/o L =2//m
o :‘1.:}_‘://_-\ I E \‘5-6//52
]n*wligﬂ‘rq"*a?| e = ,9
VN D - o V3 — J
oy \______//'ﬂ - T YJ9 ? ' - — 3—-— - ————
&OF o S F.R. Note No. 3R
S x WO A : - »
L e 11[’/ ﬁesearr‘:.,z Programme————— —
L L Objective C2/5

ol

DEPARTMENT (F SCIENTIFIC A'D IDUSIRIAL RIcWARCH AND FIRE (FFICES' COMMITTE
JOINT PIFE RESZARCE ORGAFIZATICN

This rcrort has not been published and
should be regarded as confidential advance |
informetion. Mo reference should be made
tv it in any publication without the written
consent of the Director of Fire Research,
(Telervhone: ELStree 1341 and 1797).

Ti FRODUCTION @F ALl POR INJECTIUN AT THS BASE (F PETROI, TANKS

by

R. J, French and P, L. Hinklcy

Summary

The physical characteristics of the foam used for base injection
into tanke of burning vetrol must be closely controlled to obtain
extinction oft the fire,

It is shown in this note that while suitable foam cannot be
produced by the use of self-aspirating foam generators alone, it may
be made by combining such a generator with a centrifugal pump, In
this way, successful use is made of normal Fire Brigade equipment,
without rrcoursc to special foam pumps or large compressed-air foam
generators,
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TEE RODUCTLIOI O IOAM HOR 1'&‘?;'." CTI O AT THE CASEKE OF FETROL TANKS

R. J. Prench and P, L, Hinkley

;i Iatrofnctions

1% han Tbeen shomm (1) that the physical characteristics of foam
for j_q;_r:;'.ﬂ_rr_ at the base of tanks of burning petrol, must be controlled
within pnarrcw limits if extinction is to be obtained. The expansion

and critics l shhaT stress of the foam must be low to ensure that the
retrol picked up by the foam reaching the surface does not exceed 10 per
cenc of the volume of foaming liquid, For most Erntein compounds, the
exoansiun 2l input to the tank, must not exceed 35 and the critical
shear siress must not excced 21,0 dynes/cm2. To ensure that the

incrcase of foam expansion Eﬁﬂm input to the surface is not great, the

25 per cent drsinage time ( must exceed 5 minutes, Foams of these
rroperties can be rroduced from at least four existing prctein compounds,

The amount of energy required to produce such foams is relatively
high, and involves the use,of fine mesh gouze in the improver of the
laboratory foam gencrator (3 It should be possiblc to cbtain similar
results with a larger version Gf the laboratory equipnent, with a foam
pump using a similar improvcr or with speclally-designed equipment such
as the triple pum ar“an%'Tcnt developcd by the Naval Hesearch
Laboratory of the U,S.A would, however, be an advantage if
suitable foam could be PTGﬂUﬂEd uging standard firec brigade cquipment.
Conscquently, a study has been made of the performance of a common form
of self-aspirating in-linc generator when delivcring against a pressure,
and methods have becen considered of wmodifying its use so that foam
suitable for base injcction may be produced.

22 Foam compounds

Peteils of the foam compounds used in the experiments described
below are ziven in Table I,

Table 1

Details of foam compounds

Laboratory
identification

Remarks i

R —_— . = B e e

A | Hydroliscd keratin Used unsuccessfully on
' 9 ft x 30 ft tank fire tests
B | Hydrolised keratin Used successfully on
© it x 30 't tank fire tests
|
C Hydrolised blood l
SSEeSE Hydrolised keratin Proved suitable for base
injection by laboratory test
N Hvdrolised keratin - 3 ks
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3. Descrirtion of foam generators examined

In recent years improved foam gencrators have been developed from
the forcing type of branchpipe. Theae generators =—c capcble of
producing foem against moderate heads, but the back pressurc has
considerable influence on the properties of the foam produced.,. Two
generators of similar design from different menuf acturers have been
examined., both being designed to oporate at a water pressure of

150 1b/ j_nE. Tach generator had four parallel nozzles in the water
head, dalivering water into the end of & parallel tube containing ports
through vl3ch air was induced, At the working pressure the smaller

generator (z=ferred to as generator I) delivered 60 gal. of water per
min, end {le larger (gencrstor II) 125 gal. per min,

L, Dotornivation of the performences of self-aspirating generators
2 normal manner

