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Summary

The first part of this report is a review of informstion derived
from tests and actual fires on the amounts of water necessar; to
extinguish fires in rocms.

The second nart of the report describes experiments mede &t the
Joint Fire Research Orgaenization in which the exvinguishing capacity
of sprays and jets have been studied under various condivions, 4%
low rates of flow the amount of water reguired is the same with sprays
as with jets and it increases with increasing rate of flov, +dais
increase, however, is much less marized with spreoys. The degree of
manoeuwvreability of the spray or jet affects the repidity of
extinction less with sprays than with jets,
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THE EXTTICTION OF ¥IRES I ENCLOSED SRiCES

by

P, i, Thomas end P, ‘M. T, Smart

Introduction

The cooling or smothering action of water in a fire depends on
rate at which heat can be talen up by the water, Since this rate of
heat transfer can be increased by increasing the surface area of the

water there are grounds for supposing sprays to be superior to jets
in some conditions,

In 1944 some tests (1) were sponsored by the Fetional Bocrd of
Fire Underwriters and the report included the statement that "ilo
characteristics of spray or fog nozzles Justify consideration of such
streams replacing the volume available from standard fire department
nozzles wnere fires have reached a stage »roducing = large amount of |
flame from well-involved combustible weterial", The report did state,
however, “"That sprays are of excellent wortih in icdlling the heat of a
large body of flame", On the other hand there have been publish?d
reports of tests, such as those in a Connecticut dwelling house 2)
where most impressive results were obtzined with sprays, and it would
appear that there are certein conditions in which water sprey is
preferable to jets,

Against this baclkground of contradictory views ‘some experiments
were made at the Joint Fire Research Organization in which fires in
an § £t, cuEi room lined with fibreboard were extinguished with Jets
and sprays 3), it a later date experiments were made in & model
rooin of LzF cubic f£t. This use of small-scale fires has permitted
. many wmore tests to be made than would otherwvise have been possible
and it is meinly the results of this work so far theot cre described
bzlow,

A survey of previous wori

Relisble information of spray and jet performance under
controlled and specified conditions is by no means »lentiful, Reference
can, however, be made to the results obtained in <he ?e ies of tests
sponsored by the llational Board of %i“e.Underwriters 1), <he dwelling
house tests in Hamden, Connecticut 2) and some tests (&) and (5)
made in Britein by the idnistry of lLiome Security during the war, to
compare various nozzles, In addition the Hational Fire Protection
Association hayve published somz deteils of s {ew actual fires fought
with sprays (6 . :

Tests by llational Doard of Fire Underwriters

Some tests were performed with wooden buildings 10 ft, x 10 £%,
x 8-9 £+, high, The walls and ceiling were lined with fibrebocrd,
one wall being open and a hole of 4 sq, ft, cut in the roof, The
Tire wes allowed to burn for % minutes before applying water and the
tiie to extinguish the flames vas measured, The results of the
tests, derived from the official report, are shown in Table 1,
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TABIE 1

Results of tests by National Zoaxrd of Fire Underwriters

Type of stream Hozzle o Total tinction
and nozzle pressure | 2°F*™ | gallon | time (sec)
Cone sprey 1 50 99 10+ 7 6.5
Cone spray 2 100 51.5 8«1 95
Imnincing, Jjet sproy o) 100 16 8:0 30
1 i 1 (A) 200 25 3.7 9
1 f 0 100 . | 11 «5 L8 25
(spplicator)
High-pressure gun jet 1 300 . 1276 9.9 L7
1 ] ] R 2 600 17.7 10. 9 37
i ' 7 1" 3(3) : 300 13_ 9 L 6 20
" " oor 3(B)| 600 19.2 86 27
Jet and spray e 600 L1.8 13+ 6 25
19.2
, S
Jet® 600 8.1 5.3 1 39
1% an, get 50 52 1349 i 16
i B ' L 4
IReach of stream in fog (sic) positioﬁ not sufficient, Full nozzle

streom used,

¥ittacked with full nozzle stresm and changed to fog (sic) after about

15 seconds,

Although the type of spray may be the seme in several tests the

actual nozzle or adjustable opening

tests except those marked (4) and (B),
more than two tests at different pressures and rates of flow
referring to the one nozzle and one position of opening, and from
these tests an increase of pressure gives a reduction in vwater used
for one nozzle (Tests 4) and an increase for snother (Tests B),

o; nozzles is different in all

In these tests there are no

It would be unwise to draw sny conclusion as to the effect of
pressure, from tests of such limited scope,



-3

Sprays_in dwelling house fire tests

Test fires in a condemned dwelling house in Hamden, Connecticut(2)
ghowed that rapid control would be achieved with impinging-jet sprays
operated at no more than 100 1b, sg, in,, an attic fire being extinguished
with 7 gallons in about 2 seconds, The dimensions of the fires zre not
given, and the results are of little quaatitative vaolue.

