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25  temperatures from -32° to +60°C (and be storeable at temperatures from -52°
to 72°C).

A known apparatus for fire extinguishing in such circumstances comprises a
generally cylindrical canister which contains a fire extinguishing agent which is
30  pressurised by a gas such as nitrogen. Beocause the fire extinguishant agent

must be applied rapidly, it has been considered essential in the prior art for the




canister to be oriented wth its |ongitudinal axis
extending vertically so that the extinguishing agent
lies at the bottom of the cylinder (because it is
denser than- the pressurising fluid). The outlet for
t he exti, ngw i}gant fromthe canister is positioned at

t he beabEstelrto (b Orisyted yailyits longrading! pxis splending yertisally sothat the
the 5,

(e Seflagffegyeh 1LV BEboABH Y0 Q1R8N ber sy consr
pushi ﬂng préssussitg figid)s hHmt oxtﬂet Werethe | dxtmgnﬂsﬁa!he ot Yzh% Sdtlister is

t hrou the val The verti ¢ orientation of th
cyl | onad) “ctf%elh%“atoféhe ¥l mcleﬁe Burales 1%t0PFWéedb?Psé“°W the

o b eSSy SOBR! AL UpIAEN AL el s e
ext i nybogdn tog cxmpedt pushingethi Gextinguwibtant) ddtweapiidlayd the valve out

the. Biteb e §alvnc Hie FGE, pHEpIRHGH a6 Gyecider and (6 Tocation of
ext i nayioBHétn tRAKBS f the BeliddRE Hé\fe%ﬂ bohdddEd S‘s@&iﬂa? it 48 prior

cylinder vertically reduces the flexibility wt
V\/nl chﬂl't e agdri trdelew cmhighe ppxpgrttqnon%dhe Aktinguithéng agent to be

as re (Jtha%g?%afglr I gcfe?‘lgfe @gref}? é’té’ir‘%%e% “’BH%CGS é"élu‘i"ﬂe"fthe

desi readlesky ma@xtﬁfgeﬁlgﬁm@ms Hiengttingiasiingagbnt)o prevent
the extinguishing agent being applied too close to

personnel or equi pnent (which can be harm‘ul) it is

of t enry QL : I

exti nglfi s#‘ﬁﬁ&a{‘g&?ﬁﬁa"gg{ cl‘gA ée}éégtgc all 4%_\'383 the=oﬂse§; lbrﬂlté/ with

- typiitieh the glindeat cat be pwiticned.c dildd, bgcdu@& ﬂi&tcyhfmﬂr§ are used in
qU| res a.20 hose or C%qult to nd up vvards from

Jeieted spagegds avely a}q fﬁta \;ar)ége hicles) tp pprovide the
nozzld%s@éd Sﬂ?%@me}&fngﬁﬁhﬁ%urb éf?ca o gﬁgwntt the eﬂfr%\ﬁisﬂﬁ% agent

at the required height art arran
| s déﬂgmg] dppted tromiwse tol peradrinebed amipmes (BlelviaBly bOkarfifil), it is

t her OHEE hASER TR AR o Becobtf Sor B8R BRGh g g Lo dfe goeled as

appal’l'ﬂghms POYEIbIE S ityifoally\WBn6® | at GOGT &1 SWilek Beibhil €This requires a
extlngU|s 30 agent and a fluid, stored under
d9peor %ﬂgum@w@erfddrp“@éfhe@qmm qutigt atcthe bagernf the cylinder so

that the nozzle at the end of this hose or conduit is provided at the required

height.

Such a prior art arrangement is described in more detail below.
25
SUMMARY OF THE INVENTION

According to a first aspect of the invention there is provided fire extinguishing
or suppressing apparatus comprising a vessel containing a fire extinguishing
30 agent and a fluid, stored under pressure, and means for selectively discharging

the fire extinguishing agent by opening an outlet in the vessel, the arrangement



the fire extinguishing agent by opening an outlet in

the vessel, the arrangenent 2 being such that the

openi ng of the outlet causes the formation of a two

phase mixture in the vessel which is a primary
mechapi,sm for _di schargi ng the fjre extinguishant, from
the vRRBFUC th%@sroapﬁagtos 315195 ﬁwsassﬁ@cfgrreaﬁw a two phase
| Ve Rike! NE viieP WAIHIR G iy B’ AR \IhRking the fire
suppressi ng apparatus conprisSing’a vesse contalnlng a
fire exugiisbantSivimheagesrt and a fluid, stored under
pressure, such that a portion of fluid is dissolved

in the fire extinguishing agent, and neans for

sel eCAbMRidg RPQNIsBEAN afPdid & M SRR IAGL 1O provided fire
di scharge the fire extinguishing agent, the 10 o

ar r angyémgwishibgi argruppreksingh appardtes pempresiggab vieesch sontgiming a fire

for i sehar ol o et o sh S the .-
P P SPABRR S Wi B SRR BT g i rion of
agent fliifl ik €hf0ReE ihahé e QREAMAGIY agdd€ Mid n@hns Toh Selectively

invention also relates to use of a fire_ extinguishing
agent OREANEaATY pufled of spiflargssel & diseharggpthe e eatipghishing agent, the
VPSSl BYnBE RiSLORE O pARADA B or Wharging the fire
for m ng Wo- pifase MKt Ur & T h response to openlﬁgo

t he oasttinghishing agediyis tthe dissaletioneodt the dlwid frant thesfire extinguishing
di scharged fromthe vessel. According to a fourth
aspec"cgeg*fmtri‘ﬁ@op??\/t@ﬁ][‘q Reamgaf the QIS oyi ded a net hod of

20 discharging a fire extinguishing agent froma

vessel having a selectively openable outlet and

cont al'wi ingerttive aldorrelates ttd ngpudfshiine gxtgmrithirg ageetiandnafivid stored
pressure with a.fluid he_net hod..i ncl udi 0 i.ng.a .

VT v aTEr Bieae® g YS! VIR GoSiehT R OBTep RSt forming &
f r om tixldepHabd @niR¥kd BYUSIIARY 16 WHbnihP A the toMBleDhRBReby the fire
mxture is formed within the vessel which causes the

di scatigsuighant sedischpiged fromethe ¥efgeli shi ng agent fromthe
vessel through the outlet. According to a fifth aspec

of the invention there is provided a nethod of '

pr ovi Alccagdifg ko mefoarth iaggpst shitheginoentpheresis ipigvided a method of

S i o s g SRRk B sl
cont &jkfble outlet and containing the fire extinguishing agent stored under
pressure with a fluid, the method including opening a valve to cause the rapid
dissolution of the fluid from the fire extinguishant such that a two-phase
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25  extinguishing égent from the vessel through the outlet.

According to a fifth aspect of the invention there is provided a method of
providing a fire extinguishing or suppressing apparatus, the method including
providing a fire extinguishing agent and a fluid under pressure in a container
30  such that a portion of the fluid dissolves into the fire extinguishing agent, the

portion being sufficient to create a two-phase mixture by dissolution of the



30 such that a portion of the fluid dissolves into the
fire extinguishing agent, the portion being
sufficient to create a two-phase m xture by
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end-on view of the apparatus of Fig 2; 30
now be described by way of example only and with reference to the

accompanying drawings, in which:

20 Figure 1 is a perspective view of prior art apparatus for the discharge of an fire

extinguishing agent;
Figure 1A is a simplified cross-section of the apparatus of Figure 1;

25  Figure 2 is a front elevational view representation of a first embodiment of
apparatus for the rapid discharge of a fire extinguishing agent in accordance

with the present invention;

Figure 3 is an end-on view of the apparatus of Fig 2;
30

Figure 4 is a cross section along the line A-A of Figure 3;



Figure 4 is a cross section along the |ine A-A of
Figure 3; 4 Figure 5 is a cross section along the
line B-B of Figure 2; Figures 6A to 6D show the
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DETAILED DESCCIQIP ION OF EMBODIMENTS OF THE INVENTION

A known apparatus for the discharge of a fire extinguishing agent is shown in
20 Figure 1 and 1A. This apparatus 1 comprises a generally cylindrical steel
canister 3 and a releasing mechanism 5, such as a valve assembly - including
valve 30. The releasing mechanism 5 may be opened by a solenoid actuator, a
metron actuator or any other suitable form of actuator. A predetermined mass
of fire extinguishing agent 4 is added to the canister 3 which is then super-

25  pressurised with nitrogen 6 to around 50 to 60 bar(g).

