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?lwa::>a.ble liquicl~ differ so ':,'idely in their properties that

~~1e ::lecllWli.sr. of extincti.n" of .he diff'entnt agents and their Ii.,-,,··, i'll'"

f'.'.'
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~

1

"te r v.,.iah can be used ~q.j!;;hnguish fires in wh5.r::l t,le fl-.=ble
li.!\lld can be coo~4 'to billow its. fire point. h:-e5 in
li~\lld:l "'.iscible ·..r.lth\~ter may in IlQCIe oiI'C\·.m':~,llce:j »e
.,xtinguished by Uilut1on.

j·'vr"" c.m extiIW,'.,i,·h f!.l'es b:' 00011:>g, but its unirrue j''''l ~l:'"

i" til:lt L ;·o;mr. an iJ:lpe~ab1e pil,ytical b=:-:i.er over
1011.. fluam.:.bl.e 11.'",':<1, prey,o,nt~ re1.l;nit10n.. . ~

3. ,;0." Y-"!:.ouri:oing 11 '"l',ids and <.! =7! powder which a.re IIOtive ill the
vapour :.:!.Se .ml <.10 not affoX'd. AJW proteotion u.cu.in:;t
re1gnit ion.

'.
.J
. '\'. '.,

:·';·1.~
- .\

" ..
"

'; .
liquid n"" a 'w.nd exti~i<:r.et· ,,'IO.l'.·l be,,,u:>IlDle of' extinguishing the type and

2. :i::l.ter

;a) .pplication by hand. Rasoosi: and ~tark (1) in tests with water ",preys
. ~~< ~;.:t

a:':'lie<1 by hand to 'an <> ft dilU:lcter flAmmable' liquid fire. baTe shown that the

extinction t:iJ:le depends on the spmy ,'I'O!'Crties am the fire properties in the

follO\'ring way.
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mo.9 s eed.ie.D drop :;1 &e o f ti ie ~P:l"a.Y (1IlIl ) .

y - pz:oeburn tiJlle of the rin! (min.)

R ..., t ~'/··t')l .
.1..•ow rn et:n....r I ."/ taa.n ,

~ T - difference be tween the: i'ire point of the liquid am. 8nI bient
temperature

They suggested that the oritical rate ot app11oat1on below whioh erlixtion

is unlikely is given by

Rorit = 10.5 D gaJ/tt2/II:1n.
~T

f .... )
~L

Equations ("1) and (2) are o~ applioable w1tldn oerta.1D ramps. ?laJlUllB.blc

liqu1d.3 with fire points muoh below kerosine <AT~ 40°0) would require tavuurahlo

oondi.tiona ani considerable experienoe before e:dinot1on was possible. Splash

fires de'relop in the lese Viscous liquids when the 4roplri 8ize is too g reat

and t hone can prolong extinDtion. '.l'he maS8 """"ian droplet 8ise should be Leca

t~ 0.7 JllJII to prevent splAsh fires in g8.8 aU ~1"~9(00), whereas muah coarser'

dropc or 1 .25 II1II diameter are required to give eplaah t1re. in transformer oU

Table 1 shOlr'B the oriUoal rates of "appU.cat1an tor .o.e oils, with Sp!'8.YII

of varying droplet" si zes •

Ta.ble 1

Cr:it~ rate!! of application - -vater

Gritioal rote ,at application gaJ/ft2/1Il1n •
,

Mass median droplet size ot water sprays.

Liquid ~T~ <0.5 'l1li. 0.5 - 0.75 _ 1 - 1.25 mm.

.
0.19 • 0.2fi •Korosine 4.0 0.13 , .

Gas oil 9G 0.058 0.087 0.116 •

TranstOnDer oil 160 0.Oj3 0.05 0.066

• Splash f1~11 would be li.kel.:' un:ler these oorditioDa.

Considering those results in terms ot the nol"llal J:Ju4 extingu18ber holding

2 ga.Uons ot water discharged at a rate betwMn 1 ~ 2 .,J.1cma per ainlte I BOGle

idea can be gained 'ot the size ot fire whioh DGGldbe"~ The

III&jortty of the.. ut1Dgu.ishen diac~e their water &II a Jet -'UGh would be

inefteot1ft; however, the operating pressure is su.ff'1o~": to g1~ a spI'Qy

with a mass rued1.a.n drop size 'at least as low 8.8 1 D. with • suitably-des:i.gned
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nDZzle. It this wa.a done the 2 ga.11on ext1nguiaber 'would utinguish :l fire in

transfol'mer oU of about ~ 5-30 ft2 in area ani probably a. lire of. about half the

size in gas oll. Water may al so be a.PT-llied to flammable liquid .f'1.res fl"Olil the

;

hose reel equipment oarried by fL."'e tenders. The noIWal rate of flow from this

equipment is 8 gal/min. am depending on the 4rop1et sue of the spray, a

fairl:! large fire .at least in the hea.Vier olls oauld 'be u:tinguiahed. Hif'.h

pressure equipment used by 80_ brigades give tdcb8r now rates (15 - 20 g£l.l/!'Jin~),

and nozzle pressures greater tl1lU1 250 p.s.i. aDd the~ have a ID8.BS aedf.an

,t,

'.

-.

droplet size of about 0.7 ma. It aa.n be seen rr-, Tan. 1 that this wculd emble

a sizea.ble fire to be extingui.ehed.

(b) Fixed instal.lat1o~. Pixed installations emp].oyiJJg water are used

for protp.cting oll-ooolecl tro.nstomera an:l IIIIiU'V cU.tfWNDt r1ab irrVolving

flWll .....ab.Le liquids. The f'1rt!s likely to be met ,in 'thia sort at applioation

v.rill coruri s't of spill cir pool firea and ~8 in 'burrx1.Jw l1qu1ds on 'the tubes

of' 0. t ru.nsto~r or the p1pes :..00 tanks ot\.~~~ 1'he perfo~ of :t1.x8d
. ".-~-lr·~~H '

water oprays on pool. t1re. (2) 1s s1111]Ar~·~~,~bd.r~ by hand .
. .-~~ ~ .. .

. . ". ,~~,-f •

applicAtion deeori'bed.1n the preriou.s ';octioD.. !he ..... with which the burn:i.l1J

11,"~d.s can be oooled to below the:1r tire pOint 'When bUrning em tubes or plant
l .... :" .

