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SUMMARY

A series of tests have been carried out on the extinction of a
tranaformer oil fire %0 cm diesmeter by water sprays applied from singls
nozzles pituated 8 f4, sbove the plane of the fire, I% was found that
an increase in the rate of flow and the velocity of the entrained air
stream in the spray decreased the extinction time, but within the range
of drop sige of practical interest in this problem an inecrease in drop
sise increaged the extinction time, The fire was extinguished more
easily when it was not placed directly underneath the spray nozzles,

The predominant mechanism of extinction was by cooling the liguid to the
" fire point. No evidence was obteined that in these experiments extinotion
took place by the formation of an oil in water emulsion, It is concluded
that nosslcs should be designed to project water sprays to surfaces where
they may cool the liquid to the fire point., The entrained air velooity
of the spray assists fine sprays to do this, but there is probably an
upper limit to the sige of the fire and to the degree of extraneous
disturbance beyond which this factor will not operate satisfactorily.

May, 1955. - Fire Research Station,
o . o Boreham Wood,
Herts.
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THE DESIGN F WATER SPRAYS FOR PROTECTIVE INSTALLATIONS AGAINST
' FIRES OF HICH BOILING LIQU]:DS :
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PART I .
EXTINCTION OF A TRANSFORMER OLL FIRE 30 CM IN DIAMETER '
Ty | v
D. J, Rasbash and Z. W. Rogowrski

SYMBOLS
A Entrained air velocity of spray o _'L.T'd
D Mass median drop size of apray S e
H Hoat transfer rate f‘ro:n the flmea o ) : :.;'} e
‘received as sensible heat by unit . . ‘ S
mass of 0il in the surface - ‘ B '
X Cooling capacity. of spray : ' ; T"
Ky Beat transfer rate per unit - : : SRR ol
temperature difference to the apray-
contained within unit mass of oil
K, Rate of mixing of cold .oil‘into unit =1
S mass of oil in the surface ’ ‘ : R
L Distance of fire from centro of the AR
| spray . . :
" R Rete of £1ow of spray to ‘the fire B ¢ f.-ﬂig;'z -1
area -~ - N o T LR
T . Tomperature L : e | g ©. E
¢ Specific heat of 611 - : T
¢ e -
y Extinction time - o _ L '1: v
" f Density of>air L o A0 I
' ' ' ' - }

"~ Subscripts to T

o]
» ..

o = surface layers of oil, ¢ - cold o0il, s :- spicy, i1 - swrface layers
oil before spray spplication, e - surface layeis of 0il af extinction, .

*Dimensions of all symbols involving heat aré"b'?s?d on ‘the gssuprpti’c':.n .
that spoeific heat is a dimensionless quantity (1). -~ . . 7~ ‘
) . 4 . 1 PR
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: Although water apraya have been naeﬂ ‘focr mamr yeara. in proteotive
installations for fires in liquids with' h:l.gh bbiling points, ‘there is as
yet nc general agreement on the best t.pes of gpray to use., Thus in
‘practice a number of different systems are:used which rely on spraya with
quite different properties and which are reported to give extinbtion by
quite different. mechanisms, - The Central Eleotricity Authoriiy, who use
-such. installations extensively to protect spparatus edntaining tranaformer
211 and lubricating oil, esked the Joint Fire Regearch Organiaatim to

e
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obtein information on the properties of the sprave to b2 used., As a
first step towards this a series of tests was earried out with single
nogzles on a standard laboratory transformer oil fire, 30 cm dismeter,
The object of these tests was to obtain some detailed information on the
effect of the spray properties on the mechanism and efficiency of
extinction, prior to tests being carried out on larger fires,

EXPERIMENTAL

Apparatus

A diagram of the apparatus is shown in Figure 1.  The noggle under
test was supported 8 £t (240 om) ebove a combustirn vessel 1 £t (30 om)
in diameter, VWater was supplied to the nozzle from & pump through a
length of pressurc hose, & filter and a straight vertical length of pipe
18 in, (45 cm) long. The pressure was measured at a tapping immediately
beéhind the noesle, The combustion vessel was mounted on' a cradle which
allowed it to be moved about in a horizontal plane 8 ft below the noazle,
Underneath the comustion vessel was a large tray which allowed surplus
water to be drained away,

Spray nozzles and properties: The nozzles and the pressures at which
they were tested are listed in Table, 1. ~

