L L.

€A

= o rrw - |
£,

&

.

F.R, Note No, 213/1955
Research Programme
Objective C5/2

- DEPARTIENT F SCIENTIFIC AND INDUSTRIAL RESEARCH AND FIRE OFFICES' COMMITTEE
JOINT FIRE RESEARCH ORGANIZATION :

This report has not been published and
should be regarded as confidential advance
information, No reference should be made to {.
it in any publication without the written
consent of the Director of Fire Research,
(Telephone: ELStree 1341 and 1797)

THE USE (F WETTING AGENTS FCR FIREE‘IG}EING
II, THE EXTINCTION OF FIRES IN FIBROUS
MATERIALS

by
P.C, Bowes and G. Skeet

Summaxry

WVater containing a wetting agent, "Wet Water", has been compared
with plain water for the extinetion of a test fire in straw,

The main conclusion is that wet water will be more effective
than plain water for the extinction of fire in fibrous materials 'E‘z{at 3
are not easily wetted by plain water and are packed 80 densely that”" A
plain water cannot easily penetrate. o SRR

This conclusion does not necessarily inply that wet water shou],d '
be used in practical firefighting, The question of practical : )
application:is discussed in Part 1, where it is pointed out that the
decision to use wet water depends on a number of factors, some of which
may prove to be adverse to an.extent that outweighs any advantage arising
from increased effectiveness far fire extinetion,
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. This noté’ supersedes the brief account of the fire extinction-—l-is*bs'
on straw given in Part I (F.R. Note 135, pp, 7-8), this. account requires’
revision in detail now that the :.nvest:.gat:.on is complete. The conclusions
in Part I are not affected. ‘
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THE USE F WETTING AGENTS FOR FIREFIGHTING 7
. .. II, THE EXTINCTION @ FIRES IN PIBROUS
S MATERTALS -

by
P. C. Bowes and G. Skeet

1. INTRODUCTION

‘When fire occurs in stocks of fibrous material it spreads rapidly :
over the surface and penctrates into the interior of individual stacks
to produce decp-seated smouldering fires, These deep=seated fires
usually continue to burn after the surface fire has been extinguished,
"and can be extinquished only by dismantling the stacks and. applying
water to each pocket of fire as it is discovered, This operation may
take anything from a feu days to several- weeks to complete,

: Published experlenccs of the use of solutions of wetting agents
("Wet water") for dealing with fires of the above type, and soT? accounts
of tecsts under controlled conditions, were reviewed in Part I )
" Both the expericnce and the tests suggested that the use of wet water.
enobles faster control of such fires and reduces the residue of deep-
seated smoulderlng. It was considered that the use of wet water for
such fires was viorth further investigation, \
This note glﬁcs an account of an investigation in which wet water
s compared with plain weter for the extinction of fires in straw,
Straw was chosen for the test fires becausc it was a readily avallable
material of the required type. .

2, EXPERIMENTAL AND RESULTS
2,1. General

2.1.1, HMethod, The method of Bryan and Smith (3) was used in which.
the test fire was rotated slowly sbout a vertical axis, and the water
was applied by means of a mechanically operated jet that oscillated on
& pivot in a vertical plane through the centre of the fire, The jét
was placed so as to cover the top and side of the fire. ‘

2 1 2. AEEaratu . The general arrangement of the apparatus is shown in
Figure 1, The test fire was_ supported on a turntable on & hydraulic N
jack and rotated at 6, 98 r.p.m. Changes in the weight of the fire were
observed by means of & pressure gauge in the hydraulic system, and could
be measured to within about 3 per cent, . The jet was driven at a rate of
57+6 oscillations per minute and it retraced its ‘path over the f1re a’b
every fourth revolution of the turntable.

A fixed gutter below the rim of the turntable collected the water
that' ran off the fire, and & hood behind- the fire collected that part of
the applied water that overshot the fire as the burning straw diminished
in volume. The water that ran—off ("run-off") and the water that overshot
the fire were measured in all tests.

Both the wet water and plein water were 1nit1ally supplled from
graduated tanks under air pressure, but in the later series of tests
the plain water was. taken:-direct from the main A 5/32 in, jet wes used
and - the dellvery was 3+03 gal/mln. N S

®since Part I vas written a- paper by Bertschy et sl (2) has been received
in which it is shown that vet water is more cffective then plain water for
the cxtinction of a test fire consisting of a loose layer of cotton waste’
ignited after sprlnkllng with- petrol ' The ‘water was applied as a coarse
SPray.‘- . '
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The plain and wet water were swupplied alternately to the jet
through the same pipe system, Before tests with plain water the pipe
system was washed free. of wetting sgent by allowing plain water to flow
through for fifteen to thirty minutes, Surface tension measurements on
the plain water showed that this washing was usually adequate. However,
after scveral months' use it was found that plain water would become
sllghtly contaminated with wetting agent if ollowed to stand in the
pipe system for long. This effect appeared to be due to abscrption of
wetting agent by the short lengths of rubber hose in the pipe system,
and it was remedied by replacement of the hose. -

The tests were' carrled out in a ‘shed that was free from draughts
producing’ any obvious effect on the test fires, =~ .. .

