomm was made.lnka
somple foam generator shovn in Mgure 1, the liquid f}ow W adgusmed
Ly 22 cc, per min, and the expansion set to sbout 5, A sample of the
Poam from the generator was first collected in a berker of knowm
volume and its expansion factor determined. Foam was then injgcted
into petrol contained in & & cm, dieameter glass tube as shown 1n
Iigure 12, The foam overflowing the top of the tube was c?llected in
e besker of known volume and its petrol conmient wes determined.

In order to sllow for the veriations in the actual expansion
factor, it wes essumed thet, over the small range of expansion factors
involved, the pick-up was proportionsl to the air volume factor and
petrol pick-up index was defined es :

petrol pick-up in volume per 100 volume of liguid st surliace
: air volume factor
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TABLE 1

forms formed from vorious Tocming cgents

i
|

1 Petrol pick-up
Forming cgent Exponsion f per*?OO v?lgﬂ§ ? Pbtr?l pick-up
foctor 1 soluvion sxriving index
' ot surdnce mesa
4 Hydrolysed kerstin 5.2 10-6 25
35 5-0 " 9.8 2.5 2.5
5.2 10.6 2'5
— PR _-—._1
B IExperimentcl L7 79 241
hydrolysed Lo 7 75 2.0 2.1
; keretin 35 61 11.2 2°2
b ‘ -
| ¢ Hydrolysed blood 50 11+9 3.0 29
b2 49 109 2+8
5*3 154 346
D Soop solution 49 9.2 243 2:9
3% {in top water) L9 10-6 2.7
5.0 11.6 2.0
E ‘Yetting ogent k7 18-7 5-0
(detergent) 5.0 36 90 743
37 49 33 g-5
G hydrolysed protein 5.0 . 12.0 3.0 3.0
(Australicn 3%) Laoly 100 2:9
K Hydrolysed blood 503 e 5 3. 5.7
50 LS 1541 39
P25 (4) + 30 :
Cwathing cgent (B) L7 L7 13 13
© {shidgs filtered off)
Vi (A) + 15
woiting sgent (E) 49 33 Be5 8.5
(siudge filtered off)
35 (i) + 0+3% (by
weight) wetting ogent 45 L2 12 12
(1) ,
. 1
|
B
3% (&) + 0¢15 oo T 1 '
wetting egent (2) ¥ 38 !

The results are given in Table

T from which it can be . seen that the

foam produced from the wetting egent hes a high petrol pick-up and theat
the wetting agents conferred this property onto foams produced from

wetting agent protein compound mixtures,

The experimental compownd (B)

had a pick-up lower than eny other compound investigoted snd it was
Cecided to include this compound in the large scale experiments.
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VI Large scale tests with an experimental compound

Lorge scale tests with foam produced from a different batch of
vopound B gave pick-up figures which were lower than the very small
acole tests had indicated they might be, The first fire tests were
mede with the foam generator set as it had been for earlier tests,
lnder these conditions the fire could not be extinguished but the foam
Tire was reduced to little more than flickers of flame, It was
sabseguently discovered that by arranging the foam generator so that
more energy was put into the production of the foam, a more homogeneous
fcam resulted with but little increase in critical shearing streos.
This foam was found to drain more slowly than the less homogeneous
one previously used. The petrol picled up with this foam was found to
b 4 to 5 volumes per 100 volumes of foaming liquid, only 30 to 50 per
sent of that obtoined with standard protein compound used for the
eroiiler unsuccessful tests, Up to 75 per cent of the liquid injected
waazhied the surface, Platve 4 shows this foam rising to the pstrol
swtzaue and Plate 5 shows the blanket formed,

A Pire test was carried out with o foam of expansion factor 3-5
zroduced in the above manner. This foam had o critical shearing
strece of 130 dynes per sg. om and took more than 3+0 min, to lose
23 mer cent of its liquid content. The rate of injection of liquid was
0075 gal, per sq,ft. per min, and foam injection was commenced 2 minutes
aTter the ignition of the petrol, The fire was extinguished in 33
winutcs almost as soon as the coverage of the surface wos complete,
ere was no burning of the petrol in the foam at any stoge cnd it was
evident that the quantity of petrol picked up was not sufficient to
couse o foam fire, A second test corried out under generally siwilor
conditions but with 2o preburn time of 3¢5 minutes gove very similex
results with extinction in 38 minutes, A further increase in the
preburn time to 9 minutes had no apvarent effect and extinction was
obtained in 3-3 minutes,

