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4. Introduction

LIQUID FIRES
by
D. liird

.\»4

lomnable liguids differ so widely in thel.r properties that all

extinguishing agents cun be eficctive a.r'aimt sou types of i’ln.nmanlc 1i5uid

e e ovwlil o poeds

.y fire, The azechanisi of extingtion of .he difforant agents and their lirn ° vions

advuntiges must be understood before the most asatisfucrtorys

retvl o, rotection can be cnosen, “xtinguishing agents will be considersi

ukle: L. =e headinns:

N ater

- vi:iah can be used $@ Q&tinguia.h fires in whicih the £t nmabdle

lizuid car be cooled. to below its fire point. I'ives in
liquids xiscible ‘r'th‘. \ter may In same circemst inces e
extinguished by ailution,

- can extinguirh fires b- cooling, but its unique jantule
is taat ir Jojms an imnc‘w.a.ble physical barusier over
the i‘lunm.:bm licnid, preventing re:l,gn:ltion

3. 40,, varourizing 1iquids and ¢ powder - which are aoti'ﬁ-e in the

wapour :ase anl do not afford any proteotion aguinst
reignition. ' '

- Ther erficienev o . pruteciive instullation in which there are olten :ua;le

runrlies ol ujyent, cur be Jjudged on diffe.wui nrounds from that of an extinnisher

7 wherwe e amount aveilable Jr Zdisincd, o be elfective against a flampable

L [P,

liguid fire a hand extinguicier shoxl:l Bc"-'uu'-n'nle of extinguishing the type und

size o snill Tire likely to ocour., . 1.« fg..ed installation, however, it aay

o™tanr be adesaate to corirol the i --\d r:tevcrt its extension to other plant,

FPircl ext :ction being achievad Uy of.er mamm"

2. Jater

.a) .prlication by hand, Ra.sbas: a.nd Stark (1) in tests w:i.th water sjrevs

'\':J.led by hand to an & ft diameter flammable liquid fire have shown that the

extinetion time depends on the spray »roperties and the fire properties in the
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- of varying droplet- sizes;

. )
where D - wass median drop sige of tie apray (mm) . ' ‘ CE
Y - preburn time of the fire (min,)

L .
R = i‘low rate ral/f't“/min,

Ty
3
'

difference betwsen thc rire ~point of the l:l.quid and anbient
temperature

They suggested that the oritical rate of applieation below which extinction
is unlikely is given by |

Rorit = 1_05.3.2 gal/ft2/uin, _ ' (2)

Y

Equations (1) and (2) are only applicable within ocertain ranges.  lapmabic
1iquids with fire points much below kerosine (AT=w 40°C) would require favourable
conditions and considerable ciperieme berore extinotion was possible, Splash

fires dewvelop in the less viscous liquids when the droplet size is too great

and these can prolong extinotion, the mass median droplet sise should be less
than 0.7 mn to prevent splash fires in gas oil (3T ==90°C), whereas muoh coarser:
drops of 1,25 mm éiamter are required to give apm fires in traneformer oili |
(aT = 160%). ' )

Table 1 shows the oritical rates of application for some oils, with sprays

Table 1

Critical rates of application - water

Critiocal rate.of applioation gal/ft°/min.

¥asa median droplet size of water sprays.

Liquid ATC| €0.5 m. 0.5 -0,75mm} 1 - 1.25 on,
Kerosine 40 013 . 049 0.26 *
Gas oil 96 0.058 - 0,087 0,116 =
Transformer oil | 160 0,053 _ 0,05 ' 0,066

™ Splaah fires would be likely under these conditions.

Considering these results in terms of the norsal hand extinguisher holdirg
2 éallons of water discherged at a rate between 1 and' 2 gallons per minute, some
idea can be gained of the size of fire 'hio.h oouldb. extimguisted, The
majority of these extinguishers discharge their nteru e Jot vhigh would be
inoffootivu;' however, the o;perat'ing pressure is sufﬁoiont to give a spray
with a mass nedian amP size at least a.s low as 1 mm. with & suitably-designed

!
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nogzle, If thié was done the 2 gallon extinguisher would extinguish a rire in "
transformer oil of about 15-30 ftz in area and prodbably a fire of about half the -ixz
size in gas oil. Wﬁ.ter may also be apnlied to ﬂ.ammﬁle liquid fires froz the E
hose reel equipment oarried by five tendn.rs. | The mml rate of flow from this g
equipment is 8 gal/min, and depending on the droplet sise of the spray, a :
i‘air;ly.la.rge fire at least in the heavier oils oould be extinguished, High i E

pressure eguipnent ua.ed- by some brigedes give higher flow rates (415 - 20 gad/min,),
and nozzle pressures greater tihan 250 p.s.i, and the sprays have a mass median
droplet size of about 0,7 Imn. It can de seen rxw Ta¥le 1 that this wmld_émible

. & sizeable fire to be extinguished, )

(b) Fixed installations. Fixed installations employing water are used

-_ for proteciing oll-cooled transformers and many differemt riaks involving : ?g