Tests in the virs Tect Building of +the Bullding Research Station

In 1943, and later in 948, some teosts were made in the Fire Test
Bullding of ths Building Ressarch %t tion of the Department of
Scientific end Indugtrizl Research\l/, 550 1b. of wooden furniture of
surface srea 265 Tt in ¢ room of 1,900 cubic ft. were ignited and the
resulting fires were attaciced with various nozzies., The celiing was
plasterboard and the floor was of plain-edged board, Fhen the fires
wers fully developed and the temperature had reached 850°C to T,OOOOC

* water was applied, The results give the total time for which woter
was applied and the total amount used (see Table 2), ifo consistent
distinction is made, however, between water reguired to subdue the fire
end that used to exitinguish lingering fires in furniture, a corner or
recess ete., The amounts quoted as being used do not all refer to
complete extinction -~ in some {ires this was achieved by the use of an
additional appliance, The temperature records, however, of tests 3
and 4 and the result of test 2 suggest that about 15 gelions is
sufficient to achieve control snd at least twice this to achieve sure
extinction, #or a room volume of 1,900 cubic £t, this figure for
control is equivalen:t to about 8 gallons/1,000 cubic £t, ‘The ventilation
was approximetely 0°015 sq. ©%, per cubic ft.

Ministry of Home Security Tests at Ladbrolte Grove

The report of 'some tests,(5) in a ground Iloor snd basement room
of a house in Ladbroke Grove, London, is of interest in thet aport from
the total time and total amount of water required to extinguish tne
Tire the time is also stated at which the fire could be said to heve
been “knocked-dovm", that is, major flame had besn subdued, 'Che results
of these iests are given in Table 3. ‘ '

Although the times to subdue the fleames are only given approximately
it can be seen that major control mey be achieved with less then ¥ of
the water actually used in thess tests to extilnguish the fire,

For these experiments the amount of water required to achieve mejor
control wes 20 gallons, equivalent to about 15 gallons/1,000 cublc I't.
The ventilation of about 54 sq, £t. is equivelent to 0:039 sq. £t./
cubic f't.

Although in the conclusions of the report is is stated that
"there is an advantage to be gained, at least in the early stages of
firefighting operaticns, by spplying water in & dispersed f{orm (eega
as a fon jet or spray) rather then in the form of a solid stresm®,
the times for control and the zmounts of water used are almost the same,

Summary of results

For the three series of tests described the quantity of water
used to achieve control appears to have been between 8 and 15 gallons
per 1,000 cubic f£t, of fire, Although it is not practiceble to analyse
the deta to correlate variations in quantity with variation in the time
st vhich vizter was first applied or in the amount of furniture etec,, it
is possible to compsre them with some results obtained under opero-
tional conditions. Lloyd Leymen has described some fires in which
sproys were used on fully-developed fires, The amount of woter was
estimated as approximately 7 sallons/1,000 cubic £t, in fires wiich
roanged in volume from 3,500 to 33,000 cubic £¢, This is equivalent to
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ABLE 2

tests at Building Research Staticn

Pime of application

taount of watox

90 1b sq.in.

Delivery Dzley before )
Hozzle g.p.m, applying water {mine) used Remarks
‘(mins) (gals) .
Pire died dowm
in vicinity of
* in, Fog (sic) 9.l Flash-over + 3 mins, 18% 50 spray but not
% in, jet 267 extinguished
until after use
of jet,
% in, jet 24-30 “ ; 12-15 Played intermit-
tently.
Cne pump used
Yor first 10
1 stirrup pump 1.5 g,p.m, for 10 mins, " 16 33 mins, - after
3:0 g.p.m, For remaining 15 gals, to conircl which two pumps
time vere used,
Control achieved
with one pump,
3 stirrup pumps Lelp " 5 z2
3/‘!6 in, Fan spray 8 i 5% 45% Sprey "rapidly