2.1.3, 7 Test f:re, Wheat straw was used in all tests. Three main

series of tesLs were carried out, for ‘each of which a single consignment
of siraw was used As far as could be' judged each consignment consisted -
of straw from a single type of wheat, with a proportion of grass and -
weeds, hut the quality or, possibly, the variety differed from one
consignment to another. ' s :

In, the first two series of tests- the straw was packed at chosen
den51u1es, and as uniformly as p0331ble, in cylindrical baskets of 6 in,
stecl mesh 36 in. high and 23 in., in dlameter.‘ In thelthlrd ond fourth
series mechanically packed bales were used; o . .

The fire was ignited either externsally, by the application of a
blowlamp to the bottom edge for one or.two revolutions of the turntable,'
or internally by means of an ‘electrically~fired incendisry device
placed in the centre, The incendiary device was based on a fixed weight
of a mixture of sawdust and pot3551um nitrate in the proportions of
about 5 : 1 by weight, -

2.1.4. Wettlng agent. The wetting agent, a non-ionic type, was an

aqueous solution of on alkyl-phenyl substituted polyethylene glycol apd. . . |
was used at a‘dilution containing 2 per cent by volume of the stock
solution,  This-dilution corresponded to a concentration of approximatély
thirty~-five times the minimum concéntration of stock solution required

to g"V° the max1mrm lowerlng of surface tension. :

2.1.5. Test p;ocedure. Each series of tests differed sllghtly in detail,

as will be described below, but the general procedure vias to ignite the
straw,’ allow a certaln preburn,, and then to raprly a fixed quantity of -
watcr. The basket or bale was then removed from the turntable, set aside
for a certain time, and finelly examined for signs of rekindling. The |
standing perlod provided an-cpportunity for a partly extinguished firs to-
die oubs it was assumed that if the residual fire did not die out in ths
periol allowed, it was of sufflclent magnltude to constltute a hazard in
practice,.

‘Five tests wiere carried out for each of a series of increasing , '
appllcaulons of Both wet and plaln water, with the object of deteruining
the range of appllcatlons within which the proportion of the fires that
were extinguished ‘changed from a low to a hlgh value.

The eppropriate serigs of appllcations of water to use could not be
decided beforehand but hed to be found by actual trial. On the basis of
a few tests it was p0591ble to eéstimate roughly the ™ range within whzch _
it was worth whlle carrying out the full‘number of tests; although some
‘adjustment, such as extension of the upper or "lower end of the’ range, was
sometimes necessary- at an-advance stage, " Within.this scheme the order in

which the'tests 1n a, serles were carrled out was randomised a8 fbr as
p0531b1e. : e -

2.2 ‘Seriés 1, Tests with strav at’ low packing density. thcrnal ipnition
In these tests the straw was packed at a mean density of 2-2 + 0203

1b/£t% and hed o total weight of 19-1b, | This density was chosen by trial

as resulting in a fire that, following externsl ignition, burnt fairly freely,

and also penetrated underneath and into the straw to become partly inaccessible

N
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to direct application of the water jet,
The mcan moisture content of the straw was 12 per cent,

A preburn period of 3 minutes was used in these testy; during this
period the. loss in welght was 5¢5 1+ 0«5 1b, - The jet was in position-
A shown in Pigure 1, : S

_ Follow1ng appllcation of the Water the basket was set aside for
15 minutes, If the fire had-not been extinguished the evolubion of -
steam and smoke increased during this period and, .on tipping out ‘the
contents of the basket, some part of the straw near the bottom would
glow or rekindle into flame. If this glowing or rckindling did not
occur the fire was judged to be out - even if, as happened on a few
occasions, o small amount of smoke was still belng 31VCn off at the
end of the fifteen minutes,

. m-SbageS“ih a typical ‘test are shown in Plate I; plain water was
used in the test shown and the fire was not extinguished.