" flaprable liquids, The fires likely to be met in this sort of application )

will conuist of spill or pool fires amd f‘ira:a in hu‘nim liquids on the tubes
of a trunsformer or the pipes und tanks ofw-—i;plﬁ‘ The yarfom.noe of fixed
water sprays on pool ﬁnl (2) 1s sinilar“to tlllil‘ prtommo by hand
application doaorl.bod in the previous .;ection. l‘ho sase with which the burning
li’u}ds can be oooled to below their fire point when burming om tubes or planmt
w:lll de;-end on the teaﬁomturo' of the metal on whioh tbcy are burn.tng» ﬁusbaéh ) " .
and Stark (5) in tests on a hest of tubes showed that the longer the prebumrn |

higher
tige the hicher the twpemtun on the tube bank and, oonnqmnt]y, the hﬂm
- the flow rate required to extinguish the f:LroV As with all fires which are |

extinguished by cooling, the l:.nvr tu: :Pive point of the oil, the higher tue
" hd-.,a.‘mur(«- ww,m&&,&ut‘.luu
.flow rate required, The rates of x,’piioation mquiﬁd‘for pool fines and the
effect of preburmn time in the tests is -moun in Fig. 1. This ahows the
.in_porta.noe of e;rly dntoot_mn of the lire a.nd ‘there appears to be some sS00pe
for improvement in the detection metnods usod.,;:or noh-m.tirg fixed installations (l&).
The tests on the tube bank i'ires ahowedt’ha.t the efficienay of the water
snmys increased with pressure, particularly up to 50 Wina |
In deciding what rates of ﬂ.ov are mqun'od for a rartisular installation,
one of the mast important points. :I.a the speed with whiob adequate .obﬂn
equipwent umbobnaugh‘t jm;ouse With a ronaombhlmotlobﬂe

squipment tha rates of flow of the protective inattultinn oould be rachood to
that necessary to oo6l the plant involved and pm'ent the;m of fire to

other parts of the plant,
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The mechanism of extinction of fires in liquids with high fire points by foan
is similar to that by water s;prays. The water ocontent of the foan cools the
burning liquid and it is not necessury to form a foam blanket to extinguish the
fire., The oritical ra%'e.a of application to fires in these liquids will,
‘therefore, be similar flor both foan and water,

Tne unique feature of foam as an extinguishing agent is that it can be used
to cover the b\m.ng liquid with a layer whigh pxmnte further heat trunafer to
the liquid und is impermeable to flammable vapours, thereby preventing reignition
of low flash point produsts., The critical mte of application with foam in there-
fore, not denendant on the fire point of thg liquid in the same way as the
crilioal mate with water,

The time taken to control or extinguish a firve in & low fla.mh peint liquid
depends primarily on the rate of a.npliOatiOn. and the critioal sheer stress of

the roam; the oritioal shear stress has little effeot on tho eritical mte of

>{."'
Y

applic.uiion, RIS [ .
The following relations have beer >obtaii-{'e"&'(5) for protein type foams
applied to the surface of petrol fires: ‘

Gritical rate of apslication ‘= 0,025 gal/ft2/min,

To = .(2 -263 + 18 00'...(3) .
R B
T, e BB ceeneo(d)
where T, - ocontrol time or time talen to reduce the xnd:lation from the fire

to ¥ rd of its original intcnsity
T, - extinotion time
S = critidal shear stress of the foam (dynes/om2)
R - rnte of a.ppliot.Lt'ion (=) T¢2/min, )

The quantities of foaming liquid per squum foot of fire area required to
extifguish the fire can be ciloulated from Equation (4) and are shown in Figure
2. for two valuea of oritical shear stress of foql

Most hpnhyydrocarbon flammsble liquids nqu:l.m apoom attention as they
can ocause a rapid breakdown of protein foams. It appears that this breakdown

ooours particularly in those liquids which are aiscible with water and it has

wdp
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.bee.r.' shown (6) that for mincible -Lcohcla the greater the molocul:.~ wei:ht, tne
nore ranic tiie breakiown of f.am, Tere ic some evidenge that tie higher
molecular weizht alconcls wr:ich v less soluble in water (butyl alc¢ohol) do aot
vln\ru mach a lestructive effect on mvtein roams, The oriticsl m‘tc-.'s of arnlication
oI’ ro:mel nrotein faams on the wmajority of solvent fires appear to ne unknown

but special aleohol-resistant foams lu;wa been developed which are siitcble Tor
wory ol them.