W1l1 deioend on the te.perature' ot the IMtal on wbioh. they 'are barDing. Iw.sbash

a.nd S1:ark <,.3) an teat. on a heet ot tubes s.how4. that tbe loIwer the 'pre~
. . .' _4.~.\•.,.

ti.lf! thehi~her the tupero.ture on the tube ba.Dlc ana, OOMeqaeJK),y, the~.

',o .'t

-.

the flow rate requi.~'to ext~~ish ~~ tire.' As with all fires whioh are

ex1iingu::'dl(~d by OOOliOi;,' the ta.er~i11:}i'1..r& point ot ,the oU, .the hie;he:" tl~ __ : ... &G""""- «A ...,.. ~ 1CMy .",.... J,;.~ .:A.. JW.~.....
. flow rate required. Th.e rate. of ~lpplie-.'\t~~,NqUired~for pool tires and the

. ~..\

:ett'eot ot preburn t~ in the ·te:;to i.s 3hoWn"1n 1o"'1g. 1. i'his ahows the

importanoe of e:l.rly tletootion ot t:,e :~,l"P. and "there Appeare to be some scope
- .

for improvement in tile detection methods used;:tor ao--tuw fUed installAtions (4.) ~.
'., '.~. . . .

J.;_-i:).,4 . ,. .
The testa on the t'ube bank fires showed ·that the ettioienay of the water

sprays increaaed with prsssu.re-, pe.rticularly up to SO Dl/j,z/l•
. I.

In deo141.ng 'What rates ot t'low are reqU1fta tor a partiauJar 1natalJ.ation,
. .

one ot the 8Qst important poirits ia the speed with 1dWIb a..a.cp.,• .,bile

e~nt c.n be broqht .into use. 1f11;h a rea""","1.-; .t-DlilII'4· fit ~bUe

equipaent the rateti:ot rk,. 'ot thf p~~eot1ft inaw..u&t1O;D:...a '- reduoed. to
-

that 'nao8Ssa.ry to ottOl the.~ 1Jm,)lved aDd~~ t:be . ..-.a of tire to

other part.. of tho plant.
.'
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J. it'oaa-
The mechanism of extinction of i'i.res in l1q'U1.dB with h1gh tire points by toaa

is similar to that by water sr,ra~. T'ne water oontent of the :roan cools the .

burning liquid and it 115 not neceasary to form a foaa 'blanJrBt to extinguish the

',,',..
" ~

..f
I
"

critjoal rate with water.

The time taken to control or extinguish a tire in a loa- nash point liquid

depends primar'1l\y on the rate of application. lind thct critioal.: shear stress of

the foam; the oritioal shear 8tI-eS~ has little e:N'eot on the oritical rate of

applic.. :'1on. ).:;~/~;:..
~ . .p

The following relations have beer, ·obtai~..(5) for protein type f0D.1l8

applied to the surface of petrol fires;

~rl.tloal rate of 8.I'!'lioatlon '= 0.025 gal/1't2/ 111.n•

'.

':>

'1'0 •
•('56S + 18

R

.v18jS + 4.9
R

......(3) .

••••••( 4)

oontrol time or time taJ:en to reduce. the ra4iAt1on troll the fire
to ! rd of its origin..u intensity.

T - ext"1not1on t1mee

S - critio8J.- she·a.r stress of the foaJll (cVneelam2)

R rote of ap~)lioation (r.:u;ft2/ min. )

The quantities 'of foaming liquid per ~. toot ot tin &rea requ1red to

extiOguish the fire oa.n be oalou1.a.ted fi'om Equation (4.) u4 are ebow in Pigure

2. tor two values ot oritical shear' ,tress ot foul.
! .

Noet~.fiBw..ble liquida~ ape01a1 attention aa they

canoaase a rapid brea.Jci.lQlm ot protein foe.as. It appeara t ..t,1lh1a brwUcdown
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beer: :.;}1OWTl (6) trot for mi:~ible 't...cohc13 tile greate:- the IIlOloou.l:. - \Tei:..:ht, the

1J01c(.."U1~ wei::ht :ucohob ,:,.~i'..:h .Ll~ less soluble in water (butyl 3..: (;f):101) do :1Ot

iJ.:lvt,: ~.rch a. ·.:'entructive effect 011 :'lutein foams. The oritioal mt~:; of' a1;:,lication

of no :~l !1rotein rooms on the t:...a~ori. ty of solvent tires a.ppear to '00 unx '1OWTl

.3.(:.\) :w.oo ext1ng1abers .

ueoause extinction of 10.' fire poi.n~.1~ with foe.m depends on a
..

.:

ccen-Let c pj~"niooJ. borri.E.:l' bo Inr: ..'o.t~ed over the liq,u1d., it is a rel.ativel:.;

ler'r:th,y procedure .at normal mtea of applloat!Cft. The oapabilities of Do lI.o..:.d

e,:ti::r:llj ~:1cr 3.1"e therefore governed h: the toUtJ. quantity of liq·.lid c.w.il3.blp.
. II

:~::.i '10~_ ::\~.: rate of :..I.pplic<'\tion. rn:i:~ i3 ill~trated by c'fideril1,J:; the

2 3;.1:.10,- ""Alm extineuinher whicIl discilarr;es at a liquid rate of about :2 '{rW..~oru>

per nu t e , '~'ho oritioal l'"'..I,te OJ. aPJ?l:1oz.\~1o.n ie 0.025. gaJ./ft2/ mi n . Tllu~. if
I .

:J. ra;;'~ of 2 gtU/min oould be e.:untai.ned It>~~ beaapable' of erviT'i.G'.liah1N

3.11 ~\lt L't· .~"eU a~ the limit. H~r. 1'''4;. 2 shO'ft'B that the quant i ty U~· 1i :uiu

l"P.·:~.1::'.'Cil t.o ext ingui:'l: 1 a fire van-e .... with the r-.:..te of' application tim the

.
t:...

, .
"'4' "

cdt.ioul s.iear- at reaa , IJ..nl the l'.1ini:um ~~ua..'1t~ des required n.t the mon~ aclV'~t~eoua·~

rat e of 'l.I1p11oatior. :lI"e if' t l-e rcr::i.on o! 0.1 - 0.2 gal/tt2• Thus the ma.x:1.mum

s i.ze at' l'it'e \o7hicb can be ext ; :,~is;:e<.1: with 2 ga.1.l0Jl3 or foaming liquid \1Ul be in

the ~~e of 1() - :~O st";aare :~e.et.