TABLE 1

Nozzles tested and properties of sprays at fire area

Nozzle Rate of flow to -Entrained Drop
desig= Nozzle Pressure | central fire area air velocity | size
nation type 1b/in, 2 gn cemm2 min=? s £4/min mm
AL Swirl 50 1:48 = 150 92 0+46
"B Imp, jets 100 1456 - 2.15 L7 ¥ RLIN)
C- Swirl 50 5065 « 5096 - . 440 J 1033
D 1 pr. 1/64" 25 0363 - 0°375 232 ' { 0°60
Imp. Jets -
B " 50 0425 - OoLL3 302 - .} 0°52
F n 100 0°792 ~ 0+823. 33 0°47
G 1 pr, 1/16» 25 0:317 = 0°3% . 226 ° | 0545
T Imp, Jets : !
H " 50 0439 ~ 0+LB1 z 394 040
K " 100 0716 = 0-75 - | 426 037
L 1 pr. 1/320 100 e 174 | onads 0°23
Imp, jets ' ¢ . !
. )

¥Range in individual tests,

Nozzles A, B and C were proprietary nozzles; the others were single -
pairs of impinging Jets made in the leboratory., With all the nozales, -
tests were ocarried out with the standard fire piaced 8 ft directly .

below the nogzle; At this point meesurements were made of .the mean

rate .of flow to the combustion vessel, the entralned air velocity and

the mass madian drop sige of the spray. These aprey prepertien are
given in Table 1, With nozsles A and B tests were alsoc arried out

with the standard f‘ire ploced in Qiffcrent positions' in the planc 8 £t
belor the nowzles, ” Pigires 2 +nd 3 vhow tho pattcrn of .spray whieh these
nezsles produced in this plens. and also shows the positions in which

the stendard fire was placed in the tests, In Table 2 the distances

of these positions from the central point of the spray has been recorded
as well as the proporties of the sprays at the different positions,
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TABLE 2

Properties at different parts of the spray

Properties of sprays falling on fire area at
Nozzle | Position | Position given positions.
desig- rolatd{ve
nation to centre
Rate of flow | Drop Entraincd air velocity
(range) sige (vertical component)
g cn™? min~?! “ram ft/min
A a At centre | 148 = 1+50 0-46 924 +0
b - 2 £t awgy | 097 - 100 0+79 297+6
c 3 £t away | 157 = 166 | 093 2088 -
a 3 ft, 6 in, | 0¢76 = 076 { n.4d. no reading
. away : .
e 4 £t away | 0-52 - 0+57 1+0C no reading
B a 1056 = 215 Os 1 Lu7.0
b 1460 - 190 0«45 . 309¢6
c 0465 = 076 0+39 222+8
d 0'31'5' - 01‘2 n.d. . n-do
e 0¢21 - 023 043 124
£ 4 ft, 6 in, | 011 - Oty n.d, n,d.
away . :

n.d, = not determined,

The standard fire, A commercial sample of Transformer oil was used: ‘in
all tests, The oil floated as a layer 6 om deep on water the upper surface
of the oil being 2+0 cm from the rim of the vesgel, The inttial and -
final boiling peint of the oil were respectively 295 and 3959C and the
fire point 175 ~ 180°C, The o0il was primed with 40 cc of hexane, ' =
ignited with a wax taper and allowed to burn freely for 5 minutes. before
the spray was applied, Pigure 4 gives the temperature at different
depths below the liquid surface after 5 minutes burning.

r!‘\-'. '

Programme of tests . S . L

With the exception of .nozzle L, at least three tests were
carried out for each nozzle at each of the presswres and positions of the.
standard fire shown in Tables 1 and 2. Noasle L, the single pair of
1/32 in. impinging jets showed no sign of controlling the fire in the -
first test and only one test was carried out, The temperature of the -
liquid during the application of spray was measur~d at a point 1 mm. from

the surface and 8 om fram tho odge of the vesscl, using a t.o moupla sealed
in gla.ss(z) “In =1} tcats tho offect of the spray was obecrved and the
oxtinotion timec rceorded, In the oxperiments with nossles D ond B,'ond in a |
fow other experimonts, tests for roignition were wade after extinotien
ﬁrst!y by bringing o li@zted toper close to the surfuce and thon af"ber :
Bbogt 1 -2 sg.conds touching the surface with the taper,

Tests for the detectlon of -en oil in water emmlsion.® In some of the *°
cxperiments, mostly with nozzle A tests were carried out to find whether

an o0il in water emulsion wes formed during the-application of the spray .
to the fire, The main test used was one in which an estimate was obtained
of the electrical conductivity 1 mm below the 1liquid surface-during the '~
period of spray application, For this purpose a pair of, eléctrodes wag:
inserted in the liquid; these electrodes were spheres,. oach 155 mm' in’ .
dlameter, and the distance between them wes 9 mm.,- The wires leading to "
the electrodes were sealed in glass capillaries which.were bent in sucha
way &= to minimize any short.m,g betwean the electrodes by water running
alcng the outside of the capillaries,

- B - - « & a Y - W SR S
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The electrocdes were commected in serles with a battery and resistance
as shown in FPigure 5. A voltmeter of adjustable sensitivity measured the
potential difference acreoss part of the series resistance, When a
current flowed the reading waes for practical purposes proportional to the
conductivity in the gap between the electrodes. When the eleotrodes were
placed in a transformer oil - tap water emulsion, staebilised with 1 per cent
of a non=ionic agent, the voltmeier reading increased with increase in the
vercentage of water in the emulsion in the manner shown in Figure 6.