"“Resulés. The results of the thirty-five tests in this series are

given in Table 1 vhich gives the number of fires extinguished:in five.

tests at each of the .specified applications of wet and .plain water, The-
amounts, of vater applled, as given in the toble, are méan values for each
group of five tests and represent water that actually reached the fire, .

z'fl.e. the water delivered by the jet "less that which overshot the fire. -

The ‘corresponding times of epplication given in the table -are: calculated.
from. the rate of delivery of 3.03 gal/mln and represent the tlme for
which. the - jet was actually hitting the bale,

Tsble 1" includes the mean value of the run-off, for each group of

- five tests, cxpressed as a percentage of the application; and also the

mean value of the weight of water present in unit weight of straw in the

‘bale, gt -the énd of the application,. for each group of five tests, The

latter quantity will be called the Specific.Water Load; it is the ratio of.~
the. difference between the - .applicstion and the runoff® to the weight of
the bale-at" ‘ths “cnd of the preburn., :The range of. varlatlon ‘of the above
quantities is indicated in this, and in later tables, by a single standard
deviation. calculated for each complete set of results . for plaln water and
wet water, i : »

¥ The change in weight of the straw during the application of water would
have been preferable for the purpose of calculating the specific water
load, but for reasons found after the tests the ram pressure readings

in thls series of tests could not be regarded .as trustworthy for dbtalning
the change in weight.
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Tablé 1

'Results. of- flre cxtlnct;on tests (Serles 11

1)

External ignltion. Pive tests at each application

22

- -

s

Water applicd. ral (% & percent) {4e7 |55 | 61 | €o7
' - o O 8
o . ‘ , N3 A
Time” of applicaticn. . min 155 |1-82| 2-02- \.2-2_1
Pires ox .1ahcd ) .
L _ 7
Plain water 1 {1 4 5 -5
. Wet Water 2 . 1 3 - - n
Heaﬁ-nﬁn—bff._ Pér cent _ .
* ' Plain water 33 39 |43 |48 . >
., Wet water 29 {37 38 - =3
: Mcan SPElelc water load. . . L
o Plain water 2033 |2+40) 25k | 2450 019
. Wet water 2043, | 2e5L | 2482 - © 0«18 -
“H.;é'=fs§éndard:deviﬁtion.

L Itis “Oncluded from tho results in Tﬂble 1 that there was no

" differerics between the ability- of -wet water and plain water to extinguish
the tesl firds, The number of extinctions. in five tests increased from .
 oré to three or - more when the amount of either wet cr plain water applied
- was 1ncreased from 5¢5 to 6¢6 gal; i,e, 'when the time of application was
increased from 1482 to 2+02 min, or more, .

Analysis of the complete sct of results showed.that, as the mean
values given in Table 1 indicate, there was no significant relation
between the specific water load and the smount of plain water applied
within the range'of applications covered; but, for wet water, the specific
water load underwent a significent incresse as the application was increased,
(The correlation coefficients were O+41 for the twenty tests with plain
water and O+74 for fourteen tests with wet water),

Table 2 compares the mean specific water load for bales in which the
fire was extinguished with that for bales in which fire wes not extinguished,
For wet water, data at applicationscf L4e7 and 6+1 gal. are used and analysed
separately; but, for plain water, the dsta for all tests have been used
-Fogethir since the speclflc water load vias 1ndependent of the applicatlon

above ‘ . -
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'Relation between extinction and specific:watefuload

Mk 3 m i = aae s ee em B e 4 pe. e sasa e PRra

- B R " wotwater 7 |Plain water - |
: 0 N 0 N o -I'N
Mean' application, frgal. L7 T he7. 6ol | 6ot |- . A
{' Number of %ests _ 2 3 -3 .2 Ml n9 o e
. Mcan specific water load | 2447 | 2640 | 24671 3-04 2-50 2-37
Stondard deviation 0.15- | 007 | 010} Os14{ 0e21 | Os1k
L | b e
0= fire out; N '= fircs.not out,

. For plain water, and for the 47 gal. epplication of wet water, there
is no 81gn1f1cant differcnce between thé mean specific water loads. for
. balgs in which the fire was extinguished and bales in which'fire was not-

. extinguished, For the 6+1 gal,. application of wet water the mean specific
water load is just significantly greater®for the bales in which fire was
not extinguished than for those in which it was. Interpretatlon of these
results is reserved for the dlscu531on later.. U ,

At the end of all the tests in | this series the straw packlng wes found_
to ‘be vietted almost’ throughout, any Tire that survived was found 1n small
dry patches of straw at the bottom of thc ‘basket, = -7