:1 :
;.' --' I.":". _~. tile oeformanoe coulcl be im!"coved

.._~ ~ .

by reducing the criticml ~h("~_r ::cr-. ;;~ ',1; -..:he foam. In ohe::rl.()['..). foam ext i.: ...:::uishers

3. (b) >'ixcd installations

In a l'i~d installation there will oe adequate bui.k sup!l11es of water nnd
l .

foao coaround and :unde:- these ooOOitions ~~. rate ot app1.1ca.tum is the

contro~ling factor. The reoomt!1ended rate of applioation 1s aboot 0.1 gnl/tt2/min.,

about tour t:aee the oriticaJ. rate, and this oould be reduoed 11' econol:l1o

considerations required.

Pixed foam lnst~tiona have been most used fot the protoot1on of liquid

•. ....... ..',.. ..,-. ,'""lr' 1-"l.~'''''"~_-t ..., ~_'... _~: t:·,~~~~.~·:';f"'.:'~. ~t,", ... of :"~\":~'"~~~:..~·t~l_~---'\~'''...._.._--,---._..' ....- ~ ~ - ,
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'Var:io.tions iT. :'oom pr-ope i-t Ie s ove r 'T'; te .l -:Ji.d8 ra~e are of littlt llraotioal

impo~1:ance under these conJ..j t i ons . In some inciderA the' foam equ) IJlDcnt hlla

been dLuI1aged or destroyed by eXp).o:.;J.0ns preceedang the fire, and thf1re are

IlUlny !']torage tankS with no fixed equipment. The most satistaotor:l aw,rmer of'

nrotect in,'" a tank- ..... would probably be to injeot foam at the base of the tank

:

..

from pCll'table foam gener::l.ti.ng equipment whioh oould be used outside bund w:.w.b.

TIle pr-..Lctioability of this method of base injection depends upon the foam

proper-t re c and the "lIeth04 Of injection being dea1gDrld. to::J.1ia1t the petrol oontent

of the toaa blanket. It baa been shown that if, .the ,petrol "aontent of the foam

it. cronter than 10 per oent the fire oannot be' extinguished. Al thO'\.l.3h the

effect of foom properties is well urrlerstood.( 8) there is not S\1fficient

iru'onution (9) on the method of injeotion to enable the general design or.i.ter14
~
"•.

to be established for this type of proteot"ion.

·":.e uce of! fL:ed foam sj"stems for more general plant proteotion i~ seldOll

praoti:;ed in this oountry although in some inst&nOes,pertieul.e..rly with 'low

fire !)()int liqUids, it should show some ad:nntagea C¥ft'r .tor, particularly in the ,

lower now rates :::"e(!uirod and the ll'ea.ter degree of oontrol whioh could be

aeh i eved , The most 58.tisfaotory ~y of applying the i'oam is thro\.l&h a. ~y~·,tem

designed to intl"'Odnoe' air at the nozzle so that toaa:1n8 liquid and not foa..

is ~mped 'through the pille "Ylrk. The foam whioh is produaed by these 'foam

,l)~ri.nl:J.e~I is pf lCM'8r stability tha.n norma.! fire 'fighting toam (since Leas work "

is done on tlvt foam by the sprinkler heads) but re08nt tests at tile 1I:.J.v:U ~(,eseArQb

IAboratorie8 (10) hL~ve SllOMl that it car. be vc'ry effeot1.... They lIIl.d.e te~,t~

v;Hh a 350 ft2 pool fire of a low nash POint' fuel oontain1.D8 some si.lllple

obst%\lction. ?oaa of expansion about 5 a.hd with a 25 per oent~ t1Jae

of less than .one minlte (nonACl.l fire f'i.i:hting, toeas drain auoh lesa na.pid.ly

and have 25 per cent drc.1ro.ge tilJeS C-:"'e3.ter ~PAn 5 mina.) waa prodUD«l by the
•• t •

" , ..
'foo.m 3prinklers' at heiehts up to 20 rt abaTe the~ ot the t\1el. They

found the crf tical mte 01' application W1der, these OOb!1tio'na as about 0.1

gaJ/f't2/ lIIin, and this 'WOUld probably be redu.oed it a 'tou spr1.Dlr:ler' produoing

a more stUl.e toaa ooa1d be desigDed.

A fu'rther advantqe ot a fixed foam proteotl.oD s;yatea Oft!" a ..tor ayst­

tor plant, whioh is not evident f'rom tests made on ooma1JWC\ pool tires, 18 that

-6- , .
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ani otiler parta of the ra!.ant. 'i"he 6..i:;.'J.dva.ntages are tho. ot ~ 3y9tem retrd.riDg
, ,

an :ldditive to water, storage ta.rL':S are required tor the a.dditlw and additional

equillment l~or proportioning the foam compound into the water' strewn is needed.

Por- :::ma.ll i'1.x.ed foam systema the recent develoPMnts ot toaa oo.pounls which

retain most of their properties on pre~ with water should make this type
"

of proteotion more popular.

rlll3 OODOn f'eatunl8 ot those three agents,w1JJ. 'be discus.d, before

e,<!Uipment usine them.

zize or fire which can be extinguished in depenient more 'upon the critical rate

All th~e tyPes of 'lgent are ~ti\"'e in the vapour pbaae and. the-.... r.either

Thia lIIea.ns thc.t the

CO(11 t he h~.gh rirC point liCluids nor ~,rovi.de u\y peI"llaMnt protection n.r:ainr,t

rei,.:~i t ion of the l<nr !'ire point lic-...lid3. ileing active in the vapour phane 1 t. is

ooly :1t,,'oese,ary to get a givenconcentrntion of too agent for extinction ~ 11)

0Clnsidering the infomation which i8 available, to assist in the d.e8~n of

.ot ",,;.he l.'laMs EUI1 with this proviso, extinction 1s rapid.
• . - ,l •

--

~O'rIeV'e:', the tor-ltioa.l, rete' \for appl.1oation by hand ilil'llDly to be
. ,

af't'ect.ed by a number of factors. With low nash point liquids the fire will

• ~ J
~~.. ' ~ \.

spre~ back to areas a.lre.3.L-t:,· ~xt:ingu13hed unless the required conoentr-...:.tion of

agent i:1 lDB.intained J.~; a 'bn.rx·ier until tho tire 1s ooapletely extingtti:J-hed. It

might be expeoted tilerefore :that the eri t:, C~l.J: ra.te ot appl.ioation would increuM

as the fla.sh point u.ecH~ased 'lue to the .....ii..t'iault1e. in IIlUntaining a bul~i.er

over .1.. large fire frOnt.