The presence of the emulsifying egent did not affect the conductivity of
the tap water or the transformer cil, Figure 6 shows that the readings
obtained for these emulsions were of the order of tens of millivolts,
When used in its most sensitive range the apparatus could detect voltagesa
of 02 microvolt, although frequently stray E.M.F.'s and other causes not
under control produced gero readings of up to 20 microvolts, In the
teats with sprays the apparatus was set on its most sensitive scale and
the maximum difference between the readings immediately before and during

the spra¥ apglicatiOn noted, C es in conductivity were measured in
most of the tests with nozezle A, easurements were also made on the

changes in conductivity in cold oil when sprayed, and of the conductivity
of the sprays alcne,

In addition to the above tests visual and microscopic examinations
were made on samples which were withdrawn from the liquid surface
immediately after application of the spray, Miscibility tests for water
and oil were also carried out on these samplcs. These tests and
dxaminations were usually carried out about % minute after the spray
application had ceased.

CALCULATION (F RESULTS

Cbollgg cagacltx of the spr z

A figure repreaentlng the cooling capacity of the spray was derived
ag follows, For any given spray under any given set of conditions it
may be assumed that the rate of eooling of unit mass of oil in the surface
layers will depend on. the rate of heat transfer from the oil to the water
drops, the rate of stirring of cold oil into the surface layers, and the
rate of heat transfer from the flames to the curface layers in the manner
shown in cquation 1,

'if% . K (T T's) y Mo ('°“T) C e (1)

To = temperature of surface layers of oil

t .= time

c = specific heat of oil

K41 = heat transfer rate per unit temperature difference to the
spray drops contained within the unit mess of oil

Ts = temperature of the spray drops

Ko = rate of mixing of cold oil into unit mass of oil in the -
surface

Te = temperature of the cold oil ,

H = direct heat transfer from the flames received as sensible

heat by unit mass of o0il in the surface

K{1 and K2 will depend in an intricate way on the properties of the
spray. It has been found from the tests without spray that B probably
increases as . the temperature of the liquid is reduced, but that in any
case it is likely to be small compared with the cther two items on ue
right hand side of equation 1. In order to simplify this equatios,
therefore, this term was neglected and Ty was assumed cqual to T, and
equal to atmospheric temperature, With these assumptions To we.
integrated with respect to t over the range of timo between thc beginning
of the spray application and the extinction time giving
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log Tu -

Te ~ s
Ty = initial temperature
Te =
¥y = time of extmction
In

the spray propertles only.
tests, K was calculated for the dlfferent sprays from known values of
Te and y, . .

L]

Assuming T4y =

RESULTS

temperature at the moment of extlnctmon

: o

equation 2, K may be regarded as a cooling f‘ac‘bor dependent on
264,9C gnd Tg-=.180C in all the -

Table 3 gives the results of the teats carried out with the fire
directly underneath the nozzles, epd Table 4 the results of the tests
with nozzles A and B for different positions of the fire, These . :
tables show the extinction time and tempersture 1 mm below the surface at
extinction and also give some comments on the way the fire behaved’ when
the spray was applied.,

Mechanism of extinctlon

175 -

fire

Tables 3 and 4 show that in most tests the temperature 1 mm below
the surface at extinction was well below the fire point of the oil,
Indeed, in only two tests (No. 9-and 33) 9as the
temperature of the liquid at extinction substantially
- The predominant mechanism of extinction was therefore

180¢°C,

roint.

This conclusion wac 'supported by the fact that, im nearly : -
all the tests, in the period immediately preceding extinction the flemes

yater than’ 180°C
-¢ooling to the

. were quite small and usually covered only a small pa.rt of the vessel,
With sprays from nozzles D and E reignition occurred in only two tests
(No, 32 and 33) without the igniting flame touching the surface and in
only one test (No, 28) after the flame had touched the sur.ace, In these
reignitions the flame spread slowly across the liquid surface, The few
tests which did provide some evidence of extinction without cooling to -
the fire point were all carried out with comparatively fine sprays,