When the releasing mechanism 5 is opened the fire extinguishing agent 4
typically discharges from the canister 3 in a fraction of a second. The canister 3
is usually fitted vertically (that is with its longitudinal axis extending
30  vertically), or as close to vertical as possible, within the crew bay of a military
ground combat vehicle. In order for the fire extinguishing agent to be



di stri buted honogenously within the vehicle crew bay
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5. within the crew bay of the vehicle, adding a hose 9 to the apparatus 1 has been

shown to be detrimental to the delivery rate of the fire extinguishing agent and

25  therefore detrimental to suppression performance. The extra volume created
between the cylinder 3 and the nozzle 7 causes an increase in the time taken for
the fire extinguishing agent to initially arrive at the nozzle 7 and a lower nozzle
pressure, which reduces the delivery rate of fire extinguishing agent relative to
a nozzle assembly 7 fixed directly onto the releasing mechanism 5.

30



30 6 Despite these disadvantages, such prior art
arrangenents have been persisted wth because it was
consi dered essential for the canister to be oriented
vertically and for the outlet of the canister 3 to be

| ocated at or near the |owest _point, which is where
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at the base wth a substantial depth of extinguishant
abveln thgeembodiments to be described, the two-phase mixfure is used as a

principal or primary mechanism to discharge the extinguishing agent. When it
is realised that the extinguishing agent can be expelled due to the rapid
formation of the two-phase mixture, there is considerably more flexibility in
the configuration and orientation of the extinguishing apparatus. The present

25 inventors have determined that it is in fact not necessary to have the outlet of
the canister at the base with a substantial depth of extinguishant above. The
rapid formation of the two-phase mixture which fills the canister can be used,
in accordance with the invention, to expel the extinguishing agent wherever the
outlet is positioned in the canister.

30



rapid formati on of the two-phase m xture which fills
the canister can be used, in accordance with the
i nvention, to expel the extinguishing agent wherever
the outlet is positioned in the canister. 30 7

Apparatus for_the rapid discharge of a fir
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20
The apparatus will, in use, be mounted in a chamber - such as (but not limited

to) the crew bay of a vehicle - where explosion suppression is required.

Typically, the chamber or crew bay will lie or be supported on a generally flat

25  horizontal surface. The walls of the chamber or crew bay will therefore be
generally vertical and the roof or ceiling will be generally horizontal, parallel to
the floor.

In Figure 2, the releasing mechanism 17 is located at the mid-point of the
30 canister 13 and the releasing mechanism 17 is oriented at 45° to both the

horizontal and the vertical, but other arrangements could alternatively be used.



25 horizontal surface. The walls of the chanber or

crew bay wll therefore be generally vertical and the
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Figure 8). In use the tanister 130 ur e
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mechanism 17 is | ocated adjacent to the ceiling of the
crew KGR eithgrihorigontaleor vetiGal grieniationy the\apperatig| shown in Figure 7
orien : -

ar  angodn 8 apalfeRRRkhe IGURR horlird 7 § ositiRHY th 8 upper
posi t camext afithe ¢drewlbpper corners of the crew bay. 15
Sﬁgeral of the apparatus 11 could be nounted within

t crew bay. Cenerally, the nunber and position of

the agpasaldfhd dppafat®el PESHRE bk oRhRY il tHeaRiw 680 d Generally,
even distribution of fire extingui shant when required.

20 Théhedpiahrentand positipn ofj thei agparatus d | e selentyshitoi isbeidpiatriapid and
exi st t.ectio stens. . (such as an Automatic Fire
ot | nE TR ARHESAGC e R b Al R O P

rel easi ng mechani sns 17 to allow the rapid discharge

of the fire extinguishing . . o ,
20 The apparatus 11 is designed to be compatible with existing detection systems

(such as an Automatic Fire Extinguishing System, AFES) for actuating the
releasing mechanisms 17 to allow the rapid discharge of the fire extinguishing
agent subsequént to an incident such as an explosion. Such detection systems
may, for example, detect infra-red radiation, and may be able to detect an
25  explosion within 2ms of it occurring. The detection system signals the actuator
to operate thg releasing mechanism. The detection system may comprise a
single IR-sensor, a dual IR sensor (e.g. a Dual Spectrum (RTM) Sensor), a UV

sensor, or UV and IR sensors.

30 The outlet diameter of the releasing mechanism 17 may advantageously be

smaller than the outlet diameter of known apparatus. This reduction in outlet



agent subsequent to an incident such as an expl osion.
Such detection systens may, for exanple, detect
infra-red radiation, and may be able to detect an 25
expl osion wthin 2ns of it occurring. The detection
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performance. Table 1 shows a conparison of 5 known
apparatus with prototypical apparatus according to the
present invention, in which the outlet diameter of

the rel easing mechanism17 is 25 mm in terns of

cani ster volune and outlet size. 10 Nunber Conbi ned

Single Conbined Ratio of CQutlet Qutlet Area to and

Si ze Canister Qutlet Qutlet Apparatus of Vol une

D aneter Area Area that of Canisters (L) (m) (mmR)

(mma) Sol gngi d — AEtuat or Known Type,_2 X 4L 8 30 706 Ratio of
1413.7 1 |SOMBRET dCamPIst or gian| t y1REE 2 [xCombigedp
dSize;| Canister, utlet Outlet Outlet Area to
R@Faruk608. U1 7 i| Oisgieat or that of
of Volume (mm) Area Area .
Canisters @) m (mm?) (mm?) Solenoid
T Actuator
own type,
solenoid actuator | 2% ¥ 8 30 7069 1413.7 !
Known type,
electric actuator Z2x4L 8 32 804.3 1608.5 1.14
Prototype 6x 1L 6 25 490.9 29452 2.08
Table 1
15

Table 1 shows that, when a greater number of smaller canisters 13 are used
within the vehicle, the combined outlet area can be approximately double that
of known apparatus. This allows the fire extinguishing agent to be discharged
more rapidly to the interior of the crew bay. Additionally, as more canisters 13
20  are used, the fire extinguishing agent can be advantageously delivered from
more locations within the crew bay to provide a more effective distribution of
the fire extinguishing agent. Also, typically the distance from the nearest

nozzle to the fire is reduced.
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Prototype 6 x 1L 6 25 490.9 2945.2 2.08 Table 1 15
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r equi Fespet tojveeight ratio, ivdieh enpld bee steel (siainddss ap parben)usiloy steel

h i.0Q- 1 Q. i .__of :
1 ol e AR 00 GO ERBISafbe 508 o of
manuf thetaboed (Confwsie nthtaiabeag Wlsorktensed. | WefdnifSbe further

in the enmbadinents the canister js relatively thin _
wall | oRFsRd BeinirEREing eireleagiacHHaISEY ik thoysuppressen ghdule. This

str ensg%ngle'i' ﬁeé’i@ﬁ (] réc)ﬁx% g'fcl \%lhl?trbf GaHb P gorgﬁ}&c? &a c?]nvggtional

(stainless or~ carbon), oy steel 10 or 0y suc
al umi soleneid mcwitelr, Futtherj ubg basigrgesimetry oof ¢he apparatus 11 and

c ipati.on of. th bove, Co site materials .
S0 BEmBBPainith £ 38y Bp soRalerriteces Mot ety ot extinguishant
| Nt eckigh iiMehd Pehisle | vERSE itReAAR BNA @%ﬂiﬂcﬁﬁt S SR saving
nodul e. This sinpler deS|gn wi |l reduce the weight” of
a rodecerscsnpas e apparataso hl degsi ot abquirsdicgeropmt] related mounting

