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THE EXTINCTION OF OPEN FINES WITH WATER SPRAY
PART IT

The effect of aro'p size of spray on the extinction
of different liquid fires .

W ’ T : by . o o

r

D. J. Rasbash and 2, W. Rogowski

' Tésts have been carried out to deteminc the effect of
three water sprays of different drop sizes on six liquid
flres. The ligquids were alcohol, benzole, petrol, kerosine,
gas 0il and transformer oil. The sprays had a rate of flow
to the fire area of 1.6 g om™min™t and the drop sizes were
0.28, 0,39 and 0.49 mm, It was found that the flnest spray
was best for extinguishing the more volatile liquids, but the
coarsest gpray was best for the less velatile liquids, The
results suggest that the main mechanisms of ex’clnctlon of the

. fires were i S

!

(1) oooling the l:\.quld to below the firepoint, '

(2) smotherlng the flame by format:.on of ateam
at the hot burning 11qu1d

o (3) extinction of the flame—;—'zlther by steam
formation in the flame or cooling,

) (4) for alcohol, by dilution.

The finest spray used, which was found effective against
. volatile liquids, is finer than fire fighting S prays in
¥ . general use. Methods of reducing the drop size of fire
' flghtmg sprays are discussed.
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THE EXTINCTIQV OF OPEN FIRES WITH WATHR SIRAY

| PART II L
"‘The effect of -drop size ‘of spray on:thet extinetion
of différent liquid ‘Fires -

by
D. J, Rasbash and Z. ¥. Rogowski

Introductlon _ '

In Part I (1) an account Was glven of the effect of sprays with a
wide range of properties on the ‘burning end extinction of a keros'ine
fire 30 cm diameter. This work has now been followed by experiments
with threc sprays on a number of dlffcrent liquid fires. The three
sprays were of such properties ag to give an cstimate of the-effect of
the drop size of the spray on its extinguishing efficiency.

Experimental

A Eg’aratus

The apparatus used was identical to that deocrlbed in Part I The
liquids ‘burned in a vessel 30 cm diameter with an ullage of 2 em, and
the sprays were produced by two battencs of unpmgmg Jets placed
S ft..g in, above the vesgsel,

Liquids’ tc sted

' Six liquids were %ested, alcohol (industrial methylated spirit)
benzole, petrol, kerosine, gas oil and transformer.oil, The main
propettics of these liguids and the fires they produm.d are given in
Table I.. The mgthods of measuring the propertiés of the fires have been

- given elsewherc (2: F:.g. 1 and 2 show fhe alcohol and benzole fires after

burning - two mlnutes " these liquids gave respectively the smellest and -
largest. flames,

Sprays teste dl '

Tcsts werc carrled out with thrce sprays, all produced at a prrissure
of 85 Lb/:mz, ‘arid a rate of flow to the fire area of 1.6 g cm™2min

The properties of the three sprays are given in Table II, Two of the
sprays, ‘A and ‘B, were produced by nipples containing 0.8 and 1.6 rm,
(1/32 ana 1/16 in,) jets respectively. For the third spray no nlpplcs
were placed in the nlpple holders of the 1mp1ng1ng Jets producing the
sprays; - this ‘gave a jet ‘diameter of ca 2,8 min (/64 in,) the mean
intcrnal diameter-of the threaded nipple holder, The measurement of
drop size, rate of flow and entrained air velocity were made in the
manney descrlbed in Part I, The spatial pattern measurements were also
made as described in Part I. The figurc assigned to spatial pattern in
Table IL was obtained by dividing the mean rate of flow to the ceéntral
portion by the mean rate of flow to the whole fire area and gives an
indication of .the extent to which there was either a peak or a trough in.
the pattern at the centre’ of the fire area., Table II shows that the
main difference between. the sprays was in drop size, the drop s:»..vie
:anreasmg as the size of the Jets producing the sprays mcreased.

Spray C; hcmever, had & somewhat larger entrained air velocity and a
snaller spatial pattern factor than the other two sprays. Spray C was
also d:l.fferent from the other sprays in that it gave a higher rate of
flow to 'areas .outside’ the combustion vessel. Thig is illustratéd in
Fig, 3 which shows the mte of flow per unit area of the three sprays

at points along a horizorital line 30 cm directly above the eentre of the
gcombustion vessel, It will be geen that on those parts of the line
which extended beyond the cambustion vessel the mte ,of flow per unit area
with spray C was greater than with the other two sprays,



Table 1

PROPERTIES OF LIQUID.EIRES.

0-87

Liquid Speeific | Boiling range Propertics of fire BOJCm'diaméter
gravity )
Amount of - Rate of burning | Temperature 1 mm ' Méan.tempérafure"'
" priming after 8 minutes | below the surface of the flomes .
" for prcburn ‘after 8 minutes (by Schmidt method) |
°c _ignition g/min preburn °C N o co
4l1éohol 0479 77-79 ) 56 66 1218
: ' gDirect
| Benzole 0.88 79=-84.. 240 84 - 921
—Petrol— -0 76 ~~30=200 _%1gn1tion ' 96 108 1026
Kerosine 0+80 155-277 .| 10 cc hexane 58 188 990
Gas 0il 0-84. 214350 10 ce " 53 238 Nade
Transformer oil 295-393 * | 40 cc " 49 282  neds

‘nide = not determined
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" Table II

" Propertics of sprays used Sy

Rate ;f‘fiowAi;éé em~2min=? (0.33 gal £t~Zmin-1)