Extinction times and temperatures

TABLE 3

(a) Pires directly iumderneath’ the nossle

‘
' \
' ®

Test | Nozzle- Pressu.Ee "~ Flow to | Ext. 51 Ext, . | . Comments
No. 1b/in, fire area | time K temp. e
1g o2 min=] | sec 1 mn, A
2 < below i
surface
%
1 A 50 135 8.8 |-03069 | 150 - ,
2 1e48 78 }+03258 15 Flames blown flat - . |
3 1e49 77 [+02897 | 165 . |)efter 2-3 secomds i =
" 1¢50: 6e1 [03062 178 . application. y
.5 1e48 5.0 }+03989 182 L
, .
N B 100 204 1%-01 0% 163 For first 5-10 seconds
Y 1.75 135 | *01549 170 flames burnt upwards
8 2°03 10+7 | =01652 182 against the spray, _
9 1. 56 10-; *Q129 200 reac & height of t
L 10 2;15 155 {011 %1 | 179 about 150 cm, i
| , :

X Divide by 5 to obtein gallons £t~2 min~1

. e Sham ke s M . & jme A aeede 3
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TABLE 3 oont'd

Test | Nozzle | Pressure Flow to Ext, Co ‘Ext, Comments
No. 1b/in,2 fire area time . K temp,
g cm=Z min~? | sec : 1 mm, 4
S . below |
surface
e |
. : |
2} 50 575 69 | *0632 (. 108 Violent upsurge of ,’
12 ' 575 . 60% *05875 116 flams for 1=-2 seconds, ‘
13 575 58 ] «06166 126 Flame flattened, Muoch
14 5s96 75 | «06607 96+5 splashing, Moat of
15 565 3ol | «1005 130 surface cleared after '
_ I-5 seconds_. |1
16 25 h 0-563 41847 | *000678] 146 lames burnt upwards {
1 036 410+8 | «Q00643 122 ainst the spray.
1 0°37 492¢4 | «000511} 156 " JFirst clearances
Jafter 250-300 ssoonds,
usually small flames
left ot edg: some time
before extinotion, No
. ] ) . !'eignition. ' ’
19 50 042l 150-4 | 002118} 136 Flames burnt upwards
20 0+438 96¢3% | -0018 9 180 )Jagainst spra.y. Pirst
21 WAV ] 962 | « 002061 174 clearance 65 seconds,
. ceen b : %a.st . Pew gecggds f11§mes
N ) urtiing at edge only.
x5 - JNo reignition,
22 100 | 7 0.823 25.8 | .0094841 158 lames pushed down-
23 -0 804 276 | 0088721 158 wards aftet 10=15 ?
2 0-792 ; 22+0 | «01079 160 gecands of b . 3
: Clearances after ¥
seqonds, - No reigni- -1
. B . 3 tim. . 9 - !
2 25 | 0.330 .| 627 ].000329] 171  |)Pleme height 80 cm.
.26 - © Qo320 7;20 s arances after
27 *317 >120 seconds,  No re=) & F
' 1.gnition. Pleme -
Il'ﬁig“}i\; 100-120 an, a |
constant ek 2008 1§ 5 i
after 20 seconds .
‘numing. '
- 28 50 0+ 81 105 |« 01991 170 ition FPlames . )
: . ST ouohing burnt -
” ’ “‘i’i’ffie ' d\n‘ing
‘ N R r
29 Qe 1,84 91«3 | «02612 160 Neo m-ape
W% ¢ ignition o 1 (B ‘
. 1 5. .01 1 . . a m. . ;
30 Q=430 : 5 489 : 7 _' Fir“ 4 E ;
cléayane
cea 75-" 1
_ . : seccmda '
31 100 - 0e721 36.8 | « 05152 177 t upwards g i
' 5 seconds. :
- o reigm. iom, .
32 0+716 26.14.'{ 03289 178 Burnt upwards L -
-33 0753 22-0 }+02399 | 191 - 10-15 seconds 2,
. B : Clearance fo]iowed L
by limediate - + -
. extinction, '
Reignition without ) g :
. o N . tomh:mg p_ -
3 100 0174 »360 violent Coe
. . & Q] AmS
| b AT} e
§ Liquid ¢ eraturo
b .- 250 - 216 j
b rsesie Y % 4o obbain zallent £472 min=?
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TABLE 4

(v) Position of fire varied in a plahe 8 £%

v -

belcw the nozzle

-

N\ F00 O

Zj

Electr-ieal -

T

fozzle | Distance Flow to Ext, Exte .
and from fire area time K Temp, | conduetivity Comments
rosition| centre g cm”™ min™| sec %c . readings |
't (microvolzal
An 0 1-35 8.8|-03069 | 150 T ned, ]' Flemas biown f£lat after
o e e RN NS Z-3% s2oonds,
. 1e48, 7+81-03258 1 155 "00 ' '
149 Z-? «02897 { 165 06
1450 1 |+03062 1]8 Ned, )
b el B 5-01.03989 } 182 G+0 . '
Ab b2 .1+00 7003499 | 156 2«8 1) ‘
Lo 0+97 6-71-02951 .1 174 06 ™} " ‘
. 0-57 5.0|-04775 |- 16 6°0 7} Flaz:s icwn sideways
\ oo L ' ef texr about 3 seconds,
Ac L3 1966 3e5]-06124 | 168 0«0 fellewsd by clearance
- : 4962 5+31+06295 | 132 00 ,; {}-and extinction, :
_ 1.57 J 51037671 176 06 :
E . * . RS . 4
Ad |3 £t 6 in, 0:76 6230202917 | 1 n.dd.,  4) : j
. 8.5 '02233 12% nad)‘ ‘i-‘ — “ -, ‘
’ 7.5 °02673 173 n.d, - FA ' .
. 7251-02600 | 175 n.d. L) '

