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THE PRACTICAL APPLICATION OF CHLOROBROMOMETHANE TO PETROL FIRES -

-
[

by
E. B, Coleman and G, W, V. Stark

Summary

The Ministry of Supply asked the Joint Fire Research Organization
for advice on the method of applying chlorobromomethane.to petrol fires,

Experiments were made with petrol fires ranging between 11 in,

N diameter and 10 ft, square and also on aircraft fires, Comparisons
were made with chlorobromomethane spplied as plain jets, cone sprays,
and different types of flat sprays, and comparisons were also made
between chlorobromomethane and carbon tetrachloride,

Flat sprays were superior to plan.n jets or cone sprays, and the
lateral spread of the spray was the controlling factor in the efliciency
of the nozzle, provided that the rate of delivery per unit of area was
above a minimm velue, which in these trials was about 0:01 gal/sq ft/min

Some measurements were made of the decomposition producté in the
etmosphere near to the fire,
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Introduction -

Following a decision of the Air iinistry Fire Service to use
chlorobromomethane as an suxiliacy agent to foam in the heavy crash.
tender, the Ministry of Supply asked for advice on the method and rate
of application of the agent in relation to the size of fire V ith vhich
it was expected to deal. In some earlier full-scale tests on the
application of chlorobromomethane to aircraft crash fires, the agent
had been applied using a pair of proprietary cone spray nozzles delivering
6 gal/min each, but there was reason to believe that further study might
lead to greater economy in the use of the agent, and to greater efficienc;
of the appliance, The present report therefore describes a systematic
study of the epplication of chlorobrancmethane to petrol fires in open
vessels up to 10 £'t, square, and in simulated eircraft crash fires,’
During this work a detailed comparison was also made between chlorobro-
momethane ‘and carbon tetrachloride, and some measurements were made of
the concentrations of noxious gases produced,

The programme of experiments was divided into three parts: Iirstly,
a preliminary small-scale investigation to decide the best way of
applying the extinguishing agent to a fire: secondly, trials with
nedium scale fires to discover the efiect of spray pattern, drop size,
and rate of application of the agent on the efficiency of extinction,
and also to compare the efficiencies of chlorobromomethane and carbon
tetrachloride: "and finally, large-scale trials, including fires
involving aircraft, to test the performance of the best type of i
applicator under conditions simulating those expected in the field,

EXFERIMENTAL
Materials

Chlorobromomethane - The chlorobromomethane was supplied to a-
Ministry of Supply specification (Appendix} and was stated to contain
80 per cent chlorobromomethane, the remainder being methylene chloride
and methylene bsomide. Previous tests made at -the Joint Fire Research
Organization (2) haa shown.that the difference in extinguishing efficiency
between the pure material and = grade of 70 per-cent purity was not of
practical significance. '

Carbon tetrﬁchlbride ~ The carbon tetrachloride was a technical
grade, and no measurements were made of its purity,.

Petrol -~ The fuel used for the small fires was a standard grade
of unleaded petrol, lFor the purpose of these tests the combustion:
characteristics of this are not s1gn1;1cantly different from those of
high octane fuel, The fuel used in the large-scale tests was contaminated
petrol from Royal Air Force Statlons but it was not considered that the
impurities would materially affect the results,

Mathod of test

Slte - All the tests were carried out in the open air. The small—
scale trials were made at the Joint Fire Research Organization, This
site was unsuitable for the large-scale tests which were there;ore made
at the Royal Air Farce Station, Kenley. :

Fires - In the preliminary trials, a i in, layer of petrol was
floated on water in c1rcular trays 5 1n deep, and 11, 14, end 24 in,
diameter, with an ullage of 3 ¥ in, ri’he trays were placed on a concrete
raft, In the medium-scale trials, a 2 in,. layer of petrol, without
water, was used in circular trays, 1 in. deep, and 24 and AB in,

dlameter, embedded to the rim in a sanded arsa about 10 £t diameter,’
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| The large-scale trials were made (a) in 170 ft square bunds with walls

| .9 in. high, The exterior was built| to a 450 slope with sand and clay.

J Thcy contained 25 gallons of petrol {loated on weter, with an ullage of

i 4% in,, and (b) in 10 £t square aréas, covered unevenly with damp sand

, surrounded by a 3 to 4 in, high’ wall of wet clay; 15 gallons of petrol
were used., Xor the ;1res'1nvolv1ng aircraf't a Spitfire, without engine

. or wheels was ccllapsed on to the tarmac and three steel trsys each

7 't x 35 ft were arranged under the Lorward bulkhead to give a fire

. area 7 ft x 11 ft. These contained|a total of 15 gallons of petrol,

and additional petrol was allowed to run dowvn the bulkhead, at about

| 3 gal/m:a.n into the centre tray dur:l.ng the- ;:_ro The aircrafi was

h pointed into the wind.

| Before attacking the fires, they were allowed to attain maximum
intensity,

The preburn times were 15 seconds in the trials at Joint
Fire Research Organization, with flres from 11 in, to 48 in, diameter,
20 to 25 seconds for the 16 i square fires on water, 45 seconds for

| the 10 £t square fires on sand, and [60 seconds for the airgraft fires,
A1l these fires would have burnt at maximum intensity for not less than
| A mirmtes if no extinguishing agent'had bean. applied,

Kozzles :

Table 1 lists-the characteristicslef

the nozzles used in the trials,
| ‘There were three main types:- '

(a) plain nozzles as used in carbon tetrachloride hand extinguishers.

I These have a slight constriction in the boreé so that a broken
X stream is projected,

|‘ {b) Cone spray nozzles producing & conical pattern of spray. The
| ~nozzles used all gave a Solld cone of spray. Two forms of

| . proprietary nozzle, re ferred to as ¥k I and Mk IT, were used.
They were said to have theisamo characterlstlcs, but the hz IT
[ nozzle was fitted with a p051t1ve shut-of'{" cock. T e Mc T

' nozzle was used in the prev1ous trials at lenley (1 .. Both
were set so as to deliver 6 gal/mln of chlorobromomethane,

4 when used with a tank pressure of 100 1b/in2, This gave a

: pressure of 35 1b/in? at the nozzle, The spray was delivered
| as a cone of about 60° angﬂo and, at the angle of operation,

| had a2 forward throw of between 10 and-12 ft, and a lateral
| spread of about § ft,

-

[ (¢) Flat spray nozzles giving a|flat plate of spray, produced

i : either by two jets impinging one on the other, by one Jet

; impinging on a flat plate (['fan spray”), or by an array of

| _ batswing type ges burners, |The delivery rate of spray at a
given pressure was varied by fitting Jets or batswing burners
| of different sizes, The batswing spray applicator (Fig. 5)

! consisted of an array of 3 or 7 batswing burners arranged-

| regularly on an'arc of 1120} The three burners of the small
” applicator were arranged on|an arc of radius 3% in, and the

“ , seven of the larger applicator on arc of 7 in, radius. The
!

applicatars were used on a 6 £t long boom incorporating a
H filter and shut-off cock, | ' .