11 argRet e Ogh n FETRBIARRTR "D e ounted.

pl aces the di scharge of extingui shant

20  To prepare the apparatus 11 for operation, the interior volume 15 of the canister
13 is filled with a predetermined mass of gaseous fire extinguishing agent,
which is then super-pressurised with a gas. The gas used is preferentially
nitrogen, but any other suitable fluid could be used. The fire extinguishing
agent is preferentially pressurised to a pressure within the range of 50 bar(g) to

25 60 bar(g). Known fire extinguishing agents, for example a hydrofluorocarbon
such as HFC 227ea (e.g. FM200 (RTM)) manufactured by Great Lakes
Chemical or HFC236fa (e.g. FE36 (RTM}) manufactured by DuPont, or a
perfluoroketone such as Novec (RTM) 1230 manufactured by 3M may be used,
but the apparatus is suitable for use with any fire extinguishing agent which

30 allows substantial volumes of the gas to dissolve into it (i.e. any fire

extinguishing agent possessing a small value for the Henry’s law constant).
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high in the vehicle where it needs to be.
significant system wei ght saving
apparatus 11 does not

a pred
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occurs here as the
require hoses and rel ated
nmounting brackets as shown in Figure 1 and Figure A
20 To prepare the apparatus 11 for operation,
i nt er For exapipleyshel Bassf oft isogeanwhickis ablgtd disfdlve imto hilitte of fire

2 e ol 4 e 8% Berature of

he
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ot her

suitable fluid coul

be used. The fire

‘ext i nggmsHvater, FiYg8h and YopeeiZBlential |y pressurised to

a pressure within the range of 50 bar(g) to 25 60

bar (g). Known fire extinguishing agents, for exanple a
hydr of [Juor ocarbon | such as HHC 227ea (q'&ISsq'f:MZOO
(RTM) (nBstisgashi emmoﬁaga Lakes Chem Cal @r
HFC236fla ( enggnt FE36 ( manufaslt uf Edguiy Pk¥eoNHead3pace
a perfil uoroket ong such as Noveqg RTM 12gp ®
manuf agtured—by —3iyrmay—be—usgdT—butTthe—apparatus—Ts
suitablle foVateflse With ahy fire e%tinpui sRilhg agent74.89
which 30 a %ﬁ sybstantial yoluynes pf the gas fo

di ssol vie i %%t (i . e. 1&hy filre1%xt| ngui%hi ng fagen?
possesqi a 1] val for|th nfy s law

const artl\?c’%ec@ Fo exanpl e, the?ﬂd::s of mrogen wich
is able to dissolve into 1 |iTtdbe®f Tire

extingui shing agent, in a canister with a volune of 2
litres at a tenperature of 20C and a pressure of 60

o ke g SR TR B o
Ext i neuinghihing Mamts ehtsdgieg chogesls sidhols Bioide, [odis 6t Chlorine

Phase Headspac Wat er 75 0,11 74.89
FNbodmay %us%go %Aq}((ﬁ%l tiug )extsrgg)uis}ﬁng agent]is described as a gaseous agent,

and this term is used by the fire industry to define these types of agents, it may

not be quite accurate. A gaseous agent implies that all the agent mixes within a

chamber as a gas. There are some extinguishing agents such as PFC 614 (a

perflurocarbon) that would exit a pipe type extinguisher, because plenty of
15 nitrogen dissolves into the liquid phase, but may remain as a liquid within the
vehicle crew bay as the boiling point is 56 °C. Testing has shown that
streaming agents such as this can still be considered for crew bay applications,
but careful consideration is required for nozzle location and extinguishing’
concentration hold times within a vehicle. An alternative to gaseous
20 . extinguishing agents could therefore be extinguishing fluids.
As an alternative to (or in addition to) nitrogen, the pressurising gas may
comprise any other inert gases, such as Argon or Argonite (RTM), and may

also include air. The apparatus 11 could be used to reduce the oxygen levels

12



Novec 1230 1.6 100 35 65 Table 2 As an alternative to

t he extingui shing agents descri bed above, ot her

hal ocarbon exti ngui shing agents containing chem cals

such as Brom ne, lodine or Chlorine 10 may be used.

Al t hough the extinguishing agent is described as a
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industry. to define thes e f agents, it may not
be qu}li‘gé/1 aﬁ@éﬁ?‘%‘f"@?m&o lj‘é@?@ﬁﬁs %&@ht implies that all
the agent m xes wthin a chanber as a gas. There are

sonme extinguishing agents such as PFC 614 (a .
per f | Andawerant) facten fontbe effeativetpeefopnasee 1of gpparatus 11 in terms of

exti nguyj [ t - Lt n.di e
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56 C. Testing has shown that stream ng_agents such as
this Waltrsg fuperpresamiseimediv dirory Eahlerh it can be seen that 41% of

appl i : . . . OB, i .
for nog el kbR Thuby 00T FROEH Wl 3ot FUL ISR mess of
hol d titrogen distdives iatoiddwec 11230,A0 a adrbperatatei of 20PO agd agvessure of
20 extinguj shi agents coul d therefore be .
30 | nifitEhg A ShoaRech FURIEE VB B5eqw frm end in the
addi 1hORsAe aBbid HE8Muid IEndWERS WAl RbISIoGAS sB®factory operation
conpri se ‘any ot her inert gases, such as Argon or

Ar gonbecauseRIESy theafid Stmypf thel total i mask ifenitibgen Wilk dissolve into the
apparatus 11 could be used to reduce the oxygen |evels

12 wi VAR a vehicle to a specific volume % An inert

gas / air mxture could be used as a nechanismto

control this level. An inportant factor for_ the ) )
el§ ecWhee the raleasingriaechanismpliaenens sind the gas whigh vegs digsolved in

suppr i lyer e S i € i .
P A AE BT IR GUIRE B e i
di sso¢xpangomfoft pes dizsolved evithie the fiee extinguiehinsdhiagent causes an
29 imsivetsenge b gaoe ) GRR e RIS Lndad 1 {5 the Sreation
nitro, | ' - dwad 1R L&
oD BRRLES NS A e o 15 o
t 2hpethacemisteni 3. 2Bibilariul the tyoghesersiatg fvirtually all the fire extinguishing
agent is discharged from the interior volume 15 of the canister 13, through the

releasing mechanism 17 and into the crew bay of the vehicle.

Figures 6A to 6D show this phenomenon. Figure 6A shows a transparent
25 pamasol assembly filled with 60 millilitrtes of FM200 and pressurised to
10bar(g) with nitrogen. The figures show what happens when the container is
rapidly discharged via a manual quarter inch (6.4 millimetre) ball valve (which
is the release mechanism in this example). Figure 6A shows the assembly prior
to discharge (time = 0 seconds). Figure 6B shows the early stages of discharge
30 between 0 and 0.1 seconds. Figure 6C shows the assembly during discharge
between 0.1 and 2 seconds. Fluid can be seen being emitted from the ball

13



10 60 bar(g) - the mass of nitrogen remaining in
gaseous formand in the headspace above the liquid
using water will not provide satisfactory operation
because | ess the 0.15% of the total mass of nitrogen
w || dissolve into the water. 15 Wen the releasing
nechaviléen Figuespéld shown thetassemphis toprardsthognd of theadisesarge iter 2
t he f%%gm%xtinguishing agent prior to activation
rapi dl'y expands. This rapid expansion of gas
di ssolved within the fire extinguishing agent causes

i ncrease in_the turbul ence Igvel wi thin the

cani sitean b soeihat ia dugsre 6Cthelighid Soleip Bithin the,5egplds dorm &

Xt o . % : .
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t wo- pluageinat aWilstvinr thisadthty vadthallyhed] fher léquid tand gas pbitiog of the
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cani s¥REYShing RRFGrits Hig OuFlel HIE g ¥l & he digglution of
into i : ; ' b Ruth ; :

show 1?1%%&1;)&\3&#2% n%%?égiﬁléﬁgfgé%g%s%?v\s aﬁﬁvgﬁté tﬁ@rl %ﬁ?egms vers
25 paviakoily hutentbe proseure diffenertial d&aps, Islavws dovesuntil eventually it