Jet size Mass median lSpatial _ Entraiﬁed air
Spray drop size pattern velocity
Designation |'mm | 1/64 in, mri | factor - 1
' ‘ cm sec ' | ft sec
A 0.8 2 0.28 - 1,02 34 13
B | 1.6 4 0.39 . | "1.04 338 | 1.2
¢ 2.8 7 0.49 0.89 376 o 2.4

Programme of tests , , . ' l

The main programme of tests consisted of two tests with each 1liquid
at preburning time of 2, 5 and 8 minutes with each .of the three sprays.
This gave a total of 108 tests; Further tests were also carried;out
with spray C on kerosine and petrol. The temperature 1 mmibelow; the
surface was recorded continuously during the period of . appllcatlon of .the"
spray by mcans of a thermocouple conncetcd to an amplificr-pen recorder
-system with.a response time of about z 1 sccond. In some of the tests .
with spray C, thce change in clcctrlcal conductivity at a point 1. rm . be Low
the liquid surfacn was measured during the period of spray epplication;

" the cbjeet of this was to test for the formation of oil in water. emulsions

In all tests in which extinction occurred the.spray was stopped
immediately. . In half the tests a lighted taper was applled 5«10.mm above
the .surface to test for reignition, and in the other half a sample of
liquid was taken from a layer within cme centemetre of the surfaco and
examined, . These operations were usually carried out within 2-3 seconds of
extinction. oo .

RESULTS

Extlnctlon tlme - S : .. - - L .

Table III shows the extinction time in the duplicate tests carrled ,
oub with the three sprays on the six different liquids at preburning
times: of 2, 5 and 8 minutes, Table I1I also indicates whether the
llquld was coolcd to the fire point by the application of the spray..

In gencral the extlnctlon tlmc decraased as the volatility of the
liquids decreased, With the aid of statistical analysis the f0110w1ng
points of detail were also. establlshed

. {1) With benzole, petrol and alcchol the extinction time .
decreased from spray C to B to A i.e. with increasing fineness,- ' There was
no significant effect of the time of preburn on the extinction time,

Pig. 4 shows the geometrlc mean extinction time of the six tests w1th each
spray and each liquid plotted against the Qrop size of the spray.

(2)  With kerosine at a preburn time of -2 minutes the extinction
time decreased from C to B to A and at 8 minutes preburn from B to A to C,.
jio€e &t two minutes preburn time the finest spray was best and at 8 minutes
the coarsest was best. - With spray A the extinction time increased as
tne time of preburning increased.




Table IIT

Fxhinntion time (seconds) of diffawvent liguids with water sprays.

Spray I.-’iiebuz;n .Rep‘licate ":Alé;iohoi -Benzole I:Jctroi Kerosine Gas oil i Ti‘ansfomer oil
' time ) . _ - : (fire point | {(fire point | (fire point
(min) - " ‘ 60-68°C) 104-1159C) { - 175-180°C)
( 2 (a 86 - 621 93 16 5el. 36 X
( . (b 14 97 10°6 302 2°4 36 *.
A 5 a 1524 1420 | 124 5+8 5¢5 7°5
( T b 146 115 10+0 65 66 6e0X
( L ‘ : Lo
8 & 1.7 805 . 1600 : ?-9 709 7-14- ’
o b 143 14..2 8.6 73 8.6 9.2
2 (o 89.2 4641 59.0 | 24.2% a2 3.2%
O v 1163 K739 h9e6 [T 21X 630 34
5 (1 5 s 217 169 50,8 | . 9.5 6.2 7.0
- - b . 254 52,0 L5542 7.8 9.0 6.5
8 E a . 80.0 39.2 10.6 10.2 7.8 9.1
. b 160 70.0 6.6 10.5 8.6 ~ 7a2
(| ‘2 o a . 510 2240 215 - 161 1445 2, 8?
g » (® 465 >240 249 5le 7% 2.6 fo 3%
o 5 E a 4§75 | 240 152 6.8 3o 32*
. 1o (v 509 2.1 .| 235 301% CRA 3.2%
8 E a 525 210 | 22| vhe U1 206 2. 6*;
r (o 5090 | TI58T ks ke N
iy | ¥ P _ L

¥ Liquid cooled to the flI‘O point at cxtlnctlon.

X L:Lqu:l.d. cooled to thc :E':Lre point in a few seconds after extiﬁgtj.gn,and,rcmoval_of.spray. —
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(3) With gas oil and transformer oil at prcburn times of 5 and
8 minutes the most rapid extinction was obtained with the coarsest spray Ce.
At the preburn times of 2 minutes there was no-'significant difference
" between the extinction times with the different sprays. - The extinction
time increased with time of preburn for sprays-A-and B.