. The plain impinging Jets, fan, spray, and the four small cone
|spray nozzles, were used in the prellmlnury ‘investigation., The fan -
WSPray nozzles and the small batswing appllcator were used in the medium-

'scale trials and the proprletary cone 'spray nozzles and the bmtsw1ng
ﬂappllcators were used in. the large-scale trials,

[V S
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/ mg'gﬁg; TABLE 1 : L : . ‘
- . ' . e T T .
1 t_#w~—~4~*w“]‘GharACteristics of noczzles used in tests th 30 Lb/in,? 60 Lb/in,?
- CHLOROBROMOMETHANE f ' CARBON TETRACHLORIDE | . - CHLORUEROMOMETHANE : CARBON TETRAGHLORIDE
NWo, |[Drop ' : — — Drop . : S I e
Description of lsize Spray pattern Delivery rate Spray pattern Delivery rate | gj.o Spray pattern | Delivery rate Spray pattem. ' 'Delivery rate
nozsles; mm | ' mm - ’]
Labteral mrow| Area Gal/rt2/ | Total F2%ST8 {inrey | areal cal/rt2/) Total |Lateral | mhrog Areal Gal/ft2f Total [2Por8l | throy Arep Gal/ft?f  Total
Pit“ £t | £t | min | gal/minPPCC £t | £t | min gal/min Pff;' £t | £t2 min [(gal/min pﬁt £t , 02 min gal/min -
Plain Jet ,0U32" dia, 1 NOT | DRTERIINED 0,09 0T DEVERLINED 0,10 NUT. [DETERMIVED . 0,12 | - NOT - -DETERMINED . | O, 1%
0.052" " F 1 " n O. 21 . ] n _ 0. ?J+ : 7:: n o . 0. 50 n o ? 0; 31‘_
0.093*1 n 4 " " 0036 1 n 0.42 . " n ‘ 0.51 " . ] . ' 0. 59
Impinging Jets 1/32"| 1 - NOT | DETZRMINED 0,14 NOT DETMRMINED 0.16 | HCT.  DETRERMINED 0,20 NC? DETERMINED ) j ' 0,23
_'dia. H ' * . ,
_)/&n 1 - n " 0.51 " " 0.36 Lot " ., 0. 44t ‘ - 1 ) . 0.51
dia, : _ ' ‘
1/1 ol 1 - " [ , 0.5? n M O, 66 Ll ] 0.81 " " «0. 93
dia, ) ‘
Van spray 1/32" dia.| 1 [0.38 |1.25 |1.9 | t.,5| 0,060 | 0,09 | 1.25 | 1,9 | 1,5/ 0.067 [0,10 | 0.47 2,0 2,1 | 2,9{ 0,041 [ 0,12 | 2.0 2.1 ] 2.9 o.o48 | 0,14
. * 2 (0,38 |1,25 [3,0 2.5 0,072 0,18 1,25 3,0 | 2,5 0,080 -|0,20 1.47 2.5 3.5 | 6.2 0,039 | 0,24 2.5 3.5 | 6,21 0,045 0,28
Srgpn m 1 |o.31 | 3,0 3.5 6.31 0,025 0.16 3.0 3.5 | 6,3 0,030 [0.19 G, 29 2,75 | 3.75] 8.2] 0,029 | 0.23 2,75 3.75| 8.,2] 0.032° 0.26
, " " 2 o.M 3.0 | 3.5 7.8 0,041 ¢.32 3.0 3.5 | 7.8} O,C49 10,38 G.29 3.25 [ 4,0 | 8,6 0,053 | 0,46 325 4.0 | 8,61 0,061 0,52
‘ /1 6“ " 1 C’o 25 2. ?5 hoo 7.9 00039 Oo 52 2. 75 J‘I’UO 7-9 .OUU'LF7 0- 3? 0- 21 5.25 1"'.5 9.0 O-GOB 0.1{-} 3. 25 ‘b.S 9.0 0.051& ! 0.’4-9
) 1" " 2 0.25 3.0 3.5 7.0 0.089 U, &y 3.0 3.5 7.0 0.106 U, Th ¢, 21 }.0 4,0 8.5 Q, 101 0.86 3,0 L. 0 8.5 0. 115 K 0.98
)/52“ " 1 O- 52 3'25 ‘EF-S 10-5 0.05"¥— 0-58 3. 25 ‘!5"5 10.5 Oc (J(J'(- Oo 6? O' 23 .305 1&.5 15-5 0;061 0082 3.5 i‘-¢5 13.5 0.070 ) 0.94
1 " " £ 0052- 3025 305 800 0011*'3 1016 3025 305 8-0 00168 1-511- 0025 5-0 5-5 1900 ‘ 0-086 1-& 500 515 19-0 0-099 1¢88“
/gn v 1 1.0 8.0 7.0 {30,801 0,039 1,16 Co 7.6 130.0] 0.3 |1.30 HOT DETERMNED 1,64 NOT DEI'ERMINED 1,84
- i =
Gone snrsy No,. 1 1 - 1,0 2.35 | 1.5] 0.037 0,055 1 1.0 2,351 1.5 0.Q42 {0,063 - 1,0 2,5 1.8] 0,043 [ 0,078 1.0 2.5 |- 1,8| 0,049 0.089
Yo, 2 1 - 1.0 7.0 5,0 0,018 0,052 1.0 7.0 1 5,0 0,021 {0,106 - 1.4 6.5 5.6/ 0,023 | 0.13 1.4 6.5 | 5.6 0,027 0.15
Tio, 3 1 NCT | DETHIULIINED 0,21 ROT DETFMID 0,24 HUTY DETERMINED . {1 0.30 HOT? DETERMINED - 0.3,
1';"-:- J+ 1 - 5-6 "1"'? 1010 00059 0.59 3-6 - I!‘-? 10-0 O-OLFB U-LFS - 506 6.5 1}08 O.OAO _-0- 55 . 5. 6 ' .‘605 1508‘ 0.@‘-6 _. 0.&{-
froprietary 1 (2.0 8 10-12 | 55 0, 109 6 The solid angle subtended was about 60°. 35 1b/in.P was fthe nogzle pressure cbtained with a]tank|pressure |of 100 LhAn.?
(approx. ) l | : [ - -
) I T ) ‘n' = T
Batswing (Mo, 000} 3 - NUT | DETERMIYED NCT DEFERMINED ) U5 5.0 | 14,6] 0,012 10,18 ° NO? DETERMINED
HO. 00) - 3 " " i e ) . 5.0 “..0 17.5= 0.021 0.36 n no
(on 1120 (Mo, O 3 " " " " ) 6.0 5.0 | 26,3 0,021 | 0,54 " "
o 72 in, (o, 1 3 " " " " 6.0 4.0 |20.1] 0,034 |0.69 " "
rirele (Mo, 2 3 " " " 6,0 |[5.0 ;26,3 0.033 |0.87 oo "
except (lio. &) 3 |0.10.29,0 4.9 |[38,0¢ 0,02, 0.90 9.0 l 4.9 138,01 0,027 y4.01 {0,1/0.2( 10.0 5.5 | 47.9] 0.026 1,26 | 10.0 5.5 147.9]. 0.0 11
No. 7) 3 |- " -| NOT | DETERMEJED - " A 0 2e2 laf.9]- 0,023 ok
where % < NOT ~DET:RMINED 11,0 | 6,0 |57.0 0,03t | 1,77 NOT DETERMINED
shown No, 000)1- 3 - " - n " 0" n 6.0 3 Q 14'7 0'012 0' 18 o i / :
e - (N(l OO\))! 7 -t - " " 1 t _) * * * . . ¢ ’ L .
2hivy a. I ; 6.0 3.0 | 14,7 0,029 | 0. 42 " ™
wise) 4 Lo, L“) 7 - - n t " o ) . i
3 Yo, 7} 7 -t ) 16.0 8,0 [12.2] 0,028 | 3.41 n L
3‘30. 7 7 £t n IE . 1" ) 16.0 8’0 12' 2 0.051+ J+- 13 " lf