5.(2) dand extingpdshers

Deocause extinction of low I'ire point liquids with foam depends on a
cum-letc piyaical barrier bein;: Jormed over the licudd, it is a relativel; -

lerpthy procedure.at normal rutes of anplicdtion, The capabilities oi' a hard

- e, st

exXiinmisaer are then_sfore governed h the total quantity of liquid avuilable
and ol tac rate of :.xpplicatibn. 'I'l:i::.is-'illgatmted by cc;ideriru; the

2 gallor Juoom extinguisher which dischuryes at alli'q«nd rate of about 2 gullons - E‘i
per wute, Yhe oritiocal rate o1 a.pphob.tion is .0.025. gaJ/i'tZ/min. Tims. if t‘
w rate of 2 gal/min oould be mintaincdﬁi‘t{:i_voqld be capable of exiinguishdng :

an S0 0t .oes at the limit, However, iy, 2 shows that the quantity o ii wuid

reculled to extinguish a fire vartes with the rute of application uni the : :

. oo
critioul s..ear stress, and the winizum cuantitiea required at the most adwmtagequ“,“
rate of applicatior are ir the region of 0,1 - 0,2 gal/ftz. Thus tk;e‘ma.ximun |
size or iire whic};. cen be extiuruisied with 2 gallons of foaming liguid will Ve in
the range of 10 - 2C sauare Teet, .

The capcbilities o. n iu;rfl 1u:m“ékti..'*uial’xcr are obwiously affectied uy the
fluidity of »the foam s the mte ~isciu‘mg'a. The majority of orupriciory
;'ou.m»a:ctimz:ishc'rg__pm‘mce a still o _nfi tiic pe formance could be imn:oved
by reducing the eritieal shewr zir.ar of the [oas, In chemjosl foam exti:-uishers

thir cun Le done by reduciry; ti. amo:n of otabilizer used (7).

£ 4

3.(b) Mxed installatjons '_’{-‘3“"“

In a rixed instmtion tnere will 'oe_"&daq.\mto bulk ﬁxi::ﬂ.ies of water and
foan comiround and ‘under these ooné:;tions ti:amte of application is the
controlling faotor, The recommended rate of‘ application is about 0,1 gal/ftZ/min,,
about four times the oriticel rate, and this ocould be reduced if econonio

considerations required,

Pixed foam installations have been most used for the proteotion of liquid
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stornge taniis wiere the foam i <-scnatyed onto the surfage o: the li-uid, -

‘Variations ir 'ocam prope:ities over -aite 2 wide range are of little praotical

'impo:*ta.nce under these conditions., 1In some incide!h the foam equiimemt nas
been domaged or destroyed bv explosions preceeding the {ire, and there are
many storage tanks with no fi¥ed equipment, The most satisfactory manner of
vrotecting a tank vould probably be to injeot foam at the base o' the tt:mk
fron poirtable foam generating equipment which oould be us&d outside tund wdls,
Thic practicability of this method of base uﬁecrtion dapends upon the foam
propertics and the method &f injection being.daaigmd.toZJSnt the petrol content
of the foam blanket. It has been shown that if thé petrol ocentent of the foam
is greater than 10 per ocent the flire cammot Be extinguished, Although the
effect of foam .pmperties 1s well understood(8) there is not sufficient
im‘o;nition (9) on the method of injection to enable the general design oriteria
to be established for this type of protection,

e usce otf': fized Ifoam systems for mom general planmt proteotion is seldom
praotized in t;d.s country although in some instanoea,pa.rt:lmxlarlj with low
fire noint liquids, it should show some advantages over water, particularly in the.
lower i’low'mte‘s required and the zreater degree of oontrol which could be
achieved. The most satisfaotory way of applying the foam is through a system
designed to infxvdnne' air at the 'nozue 530 that foan-d.ng liquid and not foa.g

is pumped through the pipe »ork, The foam which is produced by these 'foan

-snrinillers’ is of lower stability than normal fire fighting foam {since leas work

is done on the foum by the spxirﬂd.ef hee;ds) but reocent tests at tie lNuval iesearch
Laborutories (10) have shown that it can be very effective, They ande tests |

with a 350 £t pool fire of a low flash point’ fuel containing some simple

g obstruction. Foam of expansion about 5 and with a 25 per cent druinage tine

. of leas than one mimite (norwal fire fi¢nting foams drein much less repidly

and have 25 ner cent dmimg‘o tiues g‘."ea-.ter' tban 5 mins,) was produoed by the
'foam aprinklers' at heights up to 20 ft abo;; .-the surfage of the fuel, They
found the critical rute of application under these conditions was about 0.1
gal/ft¢/min, and this would probably be reduced if a 'fc;u; sprinkler' produoing
a more stable foam oould be dssigned. |

A further advantage of a fixed foam protection systes over a water system

for plant, which is not evident from tests mads on oontained pool fires, is that

B T 4 T N R T L L L PP o ety T .
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witl; Joam there is muc. less wate:r to run off and ocarry burming :uel to drains LA
and otner parts of the nlanmt, The disadvantages are those of any syaten requiring i
on additive to water, storage tar'is are required for the additive and additionmal

equipzent ror pmpor‘tioninlg the foan compound into the water stream is needed,
For small {ixmd foam systems the recent developments of foam compournds whicn
retain most of their vroperties on pre-eixing with water should maoke this type
of protection pore popular,
b W;ﬁmm

The comon features of theses three agenta'ﬂl be discussed before
oonsidering the information which is availnhlo to assist in the design of
etminment uaing tnen o