In a number of tests shown in Table II 'the replicates gave quite
different extinction times. This was especlally so with spray C on
benzole, petrol, kerosine and gas oil at preburn times of 5, 8, 5 and
2 minutes respectlvcly. With kerosine and gas 0il 'thé liguid was cooled
to the fire point-in those replicates with long extinction times. This
irrégularity was further investigated by a sorlos of. additional tests on
kerosine with spray C, with preburning times of % to 12 minutes,  The
results of these tests are shown in Fig. 5. - Thc extinction times fell
about two curves according to whether” the liguid was cooled to the fire
point during the spray application, Five further tests were also
carried out with spray C on petrol at a preburn time of 8 minutes, Four
of “these tests gave extinction times of 8, 19, 57 and 164 seconds; one
test did not give extinction within an application tu1e of 480 scconds.
It was noted in all tests with spray C on psirol and benzole that on
first applying the spray the flames vere pushed sbout over a large volume,
and moments when there was clearance of flame alternated with moments
when there vere bursts of flame., After 10-20 seconds application,
however, the flemes would become established as a flat flame streching:
across the vessel in the manner shown in Fig. €. The extent of the
disturbance during the initial period scemed to increase as the preburn
time incrcased and it was during this disturbed 'period thet the occasional
repid cextinction occurred. When the flat flame was established there
vere random but 1nfrequent partial clearances of the flame; an example of

such 2 clearance is shown in Fig, 7. Extlnctlon when 1t occurred usually
followed from one of these clearances,

Terperature of liguid

Typical temperature records obtained in the tests are shown in
Figs, .8 and 9, After applying the.spray there was a lag period of
Cedy seconds which was usually followed by a sharp drop in temperature.
Tve rate of drop in temperature varied widely even between replicate tests.
In Fige 10 the drop in temperature which: occurred within 2 seconds after
the lag period has heen plotted against the temperature of the burning
liquid just before the appllcatlon of the spray. . This temperature
increased as the volatility of the liquid decrcased and as the time of
burning increascd. Fig. 10 shows that for the hydrocarbon liquids the
rate of temperature drop increased as the temperature near the surface
increased and was greater for spray C than eithcr sprays'A or B, For
alcchol, the .temperature drop was greater that that which would have been
cxpected from the relationship for the hydrccarben liquids. In most
experiments the rate ¢f drop in-temperature decrecased as the time of
applicaticn of the spray increased i.e. as the temperature near the ligquid
surface vias reduced, In those tests with volatile liquids where a
prolonged appllcatlon vias nccessary before céxtinction the temperature nassed
Fhrough)a minimum and increased again before reaching a steady value
Figs 9)e

Ecignition

Reignition was tested in rcplicate tests (b) shown in'Table I,
In every test with the hydrocarbon liquids where the temperature had not
been reduced to the fire point and vwhere a 1ayer of froth had not formed
on the -surface, immediate reignition occurred, ~With the gas o0il and
transformer oil fires a layer of froth- would often- form after removing
the spray. No inflammation occurred vwhen the taper was held above the
froth layer. However, as soon as the froth was ftouched by the lighted
teper it would ignite and burn casily. ‘The burning froth would then -
igmité ‘the liqid below it if it had not beéen cooled to the fire point.
lr tests where the liquid had been cooled to the fire point it did not
reignite immediately and usually the liquid did not reignite even when
touched by the burning taper. The spray A replicate (b) extinctions
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#ith alcohol were all vezy rapld extlnctlons in Wthh the. flre appeared

to be snuffed out; immediate relgnltion occurred when the taper was brought
near the surface. The’ extlnctlons of the alcohol fire with sprays B and
C, however, were much slower and the burning taper wes held in place from
3~20 seconds before reignition occdpred

Coﬁpositﬁon near the liguid surface

"In most of the replicate (a) fests, seaples were taken after
extinction from the top layers-of the ligquide For the hydrocarbon

‘liquids all the samples consisted of a suspension of water drops in the

ligquid, with occasional sapples show1ng some turbidity. Vigorous
boiling usually persisted for ~some time in samples taken from gas o0il and

transformer oil,

The water content of the samples are shown in Table IV; those for
hydrocarbons were cbtained by a centrefuge method and for the .alcohol by
measuring the density. - With the hydrocarbon liguids the water content
increased as the volatility of the liquid.decreased and as the drop size

“increased. For alcohol the amount|of water increased as the application
‘time before extinction increased.

i Tabile IV

Water content of burning| liquids after extlnctlon
by water spray

Liquid Time of | Per cent water in saﬁples drawn from
burning surface after extinction
(min) -
Spray A Spray B Spray C
Alcohol 2 13 20 Nade
: 5 8 43 . 710
8. 8 21 70
2 0,2 1¢7 No extinction
Benzole 5 a1 - <Q.1 0.5
- : 8 <0.1 Toh Tl
. 2 . 430,1 9,1 0.5
Petl"ol ’ ’ 5 (‘001 < OA1 0-8
8 P.j < 0.7 0y
o ,
, 2 |2l’+ 3&"4- ‘001
Kerosine 5 n.d 0.9 146
) 8 |1.2 006 O.5
. 1
2 it b ek 0.7
Gas o0il 5 2.9 3.9 342
. 8 |O.6 3.1 4'3
2, 'p.d | 247 5ok
Transformer oil |- 5 2.6 3.9 1.3,
. 8 ) 1O.8 2.6‘ 0.}4-

n.d. = not determined,
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Electrical conductivity measurements. : -

The change in electrical conductivity at = point 7 mm below the
surface during the spray application was measured for 13 of -the 15 tests
on hydrocarbon liquids with spray C repllcate (2). The apparatus used
measured the current flowing between two 1 mm diameter electrodes with
a potential difference of 12 volts across them. When the electrodes
were placed in a 50-50 emulsion of transformer oil in water, stabilised
with one per cent lissopol a reading of 3.5 units was obtained. Water
itself and water containing one per cent lissopol both gave a reading
of 4,5 units. The minimum reading which could be cbtained with the
apparatus was 0,2 x 10™ units, Table V shows the maximum readings
obiained when the spray was applied to different fires,

