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THE DESIGN O WATER SPRAYS FOR PROTECTIVE IIVSTALLATIONS AGAINST
HIGH BOILIG-0ILS

PART 2
TESTS ON TRAIISFORMER OIL FIRES 3 AllD 4 ft DIAMETER
by

D, J. Rasbash and Z. W, Rogowski

Summaxy

A series of tests heve been carried out on the extinction of
transformer oil fires 3 and 4 It diameter with water sprays from a
range of single nogzles, The $ests were carried out in a roofless -
atructure in the open eir., ‘/ithin the range of ratea of {low to the
fira and drop mizes tested {O<45 - 7:0 g om~2 win*?! and 0-4 - 3-0 mn
respactively) the extinction time wés esppraximately inversely
peropartional to the rete of flow and directly propartional to the
¢oap cdee, Vo significant effect of ths entrailned air veloclty of the
nyvay was detected; this may have been due to the scatter of the
results vhioch waa much widox than with small-scals tests carried out
41 the laboratory, In all tests but one, the ligquid was cooled to
v1lor the Tire point pxdor to extinction., In some tests however the
Monda ves cooled to wall below the fire point without extinciion;

tre meinteaines of fire in these cases was due o the burning of oil
fonza splashed urwards date thy lume,
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FPAAR
TESTS O TRATSMORIER O FIDES 3 s W 7v 7 000
by -

D. J, Raasbagh and Z, ‘7, Hocowski

Introduction

In part 1 (1), an account was given of the extinction of a
transformer oil fire with sprays produced by three proprietary nozslea
and three experimental nozzles, The present report gives an account
of further tests with a wider range of nozzles on fires 3 and 4 £t
diameter, The object of these tents has been to obtain an estimate of
the performance of individual nozzles before carrying out further work
with groups of nczzles on larger fires,

Fxperdmental

AEEaratus

The tests with a 1 £t fire (1) were cexrried out in a closed
laboratory so as to eliminate the effect of external wind conditionms,
It would have been preferable to carry out the tests with the larger
fires under similar conditions but no suitable enclosed space was
available, In order to obtain same shielding from external winds, a
roofless structure of scaffolding covered with light eluminiwns sheeting

" was erected to house the fire., This structure rested on the ground and

formed the four walls of a box 30 £t x 30 ft x 20 ft high,

Figure 1 showa & plan of the apparatus within the structure, and
the sectional elevation on the line z - z4, in the plan. A concreté
platform A 1 £t deep and 15 ft square was laid in the centre of the
enclosure and the combustion vessel B was supported on bricks at the
centre of this platform. The nozzle N was supported directly above
the cambustion vessel on a rigid boom €, 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

allowed variation of the height of the nozzle above the liquid. By using
.the clamps ¥, the boam could be fixed in any given poaition by clamping
to the vertlcal -uprights G,

Two combustion vessels were used; they iiere respectively 3 snd
4 ft.diameter, 6 in, deep .and were oconstructed from 16 gauge sheet stesl,
A steel outlet pipe 1:5 in, diameter ran from the bottom o« the cambuation

- vessel along a trough in the platform to an overflow tube L and a glasa

gauge tube H, There were two valves in this outlet pipe, one U, beyond H
and the other, V immediately before H, A small stream of water. could be
introduced into the vesssl through a pipe W end the overflow tube L, The
height of the overflow, and this stream ol water were regulated so that
the liquid level in the vessel remained fairly constant during a preburn
period. The giase gauge H could be used to measure the rate of flow of
water spray to the vessel by measurihp the increase in depth of liquid
in the vessel after the applicatipn of the spray for a meesured periocd
of time,

'The nozzle was attached to the 2nd of a 20 in, vertical length of
1+5-in, diameter pipe, The inner surface of this pipe wes lined with
copper to prevent rusting, The pipe was attached to a "quick action"”
lever—operated deaplragn valve 3 widcn was in ifs twn attachrd to a
hur;»ﬂ:,n¢ engell of ppe suppcrtsd oy the bown, a4 f0Vuer 9 Faa riacpd
LR ity njxt*'muk& pa’; £3 TV ,,_tw4 S ¥ n pIsulnie R AT A SRV
e RRPT HAE e r; woe T A TN DR e, Y a .;‘ T
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diamcter, also operated by a pulloy systen, was suspended ..o che ooom,

During the preburn pericd of a test, this can was below ti.. - 1. e; this
prevented drops of wvater froa small l=d: ot the nozzle feilin o1 the
burning liquid end also h:lped to reduce the amount of sna-: “.lJ.ch reachsd

the nozzle ol the flanss., Vater was supolied to the nozzle i'ro. o
10,000 -allon stora;e tank throush o centriiugel petrol didven [.ap., The
throttle was qufflolcntly sensitive to allow the pressure st tin nozzle t
be controlled to 1 - 2 1b/in2. Ulids pressme wos reaswred at a btapping
placed Limedictely behind the nozzle,

