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PART 2

'rESTS ON TRAliSJ?ORJ,lER OIL );'~ 3 AiID 4 ft DIAME:l'ER

by

D. J. Rasbash and Z. W. Rogowski

A series of tests have been carried out on the extinction of
transfOX'lllor oil fires 3 and 4 ft diameter with \'later sprI\Ys f'ran a
range of single nozzles. The %ests were carried out in a roofless
structure in the open air. './ithin the range of rates of fIorl to the
fL'", and dro~ sizes tested (0045 - 7·0 g cm-2 Ulin-1 and 0'4 - 3-0 rom
resp8otively) the extinction time \7l\'S approxiraatel,y inversely
]?<:oportional to the rate of flow and directly propartional to the
c;.'-1p d:.:o. 110 significant effect of th:l entrained air velocity of the
nrp:I\Y ~/as dete"tooj this ml\Y have been due to the scatter of the
rosul-:'s \7h:1.011 W!\S n:uch :'7idol.' thnn with small-soale tests carried out
i'l the laboratory. In all tests but one, the liquid was eooled to
,,~10\"" '~hc fua point prior to extinction. In some tedts hal/ever the
~ ;'.t.lli.r.; "e.s coolep to llal1 beJ.ow the; fire point without cxtinc;;ionj
'd-:; 1llC.:U,'.<,.1( ,nc~ ot' fire in theSl'l CS,eeS 11M due to the burning of oil
{n::~g spl811h~ii I.!pnrdo j~l~" tID ."J.::,me.
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Introduction

In part 1 (1), an account was given of the extinction of a
transformer oil fire with sprays produced by three propriet~ nozElea
and three experiffiental nozzles. The present rsport gives an aOcoWlt
of further tp.sts tdth a ,dder range of nozzles on fires 3 and 4 ft
diameter. The object of these tests hus bcen to obtain an estimate of
the performance of' individual nozzles before carrying out r'..lrther work
with groups of nozzles on larger fires.

Elcperimental

Apparatus

The tests with a 1 ft fire (1) were carried out in a closed
laboratory so as to eliminate the effect of external wind conditions.
It would have been preferable to carry out the tests with the larger
fires under similar Conditions but no suitable enclosed space t~
available. In order to obt£"in SOOle shielding from external rdnds, a
roofless structure of scaffolding covered with light aluminiuln sheeting
was erected to house the fire. This structure rested on the ground and
formed the four walls of a box 30 ft x 30 ft x 20 ft high.

Figure 1 shows a plan of the appar-atue wi thin the struoture, and
the sectional elevation on the line z - z1' in the plan. A concrete
platform A 1 ft deep and 15 ft square was laid in the centre of the
enclosure and the combustion vessel B i7as supported on bricks at the
centre of this platform. The nozzle H was supported direotly above
the ccmbustion vessel on a rigid boom C. The weight of this boom ·was
balanced by counterweights, E which were suspended outside the aluminium

, sheet structure.. This enabled the boom to be moved up and down and thus
allovled variation of the height of the' nozzle above the liquid. ~ using

..the clamps 1", the bean could be fixed in any given position 'by olsmping
to the vertical;uprights G.

Two combuat fon vessels were used; they ver-e respectively 3. and
4 ft.diame.ter, 6 in. deepand were constructed from 16 gauge sheet steel.
A steel outlet pipe 1· 5 in. diameter ran from the bottom of thfl canb.ulUon

, vessel along: a trough in the plntform to an overflow tube L and a gWII
gauge tube H. There were two valves in this outlet pipe, .ane U, beyon:1 H
and the other, V immediately before II. A small stream of water· could be
introduced into the vessel through a pipe r/ and the overflOlV tube L. The
height of the overflow, and this stream of water were ree,ulated so that
the liquid level in the vessel remained fairly constant during n preburn
period. 'fhe glass gauge H could be used to measure the rate of flow of
water spray to the vessel by me aaurdnr, the increase in depth of liquid
in the vessel a:fter the applicat;i.pn of the spray for a measured period
of tiine.

'The nozzle was attached to the end of a 20 L,. vertical length of
1<, 5 i.n, diameter pipe, The inner s\lrfacc of this pipe was lined with
copper to pr-event; rusting, 'rP.e pipe ,WaB attaohed to a "quick accdon"
lcvel'-opGfll-ted d::.r,phrag:r. "!J."r,, ;:; \{r.:\.crl we-a in He turn attR.ch~d. ~o a

.,. :: hl"':r~,~!nl; 1q.l :f~lf£~~! 01.' i~i,~o' :;~~)Pcrt.\;(1 b~v t!,.e.b(l~·4Jl. ,i1 t-~ l-:~r ~l r;'~~ f1.:1CQd
",.tn t.~"' h,h:i:t!.·I[l:;~l· y..::"'t,-: U~ r~~;,;'.:· tit,:; ,i:,~~l "'i ;,::~"~i'"'t~ :v '<,y··,_:,;.~.~·::/r.::'

~\.,;, ~~"'. '.~ -..;.!{.t-.''J·'.-l'f,,:·;.~: .." .....:..,....' I·,.:J:,,,!~ t.' ,"'., '. r:', I, ... c'. ') '\ .• ~~' ..
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diEUJ.cter, also operated by a. pul Loy syat.en , 'i"/US suspended ~ ~'.,Jd vh3.:J001J1.

During the prcburn period 0:' a tent, this can vas be Lov t: .. '. ~. :.3 j thi:::l
prevented dr()J

1 s of Huter f'r-om srll,'.l} Le aka [~t the noz zLe f'z- lin ~'1 the
burning liquid end a.Lso hsLped to r-educe the amount of' f.)wj~..: ',,'.J. ch reacMc1

the noz zLe f'1'Oi.l thlJ f Iaziea, If"atc:c vrD.S sUP:Jlied to the nozzle .i.'ro, D.