. In thesc, as in all later tests, the flamcs from the surface flre were
extlngulshed so. rapidly by both. wet and plain water (usually during one !
revolution of the test fire). that it was not possible to detect a
'E dlfferencc between wet water and plaln water 1n thls respect. ; :

A considerable amount of steam and smoke was produced durlng the
appllcatlon of the water in these tests and the emount appeared to be .
. gregter Wlth wet water than with plaln water. oo . S
' . -'_,ﬂ_:'-
2 3. Serdes 2 Tests with straw at 1ntermed1ate_pack1ng dens1tv.
' Intornal 1¢n1tlon

In thls series’ of tests the straw was packcd to ‘a depth of 30 1n.'
in thé fire baskct; and at the: hlghest density that could be, achleved by
hcnd pccklng,the mean denslty was 3« 5 + 02 lb/ft Se L L

/s

o ‘ The p031tlon of thc jet in relatlon to the flre was changed to the
i pos1t10n ‘B shown -in Figure 1 so that a high proportlon of the water was »
" spplied to the top of the straw. The p051t10n of ;the collccting hood was
altored ocrrcspondlngly..v “. . -

. o Thc straw was 1gn1ted in- the ccntre.. When the 1gn1ter had been
‘ \ flred the straw’ smculdered slowly,. for a period that varied. bctween about
. ten end -thirty mlnutes, until the flre -reached the out31de -of the- bale, .;~
ISR : flame then appeared and. sprcad over the outslde. The water wa's - applled
' . o at thc nearest whole mlnute after the first. appearance of flane.'

. O “The standlng pcrlcd follcw1ng the appllcatlon was. flfteen mlnutes.
s ". The .criterion of oxtinction was the absence of- smoulderlng straw when ‘the
’ straw Was unpacked at “the . end of.the standing’ pcrlod :
The results are given in-Teble 3, It was p0551b1e to carry out only
‘three tests at cach application, and the table glves the number of
extinctions 1n each group of three, .

py o = 338 and .hes a brob&b;lityvcf about & péffcent for 3 degrees of,freedcm.,
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Results of flre extlnction tests. (Serles 2)

Straw den31ty 3 5 lh/ft 3 Internal 1gn1tron._

Three’ tests et each appllcation

,‘.' .1

- Water appiied;r"geix'(i”j'per“cent) CT9ek 1, 19 g 24

t . - R

Fu%eﬂmymmm
’Plaln wager _ - t L3 1
Wet water . ’ .1 0 2 -

© 77 The results in Table 3 show no difference in the effectiveness of

- plain.and wet water in this series of tests. Also there is no clear .
relationship between the proportion of fires extlngulshed and the amount
‘of either wet water or plaln water applled. . o

Durlng the preburn perlod dlscoloratlon of the straw sometimes .
exténded to the top of the packing, and heavy charring extended to within
a few inches of the top, but the fire elways broke out either at the
botton of the packlng or at a p01nt not more than half way up the smde.zr

In thls series of tests, and in subsequent series in whlch the bales :
were ignited internally, it was found that the charred region inside. the
hale’ varled considerably in size, shape, ‘and. . p051t10n.

S It Was noticed that; as would be expected, the wet water. formed a

‘ QOntlnuous Pilri en-the straw whlle p1a1n water tended to form drops; but,
glso, plain water formed & “¢ontinuous fllm on straw that was discolored by
vwhat appeared to be tarry products from the smouldering fire, This latter
effect would tend to diminish ariy difference.in the ablllty of plaln water
. and wet water to penetrate to the seat of the flre. o ‘

2elie Serles 3, ‘Tests - Wlth strow bales “of hrgh den51ty..
o+ Internsl 1gn1tlon . _ L g

Mechanlcally baled straw was used 4n thls series, The mgan weight of-
the bales as used was 37-5 b and the dimensions were 20 x 24 x 18 in, The
mean density was 7+5 4+ O- 5 1h/ft , and the m01sture content of the strew
was 14 per cent,. . o v

"The bales had a 1ayer structure wlth the straw. strands.flattened in the
plane of the layers, The bales were placed on the turntable with tnese ,
layer planes horizmtal, 'since .it Wwas thought that, in this position, they
would present the greatest re51stance to penetratlon by water applled mainly
fron above . . .