All tivee types of agent are active in the vapour phase and they reither
coul the nigh fire point‘ liquids nor :nrovide any permanent protection ayjainst
rweir,:l:it lon ol the low fire point licuids. Deing active in the vapour phase it is

only :woessary to get a given concentration of the agent ror extinotion i11)

Of the 7lames und with this proviso, extinotion is rapid, This means thet the
size of fire which can be extinguished is d.eperdent more ‘upon the critical rate
of apjlication than the amount of agent available,

chever‘, the 'oritiocal rate' . for appiicatim by hand is likely to be
affected by a mumber of fwtou.‘ With low flash poi.nt liquids thé fire will
spread back to areas alread; ertingui-smd unleaa the required conoentrution of
‘agcnt is maintained a: a barvier untn.l the Tire is oompletely extinguisied, It
might be expected therefore -that the criticul rate of application would increuse
as the flash point de¢ieased due to the ifficulties in maintaining a barrier
over a large hm front, |

With these a.genta it will be more cu‘i‘icnlt to extinguish fires amongst
plant and pipework than on a rree muuce, F'.'l.unes are likely to be stabilized
behind obstruotions and oau¥ mignition whﬁn applioation of the &genté. is
stopped. Since most fires likely to be dealt with by hand extinguishers will
have obstructions, it is important that the limitations tho.o v!.JJ. impose should
be realised, Some idsa of the effect of M.ﬂ'onnt typ.l of ob.tmotion on the
erhoumy of small hand extinguishers is given by tests sade at the Ketional
Burean of Standards (12), % | |
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._ ;I'ile nethod or -'.\_mliuxr.il-.‘:r n'.""..'nt: it Lo v fire is nore impoz'tﬂ . b wilh
Joso L-.nd vater, Ther must om well Uspersed a.bové tle li'_'uiﬁ :.51;rf..ue. Jarvon
Aicxide beins a gan o onotu wlly der R¥S@und dry powder is also ¢is.ersad fth
the expending propellant _".'.;:1: at {1 nozzle although a wide oone an;;.le-:xr‘.‘:.q.' wvild
require less manipudation the: o nor:ow one, lHowever, vapourizing 17 -ids .eed to
ve Lsc arped as a well distrimted Iine spruy to realise their full «7.%.  usy,
amy uzent vhich reaches the rlammable liquid being largely wasted. Ihgs nutale
Gerirn is liiely to affect the copabilitics ’Of vapaxising liquid cxtiinguisicrn
uck: fore than those of carbon ddoxide or dry powder,

. wowe of the irmnerent disadrntases oi‘ these agents my be overcone i . .ixed
inntadlations vhere the nonzles can be JOBltim and the discharge teo wndj.:ted
to deul -Atl: oustiuctions, |

L., = owler

'+, .Application by hand, lost of the commeroial d&ry powders in use at

' : i
“tiae v onl tine oonsist largely of solium bLicarbonate, Testu on é':.'b mutitoe

petrol fiver ir trays jift x 3 it s‘rmred'timt the extinotion time wus .elived

<t
e
¢
1

rate of application {the rote of a..pplioa.tion of powde  surfuce,
given b-';'. Yhooveizht rute x syecifio surface of pmd;or) m;hhor tiﬁm tie vyl
raie, fo poeders witihin the range O speciiio surfase from 1000 omi/gn -
iy U0 Om:?/'gm. |

.ince a given oonoen.:ition of powder must be maintained acros: the whole
fire froat,it night Ve extected taat the controlling fuotor for hand exti-ction
of [ires of aifferent sizeé vusi:ar dry Dorder vvould be the area rate ol unpLicution
per oot of Jire front T:ther tuan tiz m.te per unit area of fire, . his is borme

out by tie recults givan in fMable 2, i1ere tie available information has been

‘

toa .
sunnariaed :
T
3
.
B T
. hE —h
R YT
,
.
.
.
A o . .
e, k4 @
ORI
ae.. x40
AN P
‘{,. b XN
b e .
. ~

i i e S revi g Fa’,z;;.uer, s s uhML;J“*_A e -

QU

»

-
H
33

o

ve
—

SR A R T

et

>
R iy

[ e

.Y
DA
Lat]

N

R ) r.‘m

.(.‘. .