After these experiments more petrol was pumped into ithe tank and
e new level was such thot the reinforcing members at the top of the
san were portiolly submerged, A fire ftest with the seme foam ond the
same rote of injection and with o preburn time of 50 minutes resulted
i extinction of the mein fire almost as soon as the surface was
wovered ofter 3.7 minutes but flames persisted around the reinforcing
merbers and for about 1 £t, each side of them, Yhese flomes went out
«Jter a further 4+7 ndnutes injection, This additionzl time was
~~abably occupied by the cooling of the wmetal to a temperature below

0 dgnition temperature of the petrol,

4 fifth test was then carried out, with the petrol at the lover
el and a preburn time of 8:0 minutes was allowed, Records of
“ueseratures during this test indicated that the main plates reached
g rexXimum temperature of 500 to 540°C in the first 3 to 35 minutes
wnile the centre of the cross reached about 700°C, This fire was
2130 extinguished in 3.3 minuuves. Thus the four tests with the petrol
at the lower level had given consistent results,

It was then decided to investigate the effect of a considerably
longer preburn time, In the final test with these foam properties
the fire was allowed to burn for 30¢5 minutes before injection was
commenced, ¥For the major part of this time the tank temperature wes
kept down to below 400°C by intermittent cocling but no cooling wes
applied during the last 4+0 minutes and the tcmperature of the tanlk
plates again rose to 500°C." This test was carried out with the petrol
at the higher level and the main fire was exiinguished in 5.0 minutes
but small flames around one of the reinforcing members lasted for o
further 3.0 minutes, ) '

T
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The quantltv of liquid required for extinction wes 025 gal /so i v
when the fire was. put out in 3+3 minutes and 060 gol, /sq £, if the
reinforcing meubers were submerged when extlnCulon_too 8 minutes,

An experiment with the same compound but with the expansion faclor

‘increased to 4«3 Just failed to achleve extinction but the final

flickers of flame were so small thot one person was able to blow them
out, It is consequenuly thought that L3 is very near to the upper
limit of expanslon factor for this compound.

Plates 6 - 8 show stages in one of these success;ul experiments
and are typical of the pattern of all of them, Plate & shows the fire
at its height just before foam wes injected ond Plate 7 the fire after
foam had been injected for about 2 minutes, It is seen that at this
stage, although an appreciable area of the petrol is still uncovered,
the fire is well under control; <the considerable reduction in fire
is probably due partly to the stirring action of the foam, After
another minute the surface was covered except for the hole coused by
turbulence over the ¢oan 1nleu, as showm in Plate 8, and after
cpproximetely a further ¥ mlnuue, the blanket was sealed and the fire
was out., These phouogrhghs siow the complete absence of any foocm {fire,

VII Analysis and discussion of results

From an analysis of the results of the investigations described
here the following generzl conclusions have been dravm.

1) ‘“he amount of petrol picked up by a foam incrsases repidly
with increasing expansion factor (see Figure 9) and it is estimoted
thet a fire camnot be extinguished if the pick-up exceeds 10 to 12
volumes per 100 volumes of foaming ligquid reaching the surface.

2) The proportion of the injected liquid reaching the surface

increases with increasing exponsion factor. IHo 51gn1;1cant relationship

between this Tactor ond any other property of o focm was found (see
tigure 13),

3) ‘The voriation of the rate of injection, over the small ronge
used, had no significant effect on the petrol pick-up,

;) Increasing the concentration of the foaming liquid from
3 per cent to 10 per cent appears to increase the petrol pick-up by
about 50 per. cent,

5) TYor o given expansion factor the petrol pick-up increases
with the criflcal shearing stress (sece iHgure 10),

6) For a given expansion factor and critical shearing stress,
the petrol pick-up decrsases as the drainage rote of a foam decreases,

