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'Summggz,
A series of tests have been carried out on the extinction of a
petrol fire 30 cm diameter with a number of Water sprays. The drop
. sizes of the sprays varie between 002 to 0.6 mm, the rates of flow
between 06 ond 4°0 g cm™“min™' and the entrained air velocities between
| ~ 200 -and 500 cm/s. The preburn time of the fire was varied between
‘ . ’ i1 and 300 seconds. , It was found that the extinction time was markcdly
' reduced by an 1ncrease in the rate of flow and the entrained air velocity
o and by a decréase in the drop size, - However, it was also found that
.. = the most efficient sprays tcsted often' did not give extinction when the
- prcburnlng time was less than 10 scconds, and for this reason the use of
| _ water sprays is not. advised as a reliable method for. extingulshlng this
' type of fire, . The mechanlsm of cxtinotion of the fire is discussed.
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THE EFFECT CF WATER SPRAYS ON A PETROL FIRE 30 CM DIAMETER
. B -

by
D, J. Rasbash and 7.

[

W. Rogowski

Symbols

| A - entrained air velocity 1!

. D -~ mass median drop size of spray L

| H - heat transfer per finit volume of flame wer 21~
K - constant - ,
R - rate of flow to the fire area ML-2r=1
T - time of preburn ) - T
V ~ velocity of drops ' R Fi o
h - heat transfer coefficient . ¥yp-ip-2
k - thermal conductivity - Byr-tp-1
}n ~,viscosity. ML~ =1
P - density ML=

b f

* Dimensions for quantltles conteining heat are_bascd on the assumptlon
| - that spocific heat is a. dlmenslonless quantity. With this: assumption

‘ heat has thctd1m3n51ons Me I -

¢ ) H IR '
. S .

Introductlon 1" R I

In a prev1ous report (P) an account was|g1ven of %tests which showe&
the spécific effect of the ldrop size of water sprays on the.extinction
- fires in different llqulas 1nclud1nggpctrollﬂl The' présent report gives..
| an account ;of further testslon this flre whlch shows the effect of  the
b preburn tlme of the fire and also the', effect of the ratc of flow and the

entrained air v31001ty of ‘the spray. |

. |
| - ’ o _ o . N

Experimental |

- AEEarétus j o oy

1 ) » . ‘
¥ BN . ‘

, Sprays tested - The sprays tested and their main properties are
"listed in Table 1.
‘have been described elsewhere.

The mannex in vhich thelpropertxes were measured
Most of the sprays were r duced- at

a pressure of 85 Lb/in~2 with the batteries of - impinging jetsl2) placed
5 ft, 9.in, above the fire aresa. Sprays 1Lk-and 15 however were
produccd with a proprietary nozzle con51st1ng of 10 pairs of 1/16 in,

impinging Jetss
pressure used was 100 Lb/in.:
i directly underncath the nozzle;

to one side,  Spra 36 wag-produced by
| and lat a height o

‘With spray 14 the fire was placed

with spray 15 the fire was placed 2 ft.
a groprletary sw1rl nozzle at a
£

flow teated wak from

This.nozzle was placed 8 f. zbove the fire area and the

) ' It ﬂlll bE not%d that the range of r@tes_qs _ .
| 0:6 to k4 g cuEain= to 0.8 gal f and the range of drop
i ' Table 1
P : y ot :
T Co . . . Properties of the 'sprays tested
: ; a0 ST . ) Co " ’ | I'
{1 .t
- Spray - Jet size ‘Rate Sf flow | Mass median Entrained air
- No, to'the fire drop size ‘velocity
area (at the (At a point 30 cm ;
firc area) | (above the fire area
mn  in.x6l4 g cn~Zmin~? mm cm/s
* 1 O 1 08 02 250
|
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T Table 1 cont'd
Spray | Jet.siéc - ‘Rate of flow} Mass médian Entrained air
No, ', to the fire | ~ drop size velocity
area (at the EAt|a point 30 com
. "~ fire arca) ebove the fire area
m in,x64 g cm™Zmin-’ mm . ew's :

2. 0.8. 2 - o6 0- 23 210

3. %8 2 | 08 025 ' 268

heo | VOB 2, 142 27 ST 302

5. | "0e8 2 1.6 028 o .344'
6 {708 2 | 4o 037 - 487

7. | 12 3 0.8 I oess | 233

8 | 2 3 Co8e | o029 | 233

9e | 12 3 402 0e30 e 295
0. | 1e6 12 ) 040 210
e | 16w | e | 039 338

12, | ca28 capk e oong | 376
13, |ca2+8 cazh 307 C 0058 || s28
e | 16 & 1eg 0s4t - . 226
A5, L 16 b 17 0.5} . 15
16 o7 19 _3:0 i.- L _0-59 ! i 676