TR G AR SR ol
rapi dian décheRAr@attally ap#aii Mdohgiils Ball ShlveN6thtddatdhe top of the
millinmetre) ball valve (which Ts the rel ease

mechaasenbly rwheni the aiteagpn dissolredywithingthe diquidsiststill rapidly coming
coeBlob Rkt ePloabh 38R hieMer e BREBRLBL Ay tose st
bet V\Bniglntlﬁd&mdw& ghasQﬁﬁi}ﬁmouﬁiegUﬁlﬂleﬁﬁvcﬁﬂ@\mg)ttdiﬁzhargedthe liquid
assenbly durin i schar.ge tween 0.1 and 2 seconds.

FTAI PRREvISRans duh woRidntimetn fﬁl%&a (ISRISERENG Afitrogen gas to escape
val v Joi v . foca:
! e oy o Rt BoE Y Sglifl xnF REBEIOK S MPRATA Exghllalt witin
Fi gurthe 6@teiner.1 i qui d froths up within the vessel to
forma 5 two-phase mxture of liquid and gas which
conpletely fills the volune of the container. Wil st

I ][1 : th&aﬁée?_t B Vhe Le!rkﬂ:lol:ﬁfne?ﬂtslt, thbe rlizlntﬁhgﬂ Gr aftsuldmtﬂpaa ﬁggﬁ@% for
0 e extinguishing agent exits e outlet orifice

020 { s harging theeatingishack i ot of fepid Rikogen dissolution, the apparatus

11 should be arranécd such that the vessel is emptied of most or substantially

all of the extinguishant before nitrogen dissolution ends or is reduced to an

insignificant amount.

25 Tests were conducted on prototypical apparatus mounted horizontally, at 32°
tilt and 17° roll, and mounted vertically. The apparatus was pressurised to 60
bar. These tests showed the amount of fire extinguishing agent remaining after
discharge to be 0.06%, 0.6% and 2.2% of the initial fill mass respectively.
Substantial discharge will occur irrespective of the location of the releasing

30 mechanism 17 along the length of the canister 13.
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nitrogen fromthe extingui shing agent is a dynam c
event, which begins very violently but as the
pressure differential decays, slows down until
eventually it 10 stops conpletely Fi gure 6C-
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di ssolution, the apparatus 11 should be arranged such
that efirendiisse| Aisymmmny pEthe srsulipEemdhe explasionsuparession tests is
ald (%hORBanﬁﬁ QQU|shant bef ore nitrogen dissol ution
ends or i's réduced to an i nsignificant amount. 25
Tests wer e conducted on prototypical apparatus nounted
hori zontally, at 32 tilt and 17 roll, and nounted
vertically. The apparatus was pressurised to 60 bar.
These tests showed the anmobunt of fire extinguishing

agent_remaining after discharge to be 0.06% 0.6% and
2. 2% of the Apjdrifik ChhtdcterB§& I €Spect Exflodion Suppression Results
Substanttat—drsctharge er IF geur-irrespective—pr—the
| ocation of the ggleasing ;0,0 S| sMiatifuh ohgAvérege acid
| engt PAmparathe canl < %e £3- mit4 %{J S| orerpuepspre 5 sgHE levels
tests have begn con ed an arrapgefrer{g))si i | alppny
t hat fuseg—n nttary—gr nd—vehrcle—apptcatton:
Tests %E%O"Tnm ti aldrycatar ri £6l | ougp on| known appér at Bg000
(conpri alsolenoid actuatjor). and tests on
pr ot ptypkeadn dpparatus in gor dgnce Dbr ese
i nveLnti agperer d 5 gquen‘ﬁ?y coﬁ’par b d tocpgéhes, boo
resufts—The ganrster—pressure was—towered (to

6 x prototype I-Ionzonta{J 5.13 0.03 53%

6 x prototype | Horizontal 5.13 34.5 0.035 158

6 x prototype | Horizontal | 5.13 24.8 0.18 1253

6 x prototype | 32° tilt angle | 5.13 60 0.036 136

32° tilt angle,
6 x prototype 17° 1oll 5.13 60 0.0935 536
32° tilt angle,
6 x prototype 17° 1ol 5.13 47.6 0.09 330
Table 3

An unsuppressed explosion was generated within a FV432 vehicle and
comprised 1L of diesel fuel heated to 80°C and pressurised to 4.1 bar(g), which
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simul ate cold di scharge conditions) and the nounti ng
arrangenents of the canisters adjusted (to sinulate a
ground vehicle travelling at extrenes of tilt and
roll) to.test the performance of the prototypical
canisters at these extrenmes of conditions. A sunmm

of t hwhewminifiated, ﬂtséhﬁl‘zﬂﬁem%P yehiels viapprrax Bito Follwing 4 260 ms
. sh%p{n nde%gpw c% glléaﬁv PRE % oo di @%ﬁlr %t\}e?fcle the ex%loswn

Expl 0810 esu X1"hmum Averade ac

Apparwhym:ﬁ%ﬂusidggz 2SR pyresshiie igiiterspr essure gas HF
| evel s Arrangenent Fill (bar(g)) (bar(g)) (ppm 2 x
known vertical 5.6 60 0.1 >1000 type 2 x known

Ves i Gillen Gmgmg[gd %89%&8?”%86 piééfx ﬁalx 99£t9 YeiGwed bettcr fire

Hor i zont al roto rizont al
5.13 ﬁl@p&sﬁoﬁ)aﬁaﬂdﬁ&suﬁs thap kodwh wpperdtos (ozmptesbur’é within the crew

24. 8 53 6 ] 3 | 5.13 60
o oacbuy s anglogoysiio b B BF i buipipe SO0 A% HagroyigeR in fire
536 shbpfeatibn @cﬁr@ﬁﬁ’t&l%¥ Qﬁmg’@r Rnésiur@'i@fe%ucg& Beloth 3405 bar(g) —

.09 3 8 17 ro unsuppr essed
ex pl owhich iswell helowr 47 & tande); therpr@sSEI‘d%Zfemhdmgdo HAdbar(g) at the

PP S et 52, s LR A s shovs
g i zg hﬂnlgsﬁbdl ﬂﬁeosuf)ﬁ}%ssY&h&tCé fha¥infuind tikhalke $rR32°, khkh @vinpared to
the results of the known apparatus. A generally equivalent suppression
performance is seen in the known apparatus with a vertical orientation and the
prototypical apparatus at extremes of tilt and roll, both at the standard canister

15 pressure of 60 bar(g) and at a canister pressure of 47.6 bar(g) which

corresponds to a temperature of -32°C.

The rapid discharge and improved distribution characteristics of the
prototypical apparatus is therefore seen fo improve the suppression
20  performance, in comparison to apparatus of known type, in most configurations
— and at least match the performance of apparatus of known type in all other

cases.