Table V

Conductivity of burning liquids during application of spray C

Reading {Taits)
Liquid
- 2 minutes- 5 minutes 8 minutes
preburn preburn preburn

Benzole 0.0 Noda 2,5 % 10~k
" Petrol - 0.0 1.5 x 1075 | 0,2 .x 10~k

Kerosine 2.1 x 107k 0.0 0.8 x 10k
" Gas oil 0.0 0uiJ 1.0 x 107%

'Transformer 0,0 .0 n.d.

oil ' :

Ned. = not determined

. In a few cases slight currents were detected some 3~4 seconds after
the application of the spray. Inh no case was this current greater than

TU3000 part of the current which flowed when the electrodes were placed

in’ the prepared emulsion, Moreover, a comparison between the currents
obtained and the extinction times shown in Table II does not reveal any
association between the detection of a current and the occurrence of a
short extlnctlon time. :

DISCUSSION

Mechanism of extinction

'Thcre are eight pcssible ways in which the spray could have
extinguished the fires. Five result from the action of the spray on the
liguida . A

(1)

(2) evolution of steam at the hot burning quuld in sufficient
1L3ﬂtlﬁy to inhibit combustlon, )

(3) formatlcn of a froth at the surface whlch would prevent the
ization of .the liquid,

(4) formatlon of an oil in water emulsion, at the surface which
vcurd -also prevent vaporlzatlcn,

‘cooling the liquid to the fire point;

v P
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(5} for alcohol, by dilution of the surface layers until
insufficient combustible vapour was evolved,

| Three result from the action ¢f the spr:y on ‘the flames.

i "~ (6) Yblowing the flemes out, by the air current associated with
. the spray, ) : :-

N :"(7)‘- éitinctidn of ‘the flames|By cooling with the spray,

(8) extinction of the flames by steam formation in the flames,

Most of these»eitinction mechanisms were considered in part I for

' the kerosine' fire alone, However,lthe wider range of flammable liquids
used in these tests can give a brcader ‘yiew of the extinction mechanism

| .which was not possible in the prev1ous tCotSo

In con51der1ng these mechanlsms, it must bz pcinted out that although
over a long period, a spray and a flame may have certain average: properties,
v from moment to moment the propertleé may vary consideresbly due to
I tuwrbulence, With many of the above extinctlen mechanisms the momentary
| value of these properties would determ&nﬂ vhethzr extinction takes pleace;
| &s a consequence differences in the extinction time and even of the
i extinction mechanism under given exper'm°n+al conditicns were to be
B cxpected and were indeed obtained.

| Cooling the liquid to the fire point To cool the 1lijuid to the fire
) point a spray has to cause the abstractlon of heat from the surface layers
| of the liquid more rapidly than the flames can add heat to these layers.
] A direct assessment of these twio factors is compllcateu since a spray
l can cause cooling of the surface 1ayers by mixing thcom with cold layers
| “below the surface as well as by dlrect heat transfer, and heat from the
” flames is used to eVaporate the burnlng 1liquid as well as to increase its
. temperature. For a given spray the| rate of cooling of the surface
| layers was rcduced as the temperature of these layers was reduced; on the
| other hand experiments without sprays shovied that the rates of increase
17 in temperature of these layers by the flames decveased as their temperatures
| ircreaseds It follows therefore that as the temperature of a burning
{ tilquid is reduced by a spray, the coollng capacity of the spray becomes
. fn‘evs and the hcating capacity of the'flames becomes more, If these two
-+ capacities become equal before the liquid is reduced to the fire point
then, unless some other cxtinction-m%chahiSm operates, the liquid would
”.rémdin burning with the surface layers at a stea@y temperature; -this was
r.oved for -many of the tests described in Part I, If at all temperatures
_ 1 above the fire point the cooling capa01ty of the spray were greater than
' I the heating capacity of the flames then the liquid could be cooled to
' the fire point. Table III shows that the kercsine, gas oil and
I trensformer oil fires were occa51onaﬂ1y cocled to the fire point; the
h probability of extinction by this mBChaPluﬂ decressed as the preburning
| time increased and as the drop size decreasnd, It might also have
. been expected that the probability shouwd increase as the fire point
| rﬂrpased since a higher fire point snould he mors easily reached by
” >oling, This was not found to be SP wvith the zosrsestv spray. This
| -nclrates that the coarsest spray some other mechanism could operate more
! r221ly with transformer oil and gas 0il than it ceuld with kerosine.

| A mechanism of extinction which may bte put forward-is that the spray
! intervenes between the flames and the|liquid and abporbs the radiation
| which provides the latent heat of vaporization., A similar mechanism hes
Itveav suggested to-account for the extlngulshlng efficiency of dry powdgr(B)
‘hcmi;eri thedratefof eviﬁoratlon is dctermlned primarily by the temperature
I a ¢ liquid surface; is controls the partial pressure which acts as
”an criving force for vapour transferiinto the. flame If the heat
. trancfer from the flames to the surface is cut off, the sensible heat of
,Winc -liquid itself will be used to prov;de the latent heat of vaporization;
qu‘J will continue until the liquid temperature has been cooled to the
‘11re point. Thercfore this mechanlsm in itself can only bring about
eytlnctlon by allowing the liquid to be cooled to the fire point. It
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cannot be expected to operate in licuids with fire p01nts below room
temperature since there. is proctloally an inexhaustible supply of heat
for vap01lzat10n in the general surroundlngs at room tsmperature and in
the water spray itsclf. : '