1
l

- x The wall of these Jets WAS a Screw thread und the mean 1nternal dlameter

was 2¢8 mm . - P

N .
sizes from Or 23 to 0-58 mm, JThe drop szzc of sprays produccd by

practical flreaflghting nozzles varies from O¢ 4nm upwerds. * The.range

‘of drop sizes testcd therefore COrresponds to the flncst fire fighting
. sprays. - - . : L

'Standard fire - The fire tcsted was ,the standard 30 cn diaméter petrol
fire, A layer of petrol 6 cm deep floated on water and the ullage in
the containing vessel was 2 cm, A detailed description of the fire

has been given elsewhere (3). '

Test programme

Sprays were applled to the fire after the following preburn
times: 1,2,4,6,10,15,30,120 and 300 seconds. Sprays 5 and 6 were
tested at all these preburn times, - The preburn times at which sprays
3,11,12,13 and 14 were tested are showm in Table 2, All the other-
sprays were tested at preburn.time of 300 seconds. :

. . CoL T

G .
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Table 2

4:‘
e

Preburn tlmes in tests wmth sprays T '

. 'iépray No. | Efsburnftimsslj
s - B Ly 300, '.'
;?41f;, | 120, 300,
ot “a2 .| 2, 20, 309.
| N R ,
e ]

J ]
. L , . S I . .
" The results for sprays 5, 11 and 12 ?t preburn times of 120 and 300
seconds arc taken from an carlier report 0 M I .
" . Results’

"“The rcsults of tests with sprays 5 and 6 at preburn times up to
30 seconds are shown in Tablc 3
- Tablc 3| ];

‘Extinetion. time. (scconds) with sp%ays 5 and 6
. ‘-at lcw preburn tlmosl .

N
i - B . S, ' | i A " s
. - . H B . . * N

: bll ?;r e b u<r‘n St dme : ,%‘
Spray ; — T T
L 2. w6 |8 |10 fas. 30
5.1 %0 | >480-] >60 >6§ 1 32| 56 éé,é; 1.7. 3.3
] 760 ] O} Bhe2® | 2.5, 0.9 19| 342 | 3.7 5.7
6§ t o2 330 1.0 | v30° 1:0] 530 | 0.7 102
0.3 1 8.2% ) 15 2007 | 1=3) 0.7 1:67° 2-0

% Extinction todk‘piace,:after thin stable flame formed,

At preburn times greater than 6 'seconds for spray 5,'and 10 scconds
for spray 6, the fire went out very rapidly. in all tests, At lower
. preburm tlmes the fire was not extlngulshed in' a number of tests. In all
the tests in which extinction did nét take place a'stable thin blue flame
Tormed close to the vessel surface 1mmed1ately after .the appllcatlon of
the spray., A photograph of this thin flome is shovin 1n'F1g. 1, The flame
Wwas most pronouriced at the edges of the fire -arca; -except ‘for momentary
flickers across the surface the centre of the fire are was usually free
of flame, Once. this stable flame had formed the_fire did not go out,
cxcept in' two .fests, (sée'Table’3). * In host of the ofher tests in
which extinction Was -obtained, the spray appeared’ 0 make-the flames -
ungtable by cousing partial clcarances priorn to extlnctlon, .in these
tests the flames did not loge their original. yellow colour ‘and " when there
was a clearance the part of the flame left was- as & rule even more :
yellow than tHe. normal flams. .. z;-j i D :




o

None of the other sprays tegted at.a preburn time of less than
6 seconds gave cxtinction within a time of appllcatlon of 60 seconds.,
Spray 3 resulted in the formation of a flame very similar .to that formed
by sprays 5 and 6 but ‘there was a pronounced yellow colour in the flames.
. Spray 12 resulted ‘in the immediate formation of a' flat stable yellow
flame which stretched across the whole vessel. * With spray 14 the shape
of the flames alterndted between flat and vertical during the spray
. application and there were 000351onal partial-clearances.

Table 4 gives the results of tests at preburn times of 120 and
_ 300 seconds., Most of the extinctions which took place were preceded by
partial clearances of the flame some of which lested for several sccondse.
It is difficult to obtain.frbﬁ Table 4 directlynan estimate of the
cffect on the extinction time-the rate of flow and the entrained air |
velocity. "However, sprays 14 and 11 .differed mainly in the entrained
air velocity, that of spray 11 being the greater, and it will be noted
that the latter spray gave the more rapid extlnctlon.
. : S I
' . o Table & o fm.:-
‘ : SRR -
Extinction times (seconds) w1th sprays at
hlgh Preburn, tlmes .