To further improve the performance of the apparatus, the releasing mechanism
25 17 may advantageously include a container 21 (as shown in Figures 4 and 5)
filled with a powder with good fire suppressing properties and preferably also
acid gas scavenging properties. Acid scavenging is advantageous because acid
gases such as hydrogen fluoride may be created as the fire is extinguished by
the fire extinguishing agent, posing a further danger to the personnel within the
30  crew bay of the vehicle. The term "powder" used hereinafter in the description

refers to this type of powder, which is also referred to as Dry Chemical in the
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vanta 0 ude a contaj ner 21, (as own in
A8 = HROGR 3 b Mo sefind Ha i, CEmehitt 1K Jehgen fos other

SUPP peshrikenPIRHEYR id fif ShamEbrititR] BiRedvedh 3 pRFdd AR les (ie.
scavengi ng properties. Acid scavenging is advantageous

bec athrecentaiger Zja’st;sﬂtsleﬂ:tanmspmgsdmethe fdstiof thd@ppaytubel 1). On

creat, firei she Y.

ext i ngt%F@ g gewe 3@@3% ﬁpf %%‘? ﬁarr’tlﬁg‘Fe‘i 8“? fi the high

per sgmatrev\mt-‘ﬂardauath at 3k GelewiAneharlidte Mehisgtethe TPSwder is
powder " used hereinafter in the description

|2@f erlsschsagtdﬂtéht Vo ety pescd of thevitingrishingamaesssef er r ed
'to as Dry Chemcal in the

The powder should not preferably be stored within the interior volume 15 of
the tubular canister 13 because the powder discharge would not necessarily
then occur in a repeatable, predictable and controllable way and would not
25 contribute to fire suppression or acid scavenging as early as in the preferred
embodiment, resulting in reduced effectiveness. For example, if the vehicle in
which the apparatus 11 were mounted was in a condition of significant tilt or
roll, this would tend to cause the powder to accumulate at a particular location
within the interior volume 15, from where it is unlikely that the powder would

30 be discharged at an appropriate time within the extinguishing procedure.
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16 fire protection industry. The powder may be any
sui tabl e extinguishing agent (Dry Chemical). The
powder may conprise alkaline netal salts, such as
anmoni um phosphate (MAP). By way of further exanple,
t he powder conprise salts with sodiu

pot aslﬂdeﬁﬁ,(qﬂ) & acpratinth et RaFeden ey nok be ﬁ@eh@E*FCh@t all dunng the
powder, m&gﬁg gk um bi carbonate. The powder in the
cont al ne !Ei %g’?, (%e Separated fromthe extingui shant

and nitrogen in volune 15 by a paper or other
frang'gbi?e.menbr ﬁ The ne&técmne i s broken wh

the VEPIGRSIRE Mgk yB s HtiyR ATreBgenent L wntam@r 21B.
V0§ Unghel sonidifle %;{s\?\nﬁ(tnﬁ _y?lﬁ éNtlﬁ Wfdﬁle&hg%ontil?er 21B

| ocated 1 nterna e re easi ng Tmechani sm
Th e rplcfeagily g prevtedwiin etnteineF2 2R I0cthe liké that hatrosg elough to

intern owder container,21A .The container 21A
s DHEH A BREES Lot BHer of HebAY CFIBE F Gt HuF vigel Smgugh to

(suchmpliud eRsilyY FAlb gt édhfﬁti%h SR valpth 36 IPrlseE)S%ﬁb?e that the
the powder fromnmoving within the interior vol 15

of t heonfains|2dB mey m'ﬂssmsedkﬂ@paratel}oﬂgnstbmbMaq gamdster 13

L R e B
powder particles (i.e. the container 21A is at the

same ressure as the rest of the a parat us 11). On
act uatsleasingr meghaniony 76 dpgpnetronteithiie 2Aw mntaener 21C. Instead,

t
P BE o L, S, oGRS Rl BERbf Aanlr 3° The
di spm@aﬁb_razlﬁ He mngedeﬁalthaisﬂagpswﬁdér gﬁmm is released during
ext I ngul sShi n r S 0 not

o caign B o GRG0 PHORARIG i EUFAIS, A Aively v the
the tydHpEfrs@ni ster 13 because the powder discharge

woul d not necessarily then occur in a repeatable,
predictable and controllable way and woul d not 25

contrybute to fir essign.or aci en

cor | Bt sBofi B EGR0E £ iie, B chrof GRIFE sgpbe AT powder
r educttagier eTiA, YE @58 . 2 FOrar€ XA6%h eproided Nor e Ringlee ciindrical
whi ch the apparatus 11 were npunted was in a condition

AV sicgntaimes didt ist ynlikelyy to pp|ysed timipsaqhisal dAltbonght mormithaa one
the RoWdSler'A 366 YBMEAE rdchiniBR’ 17 WP he! R6HEES Yor & single

cylindrical container 13, typically these will be of the same configuration
(although, of course, this is not essential). Figure 8 is primarily to illustrate the
different arrangements of container 21 and releasing mechanism 17 that are

25  possible.

The discharge of a small portion of powder at the early stages of a fire
extinguishing or suppressing process is well known to those skilled in the art of
fire suppression of military crew compartments to significantly improve
30  suppression performance, and may also reduce acid gas levels. Table 4 (below)

shows the effect of such powders. Tests were carried out to demonstrate the

18



wthin the interior volune 15 fromwhere it is

unli kely that the powder woul d 30 be di scharged at an
appropriate tine within the extinguishing procedure.

17 -1 ndeed, all or a portion of the powder nay not be

di scharged at _all during the e,xti'ggui shi ng‘proce_dure. .
Rel eaghferl ofddiagipswder syppressanfs in difiprent quaatities; ahdidlerant times

of co ' B, . 5. The.. ' j d,..|
o SO o iy B e IR e
is proVAdER andt 21 dewpibedabo2 Therresule shbwa it Edbls § show the

stron‘gf enoygh to prevent the ingress of water or

debr i € OF RgWEELFUPRESSSaR, AITARASIISE R Ty h CpRVentionl gpparatus, such
easi | ' 10§14 O $1 4 . .
poisi %S| g&{ a;mt %gﬁ%ﬂgi E%’r fﬂéttl n}g@@lﬁ? ggflggls bdéﬂl be’ obtained if
pr essapplisé to smaeated El yf the embbéimehisb Table 4cclearbt showd #hat adding

10 b f ol | owi h ' f 1 he
"ol oot SV RERRS B Pedie (ETRRE fowfatt S aeeed e iaproves the
cont adfficieRsy BOME Fuid eRiPulBingZekeft albxnétﬁe&ing lﬁ*@}*ﬁg 5 wt% of

powder cont’ainer 21C is nounted separately Trom
cani spawydet Zaveatile adshiticnahbenefit.C The saparstalyemiowded battainer 21C

t er _therein is rel eased dur,i 15 actuation,of ..
LRE D¥Rtesh BBk male FeORE it R aisoBle, K Bty fpaicate
Vi a tihe thidedsUeds effebird than Bigclakdingd sle R PowdBoMts the vehicle crew
Figure 8 where the three different types of powde

- r L]
cont afomEartment ot the a3y stages pf thendisghaigedsi ashigved whan using the
si ngl.; [ | [ : ' ILkely to be
used 1?%&%43 g@:ﬁ%ﬂgé@i% fz’g%%ég% %@g%ﬁ%i%ﬁgﬁgﬁfgﬁher 21
and rel easi ng nechani sm 17 nay be provided for a
single cylindrical container 13, typically these will

be of Hﬂﬁ e G gur at 1 on al thou - CQ .
this J}]i ngl? ecgget%{{%%?). = gure(S S ngE”}%r !Sl!oggd@&mnmmms
i |1 ushamaratust hg FMROOT efrRemderar r angenent s| Méximamt ai retveRge acid
and rel easi ng |mgghani g 17 tstg&?geare 2Sovppesiubd €.| gdHF levels
di scharge of g small portidn o powder| at the earlly
stages of a fi|l¥olaxt[iW¥ ghi ng or suppbe) ng pr|demes
1S V\Figlg }B!vli}ﬁV\Ill [18 T ||chnilbr\| mrea—Tm tne clll.zl;4 o1 8200

type

2 x known 10 5 Container 21A | 0.32 280

type

2 x known 10 5 Container 21B [ 03 300

type

2xknown |10 5 Container 21C | 0.55 ' 750

type :