Yemperature and radioation neasurcaents, e lenperature of the liquid vas
nessured with a copper-cunstantan couple, ( irure 2)., Yhe leads to the
Zunction were insulated with porcelain and were so, led ncar the Junction

id a pyrex pless tube, This tube was szaled to a ground floss socket

wo.lch Titted on a stainless steel cone soldered tou a leng length of copper
tude wvhich pasced over the vessel edne and awvay froa the fire, The
thiciaocouple leads passed throuph this tube tu a recording system, Dadiction
rooc the fire was also recorded by two thermopiles R, which werc {'ixed buldnd
o grex plass shield 21 £4 from the centre of tlic combustion vessel on
oppujlte walle of the structure, as shown in Figure 1, They pointed towards
tlv cuntre of the combustion vcsuel and were connbctcd in scrics with cech
oticr and a recording systen,

Nozzle tested. Iline nozzles were used in the tests; the propertics of the
sprays they produced at the different pressures at which they were used arce
shovm in Yable 1, Yozzles A, B, C and D were proprietory solid cone swirl
nozzles, and nozzles E, ¥ and G were proprictary non-directiocnal multi-
impinglnp Jet nozzles, 1Ilozzles H and K consisted of six puirs of 1mgin«inc
Jets 7/64 in, diemeter; the arrangenent of the Juts on the nozzles is showm
in ¥isure 3, Photographs of sprays fromn the nine nozonles sroduced at a
pressure of 50 lb/ln are given in Plates 1, 2 and 3,

The cone angle oi’ the sprays wes weasured from photographz, It was
diffiocult to reasurc this property for nozzles I, I end G as these sprays
ware non-directional and the figurcs given in Table 1 arc therefore very
approximate, The tourth end fifth coluwamn of Table 1 give the mass media
and Sauter mcan drop size ¥ of the spray at a point 8§ £t dircetly below
thic nozzle, and the sixth and seventh colurms give these two drop sizes in
ihe same horizental plane but 17 in, awey, (i,B. 17 in, was the radius of
& circle thet divided the 4 £t cowbusticn vessel into two eaqual areas),

it a number.of the coarser spreys, it was difficult to essign a precise
nzes nedian drop size to the spray, It was found that a large proncrtion
it the drop volume of the samples was accounted for by a few very onerse
Cinys, . and the mass median drop size fell at come point within a numver of
dro) size proups into vhich no spray drops were classified, The Sauter

.mean @rop size, which. could be estimcted precisely for all the Sprays

theret'ore probably gave a better indicetion of their relative drop sizes,

The {ijures for.the spatial pattern of the spray given in Table 1 refer to
the 4 £t diameter vessel; they represent the ratio of the nean rate of

£low in the central 2 £t diameter section of the vessel to the mean rate

of flow at the edge of the vessel. The entrained air velocity recadings

are the mean of f'ive reading in o planc 7 £t below the nozzle; one of”

the readinpgs was taken on the sprey axis and the other four at symmetricully
placed points 17 in. from the axis. In order to make the mecasurcments ol

¥phe Sauter Muan drop size is given by the formula

zmﬁjx

[ad
x] . R £a
Z,nldl

wvhere 1ny; is the number ol drops of diameter dj.



entreined air velocity representative of the test conditions, tie
readings were taken on the site tz near as sossible in iime wve the

actual fire tests, They were subject, therefore, to o'varidity of cross-
wind conditions, fThe manner of weasurerent was such that the presence

of a cross-wind almosc iunvarisbly caused a deoerease in the rerding and
this probably accounis for ths necative velues of the eniroined air
velocity obtained for noz:les i and G, The rate of flow at the fire
area given in the last colwan is the rarge ol wecn rates of £flow vbtained
during tests with the 4 Tt diameter vessel,

Test routine, Yor each test, a liyer ol trovsf.a.or oil about 5 an deep
wag floated on water in the combustion vessel, lanring o test, a layer of
about 1 cu of oil would burn away. In urder to conzerve oil, for the

next test the oil wes not changed but the depth of o0il wirs nade wp with
fresh oil, Somples of the oil in the vessel talzen ot Jiflercnt times
during the series showed that this procedure did not hove sny significent.
effect on the distillation range or the open cup fire point of the oil
although direct observation indicated that the amount of soot in the

liquid increased as the tests proceeded, The position of the overflow

wvas set to give an ullage of 5 am, In most of the tests, the thermccouple
was placed to give a reading between 3 - 5 mm below the liguid suwrfice et

o point 1 £% from the edge of the vessel, liowever, to give somc information
of the temperature distribution below the surface, a few tests were corricd
out in which the thermocouple depth was outside this range,

The liquid was ignited with a match after‘priming first with pstrol;
200 and 120 cc of the priming liguid was used for the 4 and 3 £t diameter
vessel respectively, The fire ves allowed to burn for 5 minutes bei'ore
the spray was applied; during the last half minute of this period and
durinz the period of sprey applicotion records of the liquid- temperature
and the flame radiation were obtained, The hehaviour of the fire when
the sprey wecs applied and the extinction time werc noted, In most of
the tests, the depth o the licuid remaining after the test was recorded. -

A measurement of the mean vind velocity over a period which included -
the period covered by the test, wos also made. It vas noted in '
preliminary tests, that if the vind was blowing in a certain direction,
the flames would tend to veer in the opposite direction; this effect was
caused by suction within the enclosure by the vind passing cver the walls
of the enclosure, In order to simulate conditions obtaining in the 1aboratory

tests, it wes desirable that the flawmcs should pass vertically upwerds,
especmally 8t the moment of spray application. The veering could be

reduced somewhat by maliing an opening in the wall on the vAndward side of
the {ire, This 0penin¢_ was odjusted manuelly in the 5 minute period of
preburn so as to give the greatest tcndency, as judged by direct observation,
for the flames to move upwards, However, because wind speed and directicn
tonded to change so rapidly during e test, in the majority of tests, thers
vere considerablg fluctuations in the motion of the flames which were not
uwader control, ' ’