[ A

e e wree v

i AN

- e

ey

(3=

L

[y,



Loole
Perlomange o LoClu LWien Tonale pgaders on petrol fdres
: of di 'ferent sizes
(..and anplication)

r R 1 v
' i Critical rate of arv.lication
: |
'Fo. .riin ani |Specific | .ine of fire 5. ,
‘ r2eference surguoe b £t 1b/ft2/se0 cml/ft? cec | cm. T.weo
) om L .
| : —('_ . H t
1 I, F. R, 0.) 3,300 3 x 3 i0,017 2.5 x 0% |7.5 . 10
[{ ’ - ,
J. . R, 00 1,180 7 3 x5 0,042 2.2 x 104 6.6 x 10+
. . ! '
5 loor om0 5 x5 0,014 o x 10% |11 x 10t
W) : o
SN I S HOR 'LE 1,40 3 x 2 0,01 0,6 x 10% |1.8 : 10~
; Q) R
15 n. a0 L. | 1,400 7 % 7 0,0135 0.85 x 10* |=.9 x 1%
i i ) :
The Bl Ll L. | 1,400 13 x 13 0.009 0,55 x 10% (7.2 x 10*
() . ) ' . ‘ .
[0S, . 0. 11,400 30 %30  |(.003% .20 x 103 £.6 x= 10*
2 operators) ’
("A :
€ |d. . . 0.12,70 | 30 x30 _ I<,002 b.3 x 105 {50 « 104
: (2 operators) | : " .. A

The Tire in serie.; Bo. 4 conaisted o1 three litres of petrol which wmull on.Ly
ive « miollow layer on the tray, and tiis as well as the short preburn tine
' (5‘300) ..'n.\_y account fo;- the muth lcr'.ver ¢.itical rate than that obtained in Teries
4o, :::,,_ istimat;es of the sp:c..'c surface of t,he'pwrders used in Series Nos.
4 ‘- 6 h..'s.vn been ma.le i‘mm‘ the pariicle size distribution of the powders, wd
tu:‘ .mte oi a.pp.umtn.or has been estimated in ..eriea No, 6, It can be seen I':um
" the last columns of Table 2.that witl. the exception .of Series ‘No, 4, the critical
‘rate of application expressed ir cm of ;m.-d.é;-/f‘dot of fire front/sec.is
_:approx:imtely oqpetart at 5'—41(5 x 104 cmzj-'rt/s-eo. for a wide rarge of f{ire
‘aizes, _ ‘
r There is little puh...lsned irfommxcion on ﬂm ‘effect of the flammable li~uid
proper-ties on the ¢ritical rates of awlication of dxy po-der. There is, however,
sono evidence that the coritical rate is denendm‘t on the heat of - oombustion ard
\the boiling point of the liquid, imne&sixg viﬁ tho hoat of combustion and
dncmasim as the boiling point increases, |
In the design of extixmziahers using dry pcndor, it vonln 5eem necessary

to}mveaminimmdisoh.a.rgatine“i;otakeintoaooountgdahMorauttwtm
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¢
' - required Yor an inexp: denoed cerson to stirt discharging the povder o.-.w' “he 4 L[
& Tire effectively. Lhere ic some =viacice to suggest that this mindmu. time 4
) should be in the region of . secords. The capabilities oi “the ert'i:uzuisner 3;
,  would ti:c;.n be poverned by the rate oi _pplication and the specific urface of &
L'.'ixc »arder, 5
. Po.slers otner thar sodiun bicarboncte have been investigated, here in - H
considernble volume of previous work on the efficiencies of fire pow.ierrn .or rF1
suprressing dust explosions and methune-air ignitions and this has been bricily ;
reviewved (16). The alkali petals :nd the Aalides are plaged in difTercnt o:nders
of effieiency by v.rdlr'::e:'s using different téWes but they €emévg €
: as umongst the nost erficient agents, |
. Pire tests of a qualitative natu nave bev;tn reported by In.ae and thaub 17
o showed that potalasij.m bicarbonate ..:d borax were equally as efrective -«

! ; s |
sodium vicarbonate, Neill (14) has recently reported-compurative tests on soifwe -

and vwiarsian bicarbonate whick are cloined to establish the considerabdle

Ly

L N X .
- suveriv.” ty of potassium bicarbonric, It is likely, however, that tihis iz due
Lo [
partl: Lo the lact that the gpecii“e rurface of the potassium bicarcunaic s
consiqdesubls hisher t.an that of the zodiun bicarvonate, The quantit.utive

roralis available we aumnardsed in Table 5.
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Tuible 3

Performance o0:i' dilferent types of nowder on petrol fires

Type of Posmder Origin and Specific lSize of fire | Critical 1ute
' reference surface ft. of' application
; on</gm ox2 t./sec.
} «
! Sodium bicarbonate| Table . Table 2 Table 2 5 - 1C x 104
| (Bglf CO3)
i
‘ Fotassium Kaval Research : .h-
i bicarbonate Laboratory 1300 3 x 5 1,2 x  10%
D (igHg CO;) (14) 1900 10 x10 15,7 x 104
! Sodium Chlorids NI u
( Ma ,_01) J.F.R.0,(13) 2300 -~ 3 x 3 6.9 x 104
Borax ,
(Na B, 0710}‘20) J.P.R.,0. 1.0 3 x 3 6.7 x 10+
Amydrous Borax s
(ha B, 07) J.F.R.O, 2150 3 x 3 4.5 x 107
Cement J.WR.0, 4LUC0O 3 z 3 '}0.6 x 1t
Pulverised fuel | : . '.
ash J.F.R.0. 5000 3 x 3 10b

B fhe some cozments apply to these re:ults as to those in Series /. of Tuble ..

vomparing the oritioal rutes of, a.n:)lit.ation, it can be seen that a runver
of materisls are in the same bracket of efficiency uis-sodimm bicarbonate, tut
none emerge as strikingly superior.