‘The jet was in position B relative .to 'the bale (Figure 1 ) snd its
amplitude of oscillation was adjusted to cover-the longest diegonal of the, .
bale, Because the bales were rectangular it was inevitable that, at times
during the rotation of a bale, the applied water failed-to strike the bale
when the jet was at either” cnd of its traverse, ‘the water that missed at
the lower end of the traverse became 1ncluded in run-ofi‘.I

, Follew1ng 1gn1t10n "ot the centre, bales smouldcred for perlods that

varied between 16 and12} mirutes before fleme appearcd on the outside, A4s
in the previous scries of tests the fire broke. out elther on the under-side
of the bale or -at-a: point not more. than half way up & side.  The application
of water was begun at thd ncarost mlnute after the first sppearance of flame,
The .loss in weight duriiy the- “total preburn perlod, includlng smoulderlng
and flaming was l-? 4 Le 3 lb. .

i1}
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. table includes the mean run-off expressed =s a percentage of the

Water spplied. -gal. (+ 3 per cent)|9e2 |1 |19 {24 | 27 |37 |
Time of application. min. Joh | 4o |63 |749] 8¢9 |1202
Fires. ext:mgulshed CL A ;
lenn Water “ o v s |- |2 ’3: k|
Wet Water. . 1 5 5 ) = - ) - ‘
Mean ruﬁ-off.Per cent;‘ ‘ .
Plain water - |- |~ 8y i87 |95 | 5
‘Wet water - 49 160 63| =t - .8,
Mean spéc:ific wéter loz\d; _ ‘
Plein water . © | = | = | = (101 097! 5ec8l 050
Vet water 1258 {le9h {2634 ). = {1 - | = .i(}23'
S = standard deviation .

After the application of water, bales viere removed fram the turntable
end allowed to stend for thirty minutes before being taken apart,” If a
bale had not been extinguished signs of rekindling werc sometimes evident

during the thirty minutc standing period, but the ultimote decision on
ext:.nctlon was. always based on examlnatlon of the :mterlor.

Plate 2 shows s‘bages in a typlcal test- of thls ‘series, - The bale:
shovm. rekindled within thirty minutes of the end of on application of

. 253 g al, of plain water.

The Iesults of the tests in this series are given in Table 4, The

application, and the meeon speclflc water load in the bales at the end of
the applmatlons. The spec1f10 water load is R here, the ratio of the

- increase in weight of the bale durlng the application of water, as

meagured on the turntable, to 'l:he wen.ght of the bale at the end of the
preburn, .

Table 4

Results of fire extinction ‘tests (Serfles 3)

Straw density 7+5 1b/ft 0, - Internal ignition
Five tests at cach application

< e

It wlll be seen fram Teble L that w:Lth wet Water the nu.mber of flres
extinguished in five tests.at each appllca’clon increased - from one to five"
when the amount of water applied was increased.fram 92 to 14 gal,; with
plain water the number of fires extinguished increased from two to four
out: of five when the appllcatlon was increased’ from 24 to 37 gal, Wet water
was clearly more effective .than plain water, and it may be estimated that an
application of from two. to threc times as much. plain water as wet weter was
requ:.ned to aCh:LCVG a. hlgh propor’clon of extn.nctlons in th:l.s seriesof tests,

The SpClelc water 10ad increased with the amount of wet water apphed.

"but was independent of the amount of plain water applied, within the ranges

of application covered, (The correlation coefficients,.calculated fram the .

" camplete set of results, were 0-83 for the Wet water tests and.” 0-1 for the

pla:m water ‘tests)
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In'Table 5 the mean specific water load for bales in which fire was
extinguished is compared with that for bales in which fire was not '
extinguished., Of the-wet water results those obtained at the application
of 9,2 gal, only have been used for this purpose, but for plain water the
results of a2ll tests have been used,

Tdﬂe§ -

Relation between extinction and specific water load

' © Wet. water Plain water
'I . ¥ - \

0 N 0 N

Nurber of tests . 1 N 9 6
Mean specific water load 1.48 161 Os 94 109
Stendard deviation - 0s13 | (033 0e19

P |
= fires out; N = fires not out,

There is no significant difference between the mean s:pecn.flc water’
loads for bales extinguished and bales not extinguished, either for wet
water or plan.n 'v*.vate';er‘E N

Sone of' the bales were welghed at the end of the, standlng period ..
before they were dismantled, At the end of this perlod drainage had
practically ceased and the weight of water retained in the bales was
about 1¢2 1b per pound of straew for wet water and about 0+5 1b per pound
‘of straw for plain water, .

Most of the bales treated with wet viater were f‘ound to be saturated
when opened, but a few had small patches of dry straw near the bottom -
apart from the patch were fire survived, .