A1l the nozzles were tested-at a height of 8 £t on the 4 £t diamcter
five, Tlloznles C and D were tested ageinst the 3 £t diameter Tire from o
height of 8 It and nozzles C and X on the same fire from a heipght of 15 £t,
With nearly ell the sprays, extinction was obtained; where this occurred,
at least threc tests were cerried out, '

Results

Properties of the fires, Although few direct measurehents were mode of
properties of the fires, a certein amount of information was Obtained
while corrying out the fests, ‘then the {lames moved verticclly upwards,
they reached heights of about 8 - 10 7t (2¢5 = 3 m) with the & £t fire
rrd 6 - 8 £t (18 - 2:5 m) with the 3 £t fire, ' Vith both fires, .a thick
veoour zone formed af'ter 1 - 2 minutes of burning, rrom the depth of
J4rid conswred during the test it was estlmhted that the rate of burning

e e A ——— - D e e = - —_— o
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of the 4 £t fire was 0-18 1 0.01" g em=2 min=! and the 3 £t fire
O-14h + 0:04 g cn~2 min-!, “These values are both considerably greater
than the rate of burning in the 1 £t diameter vessel in the laboratory
which wes 0:067 + 0.004k g cm~2 min- 1, The temperature of the oil below
the surface after 5 minutes burning was also tuch greater for the larger
fires, In Figure 4 this temperature has been plotted ageinst the depth
of the thermocouple, ior the 4 £t fire, up to a depth of 5.5 mma the
temperature wes approximately independent of the depth, but fell sharply
at greater depths, The corresponding curve for the 1 £t diameter fire
is also given in Figure 4; it is quite different in shape as well es
showing much lower temperatures, ¥ith the 3 £t fire, measurements were
only carried out within the range of depths 3 - 4 mm below the surface,
Within this range, the temperature was independent of the depth and was
301 + 8-79C as compared with 345 + 4 29C for the 4 £t fire at a similar
depth, The mean radiation received at the thermopiles through the pyrex
shield during normal burning of the 4 ft fire was 16.0_(+ O-48) x 10-3
cal w2 sec™! and for the 3 £t fire 8:6 (+ 0+8) x 1073 Ttal en=2 sec~?,
The ratio between these values is not significantly different from the
retio of the surface srea of the two fires,

Tests with sprays

The rosults of the tests with sprays are given in Tables 2 - 5,
Tables 2, 3 and 4 give the results for the 4 £t fire far the swirl
sprays Enozzles A, B, C, D), the multi-impinging Jjet non-directional
sprays (nozzles E F Gj, and multl-lnpinglng Jet directicnal sprays
(nozzles H, K) reapectively, Table 5 gives all tie results for the
3 £t fire, These tables show the time of extinction, the temperature
in the liquid at extinction, the maximun radiation reading during the
period of spray application, the mean wind speed during the test and
some comments on the behaviour of the fire during the period of spray
application, Figure 5 shows a typlcal temperature record for test
(llo, - 6) together with photographs of the fire at various stages during
the spray applicatlon. Figure 6 shows the radiation record for the
same test, : -

Many of the sprays when applied to the fire gave an upsurge of
flame, The violence of thls upsurge increased as the rate of flow
and the drop size of the spray increased, An estimate of the intensity
of the upsurge may be obtained from the meximum reading of the radioueter
after the spray was applied. However, with the more violent upsurges,
such a reading'waa not possible as the recording pen over-shot the soala.

In all the tests except one (llo, 77 Table L), the liquid was ceoled
at least to the fire point (175 - 180°C) befare extlnction and in many
tests cooling Had taken place to well below the {ire point before
extinction was {inally obtained. In most of the tests clearancea were
obtained before final extinction; during the last stages of spray
application the bulk of the surface was usuelly free of flame with the
fire burning at the edge of the vessel only, There was a very large
scatter in the extinotion tlmes obtained with any given spray: thus
with nozzle A at 50 lb/ln a range of extinction times of 19-2 - 61.7 secs,
was obtained in eleven tests, ifith coarse sprays with rates of flow of
about 3 - i g om~2 min” -1, g. sprays fraa nozzles B, D and H.at a pressure
of 50 1b/in.“, there was a tendency either for the fires to be extinguished
quickly or for an edge fire to become established which took much longer to
extinguish, Occesionally, as in tests 85 asnd 101, flashes of flame over the
whole surfaoce area took place after the establiahment of this edge fire, .
While these edge fires were established, and when the flame flashed across
the surface, the temperatwre of the liquid, 48 indicated by the thermocouple,

was well below the fire point, It was cbserved that the edge fire was due -
mainly to the burning of oil dropa splashed upwerds by the spray,

. * "Ninety-five per cemt confidence limits,
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Tests with no extinction with the sprav