With these agents it will be more <i~ricult to eztinguisb' fires 8.IIOng3t

plo.nt o.rd plpework than on J. tree :3\1 l':'...ce , F'lUlles are likely to be stabUized
"

behind obstC'Uotionn and oause reigni. tion~ applioation ot the agents, 1s
. .

stopped. Sir.Je lIlost tires 11~y tu be dealt with by baDd ut~rawill

have ob.,tI\ICtions~ it 1s~t that the ~ta.t1ol1a the.. WUJ. iapose should
.1

be rea.lizecl. Some idea ot t'M ,eftect 01' 41rru,nt t,pea of o'bdruot1on on the
"

,
"
I

, , '

e1'ho1enoy ot -.ll baud ext1JlguiaheI'l'l is g1.ftfl by "s ... at the Rational

Bureau ot St~ (12). .~,

; .\

, .
" ,
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the ~VJ)('.JlO.· r:" propell:lllt .",:~:l 0. t t;' 1(: nocal,e altn....· ...l.. a wide oone an,:-,le· ,·...r ~·~.l_': '.-riD.'.'. ... .... • ....'"'6".

~(01:i l:t:.' Lesa ma.nipu1~tion tim:, ~ nr.r.:.'cr:; one. However, vapouriZi7~-: 1:; "; ....15 . .ccd to

~I ~~Ge n'i: ':mich reaches the r'lAmn:lblc liquid beine largely wasted. :';1~' !1t.,'; ..~le

(~(}~"~;'n i5 li~.oly to a1'fect the c;l.pe.bilitics of "18.pepaill\: liquid cAt'ingl.liG:.,~r:-:

QUc.n aore than thOse of carbon dioxide or dry powder•

•~ome of the ini.1C:l.""Emt ,diSa.cl.·r:U1t.:v~aa of·.#ae a.gents mAy be ove rcone d : .'ued·

ili:;:;u.l:tt'i.")n.'i "here the no;~zles ~n be ~J03it1cmed o.nd. the dinch:lree r c,t c.: :-.(~j ..~::.ed

'.

4. 1:1 ;~ . lOwer
• t

•
I

-j

I

',l; .\.Wication bz haDd. Ho~t of tile oommero1al dry powders in use al;

,".': -n; tiue oonsist largely vi" ::;o.:i\lM bicarbonate.' TestfJ"~n ~': r.:l~·j·=·.oe
Ir:
i,

'J
i

"

pe t ro l, f:i!-c: iI: trays :) l:t't % 3 i't ~hol'1ed that the estiJ?o~on time W,J,:1 .'P.U'teJ.

to -';'jf ;.,rc'). rote of application {the rete of Ilp~'11oa.t1on ~r powde" :>i.ll'f~:.cc,

".{

"i,

r •
.~. ~ "~ ,

"

~, I·
.,' I

"l,
ijo.,(l('I,! om"/gm.

• t
A ';

. I

.i::oo a. given oonoen·.I"'~~:'on :>1' powder must be u.:1Dta1Ded 8.oro8~ 'the whule

Sumoari3ed.

......
'"

I .',

, .
per i':x>t of .!··1:ro front :--~ther ::.1';':':', tjl':: rut.e per unit area, ot t1re. '..'hi~ is borne

out by tile recult3 given in fublc .!, .here tile ·tt.vail&'ble ini'onaation nae beoen

. ~ " ..
~ ..",.~ ......_..- -..­
>.
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Pnr~'o~"tJa.nce 0; 'N~.-' L'"'.·..::,·:.~:l.l;.e .lX7r.dc::r.. on petrol i'i]~~

of Ji ''f~rent ,;izes
C..:lnal ':"PPlicJ.tion)

;

I Cri.t,ioal rate of n.l·':,lic~~.ion

I I •I
r lio. '. :-i';in arid .3peci.fic I .:i::e of fire I, ;.-cf'erenoe s4j~e

, ft lb/tt2/seo cm2/ f't 2. 'sec I em. :'"'\..'<co
; 0J!l2 rSUA •

.,.
(,~ I

; I 10.()17 104-
t

l1 T ? R. o. 3,.300 .3 Jt .3 2.5 % 7.j 10'1-v • , ..
, (I) I I.. ;J. ., .,

0. 1,,150
,

3 .3 0.042 2.2 1()4. G.t: 1()+.. • .:.\. I X X X,
3 "

I
104- 104J. ':;1 O. ),:00 I x 5 0.0-11.. 2.:- x 11 .... --. j

'.J A

t~)
104-

,
4 1i" ... L. 1 ,4-l0 .3 x J 0.01 0.6 JC 1.8 10""-

- (Ilt'
104- 1 ,-,4-,"J r; • .{. ....i,,, 1,400 7 A: 7 0.0135 0.85 x ;.9 x

I
104- 1046 1;_ . ... .; ~. 1,4-00 13 x 13 0.009 0.55 x 7 ~, x.-

, t-
x 30 (.OOJ4. ~.2;~ x 103 ~.G 104-" "j , O. 1,400 30.., . .. '"

;.c

-, (2 operato:.'!])
(III

k.~9024 ~.3 103 ~9 (. 104-6 , -' o. :::,700 jO x 30 x x'" . -. ". ~ ......
(2 operators) .. . ,

-
~h.: !'ire in series No. 4- conrd,s ted 01' th.!'ee lit res of I~trol whioh ':,"'J\t~ .:1 on.ly

:tiw ~~ ;;j~...ll0W' l:l.yer on the tray, :\rri ti.i!J an well o..s. the short prcburn i;il'l~

(5 sea) :.1,v acoount for tile J:lUr;h lcr....er c. i,tical rnte than tbo.t obtnined in :,eries'

~•

I
i..
!

f.

t;

j
." ,

'i' I

•
,

}

~,

",..... ~r',t ima. tOil of the 3}>'}C .: ',0 ~'.Ui'a.ce of' ~he IXA'ldero used in Series Non.

t;lC' rate 01' J.pplicution han been esti.iDn.teu ill :Jeriea No.6. It' onn be seen 1~:\,)11

. .
the last co'lumns of Table 2. that ,Tit:. the er-ception ,of Series No.4, the c!'itioal.
rate of application expressed i,. cm2 ui' ~q...-a.er/roOt ot'tire front/sec.is

~approXi.a:ltely ~~a.nt.at 5- ....10 x 1di om'2/tt/soo. tor a ride ~e of fire

·sizea.

r " '

'1h.ere is little published iJu"O:bs~ion oJ:.~'~~tteo1: ot the tla.aaable l1~uid
.,...;(' .