10,000 :c<:.llon ntorD.~;c tank tl1.r011.::11 :.~ ceu tri:...·u~.lll pe t roI c1J.1.ven ; .ur.rp, Tho
throttle \:[,3 Slli':f'ici~ntly s.insi.t ive to a l Loi. thr:;) prcasur'e r.t til,,- nozzle t)
be corrtr-oLl.cd to 1 - 2 lb/i~12. '.;'Lis Z\1'0S:3m'C \l~':'G 1:1,: asur'ed nt a tapl.lin·~
placed ilu'lcc1if.tcly behit1l1 tho nozzle,

~.peerD.ture u.~l_.!~diL\tirm ncasuro.acrrts , '.l'lt~~ J,;cI:1per.3.tLu·..; of the liquir~ rraa
ucasured wi til a copper-eccnstunt.an couple, ()i:..;ure 2). 'i'he Leads to '~lle

~unction \'/1:.1'0 insulated Hi th porcc Laan and Y/Cl'C s·~, leu nc.U' the junctiO'.l
:i.,l fI. pyrex r~1t'"s3 tube. 'i'h i s tube waa sealed tv a f~roU!ld r.Lc.ss soc'cet
"..:. i ch :f.' itted on a stainless steel cone soldc.rcd tu a Ivn.:.--; length of copper­
'bl::'O vhich paae ed over tho vessel edr;,e and [lYJay i'ro,'l the ::"irl:. 'l'h3
t:lc"-'uocoupla leads passed throur~h this tube tu a I':..:cordinc system, fU:ulit,tiv!1
t'r.,. I the ~'iro Has a.Lao reoorded by triO theraopilcs H, which ver'c fixed hdti1J(~

t\ . ;t-f'CX c,.l(lSS shield 21 ft from the ccrrtz-e of' tLc combus t ion vecaol on
opp. ~:;i to im.lls of the structure, as shovm in PiCure 1. They pointed to\la.n' s
tbL: cuntre of the combustion vessel, and wer-e connected in so1'i(;3 ni-l:;h cacli
otllcr and a. recording system.

NQz~lc testcsJ._. Irine nozzles were used in the tests; the proI1t;;rties of' tho
sprnys they produced at the different pressures nt which they were used aro
sh...iwn in Tablo 1. Fozzlos A, B, C and D wore propriet,1J.)' solid cone svr.irl
nozzles, and noz~lc6 E, F and G .(ere proprictary non-directional multi­
ill1pineine; jet nozzles, Ilozal.ea H and I~ cousa s ted of six PhirS 0:::' ilap1nt,;inE:
jets 'j/64 in. diameter; the arr-angement of the juts OIl the noaaLos is shown
in ll'i::;ure .3, Photo8fClphs ai' spr-ays f'rOLI tht; nino nozr.Lc s :?roducod at a
pressure of 50 Ib/in2• are I~ven in Plates 1, 2 and 3.

The cone o.n£~lc 0::" tho fipr~l~ \,/[~s toe aaured from photogr-apha, It Has
dif~'ioult to 1.IUllSI.U't) thig property for nozzles ]5, Ii' end G an thoso sprays
were non-clil:'eotiono.l and tho figur()[,j e;iven in Table 1 arc therefore very
appr-oxdmate , The fourth and fifth coLuun of ~'F.lblo 1 r~ive the r:1B.SS .redd.an
and Sauter ffiCOOl drop size * of tlm 3pray nt a point 8 ft directly below
t110 nozzle, and the sixth and seventh cofunms ~ivc these trw drop sizo.G ill
~;1e·s(IJne.horizontal plane but 17 in. army. (1:',13.17 in. was thero.c1iuz of

;;.. circle thct divided the 4 f't coubua t Lon ve ase L into tHO equal areas).
'.It:, a number .of' the coarser sprcys , it was dif'i'it:ult to l'.ssien a precise
1l:.r::,J:1cdiun drop size to the spra.y, It was f'our.d that a lnr:::;e l)ro:pC'rtion
l/~' che dz'op vo'Iume of too sample was accounted for by a few verJ oocrse
(';;"I\J3, . and the: maas median drop size fell at some point within a number- Of·
dro..) size croups into vhi.ch no spray drops were classified, The Sauter

.mean drop size, which, could be ea tamat ed precisely for all the sprays
therefore probably eave a hetter in~cution of their relative droQ sizes.
Tho f'ibllrea tor. the spatial pa ttem of the spray e;iven in ~J.1able 1 refer to
th~ Ij • ft dio.rneter. vessel; they represent the ratio of the raean rate of
tlml in the central 2 ft diameter section of the vesse r to the mean rate
of flow at the edge of the vessel. The entrained air velocity reudings
ar'e the nean of fiye reading in a p Iano 7 ft below the no~zle; one of'
the readings was t aken on the spray n.xis and the other four at symnetrioo.lly
plo.oed points 17 in. from the axis. in ordcr to law;:e the tnt,;usurcments of

Ht2he Sauter jrfunn drop size io given by the formula

,.
L:n·d· ...J. J.

vhere n·J.

'1'

is the number G:' drops (if diCJneter

.'
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entrcined air velocity r epr-escrrtr.tf.ve of tile test cOr'~aii.:i~_Jl1s, '(·lle
readin~;s were taken on the zi to L.S near as .:.)()ssible 'in i..iIi16 'cn th~~

actual fire·tests. TheJ' Ylerc: subject, t ner-ef'or-e, to a'variety-of drOBS·­

wi.nd conditions. 'llhe manner- of ueasur-e-xnrc vas such that the presence
of n cross-wind al.mos ~ invaria.bly caused a deoreaae in the :re;:.dine zmd
this probably o.CCOU11ls :'o:c' the nec:2~tiVD V::J.U8:J 0:;" the c':1truined o.ir
velocity obtrd.ned for nozaLes Ii' and G. The; r'ate nl' flow at the fire
area given in the last co'Lurm is the r[\T.8~e G:t.' •.lee.J r atcs of' f'Low 'obtained
during tests with the 4 ft diameter vessel.