© In tests 46 - 50 with nozzle I at 25 lb/in.z, extinction was not
obtained when the spray was acting on the fire; the flames covered
the whole vessel despite the Tact that alter 15 seconds appllcation the
liquid was cooled to below the fire point and during most of the application
time the liquid temperature was steady at 110°C, " In tests 47, 48 and 50,
- the spray was stopped at 240, 30 and 30 seconds respectively; this resulted
in the immediate clesrance of flame over almost the whole surface leaving
only one or two patches of liquid burning on the inside vessel edge above
the liquid, These went out in a few seconds, In test llo, 43, the spray was
stopped at 15 seconds; this resulted in the clearance of Ilame over most
of the suriace, but a amall patch of flame which remained, slowly spread
egain over the whole surface. Wo extinction wos obtalned in test 59 with
nozzle X at 25 lb/:.n2 " However, in this test, the 1liquid wes not cooled to
the fire point and remained steadg &t about 18500 o.fter about 15 - 20 seconds
of spray application. MNevertheless, when the spray was stopped after the
test, the height of the flanes was con51deraoly reduced,

Statlstical anaxyses

A multiple regr3851on analysis was carried out on the extinction tine
of the fire and the cooling® capacity of the spray. Fifty-two per cent ol
variences of the extinction times was accounted for by equation fe

log Y= -1.35 log R + 1-08 log D + 1+709 ...,..1(1),
where 1 = extlnctlon tThe (secs)
.D = Sauter nean drop.'size (im geometrlc mean batween
two values given in Table 1), :
R = rate of flow (g ™2 min-! or five tlmes gal ft"2 min‘1)

Sixty-two per cent of the variance of the cooling capacity was accounted
for by equation (2), . o T
= 1+4) log R ~ 0+72 log D - 1+04

L,
K= 1 log,
S T “ o e (2

Lt o= extinctlon time.
Te. = liquid temperature at extinction,
Ti = liquid temperature before spray applicatlon

To % initial ‘sprey temperature (taken .to be 13°C),

Theé following factars were tested but were not found to be significant:
entrained air velocity, wind velocity, spatial pattern, nozzle height,

fire diameter, -entrained air velocity - wind velocity 1nteractlon, spatlal
pattern = wmnd veloc1ty 1nteract10n :

Slnce the predominant rnechanism of -extinotion wes by cooling to the
fire point, it is to be expected that the coefficients in ecuations (1)
and (2) should be approximately equal but opposite in sign, The sualler
value of the coefficient of D in equation ( 2§Omay be accounted for by the
fact that the coarser sprays tended to tring about iwore cooling below the
fire point before final extinction was achieved. It is interesting to
note that the coefficients of R and D in equation (1) ere not si;nificantly
, Qifferent from the odrresponding coefficlents (-1+11 and +1-08 resopctlv ly)
" obtained for the 1 £t dianeter fire, It is more difficult to compare absolute
extinction times under the two aets of conditions bec.use tie enireined air
vilocity was not found to be a significant factor with the *uxuer J.res,
whereas it was found to be so with the smaller oasg;, hovever, for jiv: )
rates of JTlow and drod 3izes ths extinciican Jiawes prc approximately the cove,
It should also be noted that the percen'n zu rariali.a ol cle =xtinci on ang
(52 Jer c*ni) which could »v accounved 0 Ly equasion (1) was raich wa wier

e - mins - Bl e B 8 N o ASin W R A o B RS A e Ak L] iy, S ek m = W, e -
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than was accounted for by the corresponding equation for the snell-scale
laboratory tests (86 per ¢ent), This was undoubtedly due to the much
larger scatter 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 small-scale tests, this standard
deviation was 0,08,

The effect of wind

It was noted in the small-scale tests that when a spray waes applied
sideways to a fire, a more rapid extinction with a smaller rate of flow
was obtained than when the spray was applied directly downwerds, The
reason for this was that the spray d@id not hive to counteract the upward
motion of the flames, PFrom this fact, it may be oconcluded that the wind
can act in two ways, Firstly, it cen blow the flames away and help
access 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 teats with low winds 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 access of the spray
to the burning liquid and a comparatively rapid extinction time, . Some
evidence of the second effect was obtained with nozzle H at 50 lb/in~2
pressure acting on the 4 ft fire (tests 51 - 55 Table &) 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 extinctlon
time, However, as indicated in the previous section, no significant
trend of the effect of wind velocity was obtained when all the results
were analysed, - '

Comparison between nozzles

Under the conditions of the tests there were wide differences in
the performance of different nozzles, There is little doubt, however,
that these differences were due primerily to differences in rate of flow
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, F and G did not bring about rapid extinction in any test,
either at pressures of 50 or 100 lb/inz. This was due o 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, F
and G which shroud the {ire with a comparatively fine spray, will
extinguish the fire by extinguishing the {lmmes; the drops are said
to be sucked into the flames and cause the formation of steam, This
was not found to be so in the present tests, singe after a fairly
prolonged applicaetion, the fire in every test was finally extinguished
by cooling to the fire point.