4 few of the bales treated with plain water were also found.to have
patches of completely dry straw inside, Most of them, however, appeared
to have water distributed throughout- (except of course where the fire
surnved) but, in so far as a proportion of the water was present as
droplets, the straw was only partlaliy wetted.,

2.5. Series h.. Further tests on straw bales of high densitya
Internal igniticn

A further series of tests of the same kind as Series 3 was carried out
-on a new batch of wheat straw, The straw had been combine harvested and the
bales were smaller than before; their dimensions as prepared for test were
about 13 x 18 x 18 in., and their mean dens:l.ty was 73 + 0«6 Ib/ft 5. The
mean nmoisture content of the straw was 20 per cent, th.ch was cons:l.derably
hlgher than in prekus tests.

The test procedurc was alterecl in this series in that the bale was left
to stand on the tumtable for 30 minutes after the application of water, and
it was weighed on the turntable both at the ‘end of the application and at
the end of the standing period. The time taken for the fire to burn to the
.outside of thc bale’ varied between 10 and 138 min., and the mean loss of
‘ wught in the pn.burn pemod was 1¢5 + 08 1b,

- . l ’

i
-

LT has ‘o probab111ty greatcr than 10 per cent in both cases. It may be .
noted that, for the plain water data, a differcnce between: thé meen specific
water loads of 0e31 would be required for significance at the usual 5 per
cent level,

v
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The results of the tests of this series are given in Table 6, The -

" number of fires cxtinguished is expressed in the table as a fraction of

the number of tests at cach application, since this number was not

© constant as hitherto., The run~off includes drainage during the standing

period and, as before, it is expressed as a percentage of the appiication.
In addition to the mean specific water load the table includes -the mean
weight of water per unit weight of strow prescnt in the bales, after
dra_nlng for 30 min,, for each set of tests at a given application, '‘This
latter quantlty will be.called the Mean Specific Retentione Both
quantities are calculated frcm welghlngs on the turntable, - - ..

Table 6

Results of fire ‘extinction tests, (Serics 4)

Straw density 7.3 1b/ft 3, Internal ignition

Water applied. gal. (+ 2 per coent) 53 72 Ge1
Time of spplication. min, . | 175 | 24 .| 340
Fires extinguished,
Plain water S L/7 4/5 e
Wet water: 2/5. | 55| = -
Ican.run-off, Per cent, .. ;
Plain water . - 18 |76 . . 9 .
Wet. water , 57on |. 67 | .~ .10
" Mean specific water-load
‘Plain water . | "= | 1255 | 1e42 0420 -
CWet water © . 0 b fe78 | 2812} = . | 0ab5
| 1
Mean specific retentiom,
Plain water | - 0-70  0«70 ] 016 -
Wet water o 1.09 | 1.18 - b - 0e35
- o - o e
S = standard deviation

The results” in.Table 5 show that wet water was more effective than

.ﬁlaln water in this series of tests, but the difference in the effectiveness

of the wet and plain water was less than in series 3. It. may be estimated:
that the amount of Plain water that had to be applied to achiew a high
proportion of extinctions was between 1 and’ 11 times the amount of wet 77"

1

water requlred. . . s _ - . . ;

The spe01f1c water load and the specific retentlon were independent . of
the amount of water applied for both wet water and plaln water, - Data for
all tests have therefore been used for the comparison, in Table 75 of the
mean specific water loeds, and also the. mean spe01flc retentions, for bales
in which fire was extinguished and for beles in which it was note There is
no signific¢ant differcnce bctween the means f ar either quantlty, either for
wet water or plain water.- , : . .o '

._,,-
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‘ Table 7 ‘

Relation of extvinction 10 speeific wa ter laud and specific retention

’

.1“ !

R : A :
Wet water © . "Plain water
0 N 0 N
Number of tests - L 7 3 8 3
Mean spezcific matcr load © 1.98 1~-87 1452 136
Standard daviation 0e36 0-63:" Qs 21 0-11
Mean specific retention : 1416 1.08 "0072 . 0865
Standard deviation (=21 G561 0213 020
0 = fires out; N = fires not out. -

In this serics of tests the mean spccmflc water load for wet and
plain water (Table 6 ) do not differ by as much as in series 3; thus they
are about 2-0 and 1+5 for wet and plain water respectively, compared with
about 2¢0 and 10 re3pect1vely in series 3.

Examination of the bales after the tests in thls series showed that
all bales on which plain water had been used, and all but two of the bales
‘on which wet water had been used, contained patches of dry straw
additional to those in which fire surV1ved occa51ona11y these dry patches
were fairly extensive,

3.ADISCUSSION

3ele Results of investigation

In all the tests carried out in this investigation, even including
those in vhich the straw was ignited externally, extinction of the fire
depended on penetration of the applied water into thc bale, It is
eppropriate, therefore, to discuss the rcsults in terms of the time for
which water was applied, rather than of the- amount applied.