: properties on the critical rates of ',j,I'l'!ioatiOD of ary Powder. There is, hOf1'e'V'8r,
J

j some e~d.ence that the orit ioal rate is depe";'t :~n tae heat of 'oombust~on ani

,the boiling point of the liquid, inoreasillJ ~....~ heat of oaabust10n and

dec~~ as tho boUillJ point increases.

In the design at ext1J1gu!Bhers usine dry pcJII'dar, it WtlQl4 seem naoosaary

to have a min.imum diaoh.,arge ti.Jle ·~o take into a.ooowrt ~ faotOl"'B as the tiM

"

-9"~· .
• • ' f"

4 .,. ._.. .-~ •

~~ ...;....~.... ".", .... ~



.' aaoul.d be ill the region of ~ secorda , '.i.'he capabilities 01' 'the extin[:t:isller

would ti:en be ~()verned by the rate O~' _.ppliC3.tion and the specif'ic ~ti'n.ce of
~~j~C;; ....o-7der.

r-Q'.:"':'ern c the r t:.o.r: :-.oditUJ ·:)lCLU'boIlL'.:c have been investigated. ':ilere i::

con::;idernble volume of previous work 0n, the efficiencies of tire ])O\v.:e:·~, _'01'

3up!lI'essins.'. dust explosions and methane-o.ir Ilgn1t1oM and this has been br:k~J.y

revie-.·red (16). The a.lka.li metoJ.s :Illd the A41,c(.u are plaood in different ordern

of elf j.cicxy by wOr~:e:'s us5.ng different te~es ~t they -e."".a e­

ns' :.unangst the c.ost efficient agents.

?ire tests ot a qualtt.:ltive m::·..:...·.. j~!ve been reported by Lee and ~:haub

. ,·;.·~IO 3h·.)\7ed 1:!w.t pota.:ssiuJn bicarbonate ,:.::dborax \1eI'e equoJ.1y as effective ·l~·.

sodium i..':.. ca.rborvrte . Neill (14) hac recerrt.Iy rePorted.. compu.rutive tc:;".;:; on :>.1' iiulll '

and ·p....t:l...,~~~.:.c bicarbonate ";Thici: a..."C c1.l.i>Jed,to establish the cons fder'ao'Lc

' .....
su':"el'iv .. ' t:{ of potassium bi~bon:•.t.c , It 18 W;ely, hoo.vever, that t:]j.!:- i[; (be

•
partl:: ".,) ~he ~'act t ha t the ~r,cci~·~.c :"'J=1":1oe of the potassiUm bic£lr~vn..I.i.,: ..•_\~

'I '

. '\: :'

~

~.
I

I

I,

I
r
I' .

I
t·:f;
If:
I

i:,

•



T.,;.ble .2

Performance o~' dii'.:'enmt t,;tl)C:'3 of 11OWde:r;- on ,igtrol fires

• ~'he so.me comaente a.pply ~o these re:::ults as to those in Series :~ of l'~ble .~.

Compari.ng the oritioal rat•• ot~ o..!yp11cation, it oon be seen that 0. rl\.lD;'oer
ot sateI"'ials a.re in the ... braek.e t of efficiency a' aod1- bicarbonate I but
none emerge as st~ IAlpertor.

i'--P
!I (b) Fi.gd 'l1'.l~

,I
I

.
~

, ,

,
l,

,

t
Size ot tire Critical l"<J.te'~e of Powder Origin aM. .Jpec11'1o

• reference :"Urte.oe ft. 01' :I.lJ1Jliua t;10Il
I , om2/ ga I 2' I;

\
O:D ft. sec.

I ,
I Sod.iua bioarboDllte Table ,~ Table .., Table 2 5 - 1C x 1~~

I (flalf 0(3)
!

'.~ .2
~ Pota.ssium Na.ftl Research
: bioaroonate Laboratory 1900 :5 x , x 104-

\ (i~H{ C03) (14.) 1900 10 % 10 5.7 X 10'1-

j SodiUlll Chlorida
. ,

.t ~t \- r I
( JIa tel) J.F.a.o.t 13) 2300 . . .. ~.

<, 3 x 3 I 6.9 x 104

I
,.

I
Borax

104- I(Na B4, °710112°) J.?R.O. 11 .~,} 3 x 3 6.7 x
2 ' I

I

Anj,1Ydrou3 Bor:u , ,
(Na~ B4, 07) J.P.R.O. ?150 3 x 3 14.5 x 1Cr+

,
I
I

Cement J .:".R.O. 4UOO J J: 3 ~O.6 x 1.:fr

Pulven!Jed, fuel . , •
~45ash J.F.il.O. 5000 3 x 3 x ,()4.

•

"\

ID'Yft.t1aati~ of the use ~r fixeu dry poi_r systet18 tor Pl'otootiil;

. fiaJma.nble liquid Surtac08 have been ~!l()rted by Guise and LiDllof't (1 e) •

. eo.pe.rati'l"e results with Yllpor1zing liquids and CO2 were obt~ on a 4 f't I •

.
;dinmcter fire (Pig. J) where the d.!', !>O,ni~.~·a.pPeared superior to all but

- .
tr1.tluoro~thanc (IJP3Br). The or:i t ioaJ.' ~t. ot appliat'ian on the 4 1't

diaaoter fire -'8 about 7 pI'n2/XC ai.·,! t~~.t On the 50 ft2 tire reported (1 3) ,
. '

&!IGIJt 20 p/f't 2/ soo. ,The oritiooJ. 1"'.lte on the. 1,.- 'ft diueter t1.re CIo\Y be oom?.u"ed
'."\ . .

with thAt·on 0. fire of .. s1&UAr size reported 'by Ittr4 aad Ong.ten (13). In'

tbUe::...ta 'M powder wa.a appliacl by hand a.D4 a orltioal ate of about
. ,

13 P/tt2/ SfIO ... obta.iDecl With ].X'Mler ot a .Sidler aptoUio INl'fwa to that

u.ed by Qu1ae and I4.n!1ott.