Discussion

Comparison with 1 £t dismeter fire

In the main the results of the present series of tests confim
the results of the laboratory tests with a 1 ft diameter {ire, Ixtinction
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
tine, The main difference between the two series was that with the smaller
Tire the entrained air velocity affected the extinction time, but in the
presgent series this factor was found fo be insignificent, The action of
the entrained air velocity on the smaller fire was to blow the flames
away and to help the fine spray to reach the burning liguid. It would be
expected that with the larger fires this effect would have been more
pronounced since the {lames were larger, An explanation of this
dif'ference may be that the results in the present series were considerably
affected firstly by variations in wind conditions, which were absent in
the small-scale laboratory test, and secondly b the frequent establishment
of prolonged edge fires prior to extinction, These factors caused a wide
scatter of cxtinction times vinich may have masked the effects of the
entreined adr velocity,



Spleshed oil spray fires

In nany of the tests, oil splashed upwards by the spray contributed to
the flanes, here is little doubt that this was the main source of fuel in
the edre fires and in sore fires which covered the whole surface after the
liguid had been cooled to the fire point, It appears that if a splash fire
tends to become eatablished, a nre.ter amount of cooling of the oil than mere
cooling to the Tire point is reguired to bring about final extinction., It
is likely elso that aerodynamic conditions prevailing at the time of
application of the spray have an ;ﬁportant bearing on vhether splash fires
are established. ‘“hus Spalding'“’/ has reported that the maintenance of a
flame on a burning drop depends on the motion of the air stream past the drop;
as the air streaw increases the flame tends to blow off the drop, the critical
air stream increasing as the drop size increases. The establishment of a
splash fire under the present conditions was therefore most likely near the
vessel edge where soine protection was afforded from the vwind, and the motion
of the air associated with the water spray., It is possible that under
practical conditions, where thin flowving layers of burning liquid are likely
to be encountered far more frequently than thick static layers, oil splashing
will be much less and therefore the development of splash fires will be of
smaller importance than in the present tests.

Practical implications

The tests support the view that the most important function of a water
spray in extinguishing a high-boiling liquid is to reach the burming liquid
and cool it., A spray may or nay not be assisted by wind conditions in
performing this function., The rate of flow and drop size of the spray are
important factors govering the spray efficiency, In general, for sgrays
of ediwn size (0.5 = 1,0 imn), a rate of flow of about 2,5 g cm™“ min~
(0.5 gal £t™° min“}was requircd to bring about extinction in less than five
seconds whereas with coarse sprays, (drop size 1 - 3 rm) a rate of flow of
about 6 g em™2 min~l (1,2 gal £t~2 min~l) was required., The present tests
did not indicate that these quantities would depend on the design of the
nozzle which produced the spray. However, this conclusion must be accepted
with reserve as it controdicts conclusions from labormatory scale tests of
greater accuracy, which indicatcd that gprays should be designed to conserve
the entrained air streanm,

Note

1

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 were carried out with a corparatively
simple system, i,e. spray from only one nozzle acting on a firc burning from
a horizontel surface of limited size. In practice groups of nozzles have
to be employed against fires, which can burn on surfaces of vertical and
horizontal pipecs as well as on horizontal surfaces, and which can reach
intensitiecs considerably greater than those obtained in the present tests.
Under these conditions the cf'fccts of sprays of different properties may well
differ from those given for .ne above fires. To provide information on this
point, further tests are at present being carried out with a more intense fire
obtained from oil flowing over a nest of hot pipes.
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| Pébpertié_s qf' the spreys tested

Rate Cone
lozzle |- of flow .| angle
desig~ |Press from of .
nation | .lb/in.“ |nozzle Jnogzle.

o gal/min |degrees

A 50 15.1 71

A 100 19,3 67
B 50 16.0 48
C 50 19+3 55
D 50 11+1 60
E 50 10.1, 213
E 100 -2 224
F 50 361 204
» 100 n.d, 203

G 50 746 216
H 25 172 83

H 50 222 81

H 100 3044 8s
hi g 25 17-0 102
K 50 23.8 115.
K 100 32.9 103

-

iass
wnedian
drop
size
(1)
nEn

045
0-59
1.96
305
1.33
0-49
Ol
.0.53
0.58
087
1-80
433

0-65
0.49
0. 51

b e —

398

- — -— g .
1 -

Sauter | uass | Sauter | Spatial | Bntrained ,
mean (median ; mean | pattern air Rate of

. drop drop drop | of aspray | velocity flow at
size | sige | size about at fire fire aree -

(1) (2) (2) fire area g au2 min~1
mm mn wn area ft/sec
-

0« 4,0 0-69 | 0-69 1.16 9.90 0.97 - 1.2
0'&.9 0‘70 0.57 1.28 1007 2170 - 2-70
1.28 G994 0-80 2-52 12.20 337 = 372
2-05 1'59 1'11 201‘.8 12-(X) 6'8 - 700
1.01 0-75 072 1.82 9.26 2:.84 -~ 3.05
Q.48 055 0.52 1.00 4+ 18 061 - 0+79
O 36 O~59 0-56 190 6-67 1:02 --1.56
Q-51 0~ 60 057 100 ~T.11 045 - 0-55
0.55 | 0.58 | 0.57 1.06 ~3.19 0.47 - 050
0.79 0-89 0-82 O- 9% -3.3 0.65 ~ 0.78
1+32 1.98 1-32 156 L+30 1. - 2.1
2.52 | 1.21 | 0.95 2.28 10.10 3.50 ~ 3.60
2.26 0-93 0-82 } ' 2.90 16-4 6-06 - 6460
0.57  0.57 0-50 0-95 2.76 0-50
0.43 | 0-58 0-57 0-90 9-70 1.00 - 1-30

. 04T 0+ 60 0.57 1-10 16-5 25 - 2.65

®*Divide by 5 to give gal £t~2 min~1,




Results of tegts with zolid cono -

Teble ¢

PR AT

TPegt
desig.
Ho,

i
t
|

Hozzle | Pregs

desig-
nation

1b/in,

\ind
speed
ft/sec

Extinc-
tion
tine
scc,

el W, e =

2ler e

20 em (. F

sy e
. ) Teamy

Lemp., in
oil at
extinoction
ec

rog,

Maxdinim
radiation
aftem

sUray
applied

cal

ar2 ses™!