Steam formation at the licuid If the- surface layers of the liquid are
boatel during a preburning period to 2 temperature higher than 1OOOC then
steam may be formed there when a spray is applied to thé fire, w1tn
most of the tests with kerosine, gas oil and uransformer oil, vigorous
boiling was indeed observed when sprays were first applicd. It is
difficult to estimate from the spray and fire properties the ablllty of

a spray to extlngulsh a fire in this vay, since not-only  is the process
of stecam formation in the liquid complex, but also the amount of steam
vwhich has to be formed would also vary with the amount and drop size of

* the ligquid incidentally sputtercd or spleshed into the flame, However,
an idea of the testconditions under which this mechanism may have .
prelomlnated may be obtained by considering the effect of preburning time.
on H, the heat.content of the llquld gbove 100°C, in congunctlon with

the effeCu of preburning time on the extinction time, H iz the

maximun amount of heat available for steam formation and is plotted .
agalnst the preburning time in Fige 11 for the three high boiling liquids,
For'a given liquid H increased with preburning time, and it would
therefore be expected that the chance of extingtion of the fire by steam
formation at the liquid would also increase, This probably accounts for
the two curves representing the extinction of the kerosine fire with 'spray
{shown in Fig, 5); either the kerosine was extinguished gquickly by steam.
formation at the hot liquid or it had.to be extinguished much more.
slowly by being cooled to the fire p01nt and the chance of the former
mechanism operating inc eased as the preburning time increascd, ~It
would also be expected that if this mechanism were predominant thon the
extinction time should decrease as the preburning time increased.  There
is some evidence that this occurred with s.ray C acting on.the hlgh
boiling liquid fires but spray A acting on these fires gave the reverse
effect, It will also be noted in Fig. 11 that for a given time” of
preburning the heat content increased as the fire point of the llquld
increased, It would therefore also be expected, if this mechanism were
pradominent, that the chance of cxtinction by this mechahism should
increase. as the fire point of the liquid increcased.. This mey account
#.r the fact that with spray C rapid cxtinction without prior cooling

to the fire point took place more frequcntly with gas 011 and transformer
0il thun w1th kerosine, -

Froth and emulsion formation A certain amount of froth vas usually
.. formed during the application of the sprays to the kerosine, gas o0il and
transformer ©0il fires. This froth was produccd as a result of the @ .~
b0111ng ‘and. probably consisted of air and water vapour bubbles in 011
Howevcr, as a rule this froth covered only a part of the llquld surface’
and it was not until the spray was stopped that there was any tendency
for the surface to become completely covered with froth. '~ It appeares,
therefore, that during the tests the impact of the spray drops destroyed
th= froth as it was formed and it is unlikely therefore that-this mechanism
contributed substatially towards the extinction. The samples taken after
- ewtinction and the electrical conductivity measurements did not indicate
. &y significent fornwtion of an oil in viater emulsion in these'tests.

Dilution - There is llttle doubt that sprays B and C extlngulshed the
alcohol fires. by dilution since after extlnotlon the surfaceé leyers
contained a high percentage of viater and immediate reignition. was not
obtained when a light was applied above the surface. In all tests
with these sprays on alcohol the flamc was 1mmed1ate1y pushed into a
flat thin flame burning close to the’ liquid surface, After & certain
‘time, which was. considerably greater for. spray C than €cr spray B, a
swall area free of flame formed et the centre of the vessel; this area
gradually increased untll An the 1ast few seconds before extinction
only a few. small flames 5 in. high ‘burning ‘at the edge of the vessel were
‘nesent, In two teists on alcohol with spray A in which the extinction
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| times were respectively 8.6 and 15.4 seconds, “the fire went through

ﬂthc seme series of stoges but in a veny much more rapid scquence than

'with cither spray B or Cu It thcrcforo appears 'that in these 0 tests
ﬁthc fire was also cxtinguished by dilution but very -much more cfficiently
|1than vhen sprays B and C were uscd. Jﬂlth the other four tests on

v alcohol with spray A, however, the. flre went out.quite suddenly within

J 2 scconds of appllcatlon and without g01ng through thesc stages; moreover

| immediate reignition was obtained soon eftcr ext1nct1on. These extinctions.

] cannot be aceounted for by dJTutlop.

| Extinction of the flames NOne of the obove mcchanisms can account for
” the extinctions obtained in the tosts on the petrol and benzole fires or
i indced in many of the tests on tho other liquidss - It may therefore be
' assumed that thesc fires werc oxtlngulshea by the direct action of the
i spray on the flames. It is unllkcly that the bloviing cffect of the
air stream entrained with the sproy played the predominant part in the
' oxtinctions. If this were otherwisd little differcnce would heve been
I expected in the ability of sprays A, |B and C to cxtinguish the petrol and
| benzole fircs since there was little [diffcrence in the velocity of the
' entrained air strcam for the three ,Sbrays.  Horcever Spalding reports (4)
N that a kerosine fire burning on a e :Lno rod may te cxtinguished occasicnally
I by a turbulent zir strcam of v01001ty 1370 cw/seec (45 fﬁﬁscc); Table II
shows that the.entrained air velocity of thé sprays uscd in these tosts
was much less than this. It may be|assuicd that the main action of the
| air stroam was to tend to blow the. flamc into a flat shape similer to
that shown in Fige. 6 although it is possiblc that after a clearance of
. the bulk of the flame as shown in Flg. 7, the entrained sir streem might
“ have helped extinguish the smaller tongues of flame left burning at the

| vesscl cdge.