7) Raising the temperature of the petrol greatly increases the
amount of petrol picked up by a foam (see Figure &),

8) The cmount of petrol picited up on the smell scale by foams of
low expansion factor was of the order of half that obtained on the
large scale which suggests that the pick-up increases with incressing
depth of petrol,

9) ‘he petrol pick-up may vary from one batch to another of the
sSame compound; a variation as high as 2 to 1 was found in these
experiments,

%
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-using, however, only a 10 in, layer of petrol floating on 19 f%, of
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Figures 14 and 15 give comparative curves for extinction of fire
at varlous rates of surface application and base injection, lrou these
it is seen that on a small scale base injection is n litile mors
efficient than surface application in that at a glven rete of injection
or application the former method gives extinction in less time and
consequently with less liquid than does the latter method, There is,
however, evidence of scale effect with base injection whereas little
such effect was apparent in the surface application experiments. In
the large teank test more thon twice as much liquid was required to
achieve extinction than was the case with the smaller tonk, end when
hot metal was present considerably more liquid was needed, A test o —s
o full size tank 93 £, in diometer has been carried out in Americe ?5)

crude 0il; approximotely 0¢85 gal, of liquid per sq, £t, was used to
extinguish the fire when applied at 0'097 gal. per sg. ft, per min.
through two inlets, "This scale effect moy be partly due to the elfect
of turbulence tending %o drive the foam to the side of the tank with
more force on the larger size than on the smaller size of tani and
building up a relatively thicker layer of Pfoam so that it ¢okes longer
to cover the surface, It is thought that coverage may only be obtained

ron large tenks, as was the case in the fmericen test, by turning off

the foam end allowing it to flow back to fill in the centre of the
blanket.

VIII BSuggested requirements for practical applications

¥rom these investigations the following requirements for o base
injection installation can be suggested, The fosm compound used must
be of such a type that & homogeneous foam (i.e, even bubble size, and
low drainage rate) with on expansion factor of 3 %o &4 con be produced
having at the same time a low critical shearing stress {less than 130
dyne per sq, cm), Compounds at present in general use in this country
do not Tulfil these requirements, The successful experimental compound

~(B) used could be used in a 3 per cent solution %o produce consistently

a Z'oem having those properties which took more thon 3 minutes to loae
25 per cent of its liquid., (iith 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 foam having the high critical

shearing stress of 300-350 dynes per sq. cm., resulting in too high a
petrol pick-up),

It is not thought that it will be wossible to produce the type of
foam 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 & homogeneous foam is comparatively high and may be outside
the possibilities of any seli-aspirating type of generator, It is
possible that the design of suitable equipment may prove necessary if
existing equipment cannot easily be modified to give the necessary o
foam properties, -

It is estimated that the rate of base injection will have to be
at o minimuwn of 0.05 pal, of foaming liquid per sq, ft. of surface per
min, to ensure that the emount reaching the surfcce exceeds 003 pal,
per sq, f4. per min. as below this it will be seen thal the total
quantity of liquid required increases considerably (¥igure 15), 4as
there is evidence of scole effect for base injection it is difficult
to estimate the total quantity of liquid that will be needed ito achieve -
extinction but it will almost certeinly be as high as 1 gal, per sq., Tt.,
and may reach 2 gal, per sq. £, particularly if the petrol surface is
brolen up by any metal reinforcing members around which small but
persistent fires msy develop, On this basis a 100 £'t, disameter tank
might well require 8000 to 16000 gals, of foaning liquid injected ot a
minimun rate of 400 gal, per min, for cértain extinction, This would

require 240 to 480 gal, of foam compound,
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In the experiments dezcribed here the inlet wvelocitvies of the Toan
were comparatively low {1-5 £t. per second for the succes ul lerge
scale experiments) wnd the cuthors heve not accumulated sulficient
results to say whaf the limits for large scale application should be,
Tuve and Peterson report that using a 225 in, dismeter tank the
inlet velocity may be as high as 20 to 30 ft. per second bui it is not
Imown whether this figure is subject ©o scale efiecls, In the larger
scale American test, mentioned above, with a single foam inlet ond a
veliocllty of 9.2 ft, per second extlﬁctloﬂ was not achieved whereas with