subdued {lanss®,

H
[
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TABLE 3

of tests in Ladbppke Grove

Delivery Delivery Time to Amount used ¥inal Amount
Nozzle Pressure rate before subdue mnjor to subdus extinction used Remarks
1b sq.in. (gal/min) applying flame major flamne time (gal)
water {min) {gal) - {min)
3/16 in, plain 100 10-9 iflash-over 2 20 8 87
Jet, + 3 mins,
3/16 in, plain 100 10. 4t " 2 20 65 67
jet and plate
"Fanspray".
% in, 'fog' nozzle, 100 9.6 Flash-over - - - - Unable to extinguish
: + 6 mins, ' fire
1 = ]
z in, 'fog' %L 100 1Q. 3 ~ove i s 3
i in. _gt nozzle Q-7 Flash-over 2 20 7 65 % in, jet only used
I+ in. Jjet. + 3 mins, after 4} mins
H -« .
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a volume of steam spproximately twice the room volume, Thne rates ol
application used were sulficient to produce control in less than three
minutes, and in two fires in less than one minute,

Experimenfs at the Joint rire Research Organization in the 8 ©t, cubic room

The first experiments were conducted by J, ¥, Fry and one of us
(P.#,7.8,) in a room 8 ft, x 8 £t, x 8 £t,, the ceilings and walls of which
were lined with fibreboard, 'The room was ventilated by an open doorway and
an, open window the total arec being 13.3 sq. ft, or 0,026 sq, £t. per cubic
ft,. of volume, For two of the tests a trap door was also open increasing
the ventilation to 17 sq. ft., or 0-03k sq, ft, per cubic ft. The room vias
set alight by burning &-litre of petrol in a corner, In all tests except
one ths water was applied 2 minutes after ignition of the petrol, i,e,
between % and 12 minutes elter the room had become fully-developed. In
tiie other test water was applied 4 minutes after ignition. The sprey or
Jjet was carried by hand and moved sbout to extinguish the fire as rapidly
as possible, %he results of the tests are shown in Table I,

TARLE 4

Fires in 8 £t, cubic room lined with fibreboard

Delay® Amount of
licde of Pressure Delivery before Extinction water
application of (b, sq. in;) | (g.p.m. ) | application (secs) used
water of water (gels)
(mins)
Spray - 1/16 in,
Jets impinging am 120 2,2 2 25 0«91
300, | -
u- i _ 60 1.5 2 25 . 0. 62
n u 190" D+ D 2 25 0-91
- "
Jet - 0.0885 in, 175 2+4 } 2 20 0° 80
diameter, . :
o i 175 2¢4 2 20 0.80
F u n l 175 XIN N 25 1.00

¥yl psh-over &t sbout 1 minute,
£lests in which the 4 sq. £t, trap door was open,

These results do not show any significant difference between sproy
and Jjet, The delay in applying water in the last test would also appeer
to have had little efliect on the amount of water required, a result

ffering from that obtained in the tests in Ladbroke Grove, & comparison
between the third and fourth test in Table 3 suggests that in those tests
a delay of a few minutes in applying the sizter affected the capacity of
the spray to control the fire, This guestion is the subject of lTurther
investigation. Thus, since all the results may be lumped together we
can obtain an average figure for the amount of water required., ‘'rhis is
0.88 gallons or 1+72 gallons per 1,000 cubic ft; the average ventilation
is 0:028 sq, ft,/cubic £t, :
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Tests in L4+5 cubic £+, model room

As & result of the above experiments it wes thought that eny
difference between sprays and Jet application might among other things
depend on the rate of application of water., Ais the number o experi~
wents required in this work might be large in view of the many Toctors
involved it was decided to continue experiments on & small-scale and
accordingly a model room with walls of asbestos board was comstructed,
(see Figure 1). The walls etc,, were not tied together but were nnl&
in a metal frame and the whole room could thus easily be dismantled
and lined with # in, fibreboard. Over a circular hole at one end was
pivoted a plate which could be lifted to allow spray to enter and the
height of the four windows could be reduced from 3 in, by »ertizliy
covering with slats., In the experiwments in vhich the SpI7y Was used
two 1/32 in, Jjets were fixed %o impinge at 90° and when the Jets were
used separately two operators moved one cach by heand,