'rest routine. 1"or each test, u 1, ycr u;.' trQ-""::", ,r,.er oil about 5 en deep
Vias floated on Yluter in the combustion vessel. J.;pring a. test, a layer of
about 1 C1,i of oil would bum away. In order to conccrve oil, :::01' the
next tes.t the oil Wf_S not changed but the d";lth 00' oil \:C.3 Dade up vlith
fresh oil. Scmples 0i' the oil in the vessel trJ:C;',l c,t c:;-':::"ront times
durti.ng the serie s shoved that this procedur-e did not h"ve cn~r significFnt,
effect on the distillation range or the open cup fire l)oint of the oil
although direct observation indicated thr.t the cmourrt of soot in- the
liquid increased as the tests proceeded. The position of the ov erf'Lov
vas set to give an ullage of 5 em. In most of the tests, the therr,ocnu.ple
""'oS placed to give a reading between 3 - 5 mrn below thE: liquid surf, .cc d
a ~Ioillt 1 ft from the edge of the veaso L, liowever-, to give some Lnf'or-matd.on
o~' the tempcrature distribution beLow the surface, a few tests were CD.r!'ien
out in which the thennocouple depth lias outside this range.

~'he liquid was ignited with a match afterprir.linr; first with petrol;
200 ",nd120 cc of the priming liquid was used for the L, and 3 ft diameter
vessel respectively. Too fire vas al.Loved to burn for 5 minutes bef'or-e
the spray was applied; during the last he.lf minute of this period ana
durin::; tho period of spra.y application records of the liquid' tempemture,
and the flame radiation were obtained. The behaviour of the fire when .,'
the spray w~s applied and tho extinction time werc noted. In' most -of
the tests, the depth ·02 the lio.uid remaining after the test was r'eccrded•.

A measurement of tl10 mean vzind velocity over 0. period which included
the period covered by the test, W:1S also made. It lias noted in
preliminary tests, toot if the lIino VIUS b'Lovi.ng in 11 certain direction,
the flames would tend to veer in the opposite direction; this effect was
caused by suction vlithin tlte cric'Los ur'c by the vd.nd pas s i.ng over the walls
of the enclosure. In order to simulate conditions obtaining 'in the laboratory
tests, it lias desirable that the flames should paas vertically urll7ards, ,
especialiy lit the nomerrt of spray application. Tho vecrini eou Id be
reduced somewhat; by malring an opening in the wall on the \lindl'lo.rd side of
the fire. This opemng VID.S o.djusted manually in the 5 manube period of
pr-oburn so as to [live the greatest tendency, as judged by direct observation,
for the flames to move upwards. However, because wind speed and direetim1
tended to change so rapidly during a test, in the majority of tests, there
Here considerable fluctuations in tho motion of the flames' which r..ere not
under- control.

All the nozzles were tested'at a height of 8 ft on the 4 rt dirunctcr
fh'o. Iloz zLea C and D "ere tested aeainst the 3 ft'diameter fire frum 0.

hei~ht of 8 ft and nozzles C and IC on the same fire from a' neight of '15 ft.
With nearly all the sprays" extinction \7aS obtained; wher-e this occurred,
at least three tests Here earried out. '

~C6ults

Properties of th~ fires. Although feYi direct Ine~sureihents"'were -I!l£'.de of
propeX'ties of' tho fires; a cer-tcd,n anourrt of information was obtained
while co.rryinCS out the tests. './hen ':he f'Lame s moved vertically upvards ,
they reached heights of about 8 ~ 10 ft (2' 5 - 3 m') Ylith the 4 ft fire,
erd 6 - 8 ft (1.8 - 2'5 m) with the 3 ft fire.' \lith both 1'iro:;,.a thiel:
H. ,our zone f'orrned after 1 - 2 minutes of burning. ,,'rom the depth of
J 4 w i,d consuocd during the test it waa estimated tll£.t the rate of burning
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of the 4 ft fire was 0.18 + 0.01 H g cm-2 min-1 and the 3 ft fire
0·14 + O· 04 g cm-2 min-1 -These values are both considerably greater
than the rate of burning in the 1 ft diameter vessel in the laboratory
which was O·067 + 0.004 g cm-2 min-1• The temperature of the oil be Low
the surface after 5 minutes burning was also much greater for the larger
fires. In 1"igure 4 this temperature has been plotted against the depth
of the thermocouple. l'or the 4 ft fire, up to a depth of 5·5 nun the
temperature was approximately independent of the depth, but fell sharplJ'
at greater depths. The corresponding curve for the 1 ft diameter fire
is also given in Fi8,UI'e 4; it is quite different in shape as well as
showing much lower temperatures. ,lith the 3 ft fire, measurements were
only carried out rli thin the range of depths 3 - 4 mm below the surface.
\(ithin this range, the temperature was independent of the depth and was
301 + 8· 7°e as canpared \"lith 345 + 4· 20C for the 4 ft fire at a similar
dcpth. The mean- radiation received at the thermopiles through the pyrex
shield during normal burning of the 4 ft fire was 16· 0 Ct. O· 4.8) x 10-3
cal <:f.C2 sec-1 and for the 3 ft fire 8·6 (+ 0·8) x 10-3 cal =-2 sec-1•

The ratio between these values is not significantly different from the
ratio of the surfaoe area of the two fires.

Tests with sprayS

The results of the tests with sprays are given in Tables 2 - 5.
Tables 2, 3 and 4 give the results for the 4 ft fire for the swirl
sprays (nozzles A, B, C D), the multi-impinging jet non-directional
sprays (nozzles E, F, G~, and multi-impinging jet directional sprays
(nozzles H, K) respectively; Table 5 gives all tile results for the
3 ft fire. These tables show the time of extinction, the temperature
in the liquid at extinction, the maximum radiation reading during the
period of spray application, the mean wind speed during the test and
sane comments on the behaviour of the fire during the period of spray
application. Figure 5 shows a typical temperature record for test
(n«, ·6) together with photographs of the fire at various stages during
the spray application. Figure 6 ahows the radiation record for the
same test.

Many of the sprays when applied to the fire gave. an upsurge of'
flame. The violence of this upsurge increased as the. rate of flo'7
and the drop size of the spray increased. 1m estimate of the intensity
of the upaur'ge may be obtained from the maximum readinG of the radior'leter
after the apray was applied. However , with the more violent upeurges ,
such a reading.".,as not possible as the recording pen over-shot the scale.