P — _..‘._.._-._...?

Comments

10

11

50

50

50

50

50

50 °

50

PR o

735
5.25

6.50

1640

14,35
9-6

10.2

11.4

|"1-80

3-10

. 1-80

19.2

27:8

22:0

42.8
- 68.7.

40-1

1 1244

61.7.

117

83

n,d,

120

118

86

120
. 92
34
47

100

00274,

—
0+04L60

0. 0503

0:0372°

-0+0350

00220

0.0550

Q- 0240

0-6552

00380

'| Upsurge;

.clearance

248 1ead1ng to extinc-

—— W L

Upsurge; flames dying
slowly, Last 5-6 sec,
sinall flame at edge,
Upsurge; clearance at
108; 1last 108 amall
flame at edge,

Upsurge ocoasional
g—clearanoes throughout
application, Repid
clearancs before extinc-
tionm.

ITo obvious upsurge.
Gradual reduction of
Tlame. st of surface
clear last 5-108,

Hoast of surface clear
last 10-128,

flames
decreasing to 5 £t high;
clearance 308;  spray
blovm off fire-
clearance 558 1eaving
edge flame, .

Very littie upaurge
flames flattened;

burmt over whole

surface until 305,

edge fire after 378,
Flame flattened;
clearance 353 further

edge
fire thereafter.
Upsurge; gradual
reduction of flames
18t olearance % area

tion,
Upsuxrge; £3ame
flattened; clearance
10 leaving amall edge
fire,
jurge; * ‘Plame :
ttenod flame close
to surfme at later
atages; .Iat .olearance
358, whole asurface
478 leaving edge

-

. MGreater than_b-055.

s e S e B S o wndn > Brdh o



desip-
nation

Hozzle; Pressure

1b/in,

- —

t
b
(
f

¢ .
wable 4 vooavn

it —— e e ms
| PP S
':'.’L(a—.-;u;hu‘é ,
B
S AL
Rkl I

tind |(Extine-

speed , tlon
ft/sec tinuc
gen )

..-b"ljr. dode.
oil rt
xtn_v"tiouj asuad s i

v e ——

el )
‘ Un B 'l_'

13

14

15..

16
17
18
19

20

21
22

23;

1C0
100

100

50

50

50

50
50

50

50

50

B s Rt 3 -~ -

89 i
f

141 %3

l

|

N
|
|
3.2 |
I

117 14

6-7 50 ®

29-8

10. 35 L7 109 "

615 | 301 80 "

740 56 . 3

6+55 e 2 62 )

9.25 4+0 57 ¥

475 | 29.3

Lol 29-8 n.d, L

.2h92

MR e —r— . S —————— ' ——

L

Y e o S mr et WA bk hed e w

- ew e W s Bt wp

.
- e - .

-

Uzavic o {lomes
cl.uniunad ropldly, |
Upsurpe; flrnioes
diminished rapidly;
steamn,

Upsurge; flames
diminished rapidly;
steam,

mich

mach

Larze upsurge followed by
flame 18 in. high over
whole veasel; cleared in
48 leaving edge fleme
only,

Large upsurge; burning
round edge only after
LAs,

Large upsurge;
clearance in 38,

aurface

Large burst of flame;
much steam,
Large burst of {lame;
mein flames cleored in-
38, small edge {lame
after 3- :
Large burst of flame;
flames flattened; .mmall
flame et edge at :
extinction, :
Upsurge; clearance,
leaving small flame at
edpe, :
Iarge upsurge: flames
burning round edge
efter 5-68,
Large upsurgs:~ 3
clearance 68 diminishing
to 5 at 108; last
10-158 edge only.
Flames burning over
part of edge only
sfter 648,

RGreater than 0:055,

-



Results of tests with multi-pair imp
. on 120 cm (4 £t

1

Table 3

fire

ing jet non-direotional spray

desig,
No,

Teat

Nozzle
desig~
nation

Press
1b/in,

u12*e

Wind
speed
f£t/sec

Extinc-
tion
tine
sec,

Tewp. in
oil at

extinetion

Maxd.raam

| radiation
rdg, after

spray
applied

om~2 sec”

Corments

25

26

27 .

28

29:

. 50 '
3] 5

32

33 .

35

37

b
¥

50

50

100
100

100
100

100

100

100

“ 100

50

50

4+70

510

12-15
11:15

5+30
2:75

1+ 60

1:40

2+25

6.20
6+80

L

4.70 .

R e 'Y

63.8

29-8

61.8

350

36-7

16.7
1241

47.2

1h°1’

29+1

FA
[AYe)
Y ON

i

' >
- g - oW

130

125

141

115

n,d.

n.d,

119

122

126

¢ 127

ang

o

S

0-0355

040311

0+ 0268

n,d,
0.0197

n,d,

0.0332

0.0187

0-02&8.