(b) Zixgd ingtallaticns

Investigations of the use of fixed dry povder systems for proteoting

trifluorobromomethane (CF3Br).

" flammadle liquid surfaces have been renorted by Guise and Lindloff (18).
- Comparative rosu.lfs with vaporizing li:quids and CO, were obtained on a 4 £t
‘diometer fire (Fig, 3) where the & po.rdelr:'apﬁemd superior to all but

The ori tical !_ute' of application on the 4 ft

diameter fire was about 7 gw/ftZ/aec ated t‘wt on the 50 £t2 pire reported (’3)

abopt 20 p/ftz/soo - The ontmnl mate on tha ?a- f‘t diameter fire may be oompured

with that on a fire of a similar size reported by IL_rd and Gregsten (15) In

these ‘dests the powdsr was applisd dy hand and a oriticsl rate of about

13 ﬁl./ﬁz/s“ was obtained with powlar of a a:llﬁu‘ spaoific w'hoo to that

used by Guise and Idndloff,

Tests have also been reparted (18) 4n which tre ooncemtration of powder
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recess 1y 0 €Iy . taeeie .t 1oowou lres in enciosed space: i Clotul
flooaing' wich ovder smo dater s el, Tt w.d found that with larger :ires .nc
lenger preburn times a lewe r.te o low of povder vms required o e:.-‘c_‘nx:'.i-;_»n;
Tnis is probably due to the fact ta.. ith & large fire in an enclosure vhtl snall
o;x:ﬁir‘g:‘ there is only sufficicnt ~ir Tor flaming combustion near to the oype ings,
This woulc mean that the requirements for a 'total flooding' system with jouwle
would Ve very dependent on tie degree of ventilation of; the enclosu:e.
Vaporizing licuids and ©G,.

vapurizing liquids such as oarbon tetrachloride and methyl bromide, lwve teen
in use for many yearz Lut regently there has been considerable progress in tie
dev\f.;lopmv;:nt of more efficient and lesa toﬁd agpMs. Some indication of tae
extinction erficiency of this type of agerd oan be obtained from tiieir e:cots
on the lammulility limits of n-iexine znd the 'poak.vnlues and other vrowcrties |
of' coue vaporizing liquids and carbor. dioxide are given in Table 4, most of which
is re: ovduced from a peper by Fingman and Coleman (19), ‘

Table

Properties of some vapori#ing liquida

| H A
‘ Dénsity = Peak value with n-hexune
Ccmpound - I JOR 1 :
, % |Liquid |Vapour | Pergentage | Percentage
gj g1 by wol, by weight
N,T.P '
Carbon dioxide ' CO» -7::.5# ' 4.98| 28.0 b2
Hethyl bronide T, Br Lo 073 ' -’4.‘-5 7-1 23
Carbon tetrachloride’C.Cl, .| 76.C [ 1.60 0. 9.7 51
Chlorobromomethane ,n_w..%r. 6 1.9) 5.78 0,35 2t
friiluorobromo - CF3Br, =37.31 1,58 6,56 a9 2%
nethane ) : S
Difluvorodtbromo- .
methune Br, L N 9.32 3.55 26
Tetrufluorodibromo-’ _ :
methane CzFb_Brz 47.5 | .18 10.62. 3.22 26
Btiil Bromide UnilcDr, ' 5o | 142 4.86 6.1 .23
T sublines
®at %

The nost ex*ensive work on the applioatibn oi‘ thaae agenta to firea has been
(20
re;orted by Guise 'go used a l+ ft diameter fim and an arrengesent of L fired

nozzles evenly distributed about the tray to apply the agemts at different mates
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of wiplicatior, . n-an-> 91 muen s, he intormation is showm in -y, 2 shich is

revroduced from Guise's re o.t, Trfo'mation on the application o1 .liese mrents

‘ns 9 )

by hand.to fires of different sizes iewe been reported by Coleman .nd Stixr M-/,

Much of their work was done witi chlc-obromomethans and they extinguished Tires
fou about 1 ££2 to 100 £t2 ut a range of rates of appliocation., They found that

the extirction efiiciency depended greatly on the method of applicaiion, a '-ile

" angle flat apray whioh oould cover the whole fire front being most effecctive, The

results or Coleman and Stark on a 4 ft -diameter fire are ocompared with tnose of

e
) .
A v tf o aee oy A v

Guise in Fig. 4. The oritical mate of aprlication for fixed avplication iz zhout

four times greater than ror application by heand’ to the same sige of lire, lone

advantages would be expected for nand.apnlication since the agent can be .ppiied

to overcome any daficiencies in coverure, The critical rate for carbon tet:vonloride ;

obtained by Coleman. anrd Stark is however o.:“‘the sape order ac that obtuined by
Guise ..: :ixed apnlication. This i: an e.v.nexﬁected'result and will be dizcurzed:

later,

Py

Th: similarity in the method of extihotion between waporizing licuids .d . - .
dry powder would suggest that the critical rate of application for :'ires of

different sizes could be exfxressed in a similar way, that is, in te:ms of th- ute

of applicution per foot of fire front. The available information for lund

application ic summarised in Table 5,

Table 5

Critical rate of application for CB and CTC
{band application)