In all the tests except one (llo. 77 Table 4); the liquid was cco'Ied
at least to the fire point (175 - 1800c) before extinction and in many
tests cooling bad taken place to well below the fire point before
extinction was finally obtained. In most of the tests clearances were
obtained before ·final extinction; during the last stages of spray
application the bulk or the surface was usually free of flame with the
fire burning at the edge of the vessel only. There was a very large
scatter in the extinotion times obtained with any given spray: thua
with nozzle A at SO Ib/in. 2 a range of extinction times of 19' 2 - 61.7 sees.
was obtained in eleven tests. \Iith coarse sprays with rates of flow of
about 3 - 4 ~ cm-2 m1n-1 ·e.g. sprays frm nozzles B, D and H.ata pressure
of 50 Ib/in. , there was a tendency either for the fires to be extingUished·
quickly or for an edge fire to become established ilhi;ch took much longer to
extinguish. Occasionally, as in tests 85 and 101, flashes of flame over the
whole surface area took place after the establishment or this edge fire.
While these edge fires were established, and when ·the flame flashed acroes
the surface, the tEl!lperatUl'e of the liquid, as indicated by the theI'DXlcou?le,
\illS well below the fire· point.. It was observed that the edge fire was due
mainly to the »6.rnine;' cif oil drops splaahed upwards by the spray•

. ~;1nety-five per cent confidence limits •

.~. ......

o
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Tests with no extinction with the spr~

, , !n tests 46 - 50 with nozzle h at 25 lb/in. 2, extzinc t i.on was not
obtained when the spra;y was acting on the fire; the flames covered
the whole vessel despite the fact that after 15 seconds application the
liquid was cooled to beLow the fire podrrt vmd during most of the application
time the liquid temperature was steady at 1100 0 . " In tests 47, 4.8 and 50,
the spra;y was stopped at 240, 30 and 30 seconds respectively; this resulted
j."l the immediate clearance of flame over almost the whoie surface leaving
only one or t-wo patches of liquid burning on the inside vessel edge above
the liquid. These went out in a few seconds. In test Eo. J,.9, the spra;y was
stopped at 15 seconds; this resulted in the clearance of f'Lame over most
of the surface, but a small patch of flame "hich remained, slowly' spread
again over the whole surface. No extinction \!c,.s obtained in test 59 with
nozzle K. at 2.5 Ib/in2.- However, in this test, the liquid was not cooled to
the fire point"aiJd remained steady at about 18500 r.fter about 15 - 20 seconds
of spra;y application. Hever-theIeas , when the spra;y was stopped after the
test, the height of the flames was considerably reduced.

Statistical analyses

A mUltiple, regression. analysis was carried out on the extinction tiue
.of the fire and the cooling7f capacity of the spra;y. Fifty-two Ji'€'rcent of
variance of the 'extinction tin-es was accounted for by equation .(1).

log y
'" -1·35.10g R + 1·08 log D + 1. 709 ...... (1)

:!9' 30" + 0'52
where y =extinction tIiJe (secs)

.D = Sauter ue an drop'-si.ze (lID" geometric mean between
two values civen in Table 1). .

ft- 2 min-1).R =rate of flow (g cn-2 min-1 or five times ga.l

(2)......., ~ .

Si.xty-two per cent of thc vari.ance of the cooling capacity was acoounted
for by equation (2).

Ie,,':'1- log Te = 1· 4l~ log R - 0· 72 log D - 1· 94
11 Tl - T6

. . t = exti"ction ·time.
To,' = liquid temperatu,re at extinction.
Ti '= liquid temperature before spray appli.cation.
To ","initial:spra;y temperature (taken .to be ,1800).

The following' factarswere tested but were not found to be significant:
entrained air· velocity;·wind velocity, spatial pattern, noz z.Lc height,
fire diameter, 'entrained air velocity - wind velocity interaction, spatial
pattern ~ \'dna velocity interaction.

, Since the predominant raecharrism of ·extinotion was by cooling to the
fire point, it is to be expected that the ooeffiCients in equ~tions (1)
and (2) should be approximately equal but oPl"'site in sign. The s ...,aller
value of the coefficient of D in equation (2) ma;y be acoounted for ':!y the
fact that the coarser spra;ys tended to brine about 1.10re cooli;1g beLov thc
fire point before final extinction was achieved, It is interestinb to
note that the coefficients of Rand D in equation (1) er-e not si~:nii'icantly

different fr(1J the oora-espondang coefficients (-1.11 and +1· 08 resC'cctiv:Jly)
obtained' reir the 1 ft diuileter fire. It is :nore difficult to ccmpur-e absoIube
e..tt::.nction times under the tvtO sets of conditions bee ..use t.hc l'ntre.ined all'
vclocitylVaB not found ·to be a si[;nii'icant factor ri th tne lilLer .:':J·es,
wher-aas 'i t was found. to be so Ili'ch the SI;wller 0"08, hovever , for r;iVeil
rates of :~low and (leop i3ized th'~ t:.~incti\"n vi:Lt:6 t<ce appr-oxamat e'Iy the C~l:. e,
It shoul.d also be noted. that the 'pe=3;1~n.> 'rc.ric.U.'_,1 0:0:£ ~XUl'C' ""1 ')':,

(52 )er ~n';~) 't'1bich CGull ~I.:t aCL0Wu,e...:l '-Vi' Ly equerion (1) ',"/[16 ra.ch ~~.1 \:_31:'

- __._' - ...-. " __ • - • -'-- - _0,,"_ .

~h:: ,-1~~.v,3.:i;lor 0:" .~,~;: ucol:'t.g """).~c.~.... '~: 0.,:" t1.3 ~. rn:'~Y il.',n 'bf!t""'n ~ j'/r:.... ar;
Pari; 1.
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than was accounted for by the corresponding equation for the S1:lElll-scale
laboratory tests (86 per cent). This was undoubtedly due to the much
larger soatter of results obtained in the present series. Thus the
standard deviation of the logarithm of the extinction time in the present
series was estimated to be 0.22; on the' snnll-soale tests, this standard
deviation was 0.08.