0. OLL5

00242

n.d;
0.0278

N

L PV I PN

| Slight upsurge;

J'ew partial olearanoces
20-258; small flame at
edge 1ast 5=-108, .
Flames burnt upwards
agoinet spray 1at 208;
clearance 248; small
edge flame last 3~48,

spray most of teat;
; clearance 528, sudden
almost oomplete 60°,

Steady‘reduction in
flames; 5 sur’aoe
clear 25s 2 olear
288,

"lame gredually
reduced;

upright when no wind;
¥ olear 328,

I'lames veered gently E

1leme veered during
application,
in 108, ‘
Small upsurge upright
for 20%; height 9 £t;
burning at &dge. after
2658,

Veering 8 dnring initial
clearance

Vearing before appli- '

{oation; fleme olearing
- 1108 lexving =mmall patch

of flame.

flame..
burnt upwards against
spray. - ¥ olearance
258 leading to extinc-
tion,

Flame gradually
decreasing for 238;
clearances increasing
in asize up to 333;

“lamall flame left at

edge till extinction,

Flame burnt upwards szainst

during whole application, :

Clearance ‘

Burnt at edge efter 268

4]
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% Conld
1
. : |
' Yest | lLiogile |Pressure | ‘iad [Extir Temp, in
dezde, | desig- | 1b/in, speed | tion - oil ‘at
i'o. {nation ft/sec | time |extinction
seaq, og
38 F 50 8.30 33.0 130,
39 15 .50 8+45 3442 130
i
| 40 F 100 545 | 2.1 139
; L1 F 100 11.10 L6 101,
| |
42 F 100 12:15 | 65.1 131
I '50 420 | 33.8 133
L4y G 50 5:20 | 2.0 12
I
LE G 50 2.90 91

2903 .

PIIL TR
radiztion
wd,

8pTay
applied
cal
cm"2 aec‘1

0.0317

0-0213

0-0160

0.0238

-Q.0177

0.0141

0.0180

Pter

- v

.-.._.-...-.,.----“....__..*

0.0198 .

"
'

f . - .
i © o dede "y c
At T
',\‘\"n, ,_"'t’)"“d'

e e .rct .
it
-fv, Y : :
RN I ..-o - J—,o-u-A-n-u-
el i
tan .\l;'f‘l i
o -
Comnents ©
I.-G“'--.-’.‘“."H----‘.ﬂ‘h. N
Upsurge; flame burning

vertically till 28s
then rapid diminution
till smail edge flame
last 2 or 3%,
Little upsurge; {irst
clearance 198; last
8-98 small flame at

é; erea after 185,
Firast clearance 158;
further after 25
increasing till smnell
sdge flame left,
Flames burning upwards
ageinst spray; still
5 £t high at LO9;
clearance of nost of
surface at 608,
Upsurge; flame
vertical but
.decreasing in height;
18t clearsance 259
reducing to small
Tlame at edge,

¥lame blown
horizontal by wind;

rapidly;
clearance 188;
{lame at edge.
| Burning .at edge 1ast
53

small

e i

- -

| decreasing in slze =
18t e

-~

edge,
Upsurge, 1st clearance .|
05- flame covering
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Results of tests with multl-lmpnnglna Jets directlanal sprays T S PP

on 120 em (4 f£t) fire Cne
i

Lipximum

radiation
Test | MNozzle! Pressuge | “‘ind |Fxtinc-|Temp. in | rd:, after
desig, | desig-; 1b/in, apeed | tion oil at spray Comments
No, | nation ft/sec | time Extinction| applied

: . sec, ©C cal
-2 sec‘1
— SN I NI
L6 H 25 6-00 {>D2y0 040313 |Ileme height about 7 £t
' durine test,

L7 i ; 25 6.00 248.9 103 I Ilames reaching 5 £t

i height; spray stopped
5 at 214.0B smallX,

48 H 25 6:50 L2.3 116 0.0475 |Spray switched off 305 “
4,9 H 25 6-00 0.0515 |Spray switched off at
1538, No extinction,
50 H 25 570 L6.2 125 0.0515 Sproy off 308.,% ’
L H 50 9+25 Lol 102 £ Flame blown sideways
when spray applied;
flame flattened and went
. out,
52 " H 50 T.75 6.0 143 =Y Upsurge of {lame;
‘ flattened; slayed flat;
) flame clearance 58,
53 H 50 745 48 152 0.0353 |[Upsurge; flattoned;
, ' extinction,
T S 50 1115 Ll 6 52 0-046l |Upsurge; clearances at

.- ' 20 end 358; burnt round
edge in last 108,

55 H 50 9.2 26.8 66 0+0410 |Clearance 15%; burnt at
‘ E edge till extlnction

56 H 100 855 3.3 87 % Large upsurge; flame
blovm flat; clearance
ot 248 1eav1ng small
flame at edge.

57 H 100 1 he1B L2 124 3 Large upsurge; flanme
blown flat; snmall

. flame at edge,

58 H 100 9:15 2.4 102 3 Large upsurge; flame
blovn flat; small
Tlame at edge,

59 K 25 1.4 PDayo 0+¢0222 |Flame raintained heicht
of 8 £t during applica-
tion,

60 K 50 6+ 20 13.0 143 0.0384 |ironounced upsurge;

Tlame blowm flat; 1st
clearance 108 increasing
in size,
61 X 50 6430 15.6 154 0.0310 |Flane flattened when
| spray applied, Narmal
upsurge; clearance at
| | 38 further clearance

at 128,

. .
h . e —— — ——t o rtrad

®3nall flame at edge till extinction.
IGreater than 0055,




i Teat
desig,
No.