Ae . 4 0453 786 -ooggus 102 26 ) Plames blown asideways
052 9+3}-008851] 108 n.d. ‘and began to clear from
0°57 6'31°007278f 99 1e5 surface et about ;

. - ‘ 15 seconds, After
* ) : - about 25 seconds only
o St small flame left bw
. at edge remote from .
co o 5 nozzle, . '
Ba 0 2.0 . 113.0{.01770.1 163 n.d, - !) ®or first 5-10 seconds
© 1475 13501549 ) 170 [ n.d, {larmes bwrrmt upwards:
2:03 107101652 | 182 n,d,  -}}. against.the ‘apr .
- 12586 10-71:01219 |} 200 n.d, reaching a heigg{ of:
215 155101191 { 179 n.d. ]) gbout 150 om.
. . . ' Y. T .

Bb 2 178 91 .0289E 152 n.d. Flames blown sideways
"1.90 10.7}+0261 147 n.d, after =6 seconda,..
1460 - [11-2}-02559 { 145 N.d, ' T

Be 3 -.0-62 7+31-03750 155 n.d, - .}) Flames blown sideways

. . Qb 77103141 | 13 n.d,.  §) aftdr 2-4 eeconds, .
0-76 7+31-03750 | 149 n.d, Ufzally clearances -afte
_ : . 13 4~6 seconds, Last 2
Bd 3 £ 6 in, 034 77103141 { 159 n.d., . -seconds usually amall
' 0-38 745103784 | 146 Neds ,j'flame‘left atlgdgo

, 0+42 +6°8°02692 ] 172 ned, . furthest from nozzle.
Be L 0°23 8=7]-Q2917 | 155 ‘Ned, ..
: 0°23 3’6 03141 | 141 | n.d, - -

. Q21 *51°03761 | 147 n.d. .

Bf J4 £t 6 in, Qet3 6+51+02831 | 179 nede . - 2 bs £or test 5159, .

. ' 0'124- 8.5 .03027 151"' n-d. e ': 2, - - o o b £
Qo11 183301489 | 149 Nnede’ " Elany Wlown sideways, . #

) ‘ Boall no¥isl clearancesk

¢t ciradually i

" o an size unti)
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Forrasien oo ar oil in water cpd-ion Table 4 Ehua; YU masciimum
reading with thz electricac ccndu"t*VLLf spnrratus o otRfogd T ;ng the
tpplication of sprays {rom noasle A o the Iire was 600 mic.. - .ts, This

is about ome ten-thousandth of the reading obtained wien ths e;ectroues

aarc Inqervad in an artificialiy prepared emulsion of o0il in water.

Table 5 pives further readings obtaeined when no fire was present.
include ‘_adlngs in which the elecirodes vere placed in transformer oil

and in air and also readings in which the noagle was placed 2 ft frOm the -
Jiquid surface and the elsctrodes,

TABLE 5

Electrical conductivity readings in absence of flres .

gpray pressure 50 lb/in.<

They

Horizantal Rate of Electrodes in Electrodes in air
distance of flow of transformer oil
Height electrodes spray , . .

. above from centre near Meax imum Time of Maximum Time of
~electrodes | of spray electrodes | reading )application] reading | application
I 3 £t g cn~? min=1 |picrovolt | seconds | microvolt | seoonds

LY B *FJ .
8 0 1e5 6.0 - 180 1°6 4y
8 3 1.7 2:0. . 60 n.d, " Nole
2 0 1209 0-0 13 12°8 16
2 0 1209 0-0 11 12 13

The largest reading {128 microvolt) was obteined in a test in which
the electrodes were placed in eir 2 ft below the nozzle, This reading :
was probably due to the conductivity between the electrodes ¥hrough a £ilm I
of water formed by the spray on the glasas covering the leads ‘to the T
electrodes; it is unlikely that it was. due to conductivity within the - .
spray itsclf, Whenever a reading was obtained with the electrodes in the o
transformer o0il, either with or without a fire, it was recorded about R
3 seconds after the application of =spray, .Tables 4 and 5 show that the S
readings obtained when the electrodes were in oil were of the same order Fory
as the zero fluctuations of the instrument and the. readings which could.
be obtained vwhen spray was applied to .the eleotrodes in air,  They were
insignificant compared with the readings obtained when the electrodes were
Placed in an oil in water emulsion cven of low water content ; Loop

o . "