Teata, haTe &180 ben. nvorlea (18) in wh1cb. \tit 0CI11Oe11t~t1ma,of pcMder :



l
of:
'"

d

This 1.:..; probab.Iy due to tb: f:.i.C"'; t,];., ,rith c, hrge fire in an encl.osvire wi;;!. m:1!l.11

This woulC: acan that t!10 requirement:'! ~o::' 0. 'total flooding' a:,·stem \'rt~lt p:J""le_'

would '.Je very dependent on the u.egree of ventilation of the enolosuI-e.

Vo.,;o;'iz100 lis;u1ds !H!l 002.

Vapur1.~iJ1g liquids ~oh .as carbon tet:ro.ohloride and methyl brc.mide, have been

in use for many yearc 'out reoentl)' then> has 'been considerable progress in the

devclopnent of more efficient am lesn toxic agents. Some irrlioation of t.le
. ,"

extinetio:i ci'f'ioienc:r of this tJ?e of aeer.t oan be obtained from,their ef:cob...

Table !t.

On thr. :Cl~lIotI.l.Uity limits of n-iiexnne :.:.nd the peak values and other !,ro~Jl.:!"tie5

of cone v:lporizing liquids n.nd carbor, dioxide are given in Table 4., most of whic}.

i~ re ~ "Ocluood from a paper bJ· !':ingDn:l ~ Coleman (19).

'.,

~1

~i,

f
t{
I'

U
t l

.. '·1 .
• .tl .
. ~1{

"'~

, /'v.-.. -~ .

, ...-'"-'

CC_llOUl'ld
~ ~ ~ .., i f

r I .....
I ! OC L~d Vapour Peroent~· Percentnge

.sfl by '9'01. by W'ci,ght
[I i 2000 N.T.P

. l :1 i I
Carbon dioXide . CO I ~.' 5 1.98 20.0 42

I

2 i-Iv.
Uethyl bromide ~{7Dr. ~.j 1.73-' 4.25 7.1 23 I

Carbon tetraohlor1de~C.Cl~ 76.£ 1.60 t>.~14 9.7 51 I

0h1o:--obromometll.<me ,AI.,,)1.: r , " 'Gq ~, .9j 5.78 6.35 21.:, v

'rritluorobromo - GFY3~. -j*?. .J ~.53 ' 6.66 1".9 ?"'"
~~'

aethn.ne
Ditluo roc1:lbromo-

Imetiw..Ile .,~~ ?h,.;: .-: .:~:J 9.39 3.55 26,..

ITet~fluol~libromo-
. ..

I

methane C.,FJ..!3r) 47.5 ~'. 18 10.6Z ' 3.2? 26- ~ I

Ethyl Dromi<1e 0'li!~Dr • J';' I 1.42 4.86 6.1 .23
L. -'

r

f &blimes

• at '00

The Iiost exte~1ve work on the app11oa.i~~'·~f these aaenta to tires has been
(20) . . ".' .

reported by GuUe wDo used a ~ f't diaaeter ftre and an~ of 4ti:x.ed

nozzles evenly distributed about the tray to apply the a,gema at different mtes

':!
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.of &.1.1 plicr.tior... :1 '::In':'_~ o; I1I,Crl ).. .hc inl'ol1lation is shown in ::W' • .:, ::h ich 1s,

re;..>rOd'.lced from Gu:'se' s re o.rt , Tz.:·'()"r18.tion on the t.ppli'catior. ol'.;lt~ne ::.::cr~tn

,.~ '1)'
. by ~\.i!"Kl, to fi:-es of dit'fer-ent :.;iZ8S, jwpe been reported by ColellL3.n ~'.nd Sta:,~' v - •

Muoh of their "'701"k 'wa.a done rlth chl,o ''Obronlomethane and they e.xt~i:",hcd fire~j

i·:,,,o:.1 8.bout 1 ft2 to 100 rt2 u t a range of rates of applioation. They f'onnd trot

tile cxtiJ:ction efficiency do}~nded greu.tly on the method at applioa:. ion, 0. . -: 1e

a~le flat spray whioh oould oove1" the whole tint tror¢ being most effE:ctiVC. The

resulto 01' ColeJEn and ~tark on a 4- it :d.1ameter fire an aoapared with those of

Guise in Fi.8. 4. 'rhe oritical rate of aprJ.~tlon tor fixed D.!JP1ication 1 ~ ',~"tKlUt

four times greater than for appl.Loat ton ~ ,~: to the same size of :,"'ire. :;ome

...
to overcome :uty daficienoies in eovcrnee , The oritical rate for carbon '~et~'t'..O,\lor1ae !.
obtai:lerl b-J Coleman. and ~to.rk is howeve.r o.r the same order ae that obtu lned 0)'

Guize .', ~ ;"1xed ap~lioation. This is a.n ~.!nexPected .result and ".vill be di3C\J~ced

later.
-t

J

~:h~ sim1lar1ty 1n the aethod of ext;iriOtion between Yaporizillf: li(:11itl3 .nd,
., 'J.

~,
,r '.
"J ~
";- \

•.1. I

<.1

"
I

'.".'

-",
Table 5

Critioal rate or aPPlioatjpn tor CD and IJTC
, .(fiii!Glm11cajion,.

!
",' ,...Ont 10al rate ot appl1oation I

Agent Size of fil~ gmln,2/eeo• p/rt/aeo.
,

Ch.lonlbl"OIlOaethane ." tt d.i.nm. < 13 <20.5"

~Cl.Br. It. ft ~. .I.~ r : 2.1 6.6

10 tt x 10 t1 I') 5' 2S...
oartMm tetraahlor1Ale 2 tt d1aa. 17 ~ '-26.5;. ./,c.. \.

. '

40ft
.. ':>0.01,., diaa.
. '6.8 >§8, .~

<
ot applic:~t.ion per t'~ot ot f'11oe front. The aV':l..1lable information for h~"..r,d

application 10 ::JUaII8X1aed. in Ta.bla 5.

diff'ereJ!t sizes oould. be expre::used in a !:';iJa1lar way, that is, in te:ms o~ t~," .-••te .
• II .

~,

.~ ~~

.~

~
"
t.