ﬂ It follows that the extinction of many of the fires was mainly e

| result of heat transfer between the flamoo and the spray drops. In

| Part I (p.19) it was cstimated that for a kerusine flame approx1metclj

W Os? CCI/EQC would hove to be tra nsferrcd from cme cubic centimetre of

" the flame to the spray if cxtinction were o be. obtained entircly by

ﬂ coollng the flame, and only 0,02 caL/sec if 211 the heat transfer

| rosulted in the formation of steam. | Leter information given in deteil

] ~ Appendix I has indicated that the latter figure is an underestimate

I 51d should be sbout 0.1 oo 1/scc. Thls figure shcould not vary

| epprcciably with the nature of the hydroczvbnn liquid burning. - It mey
i thereforc be generally stated that Water spreys should be able to abstract
| zbout 041-1 cal/sec from = cubic centimetre of fleme before extinction

ﬂ is 11kc1y to take placc,.the TmOhﬂt{VOrleﬂ according to the amount of-

I\ vaporisation' taking placc. By using methods described in part I it was
| cstimated thef sprays A, B and C could sbstroct 0.4.,0.19, and 0.14 cnl/
L see from 1 cm” of flame. Thesc valucs are of the same order as the

I cstimated quantity required ond éo prnv1de some positive evidence that
these sproys could extinguish flames by a heat trensfer proccss. o

| Ie cffect of drop size on the extinction time

| Tho effect of drop size on the extinction time varied with the

‘ liguid,  As the drop size was reduced from 0.42 to C.28 mm petrol,
benzole and alcohol showed a marked decrease in extinction time whereas

| transformer oil and gas oil showed jon the whole an increase in extinction
J time; kerosine was intermcdiate between the two groups of liguids, It

1 would be expected that the mechanlsm of extinction should have had an

| effecet on- the best drop size to uso at any given rate of flow and

] rressurces For high boiling llqulds viith high fire points in which

‘ extinction would toke place qulckly cither by formation of steam at the
burning liquid or by cooling to the fire point it is .nccessary that the

! spray should penctrate straight througb the fleames to the burnlng liquid.
;‘ It would be expccted thet once the|spray rcaches the burning liquid the

! {iner the spray the. better, however, gqualitative cbservations during the
ﬂ tests ehowcd that the, finer sprays|incurrcd the disadvantage of
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increasing the violence of the fire during. the first few seconds of
application by ceusing an -increased amount of sputtering. With petrol.
and benzole. in which extincticn takes place follow1ng heat transfer inm
the flames it is important that the spray. should pen netrate to the lower
part of . the flames but. not necessarily to the burning liquid; morcover
the fine spray which reaches the burning liquid does not. cause. any
snuttcrlng because” the liquid ‘is not hot enough. ~It.is intercsting to
note that in those tests with alcohol in which the extinction mécha r1ilsm
was mainly by dilution of the surface layers a dccrcase in drop size
from Q- 49f0-28 ma decreased the mean :extinetion time -from 499 to 1
-seconds. The explanation of this is: probably that ‘the coarser sprays ‘
caused more mixing into. the surface - laycrs ,of alcohol below the surfacec

A point mhlch cannot be explalned simply is: the tyndency of the
ccarsest spray (uprqy C) to give :an eccasional. very rapid extinction
witk a pétrol and benzole fire. : Spray C. was not’ quite unique in- this
respect;- Table I1X shows that with spray B on the petrol fire there
was an extinction time of 10%6 seconds at the. '8 minutes. preburn which .
was not -only considerably less than its replicate (466 seconds) but .
also well -below the ‘extinction’ times of the other 4 tests with' this.
spray on the fire, These repid, cxtinctions -are probably associated in.
some way with the disturbance caused when the’ 5pray is. first. aleled to
the firc. During this initial period the f£lame is changedxln shape
from a vertical column to a horisontal platc, for petrol and benzole
this change was accompanied by a périod cf': 1nstab111ty during. which.
extinction may have been facilitated. With spray C the flames were
more unstable during-this periocd: than with:the other sprays, which may
account for-the- fact -that the two shortest extinetion times of' this spray
on the petrol and-benzole fires, (about 2 seconds) viere far less than
any of eAtlnctlon ‘times with these fires using either of the other sprays.
This greater dlsturblng effect of spray C was probably due: to twod factors.
Pirstly the cntrained air velocity was somcwhat riore than': that of . the other
two sprays and secondly the sprey was nmuch wider than the- others,-. “The
lotter factor would enable the flames that werc pushed outwards during
the disturbance to meet more spray at distances viell outside the vessel;
this would have helped to increzse these disturbances-&nd also extlngulsh
these parts of the flames.

Practlcal 1mpllcat10ns

The above discussion has’ shown. the -complexity of ‘the.process. of
extinction of a liquid fire with water sprays and any extrapolation of
the detailed results of this investigation to full scale fire fighting
equipment must be acccpted with reserve until large scale tests have
been -¢arried out. - Nevertheless a broad picture: of -the ‘behavidur -of
sprays of-different propertics sgainst different .fires does cmerge

"which can help tos 1ay the foundatlons for the deslgn of flre flghtlng
cqulpmcnt. L o ; AT