’ ) P

| '

Sprey .. P;eburn time (seconds)
NO- ) e . =
120 l O N (0.9
1 - L . I 125: 189- ' ;
2 Com - 7420
s L3 = 65, ?5, 75, 62, 68, 150,
L ' - . 33,0
5 | 9.3, 10.6,-9.2, 7.8 | ., 12.4, 10,0
6 1,9 - 1.5
7 .- . : 280
8. . - " 50,5, 16k, 110
‘9. .- _ o 2bl
10 S e e 7420 -
11 S 5.9, 49.6 ' 39,8, 45.2 - -~
12 |. 215, 249 - o |. 152, 235 .
13 . .. 15,2 : .
14 - . 70 198 >22+0
15 o co= , 8240, >0 -
16 - 620, »%
g S o

Statistical analysis of the results

A quantitative estimate to the effect of .the spray properties on
the extinction time was obtained by carrying out a regression analysis on
the »esults, A disadvantage of this method, however, was that it was not
possible to include tests in which extinction did not take place, For
this reason all resulits of tests at preburn times of 10 seconds and less
were excluded from the analysis since in a large number of these tests
extinction was not obtained, The results of this analysis are expressed
in aquation (1).

Log ¥ = =2° 13 (+ 0-81‘53 Log R+ 431 (: 1o 13) Log D =299 (+ 1¢38) Log A
#0°35 (& 0-24) Log T +10-64

o e (1)
9. -

q?95ﬁ confidence llmlts

i extinction time (second
.rate of flow (g cnmin”
mass median drop size (mm
entrained air velocity - (cny/sec)
time of preburn {seconds

/

He O,
wn g
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Bquation 1 shows that an increese -in rate of flow and entrained air
ve]o~1ty and a.decrease in drop size: brought gbout large. reductions in
“he extinction tlme An- increase in- preburn tlme also 1ncreased the
cx+1nct10n tlme, but lsss markcdly.

.-Dlscussion :

VT
o Vit
AR

> N » ..u
Mochanisnt of extinction

. The effect of heat transfer between the flames and ~the drops =
~acussion on the part played in the extinction process by heat transfer
Letween the: flames and the.drops may be based on equatlon (2) which hea’
been. found to. represent the heat transfer whlch takcs place between a-
“Flame and slnglc drop

L8 ( () - X ;‘ o L

T Oi o '.‘ S o

o, ohD =K _52 + 0453 5VT’Q; ; 5% S 'W- S (2)
ko : ' ) S ‘ b

' C ‘ /{-‘ SR f_.u fW“ : IR SR

‘heat transfer coefflclent Py : “‘f . T

drop BILZO . . 1 . | \ ‘4 o ) el N

thermal; conductivity in the . boundaxy layerg‘ RIS

constant somewhat - less than unlty ; | I¢“ Lo

velocity.of the drops ., ) . A e

density.of gas -in’ the. boundary 1ayer TP

v1sc051ty of” gas in the boundary‘layer ;:,T( ;‘:l B

v
v

u u"n -y on L

-

Conslder a spray passing through a flame. ‘The heat transfer rate

"per. unit volume of. flame H. will. depcnd on the rate ‘of flow (R) across

unit area of the flame, the drop size (D). and theidrdp velocity. V).
Equaticn (2) indicates that ‘the heat transfer cocff1c1ent will be
proportional to D-(Ve5 ) the exponent,® varylng according’ to the velocity
of the drops; in: addltlon to this’ th? surfacc area of ‘drops available
‘for heat ‘transfer will increase-a herefore the -total hest: transfer.

. rate should'be .proportional to D“f1 5 tor2: Agaln the ‘heat transfer
.cocfflclontlw1ll be préportional VO to 0. 5 the "exponent wvarying with the»-

drop'sizeé. +0n® the other.hand the time of r851dence of the drop in ‘the -
flame will bc 1nverse1y proportional -to V as a 00nsequence at constant

" rate.of:flow (R) the number of drops whlch will: be present in unit’

'volune ‘of: flamc at any:one: ‘moment will be 1nversely proportlonal to Vi
The' heat transfer’ fate ger ynlt volume of flame should therefore be
proportional to v={0 Pinally the . increase -in R will’ brlng about
a proportional increase .irj .the number and thcrerore the surface area of
“the drops and-H will be proportional to R 1.0, ‘Thus it may be expected
“that the heat transfer from unit volume of flame to +he drops w1ll be '_
:represented by © | “. _ R