¥ nozzles spﬁced symmetrically on 1120 of 7 in, rax}ius cigcie.-
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Application of egent - With the smaller fires in order to avoid
the effect of variation in the competence of operators, it was decided
to use a machine to apply the agent, The machine projected the agent
downwards at an angle of about 10° to the horizontal and oscillated |
with a horizontal sweep of 60° and 10° vertical sweep. The mean line

~of projection was along the wind direction at the stert of the test.

As the tests were made in the open, the wind was not steady, end the
inability of the machine to orient itself with the wind introduced
variations about three times greater than those due to the competence
f different operators, . Once the technigue of application had been
learned the difference between operators largely disappeared.

The tests were therefore made with three operators, using menually
controlled appliances, and the fires were attacked with the wind.

Characteristics of nozzles -~ The spray pattern, i.e., the effective
ea covered by the spray produced by the nozzles was estimated by
projecting dyed agent for about 3 seconds on to a sheet of absorbent
material, and measuring the erea completely covered by the spray. The
rozzle was held in the position in which it would be used in practice,
The spray patterns obtained are given in Fig, 3.

The mass median drop size of the sprays was calculated {rom the
number and size of stains produced by the drops of dyed agent collected
on smooth absorbent paper > The diameters of stains were corrected to
true drop diameter from a graph of the relationship. between the diesmeter
of the stain and of the drop producing it, Single drops of known size
were produced by a micro-burette,

The total rate of flow, measured by coliecting the amount of agent
delivered in a given time, when divided by the area of the spray pattern,
gave the mean rate of flow per unit area,

The pressure at the nozzle was adjusted to the reguired value by
adjustment of the reservoir pressure, ¥With the proprietary cone.sprey-
nozzle, when it was used as recommended by the manufacturers at a tank

-pressure of 100 1b/in? the nozzle pressure was 35 1b/in?,

Containerg and delivery hose

The containers for the agent were steel or copper vessels, those
used in the preliminary and medium~-scale trials containing about 2 pints,
and 2 gallons, and those for the large-scale trials 12 gallons of agent,
The hose lines were of {lexible bronze tubing for the smaller-scale
trials and of reinforced tubing of chlorobromomethane-resistant rubber
for the large-scale trials,, In the medium and large-scale trials the
experimental nozzles were connected to the hose line by 6 £t long
applicators incorporating a control cock and a filter, but the proprietary
cone spray neozzle, was connected directly to the hose line, The agent
containers in the smaller-scale trials were pressurised by an air
compressor and a pressure reservoir, and in the large-scale trials by
either this system or by a small nitrogen cylinder, the dead space in
the tank, about half its volume, acting as the pressure reservoir,

RESULTS AND DISCUSSION.

Preliminary trials

In order to conserve the chlorobromemethane, carbon tetrachloride
was used as the extinguishing agent in these trials.

Effect of tyne of nozzle - Trials were made with an 11 in, diameter
fire of petrol {loating on water, the agent being apblled at a nozgle
pressure of 30 lb/:Ln2 and three types of nozzles were examined,
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Figures l1a and 1b show the relationships between delivery rate, quantity
of agent used for extinction, and extinction time for dl;;eront nozzles,

Figure 1a shows that as the d611VQrJ rate was 1ncreased the qvarulty

of agent used for extinciion decrvasqd with cone and flat sprayg Cu

increaséd with plain Jet nozzles, 1gure 1b shows that, with all of Jhc‘
nozzles, the extinction time was decreased as the dmllveny rate incroused,

The effect was however more marked with the cone and flat sprays fnm"
with the plain jets,

The triszls showed that flat spray nozzles were superior to the cone
sprays and the plain Jjets ond subsequent tests wers node oy with flzt sproys
preduced by one jet impinging on a mntal plate, These are referred to
as fan sprays in arder to dlstlngulsh them {rom other'flal sprays

produced by two impinging jets, or as described later, by batswing gaos
bucrers,

In these experiments the impingipg Jet spray was difficult to
meintain because of the necessity to Te- align the nozzles when they were

charged, The subsequent experiments were therefore mede with the simpler
fan spray.
Effect of rate of delivery - The effects of dellve:y rate were examined
with fan sprays on fires of 11 in.,_1L in, and 2L in, diameter with
petrol floating on water, The ratios| of the areas of these fires were

1 : 1.6 : 48, The results are shown| in Figure 2a., The small 2 pint
agent vessel used for these trials did not contain sufficlent carbon
tetrachloride for complete extinction|of the 24 in, fires at delivery
rates of 0+1 and 0*18 gal/min, Sufficient control was obtained, however,
before the supply of sgent was exhausted, to permit a rough estimate to
be made of the probable time for extinction. The estimated curve for
the 24 in, fire is shown as a dotted line,