The effer:t of m.nd

It was noted in the srnall-scale tests that when a spray was applied
sideways to a fire, a more rapid extinction with a smaller rate of flow
was obtained than vihen the, spray was applied directly downwards. The
reason for this was"that the spra,y did not have to ccuncer-acb the upward
motion of the flames. l.<'ran this fact, it may be concluded ,that the wind
can act in two ways. l.<'irstly, it C£1l blow the flames away and help
8OO6SS of the spray to the burning liquid and secondly it can blow the
spray away and prevent the drops reaching the fire area. Some evidence
of the first of these effects was obtained in tests with low \Iinds with
nozzle E (tests 30, 31, 33, 34, Table 4) in which the veering of the
flames while the spray was applied seemed to promote aocess of the spray
to the burning liquid and a comparatively rapid extinction time. ' Same
evidenoe of the second effect was obtained with nozzle II at 50 lb/in-2
pressure acting on the 4 ft fire (tests 51 - 55 Table 4) and nozzle D
acting on the 3 ft fire (tests 98 - 103 Table 5). In these groups of
tests a high wind velocity tended to be associated with a long extinction
time. However. as indicated in the previous section, no significant
trend 01' the effect of wind velocity was obtained when all the results
were analysed. ..

Comparison between nozzles

Under the conditions of the tests there wer-e wide dii'ferences in
the pezf'ormance of different nozzles. There is little doubt, hcwever-,
that these dif~erences were due primarily to differences in rate of f'Low
to the fire area' and spray drop size which were found in the statistical
analyses to' affect the results considerably. It will be noted, that
nozzles E, ¥ and G did not bring about rapid extinction in any test,
either at pressures of 50 or 100 Ib/in2• This was due to the very low
rates of flow to the fire area obtained from these nozzles. It has
sometimes been said that sprays of the type produced by nozzles E, P
and G which shroud the fire v/ith a comparatively fine spray, will
extinguish the fire by extinguishing the flau)3s; the drops are said
to be sucked into the flames and cause the forms.tion of steam. This
was not found to be so in the present tests, since after a fairly
prOlonged application, the fire in every test was finally extinguished
by cooling to the fire point.

Comparison with 1 ft diameter fire

In the main the results of the present series of tests oonfirm
the results of the laboratory tests wi th a 1 ft diuneter fire. Extinction
took place by cooling to below the fire point and the rate of flow and
drop size of the spray had important and similar effects on the extinction
tif.le. The main difference between the two series was that with the smaller
fire the entrained air velocity affected the extinction time, but in the
present series this factor was found to be insignificant. The aotion of
the entrained air velocity on the smaller fire was to blO\1 the flames
away and to help the fine spray to reach the burning liquid. It would be
expected that with the larger fires this effect woul.d have been more
pronounced since the flames were larger. 1m explanaticn of this
differenoe ms;y be that tim results in the present ser~",s wer-e ccnsiderably
affected firstly by variations in wind conditions, which were absent in
the small-scale Labora'cory test, and secondly b.' the frequent establishment
of prolonged edge fires prior to extinction. 'l'hese factors caused a wide
scatter of ~J;:tinction times \in~.ch may have masked the effects of the
elltrsJ.ned air vel-ocity.

"
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In many of the tests, oil splashed upwards by the spray contributed to
the f'Lanes , T~lere is little doubt that this wac the main source of fuel in
the ed~e fires and in sene fires whd.ch covered the whole surface after the
liquid had been cooled to the fire point. It appears that if a splash fire
tends to become eatiabl i shed, a sre',tel' amount of cooling of the oil than ne re
cooling to the fire point is required to bring about final extinction. It
is likely e.Lso tl"k'\t aer-odynarai.c conditions prevailing at the time of
application of the spray have an ~lportant bearing on TIhether splash fires
are established. '''hus Spalding( 2) has reported that the l:1tl.intenance of a
f'Larne on a burning drop depends on the motion of the air stream past the drop;
as the air strelli~ incl~ases the fl~~e tends to blo~ off the drop, the critical
air stream increasing as thc drop size Lncr'cnnes , The establishment of a
splash fire under the present conditions was therefore most likely near the
veaseL edge vhere sane protection was afforded fron the vrind , and the notion
of the air associated with the water spray, It is possible that under
practical conditions, where thin flO\"ling layers of burning liquid are likely
to be encountered far more frequently than thick static layers, oil splashing
Hill be nuch less and therefore the development of splash fires rrill be of
slaallcr importance than in the present test s ,

The tests support the view that the most important function of a >"/ater
spray in extinguishing a high-boiling liquid is to reach the burning liquid
and cool it. A spray nay or nay not be assisted by ~i.nd conditions in
perfon:ri.ng this function. The rate of f'Low and drop size of the spray are
import~t faetor~ governing the spray efficiency. In general, for ~~ra~s_l

of '".lediun~ sJ.~e (0.5 - 1.0 j~rrJ), a rate of flow of about 2.5 g em run
(0.5 gal ft- nin"") .ras required to bring about extinction in less than five
seconds whcreaa wi th coarse sprays, (drop size 1 - 3 I:l!:1) a rate of f'lo'\{ of
about 6 g 00-2 mn-1 (1.2 gal ft- 2 min-I) ','las required. The present tests
did not indicate that these quantities woul.d depend on the design of the
nozzle which produced the spray. Howcve r-, this conclusion Dust be accepted
Hith reserve as it contr2dicts conclusions fron laborato~ scale tests of
greater a ocuracy , whi.ch indicated that sprays should be designed to conserve
the entrained air s t reari,

This is an interim report on preliminary tests circulated in the first
place to organizations directly involved in the discussion.

It will be noted that the tests vrere caITied out with a oor.tpa.rativelY.
simple system. i.e. spray fra~ only one nozzle acting on a fire burning from
a horizontal surface of limited size. In practice groups of nozzles have
to be emp.Loycd against fires, which can burn on surfaces of vertical and
horizontal pipes as well as on horizontal aurf'aces , and which can reach
intensities considerably g reatcr- than those obtained in the present tests.
Under these conditions the cf'f'cct s of sprays of different properties I:1DY nell
differ from those given for, ~Lle above fires. To provide infor::ntion on tIlis
point. further tests are at present being carried out ,71th a more intense fire
obtained from oil fimring over a nest of hot pipes.

Refercnc~~, .."