,dry r-O'Rder would suggest that the critic.:U. rate of applica.tion i'Ol' :'ires of

, '......
'\. ..,
.',";

r~ ",

~~~.~~._,~~_.,~,.,~..ws@!.:~"~~~~~!~0·.~~!~~~·~~·'J.~Hti_"~tW'" ._~~~ - _"._," ,..:"~, I



The eot1m::.te of the •cr\.. doa: r..:. te' for the 4 f't diaoeter fire 'rLth .;B II

is prt>bably more accurate th.-m for t:\e utner fires sinoe~ more t ~5tS were

done under tileso oonditione.

Table 5 shows that there 15 ':ns-..li'fioient experimental' evidence for

prefeITir.e either oriterion. It would seem, however, 1IlO1'O log1oa.l to ex.ect
.

the oritical rate to be reo.sona.bly oonstant for fires ot different sizes OJl terms

of the rate of a~tion per toot of fire front. The astimated oritical n..te

expressed in this ~ for carbon tetraohlorid.e on the 4 tt d1ameter fire is

considerably highar than WQlldbe expected by ca.par1son with the result::! with

- .'
ohlorobromoaetbam. This was the conclusion'~.ohcould be drawn from a oomparison

. ~ .
I,

~t'

with the results of Ouise, and 1t may be that t\lrther espeTiments are requ ired
....

the 'peak ft.luell' ezpnaM4 aa peroentacesby weiaht 111 aboml in Fig. 5. When

e.z:preaNd in this -.Y the results tor ~th.Y'l bromide are ditt10ult to explain•

t

The re:1.ation between tb.1a. 'ext1not1on effioiency' .:aJd'e%tingu.:bh the teat t~re.

on this scale.

Cole!:4n and Stark (21)' showed on the ,~ rt d:i.aIIeter tires that, at rates

Ol~ a.Pl'11o.:-~tion up to about two or three times the, oritical rate, extinction t'ook '

.
It has the,lc:..st 'peale Yalue t buta!>pears as the least ett:loieut a.gent'•

he took us hi3 oM.tenon ot effioiency tlJ8 a1n1JauJ1 quantity ot agent used to

cons~_J.er.;lulj' lAuwer with oarbon tetro.ohl~~~,than with ohlol"Ob1"'OllOmethane.
• ',. t o , _ .... - •

~. • ...1':- ""\ •

Guise also founl thia ~ • l~ exte~ ':~'i.i the agents wn applied through
. . .... . .

fixed nozzles. In relat1.ni 'extinotion eftioienoy' with p8e,.t f'l.umability data,

•
The'peak l'alue' a1ght be' expea,ted to be ~latecl more to the cr.l.tioai rote ot

• application'than the quantity oi' aeent required t,o e.xt1JJguiah the t'1re. lLt the'
"

.' .' ~

. 'oritioal rate' the oonoentration ot agent 'in tho t1re zone 1a l1krJ13 to:t>e j'.l3t

sutt101ent to inhibit oaJbust1on. ~.l.tho t~'9alu•• ' ~ plottCKt q&1nst t.1ie
" ,

oritioal rate ot appliOD.tion.1n ~. 6. ~o.,,~~~8 tor M'tbyl brc.ide ant stUl
; ~ ',' ~', '

anouJ.oua although tho oolTelation i:3 bette~~..,~ that obta1Ded in Pig. 5. When,
, ,~" .,I, '

plotted in this w..-r, oarbon diane)., aPIWJD.r8 acre e~. t.h&D WOQ1d be expected.
, f

, ,

",

,~

,
'.. ~ .

Tbere are ot oouree a l,JWIber of faotors ~cm-~~.u':"~ azVo ~te oorrelatloa
+ • :'~~:~~:~, ~r~··~,.· " . . '. ..\

ot peak n·"bUity data ~th ~'te8t re~t.,tor & zuce ot agents w1th,~,

d1tterent ~aloal'propertiell. One of the mat iaporiaDt: Or t.hue is the

effective utili.tian ot taW ,Iip~ whi~ i'8 likely ~ be gnateat tor g&aee an5.

ftrY ,low bolling point li~!:d8. Tb1a might up) aiD t_~ hiper etno1enay at

carbon d1oxid.e llnd the~uorob~~thane1ndi~tecibJ ~. fi, but '18 no

. ... ,.,:,~ '~fl~ <f~i~, :.' ... -, r . .••.••• • •
~..: ~_~~--.......... ,~1-;~;';~"~~"".~~'~~1".~:~/~.i1r:~~~?.:~S~~""?~~~~""ti~~~·t'. d;.' ~~~. ~~.



d \

e;..-plOomtion or :;:'te anoL1:.l..rut.> .·Wl 0..'-J .:.u~l'le obtained with methyl bromo le.

'l'hese cc.rreLat.dona .l..""'e ~:~ '11)\j:-SC for 3.[;ents a:pplied by fixed nozzle!'. and

•
there is r.ome evIdcnce of n. dasorej-ancy between these and the reool t:\ :'or hand

In dbtermini1\3 tete efficiency of new types of vaporizing liquid it ','7oul<1 !",eam

t~w.t if the 'peale value' from i'J.amJ.ubilitj data i8 less than about 3~ :":'r oent by

weigjlt, then 1 t QJ;J;J not be a very good guide to the asen. effioiency.

",5 ':"rith dry powders, there is little published information, on tile f~:~f('ct of

the i'ln.omable liquid properties on the critical. rates of applioation of va:;;Jrizing
:. " ...~,:.j:. ~.:. .

liC!Uid~. Howcver, it seems that the agerrt which 'reaches the flammable lic'uiu. surfo.ce

can have soae inhibitory effeot y:ith low i'lash point fuels aDl w1.ll be m:':.Jly

. ro.te ... 1' ..l.??liootion on 4. ft diameter :etrol :..~ire~. i .... lDiniJawa ~inohn..rt;e tine .

In t'le d.esigll of extinguishers ut.in;,,: '~llOd~ing liquids, it wculd be

. - .\

neoesuary to have a. considerably grc~'.tel' m.;nimum d.isoharge time than w:i.th JrJ
~: ' -"-:... ........

pomler. (;o~ a.m. Stark (21) ilnve mi'Oi'{iici':¢:inotlon times up to 15 seconds
... .~ .. ",.,

with tl''Uined operators using ohlorobromozaetha.M"at aboul; tbree times t:1C cnticol
:' L'ot".. t