ihe fiorebosrd linings used Tor these tests were conditioned a2t
a humidity of 60 per cent at 40°% - the moisture content of soms boards
wes ineasured and was found to be about b per cent, The temperature at
a point about 3 in. into the room at the level of the top windows was
measured by a chromel alumel thermocouple and whilst this was too slow
in responding to zive much informetion about the fall in temperature,
it indicated the value of the mexioum temperature resched belore vater
was applied, This was found to be about 300°C with the largest
ventilation and about 700° for the least veutilation used,

t

& little petrol, spilt slong the base of {the wezll opposite the
circular window, was used to ignite the room which becane fully
involved in f'ire after 13-2 minutes, Aibout 5 seconds alfter the
temperature had become ateadv end the flemes had reached a moxinum
height, the water was turned on ard the time tsken to extinguish all
flame inside the room was measured with o stop wetch,

Such experiments were made with spr“"s over a range of pressures
from 5 1b/sq.in, to 100 lb/sc.in, and at four conditions of vensilation,
the water being applied Lhrough tiie hole in the end wall of ihe room,
In view of the difficulty of manceuwvring Jets effectively through the
side windows when these were portly closed, it was not possible in
these small-scale tests to use the jets at low values of ventilation,
Some experiments with Jets were made, nowever, in which one side of
the room was removed, These were performed with nozzles of different
gizes to find any large variation in performance due to the separsate
effects of rats of flow, pressure and the use of one Jjet, insteazd of
two, Also with the model room in this condition compsrative experi-
ments were made between & movable spray and separate Jets,

Experimental results

Sprays

In Figure 2 the extinction times are shown for various water
pressures, when using water spray, Since only one size of nozgle was
used the effect -of rate of flow and pressure are not sepsrable here,
The results for the ventilation of 0+67 £t.=1 refer to the extinction

£ & fire in the model with one side removed but in which the spray
was applied through the opesning at one end ol the model,

1t mey be noted that the reasons for the limits to the range of
experiments are that below 5 lv/sc.in, it is not possible to get a
spray at all with 1/32 is, nozzles, while at ligh pressures,
especially at low ventilations, the fire is exuln&u;shed 80 yapidly
that it is difficult to determine the time of extinction accurately.

The stages of extinction with water spray at intervals of

+ second is showm in Figure 3.
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It is seen that extinction is very ropid with flows of about

50 g.po.m, per 1,000 cubic £t, The listed extinguishing times sre for
the disappearance of flame inside the room, but the major collapse of
the fire occurs within 1 second Gﬁguze'j). There 1s a rete of flow,
or pressure, below which complete extinction is not possible with a
fixed spray even though z mejor collapse of the fire mey still occur,
this limitving flow is seen to decrsase with lower ventiiation end i<
will presumably be lessened as would the extinction time if the spraoy
could be noved about,

I7 the extinction time is wultip:ied by the Tlov, o measure is
obtained of "the amount of wabter used, This is shown in Finure L. 4Yhe
amount of water used when the flow is above the criticel value is
oractically independent of pressure and this suggests that drop size
might be less important then the total amount of woter at {lows which
are greater than the critical rete, This is still beizg studied,

Jets -

The times and the corresponding amounts of water necessery to
extinguish the model fire by two Jets of water applied through thne
fully open windows are given in Figures 5 and 6, It was thought that
because of the limited accessibility of the fire through the windows
the above results might not represent the most efficiesnt use of jets
and accordingly experiments were mode with one side of the model
removed, Results given in Tebles 5 and 6 show these sevarate sffects
of rete of application, pressure, and the use of one Jet instesd of
two,

TARLE 5

Guantity of water in gellons required to extinguish fire in
) ‘model room with one side removed

! ‘One Jet Two Jets
- i I . -
Pressure liozzle ilozzle ilozzle ilonzle
- diameter dismeter |dirmeter ,dinmotor
O+ Qdy. in, 0+052 in,|Qe 031 in, | O-44 in,
. Rete ‘ Rute Licbe nate
025 gpm 0.5 g {0.25 gpm 0:5 gym
20 1b sq.in, { 0:022 0.039 0.016 0. 026
1 100 1b sq,in, { 0023 v 00037 0023 0.042
| i :