D. J. Rusb~sh and Z. W. Rogowski. F.R. Note No. 180.
D. B. Spn.ld.ir].g. 4th Synposiurn on Combustion. p , 847.

iiI'. G." Carter f ~r. ,\.' Kel:Y ,.md fa·s. J.
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'J.'abJ.8. 1.----
&Opertie.s of tiE spre'yS tested

- -- --,---'; . .....-~-----.r---~. T-' '. -i" .

Rate Cone' iiass' ISauter ilass .Sauter SpatiaJ. :Entrained
Hozzle of flow. angle median mean .median mean pattern air Rate of
desig- Press~ £ran of, drop drop drop drop of spra,y velocity flow at
nation lb/in•. nozzle nozzle. size size size size about at fire fire area. K

gal/min' degrees (1) (1 ) (2) (2) fire area g an-2 min-1
DIn !lin nm 1lIlI area tt/sec

-- -- --- -_.~--
.A 50 15-4- 71 0'~5 0.4£) 0.69 0-69 1.16 9-90 0.97 - 1.2

I A 100 19·3 67 0·59 O.~ 0.70 0'57 1.28 10·7 2.70 - 2.70

I B 50 16.0 48 1·96 1'28 0'94- 0·80 2·52 12·20 3'37 - 3· 72
C 50 19-3 55 3·05 2-05 1'59 1011 2·48 12.00 6·8 - 7.0
D 50 11·1 60 1.,3,3 1.01 0.75 0·72 1.82 9·26 2./34. - 3·05
E 50 10'4- 213 0'49 0-48 0-55 0.52 1.00 4-',18 O·61 - O·79
E 100 14-'2 224- 0-4-1 0-36 0-59 0'56 1'90 6·67 1'02 -'1'56
}' 50 36·1 2Q4. 0·53 0'51 0-60 0-57 1·00 -1.11 0'4-5 - 0- 55
}' 100 n.d. 203 0·58 0·55 0.58 0·57 1.06 -3·19 0·4-7 - 0'50 .t

1 G 50 74-·6 216 0.87 0-79 0'89 0·82 0'94- -3·3 0.65,:' 0-78

I H 25 17'2 83 1·80 1'32 1·98 1'32 1'56 4--30 1·9 - 2·1
H 50 22·2 81 4'33 2-52 1'21 0·95 2·28 10.10 3-50 - 3·60• H 100 30'4- 85 3-98 2.26 0-93 0-82 '.2·90 16'4 6-06 - 6.60I K 25 17'0 102 0·65 0-57 0·57 0-50 0'95 2·76 0'50, K 50 23·8 115- 0-1,.9 0·43 - 0·58 0'57 0'90 9·70 1.00 - 1-30

I
r.: 100 32·9 103 0_51 . 0·41, 0·60 0·57 1'10 16-5 2-5 - 2.65

Jrnivide by 5 to give gel. tt-2 min-i •

.~. -
~'.
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Cormnen+a

f---- --'....-- ------'!

I
: ! i

lIozzle iPreOB~B II' ',~ I
desig- Ib/in. speed,
nation rt/seol

Tect
desdg;
Iro.

--'.---«l'·OW:~
z-addat::.. 0'1:.

Ex:tinc- ~emp. in X'C1B. ai'tE'"
tion oil at spray
time extinotion applied
ace, °c cal

cu-~ s6:)-1

t--~~-""t----..,--r-~~_.---,..-r----{--~~~-~---<:~

--

)

- I
'. I

0·0460

, I(

0·0220

0·0350

0·0274

0.0550

0.0240

0·0552

86

92

117

100

120

120

118

.14.7

n.d•

."~ ..

Upsurge; flames dying
slow1Jr. Last 5-6 sec.
slnall flame at edge.
Upsurge; clearance at
10s; last 1QS am.all
flame at edge.
Upsurge; ocoasionnl
i-clee.ranoes throughout
application. Ra.pid
clearance before extino­
tion.
ITo obvious upaurge.
Gradual reduction of
flame; lJost of aurf'aoe
clear last 5-108.
Moat of surface clear
last 10-12s•

" Upsurg~ ; f'lames
decreasing to 5 ft high;
clearance 3()8; spray
bIcwn oir:N.re; . '
clearance 55s leaving
edge flam~. . .
Very little upaurse;
flames flattened;
burnt over whole
surface until 3()S;
edge fire after 378 •
Plame flattened;
ole8J.iBilee 35 3 i furtoor
.olearanoeSOS; .edge
fire thElrSatter.
Upsurge; gradual
reduction of tl.8m~8;
1st ol~anoe.i area,·.
21 8 leading 10,0 extinc>­
tion.
Upsurge; , ;f3ame
:flat tened j clearance
t()8 l~av1Jig small edge
fire. .
~urge· \ '.fJ.am6 '.
ti&tte~;;, flame clOS8

to liUX'taQO at 1ater . .
stages; :tat ·olearanoe
35s~_i'bole 8ur:-f'aoe

I 47& leaving edge

.--.-.....-.-----L~_J .fame: .:.: ... __.,

'·70 61·7·

16·40 22.0

14.035 42·8'

9·6 -68.7·

10.2

50

50

50

50

50

50

50

50

. 50

10

A

A

A

A

A

A

A

A

A

A

••

2

1

4

5

6

.3

9

8

11

.7

I
I___~__......__~~,. ,t.

10
I

I,

".,- ..
,~,to' .~

'I

JP.Qreater than O· 055.

;,
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11711.05

100

100

A

A14

;~---1-------i --- ---j --- ---1 -. --_._~ i--·-'·_~-,-j----

.: I I " I'. I. :.:G'~~:.,~
Test HoazLe ] J?ressure I \-2nd RC'Ci:tnC'-! .C"IJ,;. ~. I . L!.... •• r,. ~
deaie. dcsie- I lb/in. 2 , speed ~ 'tlon ! o~.l r.t . ~~ 1 , I

I 1':0.. natLon I I rt/sec i tir.lu i extinctioJ tl. '~Jl~ .',). I

~: ;~ __~J Be

o
.,J __ ...\_ -i en" c: ., <. ..'. __ ••• H_..__ .. ._

j 'J2 A 1CQ 12.6~ .3.", I 89 I s l');:;I1"c<.J(Ji :n~mea
I c.:_.1.:;~""~4¥':d r ....pidJ,y.