"iwo inlets aqd half the velocity it was successful, It should be

rewembered that the foam was first injected into crude oil on vhich

“there was a 10 in, deep laysr of petrol,

o be more certein of the minimm requirements it is Telt that o
large scale test with a tank of say 40 to 50 £t, diameter is needed to
gain more information about the effects of scale, especially witn
reperd to the maxisum permissible inlet velocity,
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Appendix A

Determination of the petrol content of a foam sample

The first wmethod adopted for the estlmatlon of the petrol content
of a foam sample was to add a weasured volume of iso-propyl alcohol
approximstely equel to the volume of the liquid content of the lToam,
This rapidly broke down the foam completely and the volume ol the
resulting liquid was wmeasured. This was allowed to stend in a
measuring funnel for wore than five minutes so that the petrol
contained in the mixture rose to the surface snd could be drawn off
and measured, This method led to very low values of the amount ol
petrol picked up as it was subsequently discovered that il {the emount
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of iso-proy:l alcohol used exceeded 50 per cent of the volume of the
liculd content of the foam sample some of the petrol would dissolve in
the solution alcohiol mixture, I smeller cuaniities of igo-propyl
alcohol, vere used the sludge formed by reaction between the alcohol
and the fooming, solution made measurement of the petrol volume very
insccurate,

It was fourdd that by centmifucing the mixture obiained by breaking:
the foam down for about five minutes the petrol could be ea&_ly separated
from the sludge and it wes not necessary to use a volume of iso-propyl
alcohol sxceeding 50 per cent of the liquid content of the Foam ssuple.
There wzs a slight difficulty in using this smaller quantity of iso-propyl
alcohol in that it did not completely bre:k the foam down but the cusntity
of liquid contained in the remaining froth wes not wore than 3 per cent
of the total liguid,

Other anti-foeming agents for brecking dowm the foam were tried,
Tribubrl phosphate and silicone "intifoam AF which are not soluble in
vaisr, did not completely brealk down the foam of small bucble size
producad by the laboratory generator though they were effective on foams
of lozger bubble sizes. .

Higher alcohols (n - octyli alcohol and sec - octyl alcohol) wvers
Tound ‘to be very eflficient in brealinz down foams witch @id not contain
vetrol but the presence of petrol greatly reduced their efficiency as
the alcohol dissolved in it, Xowever, in several cases n - octyl alcohol
was subsiituted for the iso-propyl alcohol and there was no significant
difference 1n the results oouulned

The wrocedure finally sdopted was to breek down the foam by adding
a volune of iso-propyl alcohol equal to approximately 40-50 per cent of
the volume of the 1icuid content of the foam and to measure the volume
of the resulting liquid. 140 ce, of this wes poured into four tubes
and centrifuged for 5 minutes at 3,000 r,p,m, A cake of brown sludge
formed between the petrol and the alcohol-solution mixture and
occasionally a white gel formed in the pelrol leyer weking its volume
difficult to measure, This could oiften be removed by acidifying with
sulphuric scid and centrifuzing for a further two minutes, 'The volume
o' the petrol wes obtained by neasuring its depuh in the tubes, 4s
the netreol was an addition to the foam all values of petrol pick-up
have been calculated as volumes of petrol ner 100 volumes of foaming
liquid,

Both methods were used on some occasions to determine the amount
of petrol pick-up., Analysis of the results hes shova that a reasoneble
correction for the errors in the Tirst wmethod can be made by assuming
that each of the results wes ftoo suall by 5 volumes o pestrol per
100 volumes of liguid,

The determination of the oroportlon of the 1n;ected d_licuid resching
the sur:ece

e e, o

In order to calculate the percentage of the injected liquid
reaching the surface it was assuned that the mass of the air contained
in the foam was the same at the surface as when it was injected,

Then the percentage of liquid arriving at the surface is given oy

E. ~ 1
S e % 100

E, -1
where E; is the expansion factor of the injected Ioam

Eg is the expaneion lactor of the foam at the surface

and is glven by volune of saLple of foam - volume of petrol
volume of solution contoined in sample
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