St

"} -Critical rate of application

igent Size of fire| gu/ft%/seo. | gu/ft/seo.
Cnlorcbromomsthanse -2 £t dianm, ' < 13 < 20.5
CH,C1.Br, | WPt Aam, |y . 240 6.6
1ortx10ed - 2.5 25
Cardon tetrachloride [ 2 ft diam. | = 17 T 265
C.C1, - Lt aiam, [ 68 | )68
———
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_extinguish the test fire, The relation between this ‘extinotion effioiency’ and ' '

»

-

- sufficient to innibit eambustion, ‘“he 'péa_ix ‘values' are plotted against the

aritical rate of application.in Piz, 6, The msulta for methyl bromide are still

e .
L B i g v g =

_‘oritical rate' the conoenmtration of agent in the fire gone 1s likely to be just

-

s
[

The eotimate of the 'criiiocal mt;;:' {or the 4 ft Aianetér fire rith ’B _ ¢
is probably mbre agcurate tivin for tne utner fires sinoe many more ::sts were
done under these oonditiona. |

Table 5 shows that there is insuifioient experimental evidence for
preferring eit';har oriterion., It would seem, howevar,'mom logical to ex;ect
the oritical rate to be reasomably oonstamt for fires of different sizes @n terms ;
of the rate of applj.pation per foot of fire front. The ostimated critical rute
expressed in thi# way for oarbon tetraghloride on the b ft diameter r'ire is
considerably highsr than would be éxpeoted by comparison with the results with
chlorobromomethans, This was the conclusi_lon’%wﬁich could be drawn from & comparison i
with the results of Guise, and it may be that further experiments are required
on this socale, . -

Colezan and Stark (21) showed on the 2 ft dlameter fires that, at mtes
of application up to about two or three times the oritical rate, extinction t‘c.mk -
cons‘.de‘m'ul:.,' langer with oarbon tetmciﬂqg_dﬁ_than wifh ohlerobromomethane,
Guise also found this to A lesser extentwhgﬁ the agents were applied th.iough
fixed nozzles, In relating ‘extinotion effiociency' with pdak flammability data.

he {00k a3 his oriterion of efficiency tie ainimum quantity of agent used to

the 'peak values' u.px‘utd as pomenta{:eé by weight is shown in Fig. 5. Wien
oxpressed in this way the results for methyl bromide are difficult to explain.
It has the lowsst 'peak value' but appears as the least efficient agent.

The ' peak valye' might be expeoted to be related more to the critical rute of

application than the quantity of agent required to axtinguish the fire. At the:

‘

anoamalous although the oorrelation is bettei' thln that obtained in Pig. 5. When

plotted in this way, oarbon diondo appoa.ra -on effioient thnn would be emctod
There are of course a number of fastors vh:i.oh nke unliksly uw socurnte ocorrelation

"" \ W

of peak na-ahﬂity data with fire test vnulta fbr a nngo of agenta with. vidnJJ
different mnioal'pmpertiea. One of the most imrhnt of thuo is the
erfootive utilination of the agetit which is likely to bo gm@e-t for gases and i

very low boiling point liquiaa. Thia might exqala.:m tb htw efficienay of
b, - ,
‘carbon dioxide und Lhemumbrmmtm 1ndioa.tod by Fﬁ. 6, but is no i

kbt m&r wﬁ: L ~r **w.sé*-ﬂﬁ%m_ux_&ﬁ*## S mewer. el




L necessury to have a considerably grecter m.n:l.mm discharge timo than with dr_/ ‘

_ Genernl oonsiderations’ ki

and its pruduots of combustion,devend on the ‘conditions under which the ext:.ngulsher

_ This oartad.nly applies to extingu:.ahingf fires, and Rasbash and Stark (1) have . N

AT

-rate of application on 4 ft diameter etrol {ires. . minimum discharpge tine - . _;.,A_'

'will be used. For othsrs more gemml conaid.emtions are possible. For mstame,

_shown in extmguiuh:mg oil fixvaa with vater, sprays that a trained peraon can

explamation ol the anomldous .wiiils asse ohtained with methyl brom. le,

These correlations .we of aoursc for agents applied by .f'ixed nezzlen and
there m come evidence of a disorerancy bet.veen. these and the results for nand
apolioci:tion,

In determining the efficiency ol new types of wvaporizing liquid it would reem
thst if the ‘peak value' from ﬂam.ubility- data is less than about 3v ~:r oent by
weigint, then i.t w not be a very. zood guide to the agents efficiency.
| s with dry powders, there is little publ:l.shed information on tihe eifoct of
the Mlaamable liquid pvvpert:.ea on the critical rates of applisation ol vaiorizing 7
liquid:.. Hawcver, it seems that the agent wl\:i;h reaches the Tlapmable licuid surxaoe f

can nave some inhibitory effect witn low {lash point fuels amd will be ra»idly

vaporized by high flash point iuels., - - : A A
: : e

: : . : i

In the design of ex‘timmishers usin: veporizing liquid.s, it would be fv;i'*.