Doubling the rate of flow reduces the extincilon time by
15 per cent and thus it increzses the consumption of water by about
70 per cent, -In this connection it is interesting to note a similar
effect ‘of rate of flow in the three tests with Jets by the -.lcilontl
Sowrd of ¥Fire Undenmiters (see the lust three results in Table 1),
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TABLE 6

Rate of application O*5 gpm
Quantity of water in gallons recuired to extinguish f{ire
in model room with one side removed

One jev Two Jets I

- : 7

30 1b sq.in, | 120 1b sc.in, | 30 1) sq.in, 120 1b sy, in.
0-036 0-026 0. 033 0. 027 |
TN PP P R Sy s A o e m—
|
0-031 0. 027 0.032 0-030 |
1

The results in Table 6 show that for a given rate of flow an
increase of pressure from 30 1b sg.in, to 120 1lb s¢.in, reduces the

. extinction time and thereby the emount of water by about 20 per cent,

Clearly then for a given nozzle dismeter an increase of pressure will
not be an advantage since the effect of the increased [low outweighs
the advantage of the higher jet velocity. There is thus a flov ab
which water consumption is & minimum,

2lthcugh these experiments indicsted little, if any, difference
between the use of one jet and two Jets of equivzlent total Ilow, it
was felt that manceuvrability must be a factor =t some 5iage,
Experiments were therefore conducted at a pressure of 10 lb sg,in,
and these showed that at this small flov the use of tivo Jets vus
significantly superior to the use of one, there being an improvement
of 15-20 var cent in extinction time. Results cre shown in Teble 7.

TARLE 7

Ixtinction times with equal rates of flow at

10_1b sg.in.

| One Jot 0-OLk inch | Mo jets 0-031 inch

f diameter diamster
T-

; (sec) (sec)

i 17 62

i 73 6k

\ 6:7 59

. 56

-

A comparison of jets and sprays

A compsrison of the results in Figures 2 and 5 shows that when
the two jets were used separately the extinction was achieved less
rapidly than with the spray. The critical rate, hurever, wos less
with the Jets. This difference in critical rate is presuied to be
largely due to the use of a fixed spray (see pelow). The results
of the experiments comparing fully menocuvrablc jets and sprays
are given in Figure 7, where it is scen that Jets can be as

‘efficient as sprays at low rates of flow, 3Spreys Lecome

increasingly superior as the rate of flow is increascd, The resuits
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of the experiments in the 8 f£t. cubic room are also shovm in Figure 7
and it is seen that they correspond to & rate of flow at vhich svreys
and Jets would not be expected o beheve markedly differently,

A comperison ol Figures 5 and 7 shows thet the amount of woter
used when the spray is {fixed snd directed from the side, through the
opering -in the end wall, is no more than about %wicz that used when
it is movable and directed into the fire from the oven side. The
difference beliweer the behaviour of jets between the two sets of
experimants (Figurss .. and 7) is about the some, though the difference
in the 3iegres of mancsuvrabllity between the *wo zets of sxrperimentel
conditions was cleariy less for tne Jets thaua for the spray. It is
therefcre recsonable to cornclude that menoeuvrability is less imoportant
for sprays than for Jjets, '

By increasing the rate of applicetion of weter the amount of
weter used to control a fire by Jets or movable sproys is increased
but that used by a fixed spray is unchanged and may even be reduced,
One would expect that at high rates of Ilow the amount of waler used
to control a fire would be the same for movable and fixed sprays.

Ventilation

Tne effect of ventilation is two-Told: it affects the intensity
of the Tire by coniroliing the rate of burning when the fire is not
"fully-ventilated" and it also allows the gassous contents of the room
to be expelled and the steam to escape,

It may be seen in Figure 6 that decreasing the ventilation
decreases the minimum rate of applicetion to extinguish the fire and
also the time to extinguish one, The effect of the ventilafion on
the quantity of water required to extinguish a fire is shown in
Figure ¢ which is derived from Figure 6, A4lthough a fire with zero
ventilation wouid not develop beyond a certain point and would
eventually die out it does not follow thot & fire of small but finite
ventilation would require only a proportionately swall smount of water
to extinguish it. 7The curve in Figure 8 has not therefore been
extrapolated to the origin,

The amount of wolter reguired

Tor values of ventilation normally encountzred in full-scele
rooms the amount of water corresponds approximately with the amount
required to replace the gaseous contents of the Tire with stecm and
this might suggest that the extinguished goseous contents of the
room sre expelled and replaced by inert steem,