Sprays for llqu1d fires The resulfs show that watcr_sprays;can be an .
et'fective and reliable method for the extinction of fires in liquids !
with high fire points (e.g. transformer oil, lubricating oil, gas oil,
fuol 0il)s Not only can rapid extinction bc frequently: obtained by a
process of steam formation at the hot liquid,. but it is-possible also -
for.the spray to cool the 11qu1d quickly to below the fire point. -
Cocling the -liquid to below the fire. -point is highly .d¢sirable since the
liquid will not.then be reignited easily by stray sources of ignition;-

it may be added that AP the liquid has a fire point above 1009C then the .
~water which recmains in susperision near the surface would a551st in:
resisting reignition, since this vater.will have to be vaporlzed before
the fire point can be reached. \The tezts showed that a rclatively coarse
spray {drop size 0+5 mm) was quite effective when used against this class
of fire and that there was no advantage, and indeed under some conditions
there was a disadvantage in using finer sprays. A spray of this drop
cize -is, within the” scope of -ordinary fire fighting nozzles acting up to
prcssures of 100 1b in™ =2,  In the present tests a rate of flow of 1+6'g
cm‘2 nln (0-33 gal ft“ mln"1) was found effcctlve. However for large
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scale fires it would be expected that a greater flow may be necessary to

penetrate the larger volume of upward moving flame, OUn the other hand

in practice a fire flghter would dlrect the spray, through the sides of

. the flame rather than"against; the upward current ‘as in the present tests

i and for this reason penetration of the spray to the bwning liquid would

| be easier. For these liquids, moreover, it would not be vital that the

~ spray ‘should cover completely the area covercd by tne ILe, since the
_snvay could be moved about to oool the llquld graduallf ‘to the fire point

1 r the whole burnlng area,

With the volatile 11qu1d fires he flnost spra{63sed (0'28 mm)'was
much better then the others. However, other work has shown that a
spray of this drop size may not extlngulsh a petrol znd benzole fire

* easily when the preburnlng time- is 1ess then 6-8 seconds, znd this spray

! cannot therefore be’ regarded as rellable under all .conditions. Further

© details of this phenomenon will be descrlbed in part III. Nevertheless

'the. tests described in this report 1ndlcete thet a spray of properties

similar, to that of the finest spray used would be effective against

volatile liguid fires under a wide range of conditions, as .long as the

| spray is sufflclently large to cover |the whole. area of the fire ot any

. given moment.

. -The productlon of fine fire flghtlng_sorﬂvs 1%t hos been seen that for

volatile liquids the efficiency of a water spray increases as the drop

size of the spray is reduced. There is little doubt, that as long as

‘ the entrained air velocity is sufflclent to push thé flames awiay and
allow the spray drops to penetrate to the lower part of the flames, the
efficicncy will continue to increase jas the drop size of the spray .

. decreases,. In this series of tests, the only really effective spray

i -for the volatile liquids was the flneet tested, which had a drop size of

 0+28 mms -This drop size is already much finer than those of fire

' fighting sproys generally available at gbout 100 1b/in?. The reason

. -for this is that the orifice dlamcteq used in the production of this spray

( /32 1n.) is finer thwn thet generally used 1n fire fighting sprays.

There are three main ways in which the drop size of fire flght1ng
| -=prays may be reduced. . :

| (1) By reducing the size of orifice from which the spray is
I proiccted,

(2) By 1ncreaslng the pressure,

w (3) By chﬂnglng from pressure ntomisation to ges atomisation.

The" Jet size in fire fighting nozzles 1s rarely less than 1/16 in,
. Although it mlght be p0551b1e to 1ntr0ducc /32 in. Jjets, great care
-would have to be taken to avoid blockages. Thus it would be most ill
“adv156d to introduce jets with this degree of ‘finenesd into protective
i installations, since under these COnd’ulonS it would be very unlikely
~that the nozzles would have the constant LFSP( ction necassary to ensure
ficedom from blockagee For a single |pair of impinging jets or for a
, singic swirl spray, at a given pressure, the droa size cf the spray is
|appwox1m tely proportional to the squaze robt of ‘the OrlflCL diameter,
'However, to maintain the rate of flow} say from a nozzle mede up of a
‘number “of impinging jets, . the number of jets used must incresse.as the
Jet sizeis decreaseds In order not|to make a nozzle cumbersome. the
'pairs of jets have to be placed fairly close; this results in interference
|betw00n the sproys from different pairs resulting in coalescence of the
sprey drops. For a given rate of flow from single nozzles, the reduction
'in drop size 1is not therefore as groat on reducing the Jjet size as that
1nalcated above for single palrs of jets.

“ Little information is yet zvailable on the effect of pressures zbove

about 100 1b/1n.2 on the drop size of water sprays used for fire fighting.
fbwsver, informetion on the drop size |of water spray at %ower pressures (7
{%%) ond the drop size of fuel sprays let high Tressures suggest that
the éffect on drop size reduction of increases in pressure from say 100-
I‘aGL)O lh/ln. "would be much lcss than for increases in préssure from say
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10-100 1b/in.2 Some guidence on the performance of high pressure sprays
on volatile liquid fires may be,cbtained from direct tests carried out
by the American Army Engineers (S on the extinction of petrol fires
with sprays produced at pressures ‘from 100-1500 1b/in o Although the -
sprays used were of the impinging jet type, no information was given of
the size of jets- used nor were any drop sive measuremsnts carried out.
‘Trhe relation between the extinction times ohtained and the' drop size of
the spray was therefore cbscure. Nevertheless these workers did find
that at a given rate of flow an increase in pregsure did decrease the
extinction time, + It has been shown, however, f7yrthat, on the whole,
this increase in efficiency was not sufficient tc warrant the use of
high préssure sprays, since in practice it would not have been sufficient
to counteract the considerable reduction in efficiency due to a necessary .
reduction in rate of flow when high pressures sre 'used. However,
mere information will have to be obtained on the properities of high
pressure:sprays and on their sction on voletile liquid fires before