Ca

powder, Lolamn and Stark (21) nave mnoz'tua ext:.mtion times up to 19 scconds

with truined operators using ohlombmmonethmm at about t!mBe times the critical

’\
R

, oy
of about [.all a mimite would seem neceasaiy, The ounabilities o the exs: ~uu1.,ner i

&
P
14

m...ld then depend on thc rate of a.nplicat:.on and the ty’pe of agent used,

Suise's resylis (18)

are a )lica.ble to the use of wvaporizing hmud... Tor i‘:.xod
irstuliutions, 'Pixed installations utllizmg carbon ioxide have of course been
the most common anc tne req: ummvxta for dilTerent types of risk and arades of

proteotion are well ontablished (22) .

There are a rusber of lactors wh:ich will govern the choice of a particular
type or cize of extinguisher o1 tm< ol Jixed installation which have not been

discussed., .ome of these, such as the '°ués£5.b§"of the toxicity of the agent

the najority of extinguishers are likely '?b; b6 used by‘ untrained people who may
well never nave used an extinguisher before, It is well .eatablm (23) that

the time taken to oocploh almost any task is reduoced with eubsequent attempts,

extinguish the same fire in a thir& of the ti.no of an untrained person. This -

-15— 2 ﬂ ,, . N
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Cdeap e

- protective installationsadsquate bulk "upplies of agent are normally aveilable,

o 4

“fagt as beorn iwoognised Ly e . - wislers' Laboratory in tueir new netiud of mtina*
d\

N~

axtinguishers ‘for 12amn~ble 1iquia 'ires, The rated area of flarmabi- l:.quid fire

for a vartioular extinguiaher is 2- tiumes less than the area which cuws. be

te s moamgiaes wwe W
»

extinguished by & skilled onerator,
The effects of nozzle design on tiie capabilities of an extinguisie: are

‘1ikely :. be more important with untrained personnel than with skilled SHErulors,

Conoclusiona

Some of the faotors affeoting the design and evaluation of boti: hand
eﬁirmis&m and pzbtéctiw installations for flammable liquid fires nave been
disoussed. | o |

One of the uport._nt differences between tt?e two 1s that whereas, with

oriy a limited supply van be oarried in a hand extinguisher, This means tnat
although the oritical :mate ogf applic:tion will o..l.nost always be the main deaign
criterion vor proteotive mafallations' thc inty of agent sveilable will be
. more important for some agents in hand egtinguj.ahera. |

J-'

The results of the disoussions on hs,nd extinguiahem are summarised in

'\ K
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Table ¢..
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Agent

Sy 'l"‘"ctms affeacting aize of fire
vhich can be extinguished by

hand extingul aher

Critical rate of

application

Beatiiate-of quantity
of agent/ft% of fire
Siel” far—extinosien

1
Host efficicnt mathod

of epplicatien A

Water

RS S —

Pire point of liquid

Drop sise of spray

Quantity and rate of
appliocation

t o 105D gay, rt~Zmint
AT -

' Asaining drop diameter of 0,7 ndm,

Karosene - 0,19
Gas o1l - 0.08%

) .
) ) ga]..f‘t"zmin'1
Transformer oil - 0;05) .

(Tald
Kerosene -

at shed |
4 - 51b¢

Gas oil -

Pransformer 0i11-C,3-0.61b.

0,7 - 1,2 1b,

As a very fips nm-ﬁy
which will

a
- I

liquid aairfaco.

tho

-

Foawm ;1. <Quantity of agent . . as So that the foam-'{nem flow
'2. Type of flsmmable liquid = . . ' 0,025 gel/ft~“min”l; 1= 2 1b. over the sarface and is .
: unsuitable on liquidl miscible aNES i not projectsd straight
: with water, ' P " into ths Alemrable liquid
i )
B — }
Dry powder |1, Rate of application Petrol ;
.{2. Pattern of discharge Wide angle oy which
3. 38peocifio surface of powder 5 —» 10 x 10"‘m2/ft of fire fromnt/seo, 0.1 - 0.3 1b. requires; canipulaticy
L. Properties of flammable liquidj . . N

Vaprrizing.| 1.

1l.quids 2.
.%" q).

Rate of spplication
Pattern of disoharge

Type of agent

—5-’ 5.5 x 10"‘211;/1'1: of fire front/sec

5 15 x 10~2 1b/ft of fire front/ssc

olg

1 = 0,3 1b,

;
Uide nhglo'/ﬂai spray for
v@ri{.n_izfg liguidgo _
\
I
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