Table 4

20 It is preferable that the container 21 is activated simulteneously with (or
fractionally before) the discharge of the fluid fire extinguishing agent within

the interior volume 15. Advantageously, as the apparatus 11 is activated, the
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fire suppression of mlitary crew conpartments to
significantly inprove 30 suppression performance, and
may al so reduce acid gas |levels. Table 4 (bel ow)
shows the effect of such powders. Tests were carried

out to denonstrate the is effect of adding powder .
suppr BeWaertsypprassant is slischarged, fromi the eentainer 2 alfesd oftthe fluid fire

times t he di scharge and usi.ng £ he differgent .
pondor Sibllihe. Alest, 87 B8 85 BProlin R £ ol b8 e being
descr elt@buihed By é dluid Fidd lektiddudhhg dpehb| Lid $HBAYetRA been
ef fect of powder sgé)pressant arrangenents on a

convefrtnggished by the-fivid fire gatingyishing Agewrandthepgwdes the powder

ang | 38 TR . i . ' if.

apgl [ ﬁrgy ??)&1 al%gar at 3@ %igg{'se%ﬁa}dé\br#o%g &ir%rlé%? é&é@gﬁgﬁ%g agent to

?l earplyonniuao\a/ssafiﬁnvchd\dihhg ﬂ;eaclewabdy. poiThe anassfofppowiitt may be
arou 5 % 0 e agent) greatly. inprov t he

ef fi CF%HSVMM %W’mng 1BYe; H@%Fﬂi’kﬂ hgtwaa%r?t%f &an]é.% and most

Addi n ik % i

addi t?gﬁ%ﬁ%gﬁﬁ v??l%%h&ef‘%gee%lggg?ﬁfxﬁ %ﬁétnggéécng'nt ai ner

21 C 10 di scharges powder nore evenly throughout the

discharage. The results j.ndi.cate . that thi s was |ess

1T eoh? ECPEh RS o ST PIgHR illesOghs, g oF thf, cpifie 13 s long

vehi Casethg [deolufiSTBAEAE M 18 ekth@uRRBing id 3088] 8fcutliy rapidly

di scharge as achi eved when usi ng_ the  internal

cont afneugh. Tangereanistess 43| and héieneies canisteny dAwwillstend to

ros o Rereas e SRR RIonE B R R B R Edsgharge of

Fil | dxtinguiShiog agstover pressure gas HF levels (Vol %
(W% (bar(g)) (ppm 2 x known 10 nil 1.24 8200 type
21% known 10 5 Contai ner 21A 0.32 280 type 2 x known

10 5 TR EALESF tifelBnfstet 308 therefore a consideration when designing fire

extinguishing apparatus in accordance with the invention.

The embodiments described herein are not intended to — and should not be

20  taken to — limit the scope of the protection sought in this application, which is
propetly defined by the following claims. In particular, any suitable
configuration of the apparatus and canister, any suitable fire extinguishing
agent, and any suitable fire suppressing and acid gas scavenging powder could
be used.

25
Although the embodiments hereinbefore described relate to military brand
vehicle crew bays, it should be understood that the invention is also suitable for
other applications. The invention is suitable for fire suppression in any
chamber or enclosed volume.

30

20



type 2 x known 10 5 Container 21C 0.55 750 type Table

4 20 It is preferable that the container 21 is

activated sinultaneously with (or fractionally

before) the discharge of the fluid fire extinguishing
agent_within the interior volune 15. Advantageously,

as t hBoragpampley she) inveption tmapatbedappliné to1engiaswdempartments for

suppr . i schar, t.he contai ne 1 _ahead .

o e pics SRR, PSRG9 pRGR iroren
su pprmﬂnaghe Thedeeapplibationt wvdultbtypicaBy B6i Melude the fire suppressing
extingujshed by the fluid fire extinguishing agent.

After §q1q gan serveaging noYden (indsthe (sippiatask appaggtes).  Such a

fire . el L g
oy ek ey MRty 38 eI SRR ivbiifor 8B} o an
fire arrafhgreivabitrgmpaemenitos thadikenot e a safe | evel

within the crew bay. The mass of powder may be

between 1% and 2% and nore preferably between 2% and

15% and nost preferably 5% by weight of the fluid

fire extingui shant agent. 10 As di scussed above, the
extingui shant will cone out of the canister 13 as |ong

as the dissolution of gas fromthe extinguishing fluid

is still occurring rapidly enough. Longer canisters

13 and smal l er dianeter canisters 13 will tend to

i ncrease the anount of turbul ence required to achieve

a conpl ete di scharge of extinguishing agent. 15 The
shape of the canister 13 is therefore a consideration

when designing fire extinguishing apparatus in

accordance with the invention. The enbodi nents

descri bed herein are not intended to - and shoul d not

be 20 taken to - limt the scope of the protection

sought in this application, which is properly defined

by the following clainms. In particular, any suitable
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configuration of the apparatus and canister, any

suitable fire extinguishing agent, and any suitable

fire suppressing and acid gas scavengi ng powder could

be used. 25 Although the e ' ts herei nbefore

described relate to nilita??ggéggg vehi cl e crew bays,

it should be understood that the invention is al so

suiﬁable f or ptheé_applications. The invention is

sui tabl eF X6 eXtingwshing HresuIPsessINg APRATatyR avepriing a vessel (13)

e appl | SRR o e SRuRBLENE MRcRt (h"5nd i @, S¥ed under
Suses, boetsrghiand. @meshsMi(17} aky Vs%mc?ilv_%?at Ia%ﬁgﬁgoﬁ% Jhe  fire

mlitary ajrcraft dry bays.” These appli

t ypi cal ISxtmgnishingl wgentt () fbiy eopsnpiyr emsiouglet aind/the vessel, the
aci d gas_scavengi ng. powder (and the associ ated

appar at @qnggﬁngﬁt g’%g%paﬂgbﬁg?fa & PPsRngeb ey opllet, saugpes the
when t hefohfix@stt bPA ' i Lregr ONY; i
rest conpart rrpn?pgrmt%rfgﬁ% E‘ggm%éi]%&&l f‘/lérsgl. QBS #ﬁlgﬂvls a primary
ext i nguim¢ihagisor feudisckaginggttepfier aktifguishingi sgeng (4) from the
vessel (‘,13%fI taining a fire extingui shing agent )

and a fl f@%} stored under 5 pressure, and neans

(17) for selectively discharging the fire

exti ngui shing agent (4) by opening an outlet in the

vedsel , Affparatas aogding ¢ clainrig veieedin thefiré Betinpashing agent (4)
of the outlet causes the forpation of a two phase

m xt ure’§ WWB’BW%‘%‘%@#H’@@Q‘}WW@- is a primry

mechani sm for di scharging the fire extinguishing agent
(4) fromthe 10 vessel (13). 2. Apparatus according

15t 03¢l ai Apparaftercepriivg o élaine 1e0ttd, nditreiniaygoraioavif theHluid (6) is

dissolved in the fire extinguishing agent (4).

4, Apparatps according to claim 1,2 or 3, in which the fire extinguishing

agent (4) comprises a halocarbon.