a definite opinion may be given on their efficiency for this type '

of Tire, Ge . Ce - = Tl

Under certain conditions it may be feasible to reduce the drop size
-of fire-fighting sprays by changing from pressure nozzles to gas
" .atomisation nozzles. The dlfflcultv here would be ic provide the
‘atomising gas. From information given by Hoare (%0} i% mey be estimated
. that the amount of air required to atomise water to a spray of mass
median dr0p size 0«16 mn is 13 ft, 3/1b. of weter if the sir pressure is
5 1b/in?, - It may be estimated from these figures that a blower several
tons in welght vould be required to supply sufficient air to'a nozzle:
giving 30 gallons/mlnute. However, if the exhaust gas from a jet engine
can be used to produce the atomising gas, the weight of the englne need
only be a few hundred pounds, ° Whichever way the atomising-gas is-
produced, however, -it is clear that the nozzle would be far less. .
manoeuvreable ‘that the sprays’ from pressurc nozzles, and probably would
only find use as spray monltors. o ! ) -
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Eq*lnetlon of the. heat trarsfer requlred to produse cncugh sicam from
wa+cr drops to smother flames from Combuuulklp Iiquide

In order to estimate the heat transfPr TQQULFEd %2 zroduce enough
steam t0 smother flames, it is necessary to know the "aafe limit ratio"
For steam (Rﬁzo) which is the ‘minimuz ratio of stcom to, combustible
viépour which is non ignitable with any admixture with air. For methqne
tiris ratio may be obtained dlrectlj from 1nL1ammab111ty Limit tests |
cdarried out under standard. conditions and the value is 4°2. For other
vapours and gases an indireet caléulation mey be madc, using “the *known,
safe limit ratios of either carbon dioxide (RCOQ) or nitrogen (RN
These ratios are shown in Table VI, Also given in this table is the

ratio RCOQ/RN2’ which does not very appreciasbly for different combustible
vapours and gases., On the assumption that a similar law would hold for
e corresponding ratio for water vapour such as RC02/Rpo0 then an estimate
ol this ratio for one substance may be used to predict the values of .

R0 for other substances. RCOz/RHQO is 02837 Tor methane; the values

of RHOO for other combustible vapours Pstlm;nﬂ‘ Pvc this figure are
shovn in the last two columns of Table Vi, . The last cclumn gives the
retido by Weight end shows that this ratic varies only between 3¢5 and
3*9 for the: hlgher saturated hydrocarbons and benzene, :

Yeaw and Shnldman (12) obtalncd the minimum volume ratio of steam
"~ to combustible to suppress {lame propagation in g sfhgrlcal veggel L for
hydrogen, carbon monoxide and benzene they cbtained valiues of 77, 3°3
and 16.5 respectivelys. The value for hydrogen differs markedly from
the cstimated value of 125 shown in Table VI, but f'or carbon monoxide
and benzene there is very pgood agreement.

From 1nlornut10n given elsevwhere (2) on the rates of burnlng and
the size of flames of benzolc, petrol and 'kerosine fires, it may be
eq,lmated thot the mean consumptlon of combustible vapour in unit’ volume

® the flame is 045 x 10+ g em™3 scec.”? Assuming that 3+6 times this
ey ght of water must evaporate to form the safe limit mixture then the
neat transfer required would be O0-45 x 3e6 x 1075 x 620 = 0+1 cal cm™3

gsec™ '

FRE



Table VI

" Suporession of flsme by carben dicxide, nitrogen and water vaponr

B

4
SAFE LILIT RATIOS Calculated Calculated
o - 1 limit for water | 2limit for
Combustible’ S : Rcon/ Ry.-| vapour Rigo water vapour
material " Carbon Nitrogen - Water e vol/vol wt/wt
' dioxide Rpgp Rye “vapour RHL0 :
vql/vol ' W;l?vol " vol/vol
- Hydrogen - 1045 16*55 0-631 125 113+0
Carbon monoxide 277 L*75 0582 3e3 2% 1
Methane 3*50 - 6*30 452 Qe 555 L7
Ethane 7+85 1340 0e586__ | Qe 56
—Propane 797" 15440 v 0517 Qe & 3«9
Butane 9‘59 17'60 005}.;.5 11.5 35
Pentane 12235 2160 0e571 14 8 37
Hexeane . Ak~50 2530 Q- 572 17- 4 36
Eithylene Q=76 16285 0+*575 117 725
Propylene 8213 150l 0°56L 9«8 i L 42
Butadiene 12207 1926 Q=615 “1Le5 i W8
Benzene . 13,5 2]k 0=628 16+2 ‘ 37
Cyclopropane 8271 13°65 0594 9«7 ‘ Lv 2
Gasoline . 11,253 23°5 0610 170l :- :
: e ‘ | UGN B
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BURNING OF AN ALCOHOL FIRE.

(Scale marked in 10 c¢m lengths)

FIG.1I.

BURNING OF A BENZOLE FIRE

(Scale marked in 10 cm lengths)
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FIG. 6. FLAME OBTAINED BY THE ACTION OF
- SPRAY C ON A PETROL FIRE.

FIG.7 CLEARANCE OF FLAME DURING THE ACTION
- OF SPRAY C ON A PETROL FIRE.
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