Lififar - 0N

Tie rlysical characteristics of the foam produced by generstor I
when overating sgainst various back pressures have been determined.
The foom cheracteristies measured were the cxpsnsion, the critical
shcar stress and the 25 per ﬂﬂnf ?Iﬂinagﬂ time, uaing the methed
described by Tuve and Ieterson L),  Great care was necessary in
collecting the foam sample to prevent further aeration in the collecting
vessel, The method used is shown in Pig., 1, the foam being collzoted
in a vessel of about 1000 cm? capacity a8 it flowed off the sheet metal
deflcector at low velocity, The back pressure was adjusted by means of
the valve at the entrance to the L in. pipe, Fifty feet of 21 in,
rubber-lined hose was inserted in the line immediately after the
generator; for one test 300 f+. of 27 in, rubber-lined hose was used,

Both compounds A and B were used in these experiments., It is
generally found with protein compounds that the fire-~fighting efficiency
of o form is not greatly increased by using more than 3 per cent
concentration of compound, In order to keep the critical shear stress
of the foem as lov as possible, the compound concentration was limited
te 3 per cent by putting a suiteble restriction in the pick-up tube,

The relationships betveen the expansion of the foem preduced and
the back pressure on the generateor cbtained under these conditions is
shown in Fig, 2, It is seen that the required expansion of from 3 to
L was obinined with back pressures between about 131 and 157 1b/in2,
Fig, 3 shows the crifticel shear stress of the foam cbtained unler these
conditions; over the raouired range of ex-ansiong the shear stress is
well below the susgested maximum with compound B but is apgreciably too
high with compound &, The 25 per cent drainage times of the foom are
similar for the tvo compounds; for compound B the actual wvalucs are
2+0 min. for expansion 3 and 2-7 min, for expensipn L. These are
below the desired meximun of 3-0 min. at which (2) the proportion of
injected liguid reaching the surface in a petrel tank decreases greatly,

It is therefore doubiful whether such a generator could be uzed .
satizfactorily for the bases injection of foam into petrol tanks, even 1
if the operating conditions could be adjusted to give the reouired
expansion and critical shearing stress, |

5. ihe use of tweo pumps to produce foam of the required characteristics

From the cxperiments deseribed above it was cvident thet more energy
would have to be rut into the production of the foam in order to deercase
the drainage rate,

It wias considered that modification of the foam generator itself
to [@bREehust (WTermiseienligloranted for rbssrglnorcopme eiak reseplioh s deiftion et dhe workis allowedignd encouraged.
which it could operate. It was found, however, that the foam
produced by the gencrator could be delivered directly into the suction
eye of 2 centrifugal pump so &s to give a considerable improvement in
the foam characteristics,
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Experiments w:n.th tha.s arrangement were made with generator I,
cprrating at 150 1b/in? water pressure and coupled direetly to the
suction inlet of a li h’s 'I:rallnr pum (nominal water capacity of
120 gal/min at 100 1b Both cmmpﬂunds £ #na 3 were used, the
foam being delivered 'I:hraugh RO f£1 of Ew in., rubber-lined hose into the
game L4 in, pipe previcusly used for the collecticn of foam samples.
With the rump running at moderate speed and the delivery valve sdjusted
to give a pump outrut wressure of 35 - 70 1b/sq.in,, stable pumping was
maintained, but rressure fluctuation occurred outside these limits,
Under stahle cmdltlms the back pressure on the genersator was from
14 o0 16 1b/in?® - gl\f:m,f_ foem expansions from 3«6 to 29, The prcbable
reason vhy this back rressure was cdbtained even when delivering into
the suction side of the pump was that until such a pressure was built
up, the foam was not sufficiently dense 1o be pumpcd by this type of
applisnce; foam of expansion 35 at a pressure of 15 1b/in2 has a
relative density of about 0-=}45,

The effcet of the use of this second pump was to increase the
25 per cent drainaze time of the foam made from compound B to values
between 3¢5 and 6+5 min, and at the same time to give a critical shear
stress of 50 to 90 dyne/cm?, a slightly lower value than had been
obtained with the generctor alomne. The fact that witl compound B,
there was virtually no increase in critical shear stress, despite 'thE
great increase in energy used to produce the Toam of necessary stability,
had also been observed using the laboratory foam gencrator; it was
this ferture of compound B that first ensbled foam suitable for base
injection into petrol storage tanks to be vroduced, “ith compound 4,
the second pump increased the critical shear stress of the foam to a
value vwell above the desired maximun,

Comcounds €, K and M, which on the basis of other work (2) were
considered likely to be suitable for base injection, were also tried in
this equipment and were found to give results very similar to those
obtained with compound E. The results of all these cxperiments are
shown in ®igs, 5, 6 and 7.