B ol - R1 0 D-(1 5 to 2 .0) V~(0 5 %o 1 0) | (3)
The equatlon may be compare& w1th equatlon (4) Obtalned Irom equatlon (1)
. ,,( R R-z tpk3pms0 - ey

If heat transfer between the flames and the drops ia the predomlnant
cause of extlnctlon then 1t would be generally expected that the extinction
ime would decrecase as the heat . transfer rate increases. It would not
be expected that there would beé a simple inverse relation between these two
fackors since.the flame would- probablc be -éxXtinguished whenthe heat tropsfer

cx% The approPrlate places 1n the flame - exceeds a certain limit. This
1imit as well as depending on. the flame properties- -would depend upon the
amount of steam formed during the heat transfer process, =~ When a spray

 acts'on a flame, the’ propertles of :both the spray and the flame varies

Trom moment to moment dueto turbulence; under these condltlons a mean
extinction time 'is llkely to represent the mean time. whlch olapses before
.thc llmltlng amount of heat transfer 1s obtalned.‘.‘ -
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Consideration of the offect of rate of flow:and drop size on the

heat transfer within,the flames and the extinction time fulfils the above
expectations, Thus equation. 1 and 4 show that the rate of flow and the.

drop size affect the heat transfer in opposite ways to their effect oh'the
extinction time, Moreover the ratio of the exponents of.rate of flow and
drop size on the heat transfer equation is about the same as their ratio
on the extinction time cquatlon Y e : .

. "y | : S e T

‘Some complication arises however, when considering the effect of the
entrained air velocity, For fine; sprays this.velocity will be the. mPln o
cemponent of the velocity of the drops. If this jwere the only relevant T
consideration it would.be expected that the extlnctlon time would increase..
as the entrained air velocity increases, since cquatlon 2 shows the heat -
transfer per unit volume of flame to decrease as the velocity of the dreps.
‘increese, That this is not so indicates that the entrained air stream .
has important effects on the fire'other than governing the drop velocity.
A part of these effects is no doubt the ability of sprays with-high
entrained air velocity to push inside the uprising flame and allow:the
spray access to all parts of the flame in contact with uwprising vapour,
It is doubtful, however, whether this factor explains completely the
effect of the entralned air stream, Thus, from a knowledge: of the - spray
properties, it was possible to estimate the: value $f H for sprays 5 and' 6;
these vwere respectively O<44 ond 0*31 cal cm™ sec Both these: .Sprays
hed entrained air velocities (344 and 487 chy/sec, rcspectrvelg) well in
cexcess of that of the upward moving glames (about|250 em/sec) in neither
case therefore was the resistance of this flame likely to prove a barrler _
to the motion of the spray, yet the extinction times obtained were.
considerably less with the .spray with the hlgher entralned air v01001ty
and the lower heat transfer ratc. :

1

The effect‘cf the entrained air-stream on oxtinction

.» A possible explanation of the effect of the entralnod air stream is
that it confers.an instability on the fire arising out. of mixing . with
the vapour zone, The rate of vaporization of petrol- durlng nqrmal
burning of the fire was of the order of 1 mole /min (3);' therefore mixing:
with about 100 mole/min of air would reducel the vapour céncentratlon to
below .the lower flammoble limit, An entrained air stream of 300 cm/sec
is equivalent to a flow of air to the fire area of 600 mole/min. ° There . |
was thus ample- air in the. air stream associated with the sprays to dllutc N
the vapour zone to below the lcwer 11m1t . T

The -rate of mixing between the air stream and the vapour would . .
depend on the thickness of the vapour zone;, If the vapour zone were-of
o thickness considerably greater than that of the boundary layer formed
when air moves across the. liquid surface, the mixing vould take place by,
turbulent diffusion and would be very rapid. Under these conditions-the .
vapour might be diluted through the range of combustion mixtures more
rapidly than flame can propagate through these mixtwres; this might be-
the cause of the frequent clearances of flame which were observed during
the tests, On the other hand if the vopour thickncss were of the 'same
order as the boundary layer thickness the mixing would take place meinly
by the much slower process of molecular diffusion, and clearancﬂ'of the
Tlaie by vapour dilution would be much more difficult. )