.f'
·.~~fo

, ,.j.'
\ ~1

••_,I._~~

, '.
'~~,

....va!'O~"ized by ~d~1b n:uh point i\lels.

..

."t',", .:

The,oapabilities 0;..... the e xt :~n.l;UlsJ\er,:~· l
1.-,. ._.. ..::\ ..~...,:"would then depern on the rate of a!"lplication ani the type of 841ent used.

Guise·:> results (H~) a:"e ~~ .)lioable to the use .of ftporiz1ng liquids for fixed

ir.stallationa. 'F"1xed instaJ.l:.tj.)1\,8 utilizirlg oarbon dioAide have or C0\1l'3e been

,.

the most cceaon arrl tile ~;piJ:'CLtent8 for di;"'ferent types of risk and sr"'d.dBs of

I"?'
~ protection:ll"e well 6.'ltablished \;;::'-,

Genenu. oonsiderations' 'r .....

There are a lUIIber of factors wiJi~~l "'!ill gO'ftm the choice of a particular

tJPfl or =ize of ext i.ngubher 01" t:r;,I'~ ell' :....:L~ installation lrhioh haye not been

discussed. .·ome o~ these, such as the "ue~t'ibj1'o'f the tOxioity ot the agent
.:' ;

and its produats of ooc'bustion,clc:)ctu (on the"conditions under which the extineu i :3he r '

'will be used. Per others 810ft general con:~~dero.tionaare possible. For instaroe.
'.~' " .

the ~jor1ty ,of ~1ngui8h.rs are likely ~~, be used by' untmined people who .,.

well newr haft uaed 8ft ext1~isher before. It.is·well .•ata.bl~ (23) that

the ti.me taken to cx.plew ~8t any task is ,reduc*l.witb eubaequ8'Dt attempts.

This oerta.1nly appli~s to utiJ,gu1shing' fire~, and Raa~ am Stark (1) have

shown in extinguiah:i.n.g oU' f~8' ~th'Yr.lter. spn.ys that a tra1NJd penon can
.....~ '. ", ~.... .. I '. • •

extiJ\gu1sb the same fire in a' thtiO.: of the tiJIe of an untr61Ded penon. This

""""I.'r ~:. t



j

i
I

fo~ a pa.rtioular ext~.ngui3her ;.5 2:' t uae a Leas than the area wh1c~ ou:. be

l

" W~ ;~en;' Laboratory 1n ti181r rleW :le~i.·.Jl or mttna\{
d~ ,

extinguishers for l'l.a.lilr.l:-·.ble l1quiu :'i.res. The rated area of flaJ::::w.bl': liquid fire

,.

.~ .

'.

Conclusions

'':he effects of nozzle design on tile capabilities' of ~ ext1.n,gui~.::er :'.re

likely ~, be more ilzlportnnt with untrained personnel than with skilled ·j!lCr-...r.OI"3.

~ome of the taatora a.fteoti1'l4l the Ms1gn aDd e~t;lon ot boti; hand

exti~'CUishere and protective installatiorl.9 for (leeelt1o l1qu1d fires iaaV'e been

.
"..... "!'

dd scuesed ,
,; ~ .. -..

One of the lIIportc.nt dii'ferenoes be th~~:h~~':~two is that whereas I wi th

protective installo.t1ons .adequate 'bulk 3Upplles' ot .m·are normally ave.Hable,

"

. ,

.: only 0. li4i.ted supply ~ be oarr1ed in a band eztingdaber. This menJ'W that

c; althoug1l the orit1oal :""3.te of app;!.ic:.:.tion~ 3laoat alwaY8 be the JBain design

crite~on for p1"O'WOt1ve 1nstal.lntions·, the quarrt11;y ot a.pnt ae.1la.ble wi.ll be
,

'~ ; more important for 80ae agents in hand ex'l!~lShers.
J J,' /:_~~. ',r.r L ( ,.

'1'he results ot the duOUBoions on ha.nd':-itZtin8u1abel"8 are ~sed ir.
.; ~ "r~';-~~' •
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~Lo.r.. $'.UiI11.1C" efficiency of ~extino"Ui~1 (~~ (

. /'. . ~

r
..,

, 11"1> e t ors af'feeting ai ze 01' fire Cri tiee]. rate of Sctil: f t. sf' quantity Host et'ficient lIlCJ'tilod
Al;ent ! which can be extinBlJisbed b(

. of aeent/f't2 or fire
I hand extinguiaber application SId'" eM".U. of ~»lloa.tlcm- - - . . .

ll'..., ... "'" __~ ........ r

I'atlll' 1. J'1re point ot' liquid llarit • 10.5 D g~.it-2mi."1-1 Keroeene - 4 - 5 lb.
, ' /

\2. Drop .t.e ot .pnq ~T . As a 'WIry t1De :DlFJ"G3I
AaslDing drop diameter ot 0.7 mtla. Gas oil - 0.7 - 1.2 lb. I ... •

;

1lhiab "ill~I' 3. Quantity aDd rate of the

-f applioaticn IKerosene - 0.19 ) ,". :

-k-
Gas 011 - O.etJ· ,) gal. f't-2min- 1 Trans f"r."er oU-O.3-0.61b. l1qlUd mirt'Bco.
Transformer oil - 0;05)

, ,
, .

" , I
I

'" ; 1. Quanti ty of agent
- . u that

J
now-I .. 08J'(:

"
I l ." So the fOSlll'oan,

0.025 geJ/ft-2~tj,'-'2. T:lPe of n.,olIIeble liquid - . , i I 1 - 2: Ib over the sarfaoe end is
" unsuitable ClIl liquids miscible .' .... -- _ . .'''''' "-' i . •

not projected straightI • »c :, .. .--
I With _tell'. , ! - . ::~"?:).,:J;.".•..,

<;'':~'' .•.. into the fiasDlbIG liquid
I -, ~'"

II

I .
1 1• Petrol •Dry powder Rate ot eppli_tim !

' .. 2. Pattern of disabarae Wide anaJ.~~m1ab
3. Speoifio surface ot' powdc 5 -10 x 1rf-am2/ t't ot fire t'l-onVaeo• '0.1 - 0.3 lb. requiresi E:::U'I1pulattCl!li
4. I'roperties or nemable liquid .

-

V"i'"rl zina. 1. Rate of ,app110atiCl1 C.B. CB
i

, : /.'
Lquid...... 2. l'attern.of d18abarge 13''' 5.5 x 1<rl~ql1't of t"1re t'rClll t/8#IO 0:1 - 0.3 lb. Uide onBlo' flat sprq for,. 3. Type ot agent CTC

10'"2
VOl'}Cilr~Il~g l1quidD

~15 x lb/tt of fire rront/eec \
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