In most tesats in which oil was subjected to a high- rate of flcw of
spray the oil turned milky presumsbly due to the high: oancentratlon of .
water drops in the oil and a froth also.formed which was probably due to T
entrained air being carried into the oil by the spray,: Samples of oil Ct
taken from near the swface after spray application were all found to .
consist of a suspension of water drops in oil irrespective of whether the o
spray was applied to an oil fire or to cold.oil, Figure 7 shows an L m
enlarged photograph of the suspension-of water drops in oil ébtained after o
spray C had acted on the o0il for 30 seconds, 1t may therefore be concluded -
that the tcsts carried out revealed no positive evidence that the application
of the spray brought about an oil in water emulsion near the surface, and CoN
that no basis was found for ascribing the extinctionms. to thia mechanism,
Hovever, further tests on the detection of o0il -in water-emulsi-ns, which
may be formed by direct spraying arc being oarried out and these will be .
reported lster, ) 1

i -

Effect of spray properties

The spray properties that were measured were the rate of flow to the , t}
fire area, the vertical component of the entrasined air velocity and the .
drcp size, As the fire ares occupied only a small part of the total
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area ¢f the spray it was assumed that the spatial pattern at the area was
reasonably uniform, On tho assumption that no other spray properties
influencc the results of a direct estimate of the effect of any one of
these propertles may be made by comparing the performance of two or more
sprays which differ mainly in one property. ,
Entrained air Yelocity. Sprays A and B a2t the centre {a) of thc fire °
sren differed mainly in cntrained air velocity. [For spray A this
velocity was greater than the upward velocity of the flames (approxlmately
8 ft/sec) and as a result the column of flame was pushed downwards by the
spray. On the other hand the alr velcoecity of spray B was smaller than
that of the flames and during the initial stages of application, the
flames could move upwards against the spray. This prevented access of
the spray to the burning liquid and prolonged the cxtinction time, These
phenomena are illustrated in Fipure 8 which shows the movement of the
flames during tests with these sprays,

Drop size, Spray C had a much higher rate of flow and entrained air
velocity than spray 4(a), but also had a much coarser drop size. It has
been found in previous work on liquid fires (3), that an increase in rate
of flow, especiafly if accompanied by an increase in entrained air velocity,
considerably enhances the efficiency, The extinction. times with spray C,
however, was not significantly less than with spray A inposition e,

This suggests that the effcct of the increased rate of flow and entrained
air veloecity was counterbalanced by the effect of the very coarse drop
sige, It was. noticed that this spray produced much splashing which
appeared to-maintain the fire after the liquid had been cocled to the fire
point,  Teble 3 shows that the liquid had been cooled to well below the
fire point before extinction took place, .

On the other hand with the finest sprays tested (nozzléa K and L)
violent sputtering con51derab1y increased the flames when the spray wes’
spplied. With nozzle L the burning was maintained with a violence
considerably greater than the normel burning fire, The flame heights
fluctueted periodically between 80-140 cm,  When the flames were low
some of the finec. spray could reach the fire; this caused sputtering
which increased the height of the flames, The latter in its turn cut
down the access of the spray and the flames subsided, This cycles of
events continued throughout the whole period of spray aspplication,

Effect of position of the fire

-

Table 4 shows thc spray was much more effective in extinguishing the
fire if the latter was not directly undcrncath the nozzle, Thus for the
positions b, ¢, d, ¢ with spray B, there was a substantial reduction in
.the rate of flow and the entrained air velocity to the fire area as the
distance from the centre of the spray increased. In spite of this the
extinction time decreased from position a to b to ¢ and remained constant,
from positions ¢ to d to e, For spriy A, the rates of flow and the
downward entrained air velocity et positions b and.d were considerably
less than at the centre but the extinction ti;es were approximatcly the
same, There ie little doubt that the increase in efficiency was caused-
‘by the flames being blown sideways by a horizontal companent of the
entroined air current, This allowed the approach of the spray drops to
the burning liquid without the interference of an wward moving flame,

The e¢ffect was more marked with spray B than with spray A presumably
because the latter spray already had a sufficiently high entrained air
velocity in the .centre of the -spray to allow the spray to penetrate the
upward moving flame, It is clear that as the edge of the spray is
approached there must be soms point where the efficlency of extinction
must suddenly drop because of insufficient water reaching the fire arca,
Thus with spray A the extinction time rose froam about.8 seconds to ane
minute on moving the fire 6 in, outwards from position d to e, The droP
in rute of flow in this case wes from 076 %o Ceb5 . g.cm”™ 2 pin~!,  The 'testis
&id not show the effsot of the edge of the. spray so defin;tely for spray E,
but with teat No, 68 in position £ {4 €% 6 in. from the centre) the
satinction %o was larger than with any other test with this spray.