The curves show that increase in|delivery rate decreased the
extinetion time, but the relationship|was not linear, Below a certain
rate there was no extinction, and very great increases in rate were
necessary to achieve extinctions in léss than 5 t¢ 10 seconds,

Effect of size of fire - The relation besitween the size of fire and .
extinction time is shown in Figure 2bl With any given rate of fiow the.
extinction time increased with the 51ze of the fire, and the average
ratios of extinction times were greater than the ratlos of the areas of
the fires, The rsason for this appeared to bhe related to the pattern
of the spray and will be discussed later in thls _report,

q1he preliminary experlments showed that in order to obtain results
which could be related to practical conditions it would be necesgary to
increase the sizes of the fires and eﬁperlmeﬁts were therefore made
with 24 in, -and 48 in, diameter flres} A 48 in, diameter fire was the
largest that could be accommodated on |[the site available,

Effect of water layer - It was found in the early .trials where ‘
water wes used that some of the agent lwas rendered ineffective because
it passed through the layer of burning pstrol and sank beneath the water,

Medium-scale trials, 24 in, and LB in, fires

Because of the effects produced by {loating petrol on water, the
medium-scale trials were made with petrol alone_

Fan spfay nozzles ~ The results are given in Table 2, Both
carhbon tetrachloridg and chlorobromomethane were. used,




TABLE 2

f

. i The effect of rate of fiow, drop size and presm.me,?on gxtinction time
o Pressure , T,
: 1%/4n,-2 30 60 30 80
' 7
' SIZE Nozzle ‘ ;
- 1 . 1 3
" op. . . |acmwm| bore in. /16 3/32 % /16 /32 3én | 36
FIEE, : Dro:;nsize 0,25 -0, 32 1,0 0. ?1 0. 23 0. 31 G. 29
- |
No, of" :
nozzles 1 C 1 , 2 ‘ 1 ! 2 1 2 2 2
Rate of flow _ : .
“ . . 1. . 0- . 10 U 05
L gal./nin. .37 | 0.75 | ©.67 33 (049 98 | 0.9 87 | 0.37 | 0.52
-/ B! Extinotion | - . . | ‘
S o time | 143 68 52 7 63 29 65 3 65 L
i ; = N
: - § sec, -
é Volume of
1| agent used | 0.881 0.828.| 0.581 1{-0,155 1,514 G473 | 1,019 0,094 | 0,401 0,035
2 £t. dlameter | wind speed | wH H H H H H H K K H
:5.114: 8q.f't. w | Rat I.‘-"l
e 1 B gai.?mi;'o‘? 0,32 o.&, | 0.58 1,16 10,43 | 0.86 0.82 1,63 | 0,32 0,45
é ~ Extinhction
g time 23 3 33 8 6 14 9 16 32 6
g N sec, -
2 | Volume-of 4 : ' :
g agent used | 0,123 | 0,032 | 0,319 | 0.154 0,043 0,201 | G, 123 0.434 | 0,170 | 0,045
gal, '
o Wind speed | H - L H H 1L H L H H B
T | Rate cﬁf"flozvil" S S PP TP el P’ NP L -
“gal/min., | 032 0, 64 0,58 1,16 [1,160,43 | 0,86 0,82 1.63 |0,32 045
| , Extinetion - ' _
- 4 £t, dianeter g time 62 16 62 13 |8 52 8 7 8 96 9%,
(12.56 sq.ft. area) g pec.
o : - Volume of _
. gal, : :
| Wind speed | H H H H [H | L H L L H H
- i ) " . .

and L indicates winds below this speed,

‘®H indicates wind speeds greater than 7 m,p.h.
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Nozzles of 5/64 in, ]/16 in, and 3/32 in. bore were used at 30
and 60 1lb/in, pressure, The range of drop sizes was between 0.21 mm
and 0.31 mm diemeter, The rates of flow were between 037 and '
1.87 gal/min for carbon tetrachloride, end 0.32 and 1+63 gal/min for
chlorobromomethane, A & in, bore nozzle was also used at 30 1b/in2,
”bls gave a drop size of about 1 mm diameter, and its delivery rate was
»16 gal/min of chlorobramomethane,

Pffect of rate of delivery - When the delivery rate was increased
either by increasing the number or bore of the n0azles, or by incressing
- the pressure, the cxtinction times on the 24 in, fires were, on the
Whole, decreased with both carbon tetrachloride and chlorobromommtp Vets
Tre effects were more marked in the tésts with carbon tetrachlorldu.
than with chlorobromomethane,

The 48 in, fire was not extinguished with cerbon tetrachloride.
In tests with 3/32 in, bore nczzles, the fire was often swept from the
Tray, but while the persistent fire beyond the tray was being attacksad
»t flashed back and re-ignited the petrol in the tray. BExtinctions
were obtained in all the trials with 48 in. fires when chlorobromome-
thane was used, the effect of delivery rate on extinction being similar

to that observed for the 24 in, fire with carbon tetrachloride.

Effect of drop size - The effect of drop gize can be seen by
comparin$ the results of tests at the game pressure of 2 x 3/64 in,
and 1 x /16 in,, of 2 x 1/16 in, and 1 x 3/32 in,, and of 2 x 5/32 in,
and 1 x e in, nozzles, It did not appear that the drop size, in the
rang° used in these experiments, produced any significant differences .

of extinction time,

The effect of wind -~ During the trials it was observed that the
behaviour of the fires varied with the wind speed, = At low speeds the
flames rose straight up but as the speed increased the plume of flames
was bent towards the ground, At this stage hot petrol vapour was
carried forward along the ground and it burned at some distance awoy.

With a 4 £t tray and 10 m,p,h. wind this distance was about 6 ft,

Extinction times were longer in higher wind speeds, During the
experiments sir wes eatroined with the sprey and was carried into
the fire, The amount of entrained alr was greatest witn high raues'
of dellvery at high pressures, the effect was seen as an intensificatiown
of the fire along the line where the cspray met the flames, ‘

In these experiments the effects of wind and entrained air were
not sufficient to prevent extinction, but the results of some experi-
ments with batswing burner nozzles showed that they mey affect extinc-
Taon times,

—

Fffect of size of fire

Conparing the extinctions with chlorobromomethane on the 2 %,
and 4 ft, diameter trays, the extinction times were, generally,
increased, The ratio of extinction times for the two sizes of fire
was similar to the ratios of the diameters of the fires, This point
is discusged later in this report.

Comparison of carbon tetrachloride and chlorobromomethane

Table 2 gives the quahtities of agent used and the times of
extinction on 2 £t. and 4 ft. trays.