The relative effectiveness of wet water and plain water for
extinguishing the test fires varied from one series of tests to another,
In series 3 and 4 the use of wet water effected a nigh preoportion of
extinctions, in replicated tests, after a shorter time of application
than was required with plain water; and the specific water load was
higher at the end of the applicaticns of wet water than it was for
plain water. It may be concluded that, in these {two series, wet water
penetrated the straw both more rapidly and more extensively than did’
plain water. This conclusion implies that the penetration of plain water
was' hindered- by opposing capillary forces’ due to the straw having been not-
easily:wetted by plain water, But, in the absence of an independent
wetting test, it cannot be ‘decided whether the similarity.in the fire
extinction results for wet and plain water in series 1 was the result of
easier penetration by plain water due to the lower packing density of
the straw or to the straw having been as easily wetted by plain water ag

it was by the wet water.

Over the range of. appllcatlon times used in. each series of tests, i.e.
over ronges within which there was an incrcase in the proportion of fires
extinguished at a given time of application, the mean specific water load
at the end of an application tended to bo constant independent of the
application time for-each series of tests with plain water and for the
tests with wet water in series 4, In series 1 and 3 the mean specific water
load increased slightly with increasing applications of wet water,

=~



_into the straw itself,
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In all series of tests bt ¢ne, with both wet water and plain water,
there was nd significent difference between the mean sovecific water loads
for bales in which fire was cxtingquished- -and for bales in which firc was
not extinguished; the exception was a group of five tesis with wet water
(Tab¢e 2} in which the specific water load tended to be higher for bales
in which fire was not extinguished, Similarly, there was no significant
difference between the mean specific retention, after drainage, for bales
in which fire was extinguished and.for bales inAwhich it was not,

The results summarlsed in the two preceeding puragrbphs imply that
any additional quentity of water that may have been required in the bales
to bring about the change from 2 low to a high proportion of extinctions
wes small compered with the variations in specific water load between
bales in a neimics, After most of the tests in series 1 and 3, both the
wet woter and plain water were found to be distrilbuted almost througnout
the bales; thore was no large difference, that could be detected at
sight. in the distribution of woter in bales in which fire was
extinzuished and in those in which fire was noy extinguished. It -
PrObBDLC, thCﬂefore, that in all series of tests Skhe water ioad at the
lover times of application was net far from the minimws required for a
high prowortion of extlnctlonq, -

It appears that water 1oads of the order of 1«0 1b and 1.5 1b of
plain.water per pound of straw, in series 3 and 4 respectively,.were
sufficient for extinction-of the fire. Extinction with wet water in
these series entailed water loads of the order of 2+0 1b per pound of
straw, By comparison with plain water the extent of the penetration
by wet water, in the time required to reach the fire. and extinguish it,
was greater than necessary; - the wet water may have penetrated appreciably.

i

3.2. Extinction mechanism

The following simple picture of the way in which the fires in the
straw bales were extlngulshed in these tests acconis wlth the above results.

The mONPntUn of the water jet applled -t0 the straw bales will be
largely destroyed within a short distance of the surface, Further
penetration of the water into the bale will then be under the influence

- of gravity, assisted or hindered by capillary forces according to whether '

the water does or docs not wet the straw. Owing to local variations of
packing denslty, the arrangement of the sitraw, and the extent to which
the straw is wetted, some paths will be more favcweble than others to
the penetration of water through a bale; so the rate of penetratlon will
vary in different parts of the bale. . . .

It is thercfore reasonable to~sqppose that the extinction of 2 firce:
in a bale of stravi, or indeed any other similar metorial, Jepend:zs oo the
building-up of & head of water in the bale and on maintaining the head
for a time sufficient to ensure penetrabion throughout the bale, Given the
necessary nead, penetration can proceed in any direction dictated by the
local structure of the bale. If the application of water is discontinued
too scon the head. of water will be destiroyed by drainage through the more
favourable paths, the penetration along less. favourable paths will slow
down and eventually stop, and the fire will be. likely to survive in the

dry patches of straw that remain,

The water load in the bale -at any instant may be regarded as
consisting of water that will be lost by drainage when the application
is stopped, and water that will remain when drainage ceases; it is largely
the former that provides the head of water for penetration, When the water
load reaches 2 moximum the -rote of drainage, or run—off, will equal the
rate of gppllcatlon. . . .
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The. above would explain how fires in the tests described in this
. report were able to survive the standing periods, which were long
compared with the application times, in spite of the fact that the
water load at the end of an appllcatlon vias neaxrly sufficient for
extinctlon of the fire, -