20
5. Apparatus according to claim 4, in which the fire extinguishing agent (4)
includes bromine, iodine or chlorine.
6. Apparatus aCcording to claim 1,2 or 3, in which the fire extingﬁishing
25 agent (4) comprises a hydrofluorocarbon.
7. Apparatus according to claim 6, in which the fire extinguishing agent (4)
is FM200 (RTM) and/or FE36 (RTM).
30 8. Apparatus according to claim 1,2 or 3, in which the fire extinguishing

agent (4) comprises a perfluoroketone.
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IS super-pressurised by the fluid (6). 15 3. Apparatus
according to claiml1l or 2, wherein a portion of the
fluid (6) is dissolved in the fire extinguishing
agent (4). 4. Apparatus according to claim1,2 or 3,

in which the fire extinguishing agent (4) conprises a
hal ocarbon. 20 5. Apparatus according to claim4, in

which the fire extinguishing agent (4) includes

brom ne, iodine or chlorine. 6. Apparatus according to

cl aPm 1, Appara@s atovrding ¢ claive 6, iin evteotf ihefkesdxtinguisBing agent (4)
agent (4) conprises a hydrofluorocarbon. 7. Apparatus

accor di nél\?‘?)’eEl(%TM)d,zw'n whi ch the fire extinguishing

agent (4) is FM200 (RTM and/or FE36 (RTM. 30 8.
Apparatus according to claim1,2 or 3, in which the

5 i r B0.ext Apgititabia0gorddgety ah¢) pieedmag SQRiR in which the fluid (6)

perfluoroketone. 22 9. Apparatus according to claim®6,

i n whi cHn¢ludesdiv.e exti ngui shing agent (4) is Novec

(RTM 1230. 5 10. Apparatus according to any preceding
claim in which the fluid (6) includes air. 11.

Appiar. at 8 ' r i it M Whidh i
Che U e biding @7 np (RECANEE LT WHAT Y fluid (o)
accor di necludesamyingt gasedi ng claim in which the fluid

10( 6) includes nitrogen. 13. Apparatus' according to

15

20

25

any preceding claim wherein the discharging 15 neans

(17R. COMPhsRss AcobRd S§,§yr34 Pak.akUs. Of 1 ¢
claim 13, wherein thl‘ggvlgl Y g%‘%erdr%rfg/ c|Tﬁtsh(?lf ggpgfﬁgﬁthvghet g]md ©)
a includes nitrogen.

13.  Apparatus’ according to any preceding claim, wherein the discharging

means (17) comprises a valve assembly.

14.  The apparatus of claim 13, wherein the valve assembly is responsive to a
signal indicating the occurrence of an incident requiring fire

extinguishing or suppressing.

15.  The apparatus of claim 14, including detection means for detecting the

incident.

16.  Apparatus according to claim 15, wherein the detection means includes

an infra-red sensor and/or ultra-violet.

17.  Apparatus according to any one of claims 13 to 16, wherein the

discharging means comprises a plurality of valve assemblies.
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signal indicating the occurrence of an incident

requiring fire extinguishing or suppressing. 20 15.
The apparatus of claim 14, including detection neans
for detecting the incident 16. Apparatus according

to c g%?rv@erei n i he det ectti on.means includes 25
an |n ra rERfTEER &GP0 & Ayt etaclpims k3 01717, Appmhmiuﬂte valve

accor di ngas§é?nlﬁ936r%?veogss€1]nﬁhg§5 h#uPr \{1%,6 A d$/ner %\ﬁ]ée Wlﬁl respect to

di schargi ng neans conprises

assenbl i éke c@fiset® 13 ppar at us accordi ng to any of

clains 13 or 17, in which the valve assenbly or valve

assenblies has or have a low profile with respect to
19. Fire extinguishing or

§up|tor asTE %’%twﬁmttg b PHPPIESSIBE #PpRIEes compyising a vessel (13)
cont ai ni
(6), st o?g%ltaltﬂ]nlll etS ﬁlTti%%ss% mﬂgaﬁé}ﬁ HEQ (aéhp%:}ﬁi’%r(giaf“‘”ed under

fluid (6pressurei sech vthat ianpthionf iof efluigX (698 GNIMNEd in the fire
agent M%;p and. means 7) for sel ectively openi ng an

out | et ngyisng, )oa’éﬁ' 5enns () fthe sélectively opemng an outlet
lenent . bei ng s

t 4
Ehat Che e eal i disctfpe € A ehishingo sest d4),

Mext i ngui &rt'auggmgelﬁlém,é 40ch that R [ﬂ'ln%ﬁgil %écﬁgmsh{‘fc{rhﬁschargmg the

vessel (13), of the fluid (6) omthe fi
ext i ngui "‘i’fé‘“g&'éh’tng(ﬂ%ent fﬁ)rleébﬂ)dzseolut)onhm tlxee\mssg (18, of the

the out Ilid par atus of claim 19, wherein
t he di ssol uti)gng'go)li‘thyllﬁ'e r I%‘?%lg’lg ageni(dd 11 FeSPOBFe i theppening
of the tofthetnatt. mi xture in the vessel (13). 21.

Appar atus according to claim19 or 20, in which the
fire extinguishing agent (4) conprises a hal ocarbon.

L

152020. The apparatus of claim 19, wherein the dissolution of the fluid (6)

20

25

30

causes the formation of the two-phase mixture in the vessel (13).

21.  Apparatus according to claim 19 or 20, in which the fire extinguishing
agent (4) comprises a halocarbon.

22.  Apparatus according to claim 20, in which the fire extinguishing agent
(4) includes bromine, iodine or chlorine.

23.  Apparatus according to claim 19 or 20 in which the fire extmguxshmg
agent (4) comprises a hydrofluorocarbon.

24.  Apparatus according to claim 23, in which the fire extinguishing agent
(4) is FM200 (RTM) and/or FE36 (RTM).

25.  Apparatus according to claim 19 or 20, in which the fire extinguishing

agent (4) comprises a perfluoroketone.
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22. Apparatus according to claim20, in which the fire
exti ngui shing agent (4) includes brom ne, iodine or
chl orine. 23. Apparatus according to claim19 or 20,
in which the fire extinguishing 25 agent (4)

conpri ses a hydrofl uorocarbon. 24. Apparatus according
to-claim23, in which the fire extinguishing agent

(4) is FM00 (RTM and/or FE36 (RTM. 30 25. Apparatus

accardi nq _t | ai m 19 o Q, iy which . the fire . ...

ot Chgur PR SRl Eaim 25 L \IgL AR ity Sxineighing agent
24 26. Appas Novéc @y 23y to claim 25, in which the

fire extinguishing agent (4) is Novec (RTM 1230. 5

27. Apparatus according to any of clains 19 to 26, in

[ the fluid (6) ,.includes_ajr. 28, arat ys i
i@cgﬁdi néppﬁfaa%%ﬁk%réwg {orami E Klaig K tﬂAﬁg,(el) whigh theeGuid (6)
an inert; 10 29. Apparatus according to any of
cl ai ns 1510?%%5%1?' in which the fluid (6) includes
nitrogen. 30. Apparatus according to any of clains 19
to g, wherein the djscharging .15 neans (17) . ]
corré i seAPRArgYs gecosding Ap claimaA7, irwdiely her id6pinclndgsan inert
30, mheréin the val ve assenbly is responsive to a
si gnal i 3icating t he occurrence of an incident

10requiring fire extinguishing or suppressing. 20 32.
The_apparatus of clajm 31, includinagdetection neans

f or2Yet ctPRasAuE pecording taeany, oBglaimp J9r 19t 2% imcwhich; thg fluid (6)
to clai %@1@&%&5&4& t he detection neans incl udes

30.  Apparatus according to any of claims 19 to 29, wherein the discharging

15 means (17) comprises a valve assembly.

31.  The apparatus of claim 30, wherein the valve assembly is responsive to a
signal indicating the occurrence of an incident requiring fire

extinguishing or suppressing.

20
32.  The apparatus of claim 31, including detection means for detecting the
incident.
33.  Apparatus according to claim 32, whezein the detection means includes
25 an infra-red sensor and/or ultra-violet sensor.