The 4 ft, fire was extinguished at all rates of delivery with
chlorobromemethane but in fo, case with carbon tetrachloride, On the
2 ft, fires chlorobromomethane was, about,:three times better than’
"carbon tetrachloride whether the crlterion was time o¢ extinetion or
on quantity of agent used,



Soray pattern

The experiments showed the importance of the spray pattern and
: the necessity for covering as wide an area as possible, Heasurements
I were made of the spray patterns produced by the nozzles used, These
‘ patterns esre shown in Figure 3, It was seen that the superior
| performance of the /32 in. nozzle |either alone or as & pair could be
) elated to the spray pattern as it |gave a wider spray than the other
' nozzles,

Spray applicators were theref'ore constructed from batswing gas
burners arranged as in Figure 5., The spray pattern is given in
Figure 3,

Batswing burner nozzles

The batswing burner nozzles produced a thinner plate of spray
j than the flat impinging Jet spraysland fan spray nozzles, and thus
" covered a larger arei for a given rate of flow. The dellvery rate of
|”  the agent could be varied either oy varying the nozzle pressure, or by
v varying the burner size, A few trials were made on the effect on
| excinction of varying the dellvery|rat° of chlcrobromomethane on &
48 in, diameter petrol fire, The del:wery rate was varied in one
series by varying the nozzle pressure of & thres burner applicator
| fitted with size Mo, L burners, and in another serles the burner size
. was varied and the pressure malntalned at €0 lb/ln The agent was
i‘ applied for a maximum time of 1 mlnute The results of the trials are
i given in Table 3 and the data are plotted in Figure 6,

|
Table é

: The effect of nozzle ciaracteristics on extinction time and quantity
‘ of agent used, Lk £t, dismeter petrol fires attacked with chlorobro-

| momethane after 15 seconds prebuzwﬂ Adpplicator with 3 burners on 1120
[ arc of 34 in, radius
o (except tests No, 2 and No, 3)

i

| 3€Mean of two tests
w ¢3 burners arranged on 1129 arc of ? in, redius circle
| 1] '

|

|

: Characteristics of nozzles g

| ' | . i

. Spray pattern Delivery s

™ : rate . !Quar}“y
Result{ Wind . Evtise. oOF
No. |specd | Byrner | Nozzle { Tion 'gge;t

J presswre | Lateral | Throw Area| Gal/ Total time |used

I _ spread sq.ft./ ‘ '

| min,

" Jwp.n, |Size No.Lb/in.%| £, ftf sq. £t gal,/min,| sec, |pinis
1% L 000 60 4§ 4J 6] 0012 - 0«18 Hot extinguished
ok | 2 000 60 6 3l 144071 0.012 018 " 4
3207 | 2 | o000 | €0 6 3 | 147} 0-029 0-42 11 |0.62
b 2 00 60 5 i | 17.5] 0.021 0+ 36 20 | 0-96
5 1 o | & 6 5| | 26°3] 0.021 0+ 54 13 {09k
6 ol 1 60 6 - W | 2047 0.034 0+ 69 12 | 0.55
T 3 2 60 6 5 |26°3} 0-033 0-87 -8 |09
84 1 9 4 60 10 55|50 | 0-025. 1.26 3 1050
9 | 9 b 30 9 19|38 | 0-025 0-90 L {048

10 9 L. g 8 430 0-011 Q-32 6 10-76
Bolo ] s é [0 | 2am leee | em |8 e

1 - H it

EMEan of four tests. C




. Hind | HOZZLES DELIVEKY RASE SPRAY PATTELN | Extincticn [Voluze of CQUAENTS
T FIRE ' . . . X o —_— ; .7
Test No. , . : - spesd . _ ' I Li.e lagént o -
T Dimienisione |Volume of Conditions Frebwm T¥pe Nezzle Gal/fte%min.| Total  |Spread Throw &l) firea attacked with
} it petral - - | Eane T Peile pressure gol/min ft | e H2C8 gal | the wind, © 411 tray fires
gal. . séee ]b/m.2 ‘ ' attacked along diagonals,
1 10 » 10 25  |petrol on watar| 22 Large batswing burner ' 60 0-028.' 3ot 16 - 8 95 0°57 | Besy p&mg,resaive extinotion,
- . - (7 nozzles) 4 . : : . after first extinguishing
- C . : * flame. abt @eindward Wall of
o | .i . iE X tank.,
2 10 x 10 <555~, woow ce 3op d {.® n a 55 "0s028 344 16 | . 8- 120 .} 065 Extinction made by .
, : A g ; o | : o . S ; . inexperienced operator
: L o Y | given .verbel- instruction
_ - ‘g . , : _ * |/ Just bvefore attfmlting Fire.
3 10 x 10 25" " " ", 24 o |Proprietary cons Mil, 35 . Qs109° | 6 8:.110=12 |-~ 39.5 3095 | Attack mad.e diffzcult by -
g S Ly ' e |- - - ’ : ’ ‘ - T - © " 1 1imited drea covered by’
el = | © 2| spray.. Extinction finally
- ' g . ‘ ‘ acnzeved minly by dilu'bion.
b 10.x 10 25 L gz B 'Small betswing burner 6  0.026 | 1326 | 10-15%% ‘INo exstinctiay = -. - | Attacked for ebout 1 minute
. oL o y ' (3 nozeles) N > |- : g PR * 7 I'but covet insufficient to
. ’ ’ sxtinguish, elthough flaszes
] g - 7 largely rezoved from petrol.
N ' . s - L o <] - - : : _
5 10 x 10 - 25 - . n " " 22 _ ga " " » 60 0027 . | 1477 12 |6 No extinoctien - Camment as Test &
' 1 B | | | EACH ‘ , o
6 10 x 10 25 " o " - 22 2 |2 small babswing burner 60 - .54 12 {6 11.0 - 0-7 Coxmnent as far 1arge batswing
; : ' {3 nozzles each) _ _ 7 ' above, (Tcst 1)
7 10 x 10 25 T . 22 158 Larn'e batsving burner . 60 0.03% . | 413 16 8.7 20 .54 | Fire more aigfioult to
' : - : : o 3 ' extinguish’ ‘than earlier ones
. ] Sue to high wind.,
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Similar to earlier test .
(6. 3) with same quantit, of
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.. | 262 noesle brought into use
. 115 secs af'ter staxting ettach,
" {xtinguished in 39 secs, foll-

lowed Yy -flask back and rurtﬁer
16 secs figbting.