£ the actin of the steam were only to reduce the concentration
of oxygen from, sgy 21 per cenit to about 15 per cent by volume, the
concentration inhibiting flame, a lesser amount of steam would suffice.
This, however, would depend on the degree of mixing of the steam and
air, etc, as some steam is-lost from the fire. Clsarly if only sir
and combustion products viere expelled and the remaining atmosphere
contained 15 per cent of oxygen, the omount of wester required would
have to be sufficiert to generate stcem to fill at least 'x' per cent
of the space

vhere 0-2i (1 - X) =0.15
100
i.e, x = 28 per cent veeese (1)

vwhile if the pgases expelled were safely mixed and conteined 15 jer cent
of oxygen 'x' would be given by

0 21 = (4 X 0.1
o+ 100) 5

i,e. x = 40 per cent. eeveee (1i)
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e et e it

d_J.; procuices to LO

P

4;;1mhdylleg;;_;a_y9§&u

(2) (b) (c) (a)
Calculated Calculated iinimum
Test Volume Estimated | Time of burming Doz lenl ted minimum amount of amounts of ,
reforence 1.5 surlace after flash-over heat content - cooling vrter to water actually -
orea Pt, heating time Ty (gal) necessary i1l roon [used in prectice
(sec) to prevent with steam {gal)
reignition (gal)
(gal)
JJERO, Le5 13 5 0. 027 0. 005 0.020 0. 006
J.E R, O, 512 320 120 3.0k 0.3 1.9 0- 81
J.# R, O. 512 320 240 456 0-3 1.9 1.0
mB.F 900 570 300 9. 1 1.3 3aly 99
—+-
Ladbroke | 1400 #1020 180 128 1.1 5.2 20
Grove
-
i .
{ B.R.S. 1900 #1180 180 e 7 1.3 741 15 -

Xneclusive of

furniture,
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It is this quantity which is used in Figure 8 as the limiting
amount of steem required. These estimotes assune some degree of mixing
to ocour, If none took place, {lame could only be completely extinguished
when x -was 100 per cent., In practice some steam would be lost by
ventilatica and the value of x could be more tnan 100 per cent, In |
the teats performed by the Wational Board of Firs Uné frltC¢,, and at’
the Building Ressarch Station, as weil as in the aotual fires reported
by Lloyd Lazyman, the cmount o; water used to gsin control eor*esvoﬁaed
to a value of x cf about 200 per cent, 1f eveporation is assuned (o
have becn complete, end was about uwlcn to thrze fimes thet in the
smolli-scale teasis, In the MHinistry of Home Security tests, however,
the amcuat used vas about fonr times that in the small—scalu tests.

The vaporization of weter and the ccoling of the fire

From the results of the small-scale tests we heave found that
extinction can occur when the emount of water applied is about
0-015 « 002 gallom for a 42 cubic £t. room, ¥For this all to be
turned into stsam the heat recuired would be 42,000 - 56 000 calories,

Now the heat conient of the goseous contents of the room, measured in
excess of 1009C is

8, = POV O

where ~is density of the gases at the elevated temperature
C is specific heat at constant pressure
Y is the room volume -

and & is the excess temperature,

From the appropriate values we calculate ¥ to be about 8,000 calories
which will vaporize no more than one-fif'th of the water and since in
practice the geses sre partly if not wholly expelled the available

heat may be very much less than this, The source of the heat vhich
vaporizes the water must therefore be the walls, floors, etc, and the
s0lid contents of the room,

I the temperature of the solid surfecces in ths room were
instantaneously raised to 900°C we can calculate the approximate
amount of heat that would enter the solids by thermal conduction alone,.
In addition to this there will be.the heat produced by the exothermic
reactions within the burning material.