The above remrks apply to the ponetratlon of both plain and wet
water., Vith wet water, however, the capillary forces will always
favour pereitration. Gaplllary forces becore relatively more important
in oontrolling the penetration of a liquid info'a porcus solid-as the
pore size ig reduced, Hence, the difference in the rates of peretration
of plain water and wet waier into a mass of fibrous material that is not
sasily wetted by plain water will inorease as the packing density of the -
mass is increascd,

With water applied to a bale of straw at a gteady rate, the maxirmum.
specific water load will depend on the packing density, which will
determine .the total voids; on the stem diameter and wall thidmess,
which will determine the proportion of the tobtal voids available to the
pagaage of water; and cn the ex%ent to which the streaw is damapcd and -
water is able to enter the stem cavities, These factors, and hence the
maximun specific water load, may be cexpected to vary between bales in
a glven batch of . straw and alao, perhaps even more widely, between batohes
of straw from dlf‘f‘ercnt varieties or speclcs of plant,

"4, CONCLUSIONS

The .fol lowing conclusions are concerned solely with the relative
effectiveness of wet watcr and plain water for the cxtinction of fires
in fibrous ma ferials, The applicatian of these conclusions, and other
faotors, 't? she use of wet water in practical firefighting are discussed
in Part 1 % ~ ,

1, Wet water was more effective than plain water for the extinction
of a submerged fire in a closely packed bale of straw, but no dlfference
was found between wet and plain water used to extinguish a fire in
straw that was packed relatively loosely.

9, The relative effoctivencss of wet water and plain water differed far
different batches of straw,

3. In those series of fests in which wet water was more effeotive than
plain water for fire extinctiom the weight of water held by unit
weight of straw, at the end of an application of water sufficient to
effect a high proportion of extinctions in replicated tests, was
hipher when wet water was used than when plain waisr wag uzed,

4, Also, in those series of tests in whi ol}\vwﬂt watar wagnoore offective for
) fire extinc’clon the run-off was lesa, both in proportionate and absolute
a.nount, when wet vas used than vhen plain water was used,.

. 5.' It is believed that the factors controll:r.ng the relative ﬁre exulno’cion
ability of wet and plain water arc sufficicntly well understood for the-
results of this investigation to ‘be exuended to all fibrous materials,

6+ Thus, wel water willnbe more eff‘ective 'than plain water for t‘ne
extinction of fire in fibreus m terials that are not casily wetted
by plain water and are paoked 50" densely that plain water cannot
easily penetratc. ' I -

7, With materials less easily, wetted than straw the dif‘fercnoe in the
effectivencss of wet water and plain watcr may be cxpected to be
greater then observed above for straw at 'comparable packing dansities;
vith materials that are morc casily wetted tho difference inm .
effcctiveness will be less,.

-8, A water penc 'bration tcst should enable a 'preliminary selection to
be made of materials on which wet water might be worth using as a
fire extinguisher, * Since the ratc of penetration, the water load,
and the rin-off arc all factora nertinemt +n dhe nvaliaéd ;e Ao —



- 13 - bl

water for firefighting, it is suggested that the penetration tost
could, in fact, be a detcrmnatlm of the time taken to achieve a
moximum water load or an arbitrary fraction of the maximm, usm[_
the ulethod and condltlons of the present investigation.

9. The above conclusions are considered‘ to apply only to the
extincticn of fireg by the simple application of water. I the
fivrous moterdial is pulled apart or turned over during the attack

on il fire, plain water may be found to bec almost as ceffeotive as
wel weter for extinctiocon.
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FIG. 1. ARRANGEMENT OF APPARATUS FOR FIRE EXTINCTION TESTS.



FIRE JUST PRIOR TO ATTACK
( 3min PREBURN)

APPLICATION OF WATER . END OF APPLICATION . OF
' 5:5 gal. FIRE WAS NOT
EXTINGUISHED

PLATE.l. FIRE EXTINCTION TESTS WITH STRAW
PACKED AT 2-2ib/ 1t

DS96505/1 147 60 lofssct .

F*\
!
/
i



BALE SMOULDERING AFTER . FIRE BREAKS OUT AND

IGNITION IN CENTRE . SPREADS OVER OUTSIDE OF
BALE

(104 min AFTER lGNITION)
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APPLICATION OF WATER BALE AFTER APPLICATION OF
25-3gal. FIRE WAS NOT
EXTINGUISHED

PLATE 2. FIRE EXTINCTION TEST WITH STRAW
, - BALE AT 7-51p/1t°
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