The drop size from the batsﬁing burners was not measured because it
was below the range of the method available, The drops however seemed
much smaller than 0«2 mm diameter. ' o

Iffect of rate of delivery - The mirdimum rate of flow for ewxtinction
in the trials with the Ilo, 4 burner and variation cf pressure was somevwhat
1@5? than 0-010 gal./sq.f%./min, when the pressure was low (Figure €

xeve A), and was between 0.012 and 0.021 gal,/sq.ft,/min, when the
r"“ﬂqure was 60 1b,/in.2 and the burner size wag varied (Figure 6 Curve Bj,

When the fire was not extinguished (Tests 1 and 2 Table 3) the trey
fire was clesred rapidly, but the fire beyond could not be extinguished in
cpite of the lateral spread being sufficient to cover the fire, 4 siwiler
efl'ect was obgerved with a tesf made uslﬁg carbon tetrachloride at 0.02%
gal./sq,ft./min, at 60 1b,/in. Thus it would appear that a rate of
G- 329 gal./sq,ft, /mln was 1nsuff1clent to produce extinction.

In Test No, 11 with 0-C10 gal, / q,tu,/imn of chlorobramomethsne at
ih,/in, 2 the fire was extlngulshed Ln 8 seconds, The different behaviour
in Westg 1 and 2, and Test 11 is possibly due to the effect of entrained
atlx, vhich would be more at the hlgher rressure, This point is dlsnuqsed
lager when the mechanism of extinction 1s OonUTdered

)

The batswing nozzles were more <ifficient than the fan spray nozzles,
in that the fires could be extinguished in a chorter time, with the use of
ezs agent (c.f. Tables 2 and 3). The batswing burner applicators were"

used in large-scale trials (Table L), Although the results given in
Table 3 are few in number, there were sufficient to indicate that the
minimum rate of delivery necedsary for extinction was sufficiently below
the rate it was proposed to use, and that an adequate margin was avallable
to allow for varlatlons in the 1nten91ty of the *1re.

In order to establish firmly the minimum conditions required for
extinction it would be necessary to carry out =a much more extensive series
of experiments,

Large«gcale trials

A series of tests on 10 £4, squere petrol fires and petrol fires
involving aircraft was made at the Royal Air FPorce Station, Kenley, and
comparisons were made of batswing burner applicators and proprletary
cone spray nozzles, The results are given in Table 4,

Trials w1th open fires - Tests with the 10 £t, sq. fires on water
were made on different days with different wind conditions, The first
series was made with winds between 6 and 8} m,p.h,, on the second day
tho wind speed varied between 9 and 16 m,p.h., One small batswing
applicator using 1-77 gal, agent did not. extinguish the fire, but w;th_
two applicators it was extinguished in 11 seconds with 0+65 gallons,

One large applicator extinguished the fire in an average of 11 seconds
vith 0+62 gallons in the low wind, end in 20 seconds using 1-44 gallons
" in the high wind, Different arrangements of batswing burners were used"
in the first and second tests.

- The Mk, I cone spray extinguished the fire in 39 seconds using
5*9 gallons in the low wind, and the ik II spray in the high wind
extinguished the fire in 38 seconds using 3-8 gallons, After these
extinctiona the fires were difficult to re-ignite. It was noticed
that the cone sprays moved the [loating pecrol across the surface of.
the water, and the extinctions were thus due partly to this clearance -
of the fire area. The effect is shown in Plate 1 taken from the ciné
record of the trials, The result of one test (Ilo, 8) made with the
Me, II nozzle was dlsregarded as it was found that 1nsufflclent fuel
had been used,
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The fires on the sanded sreas were less intense than when the fuel
burned from a free surface, and °xt1nctlon waes much easier, The flat
spray extlngulshed the ;1re in 8 seconds with 0+6 gallons of agent and
the cone spray in 1. seconds with I'% gallions, The difference between
extinction times for the flat spray and the cone nozzle are less than
for petrol on water fires, This wes!vrobubly because the times were
of a similar order to the wminimum tlmes talken to traverse the area with
the nozzle, More agent was used by 1 the cone soray than by the batswing

applicator.

The direction of the wind in all of the tests with open fires was
diagonal’ to the side of the bund and |since the ettacks werc made down
wind, the maximum width to be controlled was avbout 14 1,

- The extinction of a petrol fire Jnay be achieved by zdding sufficient
agent as vapour to the flame zone, or by diluting the petrol with agﬂnt
50 that the vapour evolved iz not ”lammable then 10 £, square fires
of petrol on water were extlngulshedjw1th the commercial cone nozzle the
petrol was difficult to re-ignite and it is considered that these
extinctions occurred largely by dllutlcn of petrol by the agent. This
conclusion is supported by the 51m11ar1ty in extinction times under
differing wind conditions, since ccrﬁler trials had shown that a high
gusty wind adversely affected extlnctlons occurring principaily in the
vapour phase

Trials wlth aircraft - Two trials were made with the aircraft
in winds of 9 and 12 m,p.r, In these trials the fire was considered
to be extinguished when it would huve been sefe for rescue personnel
to have reached the cockpit, Small fires of hydraullc liguid and hose
connections persisted after the main |fire had bsen extlngulshed

@he first test was made with proprietary cone sprays, The attack
was started with one spray &nd o sccdnd was used at 15 seconds. At
39 seconds the fire appecred to be extlnpu*shcd tut it re-ignited
from a fire concealed under the englne hulkhead Both nozzles wsre
used to attack the rnflgnltlon Extinction was considered complete at
55 seconds, although there was otillia small fire behind the bulkhead
and 1n51de the engine compartment whlch was extinguished much later
with water, . 95 gallons of agent were used., The appearance of the
fire Just be;ore attacking is shown in Plate 2,

During the extinction of the per51otent fire in the previous test
the area surrounding the aircraft became flooded with water and also,
the fuselage was damaged, Vhen petrcl for the second fire was applied
it floated on the water and producedia fire about 12 £t, wide and 16
to- 20 £t, long, The flames extended|well down the fuselage and over
half the aircraft was involved, The!second fire was therefore more
intense and extensive than the first|fire (Plate 3), It was.attaciked
Tor 22 seconds with one large f{lat sprey and then a second spray was
used, The fire was finally extinguished at 47 seconds and approximately
5 gallons of agent were used,

Both of the aircraft fires were more intense than in the previous
trials with aircraft at Xenley 3 :

In the present series of trialsithe two operators worked. side by
side so as to cover as wide an area &s possible, and as far as they
could, advanced together, The attack was made low down and as near
to the ground as posgible, When thelares fire had been substantially
cleared, the fire from the running petrol was attacked Dy one man,
and the pair then advanczd again unt:l the fire was extinguished,
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Relative performence of nozzles