£ the solids are regarded as semi-infinite, initially cold, and

subjected to a constent raised surface temperature, then the
temperature & at a point "x" from the surface at time “t% is

given by
e erfc VZJT{T

where E;k is the surface temperature 900°C
and R-is the thermel diffusivity.

ir

This approximetion is valid for a finite lining as long as Jkt is
much less then the thickness of the lining, The hzat content of the
solid for a surface area 4L is then given by

®
Hom (600, hotx= 2AACb; [T

Z

Voo b \T.r

From this equation we can estimate the total heat content of the
fires described above, TFor convenience thnis is quoted as the quentity
of water which, if evaporated .into steam, would absorb this heat,
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The roaulta of such onleulation gre given in Wable & ~nlumr (a) and
the amounts of weter actually used %o cxtinguish these fires ars given
in column {d). These latter varied somevhat with the different
conditions of ajplication and, while many experimeanis were made for

a variety of conditions in the 4= cubic ft. room, tie date for some

of the other fires ere perheps relevant to only one condition of
appiication of water, Iowever, o comparison between the crlculated
nezt content and the amounts of water used does show that, relative

to the estimated heat content, the amount of water used tends to
increase with the size of the Tire, The rate a2t which this heat cen
be extrocted mey be estimated by assuming that the heated surfaoces

cre sverywhere reducsdé to zero ambient temperature, during the time
the weter Is applied but if this is done a difficuliy is introduced

in that the ccleulated heat exiracted depends on the cooling or
extinction time wherezs the amounts of water necessary do not vary
greatly with a decreasse in extinciion time brought about by increasing

"“the rate of flow,

4 differe:t approach is to czlculate the minimum amount of
cooling that need be applied, A suiteble criterion of minimum
necessary cooling is that the surface temperature must not oxceed a
critical value for reignition after the removal of cooling, Yor
simplicity, this calculation again sssumes uniform cooling over the
entire surface but within this and other limitations, the theory shows
that if the temperature of reheating is assumed not to exceed 30090 a
minimum necessary velue of the cooling time T can be calculated
» : s . . ; c . .

Tor any given heating time .. The heat extrafg d in this time can
then be found and is given by Tauxe and Stoker as eguivalent to a
layer of water of thickness about 10-3 in, Their results were obiained
with sn electrical analogue which tecolz account of the difference in

the properties of charcozl and wood., In another repori by one of us
(2,H.", ) it will be shown that results very similar to “hose obtained
by Tauxe and Stoker are obtainsd if the material is cssumed to be
homogeneous, & simplification allowing an snalytic approach to be mede.
The results sppropricte to the Tires described cbove are also listed
in Tabls 8 (column (b) }, from which it is secen thet relative to this
minimum cooling the smowats of water used in extinction increase with
the size of the fire., Column {c) Table 8 zives the emounts of woter
vhich if enmpletely evaporated could £ill the room with steam. ¥For
burning times of a few minutes there is more thsn enough heat aveilable
for moking this steam., Even so, tho attribution of extinction wholly
or partly tc¢ smothering by stemm cs & voluas effect does nob alter the
view that extinction is cchieved less efficiently the larger the fire,

2 possible explonation of this decrecse in efficiency with sizc
is that extinction is achieved by o combination of cooling cond
smothering but that since the bulk of the sterm is formed ot tiae hot
surfsces of the room the lerger the room the more steam must be formed
per unit arce of surface to produce a volume of stecam =z givea froction
of the room volume. Since the cmount of ste:m thot con be forwed per
unit surfuce oveeo is limited the contribution oif' smothering decreeses
as the rooms become larger,

Corlusicns

(1) Fxperiments with small-scale wmodels have demonstratved thet
the amount of water required tc extinguish o fully-developed {ire of
short duration is very small if applied efficiently, The exiinction
of flame sufficient to allow entry to be wade after the clesrznce of
steam may recuire as little as 2 gellons of water for 1000 cubic I,
of fire. Under full-scale conditions both experimeatal and

operstional this figure mey be 5-10 gallon/ser 1000 cubic %,

(2) %he quantity of water recuired to extinguish an enclosed
fire increeses with increasing ventilation,
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(3) Under the conditions of these experiments the amount of
water used by e spray 1z the same or less than that used by Jets 0
control the same fire, The difference becomes more marked as the
rate of application of water is increased,

(4) Since the efficiency in *erms of water consumption can
decrease with increasing recte of flow, particulerly when using Jets,
there would seem to be a most efficient rate of c.ppl.i.c_tion of water,
In practice this is probably not much greater than the minimum rote
that can be used to extinguish the {ire wnsre differcaces betwsen
sprays and Jets may not be very large. I the time o extinction is
to be reduced, it can best be ¢one by increasing the rate of flow and
sproys are then more efficient than Jets, .

(5) Differences in the degree of manceuvrability of a nozszle
are less importent with sproys than with Jjets.
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