Iwo other combinations of in-line foam generator and centrifugal
punp were tried for comperison; in one of these renerator I delivered
into a much larger pump (nominal water capacity 700 gal/min at 100 1bf"1n )
The other arrangement tried was generstor II delivering into this same
larger pump., With either of these two arran cments it was difficult
to obtain the back pressure on the generator nEEEBE&qr to give the
required expansion. Suitable foam could be produced with either of
these combinations under carcfully adjusted operating conditions but, in
practice, to be certain of obtaining the required cxpansion, a2 pressure
gauge would be reguired between the generator and the puwp,

Both these pumps hed indirect cooling systems end it was found
that, with foam flowing through the cooling coils, they could be
cperated without over heating, but no experiments were carried out in
which the pump wes run for more than sbout fifteen minutes,

6. Conclusions

Nermel self-aspirating foam generators cannct generally produce
foam suitable for the extinction of petrol fires by base injection.

By passing the foam output from cne of these generators through &
suitable centrifugal pump, foam of the required properties can be
' produced: in addition, the outlet pressure from the pump should be
adequete oBRETHENIGREmsSich iggraneatbr desendl namedmritdisial resepreh Js8.1Citatidnoef the workiig allowed and encouraged.
actual installati ns,



e pg———

|'|

~lj-

This method of producing foam heas the adventzze that it makes use
of existing fire brigade cquivpment, It is prnlﬂn:lf, that the system
would work satisfactorily on a much larger scais vsing Auitable generator
and pump combinations, It is thought howsver dlat mcers work should
be carried out with larger equipment befers the method is put forward

for use on large petrol tanks,
Acknovledgment

Ackmoviledgment is due to C. W, Glaridga for his assistance in the
vork deseribed sbove,

References

1. TFrench, R, J, and Hinkley, P, 1, The extinction of fires in
petrol storage tanks by the baze injection of alr-foan.

Department of Scientific and Ind.ua‘t;ia_;l_. Hesearch and Fire
_ﬁgiugg‘ Committee Joint Fire Research Grganﬁ&{im
F.R. Note Ho. iﬂ{}?’l&'ﬁ#, July, 1951,

2, French, R, J. and Hinkley, P, L, The develcpment of lsboratory
-l:eats to determine the suitability of a foam for base '
injection into petrol storage tanks. Department of
Scientific and Industrial Reseerch and Fire Offices'
Comnittee Joint I'ire Research Urgenization ¥.R. Note No, 272/
1956 October, 1956,

b PR o J. ¥, and French, R. J. 4 mechanical fosm generator for
use in laboratories. Journal of Applied Chemistry, 1951,
1: #EE!*#EE;

L., Tuve, R. C. and Pcterson, H, B, A study of some mechaniecal foams

and their use for extinguishing tank fires, T.S. Ha'-.ral
Research Laboratory Report No. 3725, Auguat 950,

© BRE Trust (UK) Permission is granted for personal noncommercial research use. Citation of the work is allowed and encouraged.




Rubber lined hose

Pressure qauges ¥ Back pressure r_::nr'rql valve

—

T

FIG.I

% | !
14 .F*IPE//_ sheel” mam| detlecror

\

Fogm Jeneralor

ﬂ'mPﬂ*Hﬂd E.-.uFF‘:T

© BRE Trust (UK) Permission is granted for personal noncommercial research use.

DIAGRAMMATIC ARRANGEM

Citation of the work is allowed and encouraged.

-NT OF APPARATUS

.I " -‘ b



LN

ohaded areq shows
qeepfable limiks

500 tF hose
atrer qenaralror

S0 - hose atfrer
-ji-:nernrc:r
— Coampound A

— Compoundg B
i

A

EXFANSION FACTOR

50 tF hose after
qE'I‘nErql"ar
— _am Fﬂglnd E

j.
K

1O |2 |4 16 | B 20
© BRE Trug'(&Kg;ghnisngrFig gaié 3 %rgnal Qngﬂmmé%ig-r&iegcﬂé%. Eﬁi(ﬁ‘ofm isigﬂom’éa_aij encouraged.

3.2 RELATIONSHIP BETWEEN EXPANSION AND BACK PRESSURE FCQR
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