The'batswing nozzles used less agent and extinguished the fires,
whether on flat surfaces as on water, or damp sand, or whether
obstructions such as an aircraft were nresent, in a shorter time than
the proprietary cone nozsle, o T

BCOMPOSITION IRODUCTS

When either carbon tetrachloride or chlorobromomethane was applied
to the fires the velume of smoke was increased and the smoke became very
acrid. The smcke and fumes were denser with lowger. periods of attack,
?amples of the vapours and fumes were taken from three fires on which.
/16 in. fan spray nozzles were used, The sampling apparatus was a
4 in.-bore copper tube, connected by a short length of rubber tubing to
a 5 litre vessel, Ten seconds after the application of agent to the
firc',' the open end of the tube was held in the smoke 5 £t, on the lee
side of the tray and © ft. above the ground, and the fumes wers drawm
through the vessel at about 30 litres/min, The sample was taken for
10 seconds and so represented’an average composition over a ten gecond -
period. The analyses are given in Table 5,

Table 5

Analyses of decomposition producfs from petrol fires

; ' inalysis (per cent)

) ' Typv Rate |Diameter . by volume = '
Agent- -1 ~of of of
" lspray|delivery| fire R
. Acid | Undecomposed
gal, /uin,| ° Tt. gases agent
Carbon tetra-| Fen | 0-32 2 0-043| 00029 "
chloride ) TN
Il w - 1] 0.32 2 O 2)_'l+_ 0.0095
Chlorobromo- o Qe 31 L 0015 | © 0-0015
' methane ' i s
B A :

The amounts of acid gases found both with carbon tetrachloride and
chlorobromomethane were of a similar arder to the concentrations found
with ch%ogobromomethanﬂ in the cockpit of the sircraft at the Kenley
trials. They were hlghcr with carbon tetrachloride than w1tn
chlorobromomathane .

. Carbon dioxide, carbon monoxide and oxygen were measured in two
tests (Nos.-1 and 23 but the amounts of carbon dioxide and carbon
monoxide found were very low, (O-1 and 0¢7 per cent CO, and-O-1 and
0+2 per cent C0) and the oxygen was not dmpleted to a ﬁazardous
extent (20 4 anéd 19 5 per cent 0,).

As w1th-the earller kenley-trlals, the main danger would be -from
hydrogen halide gases, The concentrations could not be considered
innocuous except-for very short exposure periods, and in Test 2 w1th
carbon tetrachloride they were lethal for short perlods -of exposure..

The flgures glven should be treated with cautlon since the: .
analyses are of samples taken over a relatively short period at one
particular point, '
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(eneral discussion

. ..
The mode of extinction - As alre

‘ . )
effect of wind, hot petrol vapour was

ady mentioned when discussing the
carried along the ground and

|
produced a fire extending some dlstance from the tray and dowvn wind,

The £irst operation was to olemr the
to project the agent across the tray
to prevent flashing back (Pﬂut“

The first operation was made in
and 48 in, fires, but the second opmx
both operations wvru longer at hlahur
were observed with the 10 £t. square

There was thus a minimum time 1n
in one sequence of operations, and
2L in. and 48 in. fires was between 7
weather. With a gusty wind, or w1th
in’ the extended area was more liable

L &nd]

uhls time

txay of flame, and the next was
and on to the extended fire area
Plate 5).

& very short time for both 24 in,
htion took longer, The times for
wind speeds, Similar eifects
4.1reo.

whlch extinction could be produced
in the experiments on

and ?O seconds depending on the
one vhich veered rapidly, the fire
lto f£lash back and re-ignite the

petrol in the tray, and the whole sequence of operations had to be

performed again,

It is considered that with the 2

: |
chlorcbromomethane were all made 1n or near the minimum time and

variations of extinction time wers
then by changses of delivery rate,
suffficient to produce an extlnctlon u

mechanlsm of extinction

Relative efficiency of chlorobra

c..ﬂdl

£t, fire the extinctions with

that
influenced more vy changes of weather
the rates used were therefore

nder all weather conditions,

momethane and carhon tetrachloride -

The average superiority of chlorobrom

in the fan spray triels on the 24 in,

On the 48 in, fires chlorobromemethane at 0-012 gal, /8q.5%

omethane over csrbon tetrachioride
d;mw@r;n~1mstheetﬁw&
./min, and

carbon tetrachloride at 04029 gal./sd.ft,/min, both falled to produce

complete

These rates of flow ars in a2 similar

extinction although the flames were cleared from the tray.

ratlo 2¢%, to the ratio of the

superiority of chlorobromomethane over carbon tetrachloride when

extinctions were achieved,

This 1mprovem°nt ;actor“ of 3 1
from considerations of the peak value
per cent for chlorobromomethane and 9
the ratio between which is about 145,
of 1°5 and 3 mey be explained by cons
agents operate,

Richnesa of petrol/sir mixture

s greater than would be expected

s of the agents which zre 6+35

.9 per cent for carbon tetrachleride,
The difference between the ratios

idering the conditions in which the

The atmosphere immediately above

the surface of petrol is rich in ¢ueﬂ and will burn only when induced

air has reduced it to the upper limit,

Further away in the extended

condltlon

area, although weaker, it is still rfch as is shown by the smoky flame,

¢hlorobromome ﬁhane and carbon tetrachloride on the
flammable limits of n-hexane, (a comhustlbly similar to petrol) are
shown in Figure 4, The addltlon.of ol 5 per cent 0¢ agent reduces the
upper limit of hexsne from 6.7 per cént to 5.0 per cent with
chlorobromomethane but only to 6+5 Der cent with carbon tetrachloride,
and in order to reduce the limit to 5 O per cent it would be neccsswry
to add .52 per cent carbon tetrachloflde also, with either of the
agents the change of the lower limit with a small addition of agent is
negligible, The morked superiority o; chlorobromomethane may be due
to the low concentratlon required: to reducu & rich mixture to an inert

The effects of
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It would also appear that the agent is applied with the greatest
advantage just above the liquid surface to that part of the flame
closest to the rich non-flammable vapour zone so as to maintain the
vapours in a non-flammable condition even when air is diffusing into
them,

\
1.