-
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Statistical ana;xéis of the results

A quantltative eatimato df ‘the effeet of tha - sspray properties on the
extinction time and” on the coollng capacity of the spray was obtained by
carrying out regressian analyses. " The results of tests, 45, 46, 47, 60,
61 and 62.were not included in these enalyses; these tests were

. condueted at the edge of sprays A and B and it was difficult to adjust

the analysis to follow the very sharp increase in extinction times obtained,
The few tests: in which there was clear evidence that the liquid was not
cooled ,to the fire point were also ommitted, as were those in which there
were not readings of. both extinction time and extlnctlor temperature.

These subtr&ctions left a total of 50 tests,

Extlncticn timé. The analysis showed that 86 per cent of the variation

~and pOBltlQn of the fire

. .of the cxtinction time ebout the mean egtinction time could bc accountcd
~ . for by equatlon Je

\_.

log y - ‘w11 log R + 1+08 log D - -00065 A - -388 L + 26 28 vee 3

extinction time (sccorids),

rate of flow to the fire area (g =2 min=1), -

mass median drop size of the spray (mm).

entrained air velocity (ft/m1n§ :
dlstanoe of fire from the centre of the spray (ft)

S

Tnowow

) Eqpatlon 3 may be taken as broadly representlng the effect on the
extinction time of the spray properties and the p051t10n of the fire, under
the particular conditions of the tests, and gives a quantitative expression

to the qualitative conclusions reached sbove,

It follows. from equation 3 that for a given entralncd alr velocity

yﬁ R-1 11 D1 08 - _‘_,',A ) o;ooo LP

Equatlon L broadly implies that for =a. glvcn extlnction tlme the rate
of flow will be directly proportiunal to- thc drep 51ze of the spray.

It was also found that thc more ccmpllcated equatlon 5 could account
for 92 per cent of the varlance. .

log ¥ = 99 log R = 0-001494 ~ Os42 L + 78 log 10D
- 102 1042 10D+I+381og3 1(11:—16%3 el

The range -of drop sizcs in those Extlnctlon testn-that were analysed
vias from-0+4 to 1-3 mm, Equation 5 irdicates. that within the range 0-4 %o
0+8 mm the drop size had little ePfect on the extinction time, but that
there was a sharp increasc in extlnctlon time for upravs of’ drcp s;zc
greater then 0.8 mm, .

Cooling capacity

It was found that ‘99 per cent of the variance of the cooling c-pacity
of the sprays could be acéounted for by equatlon 6

($ log 2#5 melid) = 1.0 log R = 0-99 log D + 0000882 +

log K log
0l1L - 302 coves 6

It will be noted that the’ regre551on ‘coefficients in Oqudulu 6 e
very similar 4n value ‘to thosé of equation 3 but are of cpposite cign,
This impliea that the.more efficient wes tho sproy in cooling thu l‘%L
i.e., the greater.the value of K, the more rapid was th extinetion,

Thi» may hove been expected Prom the fact that only cxtinetsic o dnwal ™

the T}qud were cooled %o thle fire point or talow wers oo ¢ o -
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However, in somc tests cooling took place to well below the fire point
before the fire was finally extinguished, The differences that exist
between the regressions cocfficicnts of equations 3 and 6, apart from
their oppositec sign, cre attributable to varistions .in this' extra amount
of cooling, .

DISCUSSION

With 211 the sproys the predominant mechanism of .cxtinction was by
cooling the liquid te the fire point, One or two of the fincr sproys’
occasionally brought cbout cxtinction without coo% ?g “the liguid to the
firc point; this is in line with previous tests carried out with

sprays within the range of drop size of 028 to 0-49 mm in which
extinction wes obtained foirly frequently without this degrec of cooling,
The cxtinetion mechonism in these tests may be by cxtinction of the flames
or by the formction of steam at the hot liquid. However, from.the i,
practical point of viecw it is unlikely thot sprays which are sufficiently:
finc to extinguish the fire reliably without cooling to the fire point,

can be easily developed and even if this were not so they would rot
necessarily be advantageous since this degree of cooling is very desirable
in any case, in order to counteract possible relgnltlon from stray
ignitionssources,

It follovis that nozzles to be used in practice for protective'

“installations against high boiling liquids should be designed so'that

sprey may pénctrate to places where liquid is ldkely to burn rather then-

to fill any volume which flames arc likely to fill, In gcnerdl there
are two main causes which would prevent sprays penetrating to the burning -
liquid, firstly tho counter current of the flames and sccondly cxtreneous

wind, On the other hand there dre two factors in the design of the nozsle |

LI L X P P

system which influences the penetration, firstly the position of the nozzles
relative to the risk and secondly the forward momentum of the- spray strecams.
It is clear that in a protective installation thcse latter two ‘controollable '
factors must be adjusted so as to overcome the effect of tho flamc and

wind motion. _ o :