The above conglderatlons can account for a number of observationg in
thic and previous.reports,  Thus it was found (1) that when spray 12
w:ted on a petrol fire after burning for 2-8 minutes, there was a con51dor-
Jnle disturbarices of the flame with frcquent clcarances for a period of -
13-20 scconds; after this time a stable flat flame adross. the vessel
was formed, ' In this report it was observed that the.same spray when
gpplled to a fire which had been.burning for only 2 seconds, pushed the

Tiames 1mmed1ate1y into the stable flat shape. It has been observed with -

the particular fire uscd that a perceptible thickness of vapour zone forms
after 7-10 seconds of burning; the thickness of the vepour zone increases
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to about .5 cm ag the proburnlng time is further. increased (5\..'*T1 is
]1k91& Lha’c at proburnlng tlmes less than 7 seconds rapid mixing of *he
 vapiur zone ‘and 'the cntraindéd:air stresm:docs not:fako: place, ,nd whis
'“:.nl 4 in the flames being pushcd 1mmcd1atcly by .the:spray 'intd a ztavle
.Li shapc. It is also possible to explain in this.way the différences
erved in- the. case of extinction of the fire when sprays 5 and 6 were
xwpilod before and after 6-10 scconds preburning time., At preburning
Limos grcator than this the " extinctions would have been assisted by the
~instability in the fire causcd by rapid mixing bétwcen the. entrained air
q+rcan and the vapour. t lower preburning times this featurc favouring
miinction wes absent since tho flamos passcd 1mmed1ately Anto the stable
wvw shown n1F1g.1.

' i

Spray 1# bohavod guite dlfforently from spray 3 5, 6 and 12, when
spplied to the fire after a low preburning +time. - With this Spray a.
s%able flame was not formed and occasional clearances and flash backs
were noted during. the spray application. |- .In this. respect -the behaviour
of the fire was no different from its behavlour when the same spray was
applied after a preburn time of 300 seconds. s An' explandtion-for this is
that the entrained air velocity of this spray (296 cmy/sec) was less than
that of other s and also'less than .the normal upward velocity of the’
flames (250 om/ieﬁg . Thereiwas therefore not sufficient momentum in
the spray to push the flame across.the vessel, 'although sufficient air
may have occasionally penetrated the vapour zong to bring about flame
clearances., ‘ ;

T4 may therefore be concluded that the extinction of the fire,
depended on' the combined action of wvapour dilution by the entrained air
strerm and heat transfer from the flames to the drops. Useful information
of the relative importance of this factor might be obtained if tests were
- carried out on the effect of an air stream alone... .

. l 1

Practical implications

_ , : | ,

Within the range of sprays tested no spray was found to be able, to
x*lngulsh the petrol fire both repidly and reliably. The two sprays
{5 and 6) which would extinguish the fire most rapidly were not reliable
vwhen the preburning time was less than 6 to 10 seconds. Within this
preburning time a stable fleme burning close to the liquid surface was
formed when the spray was applied; this-flame was very difficult to

extinguish,

Within the range of conditions under which extinction did teke place,
the time of extinction was markedly decreased by an increase in the-rate
of flow, the entrained air velocity and the fineness of the spray. It
is possible that if these factors were increased well bevond the range
used in the present tests a reliable spray might be produced. However,
practical considerations would preclude such spray from being widely used.
‘Thus it must be borne in mind that when water sprovs are used against a
petrol fire the spray must more than cover the complete area of the fire
if it is to be cffective. The present tests indicate thet the flow rates
which would be required for a Somplotely reliable water spray would be
well in excess of 1 gallon ft~ very high flow rates would therefore
be roquired for a fire of any practical size, Other means of extinguish-
ing oeirol fires require flow rates far less than thls, thus the
critieal rate for foam is 0.02 - O 03 g$llon ££=2min~1(5) and for
ckhlorobromomethane 0+01 gallon £t=2min Any convenience likely fo
anmeriae Jrom the use of water spray alone as a medium of extinction wold
pionably be more than counter balanced by the very high flow rates ?hu‘
weasd be required, -

I% must be added here that Coleman and Stark (6) found that the
vns of flat sprays applied directly to the base of the flames was very
ci{isient in extinguishing petrol fires with chlorobromomet hane.. These

aubthors also found thet carbon tetrachloride was much less efficient
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than chlorobromomethane vhen used in this way and it must be expected
that water sprays would be less efficient still,. However, it may be
possible that extinction might be rel:.ably achleved with reasonable flow

retes if v.a‘ter is applled in this way., -~ Tests to :|.nvest1ga‘te this point
are in hand ;
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ACTION OF SPRAY 5 ON A PETROL FIRE
PREBURN TIME LESS THAN 6s.
S5 THAN 6.