oo -

..
e i -

P o Al

e N L e S S P FR

Noazle
desig-~
nation

Pressure

1b/in.,

iind -
speed

1 £t/sec

Extinc-

tion
time
seo.

cil at

oC

extinction] o)

cm

62

63

€6

71
72

73
7

75

76

73

b(¢

=R

50

50

50
50

50

50

,50
50
50

100

100

100
100
100

1CO

7:30

2.75
1.0
2:0
2:80

2+80

6.0

11.6
906

9.6,
10:9

10-0

15.6
141

3.9
28.4

20+7
22:3

15:5
160
3147

‘30,1

26

2°8
35

3.5

122

177
114
126
151

130

155

149

135

158

148

165

162

197

138

0.0132
0,0253
0.0211
0. 0133

0.0318
0.0275

0.0191
00181
Q0270

0.0263
0-0193

0-0363
0-0552

0.0360
0.0175
0-0274

0-0115

TSI

0—--.-'.-”41‘-- - - LRt W s

"| clearance 10%; f{lane

123,

7163 olearanca

t'alearence,

{lattened; cleared,

Flame blown £lat. 1st

diminished thereaf'ter,
Upsurge; burnt upwards
against spray to hsight
of 10 £t; flattened
108; olearance 1338, 1
Flaettened 58; oclearance
98, '
Flattened 208; clearance

Féattened 108 . cleavranoe
1€8 ,

Flattened and burnt .
upwards twice; flattened

ing 188,
Flame flattened 158 with

IFlattened 78; burnt
upwards 108; flattened
148, *

Flattened 208,

clearance 303

Flame upwarda into spray,
decreasing in size;
clearance 263 laaving
edge flame,

Upsurge; flame appeered
to be blown off vessel,
leaving emall flame at ©
edge,

Upsurge; flame appeared
to be blown of'f vessel,
leaving small flame pt
edge; much steam, '
Upsurge; flame b

to height of 6 ft at
edge bafore extinetion,
ilo upsurge; flame

leaving edge fire,
Large upsurge; much
steam; £lame
disappeared,

Lsxge upsurpe; much
ateam; flame
dizappeaced; lant

o

flame et edge.

- D S @ e -« e (e - --WPJ
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Renults »7 w2mts on 20 em (3 7%, vire

| S—t——— e b b e o g :
‘l - i :‘ } i
| |
Test | Nogzle | Pres- | Spa-| Rate | licizht | .ind
deslg. | desig~ | sure 5 tial | of | above ! speed
No. | mation ! 1b/in,<! pet- | flow | nozzle i £t/sec
tern 1B !
~2)
g cm
i lnin~1
- " ——--
9% | B 50 8 8.8
9 i} 50 8 60
.‘9_2 B .50 | 8 6*3
' i
: . |
! ’ 176 ] 466
93 B 50 8 6.8
]
) i
ooy B 50 8 4.1
95 |3 50 15 47
9% | B 50 15 ‘ 40
s |
o |
) 1:60| 2-99 [
oo 5
L ;
- 1 . -; -
H {
97 B i 50. 15 ' 5.
| o
, ’~ i .
1 b t .
. | :
USSR SN

pm‘r&a--—-m-‘oqooh-r--‘—-—...“qruv-- P nah .

tinc-
tion
tine -
gec,

o wrpre - o

5.6

&5

28.2

32°3

i tion

i

Temp. | Maximum
, ‘in | radia-
| oil tion
at alter
ex- spray
tinc- | applicd
cal
cm"2
sco-1

Oc
"

54

65

.'6}+

58

n,d,
0. 030

32

46 | 0-415

! 0.0385
!
|

i
.

b - . ..1..—.--....5913-..; -~

O r-..-—-—.--.- .

. |clearance;

.1large upsurge;

“lately;

Jburning close %o

Upsurge;
clearance 38,
edge {lone 2 £t
high,

Learpe upswrpe;
much stecam,

centre
clearance
alnost immedi-
flame
at edge,

Large upsurge;
centre ‘
clearance
alinost irmedl-
otely; flame
at edge,
Clearance 28
leaving small
patch of non-
Jumincous flame,

Upsurge;
flattencd;
clearance 58;
thereafter
flame round edge,
Upsurge; flanes
flattened

surface;
clearance 108,
floshed round.
edge and over
whole surface
sever:l times
betwesn 15 snd
258, Fdre fire
after 253,
Upsurge;
flattensd;

flahea!

1st }
clearsnce 98, !
flash round = |
edges 9~179; ,

“eramter than O- 055,

il

edge fire gotting
smeller,

-

-
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PLATE.3. DIRE. - .-i. MULTI-IMPINGING
JET SPRAYS

DSOBIAES /9 60 1/55CL
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NOZZLE K.  IMPINGING JET : WIDE CONE ( Sectional Elevorion.)
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NOZZLE

. MPNGING TET: NARROW CONE (Bectwnal Elevarion).
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