,.0'8 3.2 I 14'1 ~t lipsurCej fJ.t.mes
I diminished ru.pl.dly;

ateam,
Upsurge; flameB
diminished rapidly; much
steam.

50

109

n.d.

4· 2

3. 1

4·0

Large upsurge rolloved by
flame 18 in. high over
whole vessel; cleared in
48 leaving edge flame
only.
Large upsurge; burning
round edge only after
~s.
Large upsurge j surface
clearance in 3B •

80 5If: Large burst (If flame;
much steam.

56 3( Large burst of flame:
mafn flames cleared in':
3s ; small edge flame

1
after .72's. -

62 H Large burst of flame;
flames flattened; .small
flame at edge at
extinction.

57 !£ Upsurge j clearance,
leaving small.flame at
edge,

.38 H IArge upsurge; flames
burning round edge
cl'ter .5- 6s •

n.d. ~ Large upsur'ge]" ~
clearance 68 d~i8hing

to t at 1QS; last
10-158 edge only.

75 H !t'lames burning WeI'.

part of edge only
after ~-S.

I-_....._-"'-_...__..:.. ..,_......---J.-_..~-- ._._.__;_..•

29·8

29·3

3·10 6.7

8'95 29'8

6'55

4·49

9·25

10·.35 4· 7

50

50

50

50

50

50

50

50

~. ..... '"

B

B

o

c

c

B

c

D

D

D

., .

16

23 ~

21

17

15·

20

18

19

I
I

J..- .-..I. -.L.---J

,
j 22

i
I
I
l
!

'! 24-
I

. ,

...

KGreater than 0.055 .

. , .

...... . . I
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Results of testa with multi-pair impinging jet non-direotional spray

,. 0J;1 120 em (4 ft) fire

.
~

n.

oes
at

anoe

ight
tt·I
er

udden

()S.
t

11

ine-

lyE
at1e>n. ;

nitial
e

oreaa'ng
11- :,',
ar1ng
patch

lame·,
st

iIind·I

.~- . -. . f ..

I . lla.xiwm
. radiation

Test Nozzle P.ress~e ,find Ex:tinc~ lfemp. in rdg. after
daa1g. desig- Ib/in. speed tion 011 at spray Oamnents
No. nation ~t/sec time extinction applied

sec. °e cal
001-2 sec-1

._- -- - ~_..---- ...-..-_.. .. .. ---
25 E 50 4·70 63·8 130 0'0355 Few Partial olear~

20-25s; small fla.tne
edge last 5-10s _

26 E 50 4·70 , 29·8 125 0-0311 :b1J.ames bu.mt upwards
aguinst spny 1st 2
clearance 248 ; sma
edge f'lamelast 3-48

27 0 E 50 S·10 61·8 141 0-0288 Flame bumt upwards
spray most at" teat ~

t olearance 52s; 8
almost oomplete 6OB

•

28 E 100 12·15 35'0 115 n.d. SteadJr reduction in. flames; i surfaoe
clear 2,5si ~ olear

,. 288 •

29 E 100 11·15 36-7 n.d, 0.0197 Plarne gre.dually
reduced; burning

. - upright when no
i- olear 328 ,

30 E 100 5·30 16·7 n.d. n.d. l}lames veered gent. durine; whole Q?pliq
31 E 100 2·75 12.1 119 0·0332 l~e.me veered during

applicat1on~ Clear
. , 1n 10B . '·

32 E 100 7'7 47.2 88 0.0187 anau upsur~e; upr
for 2()8; height 9
burning at edge, aft

. 2,58 •

n . E 100 1·60 24·6 40 0.0248 Veering S dUring i,
stagefJ; -i clearanc

" 1QS gradI18 ) 1y in
3lf. E 100 1·40 14·1 122 00a.45 Veering before app ..

cation; flame ole
10S lelO.V1ng small

.. of flame •
35 I . 100 2.25 29·1 128 0-0242 , Slight upsurge; f

" bumt u~ards again, ,. '
,

spray. . i olearance..... 258 leadina to ext. ~ ,

I
.

tiOJ:l.

I
..

.36 li\ 50 6.20 39·6 ~ 127 n.d. Ibrnt at edge after
I

37 F 50 6·80 ..l ..... - .."'c I 0.0278 Flame gradually

: I decreasing for 2Js;
. I

. olearanoes increas
I i \ in size up to 33s ;I I I
I I

.. .)

small flame left at. II ! I .'I , edge till extinctio
! . 1.,,

. ,,

" ,
. )

. , .-1:- ..
"., ,

"
. ~ ',..
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Elc'dr,.c,./ T"",p. in I
tion ofl"at
t~e e~tinction

sec. DC

, .

"t..

r

, I

,.:::.:~~,~'~::~i~t~:\~~::·}·.
"." -...... ,..'. ,

, oJ ~ ..~ ••

f~•• ".,' ...t'~« -t I

ra'1i~tion

',:d,:". • e.fter
sl?rny

applied
cal

cm-2 8eo-1

.. , . -......... ",

.
:~ ,• c ~j r

~.r1:'.ld

speed
rt/sec

I

- I

, I I
I 'J1es't; l:oz.de Pr~sa~e

"' d.G3.
i
.g. desie- Ib/in.

lTD. nation
I

I
t-~--+__--__fo---. --- .--- --_._---_ - ..-------- .•-._-_. ~..--. _..-~-_ ...

39

40

41

,
I 43

I,e:
','~

F 50

F 100

F 100

F 100

. {'; 50

G 50

G 50

8·30 33·0

8·45 34'2

5·45 .24·1

11.10 46

4·20 33.8

5' 20 21}-·O

134

130

139

104

13.3

124

91

0·0}17

0·0213

0'0160

0.0198

0.0238

,0.0177

0.0141

0.0180

Upsurge i flame burning
vertical~ till 288
then rapid d1c1nution
till small edge fl8JDe
last 2 or }8.
Little upsurge; fiJ"st
olearance 19s; la.st
8-98 small f1.al:1e f\t
edge.
Upsurge i. 1at cIearunce
10B

1
, flame covering

(. '.;. area after 18s •
~irat olearance 15s;
further after 25
1tlaraasing till er.lall
edge fiame left. '
:B~lames burning Up7ards
acE-inat spra.",v; still
5 ft hieh ij. t 4d'i
clearance of' I:lost of'
surface at 60S •

Upsurge; f'Lame
vertical but

.deor-eaadng in height i .
1st clearance 258 r

reducing to small
~la<de at edge.
lname blown
horizontal by wind;
decreasing in size
rapidly; 1st c'

clearance 18B ; small
f'Lazae at edge.
~n.:.at edge last,
55.