Alr entraimment - It is well known that the droplets of & spray
entrain air during their passage, the amount entrained depending upon
the velocity, vhich is related to the nomzle pressure, I much air
" were entrained, the flammable mixture could be diluted to such an extont
that the composition of the combustible/air/agent mixture would be
brought to a position where the effectiveness of the agent was low,

The same effect would be produced by & high wind,

The inability to achleve extinction in Tests 1 and 2 - Table 3
may well have been due to the entrained air heving diluted the petrol/
air mixture to a point where the existing concentration of agent vapour
was not capable of producing a non-flammable mixture, \

The spray of agent should therefore be delivered at a préssure as
low as possible commensurate with the retention of other necessary
attributes,

Efficiency of flat spray - The investigation has shown that a flat
spray produced by any suitable method is superior to any of the cone
sprays examined, Consideration of the mechanism believed to operate
indicates that its superiority is dus to it concentrating the agent
in that part of the fire where it is more effective, whereas the cone
spray, by reason of its vertical spread is not so economical of agent,

There appears to be a minimum requirement of chlorobromomethane,
which in these trials, was of the order of 0-01 gal./ft.g/min. but this
low rate of delivery would be insufficient to allow for variations
such as could be introduced for instance by weather conditions, and the
rate of 0°034 gal,/sq.ft,/min, used on the 10 ft, sq, fires and the
aircraft fire allows a reasonable margin,

In addition to o minimum rate per unit of area, the lateral spread
must be commensurate with the size of the fire and should be greater
than the width of the fire,

Decomposltion products

The gases from the fires contained appreciable quantities of
hydrogen halides and the concentration could not be considered innocuous
except For very short exposure periods,

General observations on the use of chlorobromomethone

Chlorobromomethane has a high degree of solvent action on materials
such as rubber, grease and some plastics, Some difficulty was experienced
with the apparatus using it. Rubber gaskets and jointing weshers could !
not be used, nor was it possible to use ordinary Jointing compounds for.
pipe joints since all were attacked rapidly and dissolved, Flexible
metal delivery tubing was used where possible and Jjoints were made with
cellulose/aluminium lacquer or with shellac,

It was found that scale and rust from steel or iron was loosened
and detached by the chlorobromomethane ari it was therefore necessgery

to use filters to prevent the nozzles from becoming blocked,
N . i
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CONCLUSIONS

The results of the experiments on the application of chlorcbromomethane
to petrol fires showed that flat sprays were superior to either cone sprays
|or plain jets, and that the lateral spread of the spray should be wider than
ithe fire., An applicator made from batsw1ng burners, which produced a very

_thin flat spray, was economical with the agent and gave short extinction
times

i When the lateral spread was suf”lclenu, the minimum rate of dc¢¢veny
of agent appeared to be of the order of 0:010 gal,/so.ft,/min, but it is
Jsuggested that the rate for practical |application should be higher in
"|order to provide a safeily morgin, A petrol fire involving an aircralt
|was extinguished with two applicators jeach with a lateral spread of 16 ft,
land a delivery. of 0+034 gal./sq.ft,/min, of chlorobromemethane,

| .
| The nozzle pressure should be as|low as possible in order to reduce
-the amount of air entrained with the spray.

; Chlorobromomethane was much .superior to carbon tetrachloride and

.1t is considered thot the supsriority |is dus to the effect of small
'additions to rich mixtures, From this it is concluded that chlorobromo-
ﬁmethane is most effective when applied low down at the base of the flames,
k The decomposition products from some fires were analysed, and the
\concentrations of hydrogen halides could not be considered innocuous
-except for very short exposure perlodé

Chxorobromomethane has a high degree cof solvent action on many
organic materials, and also appears tc loosen scale or rust from steel
-components, Care is therefore necessary in the selection of materials
[for gaskets and washers; and filters should be provided to prevent nozzles
;becoming blocked, : A

”Aéknowledgements

? Mr, P, S, Tonkin and dr, M, D, Perry ossisted with the experimental
© wock,

i :  REFERENCES
W(1) F. E, T, &1ngmun and P, Nash,
F A comparison of dry powder and chlorobromomethane for first aid
! application to aircraft fires ¥R, Hote ilo, 99R/1954 Joint Fire
. Research Organlzatlon March, ]95&.

(2) Fire Research, 1952 p, 12, Hé; Mnjesty's Stationery Office,




-1
APPENDIX

Specification of chlorobromomethane

Ministry of Supply, Specification for chlorobromomethane, 13th August, 1954

Formula , . Cli,ClEr

Syncayms Bromochloromethane, C,3B,
Physical form Colourless volatile liquid
Typical analysis ' Contzins at lsast 80 per cent

chlorobromomethane, the recidus
being a variable mixturs of muLhylene
chloride and methylene bromide.

Boiling renge - 60-350¢
, ‘ Specific gravity 1.88-2.00
Water content 0+1 per cent
Constants {of pure C.3.) Molecular weicht 1294
' iielting point below -70°C
Boiling " 6200 @ 760 mn Hg
Density 193,

United States iir Force Specification o, Mii-B-439L-A

Characteristics - clear colerless liquid with a sweet odour

Boiling range @ 760 mm/Hg 5/95 per cent 66-68°¢
Yreezing point below ~65°C
Specific grav1ty _za_ . o 1.910/1-940

259C,
1b./gal, 25°C _ 1598
Flash point : Hone
Fire n ‘ ) " /
Mol weight 129+ 4
Solubility per 100 gm water 25°C 2+ gm
Solubility in common organic solvents infinite

Cloud point (moisture) below 3°C.,
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BATSWING BURNER NOZZLES
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FIG.5. SPRAY APPLICATORS WITH BATSWING
| BURNERS AS NOZZLES

N -



!

Not
extinguished

A\Curve A,

o

\_Curvc B.

" EXTINCTION TIME — som

w0

— \, o
- 4 Ib/in!

| T TR ,
601Ib [in:
T N R S S LR S L1 |
0-4 o8 . 1.2 6
DELIVERY RATE - gal/min
o o Pressure constant at*601b/in? nozzles varied
X ———— X Pressure voried,_‘nozzlcs(NoA)not changed

FIG.6. ~ EFFECT OF DELIVERY FéATE ON EXTINCTION TIME
4 FT DIA FIRE ATTACKED WITH: -CHILOROBROMQME’FHA‘NE"'
USING BATSWING BURNER NOZZLES.




" Movement, caused by cone spray. of
petrol tloating on water in 10tt.sq.bund. -

L
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PLATE |I.



Aircraft fire immediately betore attack with cone spray nozzles.

PLATE 2.

Aircraft fire immediately before attack with batswing burner nozzles.

PLATE 3.



Mode of extinction with flat sprays. 48in. diameter petrol fire. .

First stage. Fire cleared from tray.

PLATE 4.

Mode of extinction with flatsprays. 48 in. diameter fire.

Second stage. Extinction' of fire in extended area.

PLATE 5.
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