Position of the nozzlcs‘

If the nozzles are ploced so that the projected spray missés the -
direct counter motion of the flames then the spray produced will rcach:
the burning surfaces much more casily. In general flames travel quards
and the nozzles should be installed to spray sideways on to a risk, =
However, although this principlc may be used in the genersl siting of
nozzles, it may be physically impossible to epply it in & number of‘dAQésl -
Moreover, the motion of the flames may depend on wind conditidns and '+ - "
therefore therec is an unknown clement in the direction the flames will "
take, It follows that complete rellance cannot be placed on the
positioning of thc nozzles alone,

Momentur of the sprays

The total momentum flux within a spray will be the product of the
rate of flow and the velocity at the nozzle. The:cancentration of the
nomentum flux will be determined by the cone angle of the spray; .-the
lorger the conc angle th? larger will be the arca through which the spray
rasses and as a consequences the smaller will be the momentum flux per
unit area, An increase in cone angle will also dcerease the total amount
of uscful momentum flux since the larger the cone angle the smoller will
be the velocity component at the nozzle in the faward: direction of tlm o
sprey. The pressure at the nozzle has an impor¢ent’ influence on the

mome;tum flux in that it is the mein factor effecting the velocity &t the A
nozzlec s

As the spray paéses?through thé eir en inéreasing qﬁﬁntity'of the”' LR

momentum which is initially in. the spray drops will be transferred to the
bulk motion of an entrained adr stream, The rate ot which this momentum
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=i%1 te dyer T 3 011l dcpond on the frictional resistance orfered to
i Avees, o1 Je it flow or for wmit momentum flux; this rmasistance
decrusbes L Wi arcp 3ize of the spray ircrenases, Thus with fire spreys
the bulk :f the momentum is tronsferred to the entrained air stream f?gr
goon; maraurcacnts on e scries of sprays produced by impinging jets
showed thet vith spreys of drop size less thon 006 mm the entrained air
stream cccounted for the bulk of the gpraoy momentum aefter the sproys hed

. travelled five fect, With coarse sprays, however, the momentum transfer
from drops to entrained air will be less, and & corresvondingly larger
fraction of the initial momentum will be retained.

From the point of vicw of the penetration of the spray it is better
that drops retain as much es possible of their initial momentun.  Thus
ccnsider o spray of drops projected towards an area at a rate of flow of
R units per unit area ond at an initial velocity of V units. If all the
initial momcntum of the spray were converted into the momentum of an
entrained air stream then the mcan velocity 4 of the air strcem will be
given by

s BV e 7

( J = density of the air).

For sprays used in practice B will be of the order of 1 ft/sec and
V sbout 100 f4/sec; thus A would&be about 10 £t/ sec, 1If this entrained #r=
stream encountered a contrary air streom somewhat greater than itself it
would be deflected., However, if the drops still retained a large
proportion of their initial momentum then, 2lthough they may be subject
to a greater deceleration when they encountered a wind of 10 to 20 f£t/sec,
they would still retain their forward motiom.

Thus although in practice it will be s desirsble feature to.design
nozzles in such a way as to conserve the entrained air stream there will
probably be an upper limit to the usefulness of this stream in carrying
fine sproy forward to a burning surface, Spray systems which have %o .
work under conditions which are beyond this limit will have to employ
sprays with sufficiently coarse drops to allow a sufficiently larger
fraction of the initial momentum of the drops to be retained .in the ‘drops.
It would appear from the present series of tests that this would be
accompanied by a diminution in the innate officichicy of the sproy. in
extinguishing the fire, ond that the rate of flow would have to be
increased in approximately direct proportion to the increase in drop sim,
It is clearly o matter of practical importance therefore to determine
whether this effect of drop size is of similar importance in larger size
fircs end nlso to obtein some measure of the conditions under which the .
entrained air stream cccompanying a spray may be relied upon to cerry
fine sprays to the burnlng liquids,

N
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FIG. 2. PATTERN OF SPRAY A SHEWING POSITIONS AT
WHICH TesTS WERE CARRIED OUT.




FIG. 3. PATTERN OF SPRAY B SHEWING POSITIONS AT WHICH
TEETS WERE CARRIED QUT.
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A and B electrodes |I'5 mm diameter spheres.

R, 10,000 n
R2 100 n
C 12 v. cell.
'l'I and T2 D.C. Amplifier terminals,

FIG. 5. CONDUCTIVITY MEASUREMENT CIRCUIT.
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Sample of suspension ot water drops in oil. Taken
of sprayed liquid.

Spray C.
Time of application — 30s

Time between sampling
and photographing. — 40 s

FIG. 7
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