411_ ....~ ••__..... -.1"..._ ..._"-- ...1- _
------ -_._--.- ....,.--....-_._....... - ,_,_J
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Comments
Test
desig.
No.

I
Nozzle! PresB~e
desie;-; Ib/in.

f

nation 1
I

l L-..-T----------I---··-~-~~-- ..... ·--··...-~
1 :,frodnurn .I radiation I

',,'ind f Extinc- Ter.tp. in rdG' e.f'ter
s?eed II tion oil at Bpr~

ft/sec time xt1nction applied
sec. DC cal

cm- 2 aec- 1

.....---+-----t----+--- ----.---+------.- .-.---..-----..
46

47

48
49

50

51

52

53

.54

55

H

H

H
H

H

H

H

H

u

H

25

25

25
25

25

50

50

50

50

6·00 '> 240

6.00 248· 9

6·50 42.3
6·00

5·70 46.2

9· 25 4·4

103

116

124

102

143

152

52

66

0.0475
0.0515

0.0515

0.0353

0·0464

0'0410

Flame height about 7 ft
durln~ test.
~lame6 reachine 5 ft
heieht; spray stopped
at 240B ; SIilall"• ,',
Spray switched off' 30S 0 ~

Spray snitched oft at,
iSS. No extinction. 1

SprllJ' off 30B. 1£

Plame blown sideways
when spray appliedj
flane flattened and went
out.
Upsurge of flame;
flattened; stn,yed flat;
flame clearance 58.
Upsurec; flattened;
extinction,
Upsurge; clearances at
20 and .35 8 ; burnt round
edec in last 108 •

Clearance 15s; burnt at
E edee till extinction.

\"
I
I

56

57

58

59

60

61

H

H

H

K

K

K

100

100

100

25

50

8'55

6·30

3·3

2·4

)240

87

124

102

143

154

Large upsuree; flame
blorm flat; clearance
ut ~_s leaving ama.ll
flaoe at edBe.
Lar[ie upsurge; flame
blovm flat: small
f'Lame e.t edge,
Lar~e upsurge; flame
b'Lown flat; small
f'Lane at edge,

0·0222 Fl~e ~~intained heieht
of 8 ft dur-i.ng applica­
tion.

0.0}84 rronounced upsurge j

flame blmm flatj 1st
clearance 10s increasinr.;
in size.

0.0310 FlarJe flattened when
spr~ applied. Hormal
upsurge; clearance at
3B further clearcnce
at 12 8 •

-------.......--__-_.--l-__-..a ~ _ ________--.--. ----..l.

Jl&:mll flame at edge till extinction.
iGreater than 0 0 055.
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E2ttlnc- Temp. ~" ~..
tion oil at I '~".

time lextinctim. " -; " • ."
seo. 00 . •

. em" aec r

lfind,
speed

tt!sec

Nozzle Pr~~8~e
desig... lb/in.
nation I'

i 'llest
desig.
Ho.

..~'--'I"' .. """"... ,"'l·""· __""'·:·_-.r-"'·-T- ...... rti ......r.::.--~·- ..,.....r'-.. .... ~.... -....:.
1 '

----to- ._-......._.-- .__._ ..-....~.~ ...........-._.
"62 K 50 7·30 15.6 143 0.O1}2 Flame blown flat. 1st

clearanoe 1()8; flame
dim:tniahed thereaf''ter.

63 Ie 50 2·75 14.1 122 0.0253 Upsurge; burnt upWards
against spray to hsight
of 10 f't; flattened
108 : olearance 138 •

~ K 50 1.0 9·9 177 0.0211 }IlIattened 58; olearance' . '
98 •

65 K 50 2·0 28·4 114 0.0133 Flattened 2QS; clearanoe
2,3s.

66 K 50 2'80 20·7 126 0.0}18 . Flattened 10o£!;. olearance
His.

67 K 50 2·80 22 0 3 151 0.0275 Plattened at¥i burnt
~ twice: flattened

..168; olearance

.6a 6.0
bq1nning 18s •

Ie 50 15·5 130 0.0191 F.1eme flattened 15s with
. 'o1.earance.

69 K SO 501 16·0 155 0·0181 Itllattened 78; burnt
upwards 1OS; flattened
148 ." '~

70 K 50 5·0 .3 1 . 7 149 0·0270 Flattened 208;
olearance 30B •

71 K 50 5·9 0.0263
72 K 50 6.8 '30.1 135 0.0193 !t'lame upwards into spray,

decreasing in size; .
'clearance 268 leaving
edge flame.

73 K 100 11.6 203 158 0·0363 Upsurge; flame appeared
to be blown off vessel,
leaving small flame at 0

edge.
74 ~,. 100 ·906 2'6 148 0·0552 Upsurge ; flame appeared,i\.

to.be blown at~ vessel,
lea-vine small flame at
edge; much steam.

75 K 100 9·6 208 "165 0.0360 Upsuree; flame burning
to heieht of 6 ft at

76 10°9·.··
ease before extinotion.

K 100 3·5 162 0.0175 Eo upsurge; flame
'flattened; cleared, ~

leaving Gdge fire.
n Ie 100 1000 3·5 197 ~O274 Large upsurge; much

steam; t'lwr.e
~

73
disappeared°

Ii 1CO 8°4 505 138 000115 Large UpEml"ge; muah

I I ateam; flan;.e I
I

! I disappea.;\"f)d; :19.!3t !.
! 1
I I . ~ ..~__.__l __.__~~l~~~.~~ ...~______~_j
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K65

58

n.d.

5·8 J
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I
I
I

I
I
I
I

5

a

8

8

8

Spa­
tial
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