34. Apparatus according to any one of claims 30 to 33, wherein the

discharging means (17) comprises a plurality of valve assemblies.
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25 an infra-red sensor and/or ultra-violet sensor. 34.
Appar atus according to any one of clains 30 to 33,
wherein the discharging neans (17) conprises a
plurality of valve assenblies. 25 35, Apparatus
according to any of clainms 30 or 34, in which the

val ve assenbly or valve assenblies has or have a | ow

profPl e Mphraﬂé‘sw@fdltl@ totany chielamerl0 Br3Bt, ippdict ulse valve
of. cl ai 19.to vvherelntheflre

accordin n
ot | ngui SHPREDAGERAIVE A5Fellise s op Pava arpSeBrafije stigh respect to
fluid 3fefRRALatuUs according to any preceding claim
i ncludi ng a chanber (21) for containing a fire
extinguishing, fire suppressing and/or acid 10
scavenglng powder. 38. Apparatus according to claim

36.n wAPR#TaRIpcacshEding rto( 2y dfaslaans bk rtoeBS,orwherem the fire

nenbrane use, red or ken as
the fire "q‘i’a‘ﬁsﬁﬁ&.a&ﬁ%@) ’fSISHPEr P‘?S ﬂg m t he
vessel such that the powder is 15 d| scharged fromthe
chanber. 39. The apparatus of claim 38, wherein the

bar¥7.er Apparembrecedi@Ap anyqirpeddies cmﬂnclmhgrﬁebhﬁnber 21
film fofamor t.he Ilkef 20 40. The apparatus of claim
37, 38 or°Botonffumg ¢ dite éﬁawéﬁhueal irg ssyppyesseeg and/or acid

10bet veen sthenbid, ;tgﬁmgﬁ&ngw shing fluid and the outlet.
41. The appara any of clainms 37 to 40, in which

the povvder i s sodium bicarbonate or other alkaline
42. .The apg arat us, of any one _of clains

| t .25
o o DAPIRIR AECOrING  toa by 3 pisadnch dhecaeder 104) has a
and 20%0%66’% Ohemithnd () fohifiéh, G2 WsE Y lr&]ﬂhﬂ% oP8oREn a8 the fire

extinguishing fluid is discharged from the vessel such that the powder is
15 discharged from the chamber.

39. The apparaws of claim 38, wherein the barrier or membrane (22)

comprises paper, polymeric film, foam or the like.

20 40.  The apparatus of claim 37,38 or 39, wherein the chamber (21) is located
between the fire extinguishing fluid and the outlet .

41. The apf:aratus of any of claims 37 to 40, in which the powder is sodium
bicarbonate or other alkaline metal salts.
25
42.  The apparatus of any one of claims 37 to 41, in which the mass of
powder is between 1% and 20% by weight of the fire extinguishing

agent,
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1

43. The apparatus of any one of clains 37 to 42, in

whi ch the mass of powder is between 2% and 10% by

wei ght of the fire extinguishing agent. 5 44. The

appagat ustipf 5 rely ' A o) Isn -whi ch,t he

nmass of pom@{%‘i S %&)Q‘{;VC{%Z% gﬁt&% St%é%? id e 11 Whith' the mass of
ext i ngui gowdgr dg®etwdet) 2%4nd U8%; fy @efghf f the inguishi
extingui shing agent (4) and a fl(ijigl’ (G)g'hstoreg Lljrr?d%)ﬁtmgulsmng
pressure @8fita vessel (13) having a sel ectively

openable outlet for formng 10 in the vessel (13) a

t wo- phase m xture in response to opening of the

t l4att | : t LA g ol
rom i he vecapuitiiCol hf Gt o SHIRPSTh i 33nift dinel dhe mass of
ext i ngui pbivder iagenby (4jght of theafireassbuishibhd)a hﬁy@g a

sel ectively openabl e outlet and contai ning e fi're
15 extingui shing agent (4) stored under pressure with

To Huse bhiot A7 hrglfdiind el CBRand h Buld offrovart uncier
the firepextiregila sbisoly(13 ﬁmingé)seﬁéeﬁ??g;b@&%@gW&ﬂ@#ﬁﬁt%nmng

én' xture is fornmed within the ves_sel causes
he di scRathgevessel (AR af twephssei mgdinshinnespoeset to 4pening of the

fromth through t.he outl.et. 20 47. A
net hod g?drgrég\s}ﬁl' Oeiré]bé;%eﬁr? &% W’ﬂb’ﬂ‘??ffhﬂ%‘afﬁeds%'ﬁr@éé’ﬁml-
apparatus, the nethod including providing a fire
ext j ngui shi ng agent (hg) and a fluid (6) under
C.

pr € ur & imethod o€ glischanging aufite extinguishpng bzent @) kb a vessel

agent (31 (R0, FRebBlh Hrulbls? ol A, conipding e fir

15t wo- phasstinguithing dventli(@p Ghdted Oihder Nprelre/ S5 dnﬁ{tzlge), the

of the fluyjd gg? fromthe fire extinguishing agent
when ¢ hEeted udingppening 8-yl vssElT) its eaust dhe pamidi dissvintion of

a pri meghe 1RENEN ESm eXRELL ] t he e

exti ngui shi ng‘rrggent E%ﬁ?er%xrr ﬁgﬂ&&wt {{)@ucpﬁp@}@w{o-phase

an out fextutdisr fonfned 3€ithin the vessel (13) which causes the discharge of
the fire extinguishing agent (4) from the vessel (13) through the outlet.

Iq

20

47. A method of providing a fire extinguishing or suppressing apparatus, the
method including providing a fire extinguishing agent (4) and a fluid (6)
under pressure in a vessel (13) such that a portion of the fluid (16)
dissolves into the fire extinguishing agent (4), the portion being

25 sufficient to create a two-phase mixture by dissolution, in the vessel

30

(13), of the fluid (6) from the fire extinguishing agent (4) when the
vessel (13) is de-pressurised for providing a primary mechanism for
expelling the fire extinguishing agent (4) from the vessel (13) through an

outlet thereof,

27

e



27 48. The nmethod of claim46 or 47, in which the fire
extinguishing agent (4) conprises a hal ocarbon. 49.

The g ch the fire

ext | ngU| shi eé‘ﬁ@ﬁ? CE%AIS“ 4({;01; ﬂjél lﬂo‘ié%lcbiﬂ@ﬁwfﬁeexhll@mshmgﬂgent (4)
chlorinecoﬁgmg' of claim46 or 47, in which
the fire exti rsigw% nzggglgent (4) conprises a

hydr of | uor ocar bon. 10 51. The nmethod of claim50, in
which the fire extinguishing agent (4) is FM00 (RTM :
and)48r ths mrtheyl. of5 glaimhé8,nit hdclofthe | fire exdfag@fshihk, agent 4

4n which. t re extingui shing. agent (4) conprises
perfl uoro%@?doeﬁgmni’@ 5I§Ia NS of cl ai m 52, in

which the fire extinguishing agent (4) is Novec (RTM
1230. 54. The nethod of any one of clainms 46 to 53, in

whi eB t hEh¢ imeghod26f alxim HGwirstT, RY waeeNthe (T eic&%ushmg agent (4)
super-pressurise to pressure in the range

bar (g) tETRdERaMyds0 "é’ﬁ‘ép app@t.er ably 50 bar(g) to 60
bar(g). 55. The nethod of any one of clains 46 to 54,

in which the fluid (6) includes air. 25 56. The

10nethlod dFhec hreettrodS56f clabmvho, Gl #RE K i Gre( e
|nert gﬁ\{ Ssrahe method of any J(])IEet:?lrg é@twgﬁﬁhhhg E‘%c%? (4) is
i n WhHYi2R0 (REMY agdios FE36(BJa4). 30 58. The net hod
of any one of clains 46 to 57, in which a fire
extinguishing, fire suppressing and/or acid scavaging

powder ThednsthbdbfethinolesoPRT SSwhidh thd'Brd d é;{rﬁ.lgﬂﬁhﬂi deftnt (4)

extingU|sh g of the fire by ‘the fire exti
agent Haprises a perfluoroketone.

15

53.  The method of claim 52, in which the fire extinguishing agent (4) is
Novec (RTM) 1230.

54. The '_method of any one of claims 46 to 33, in which the fire
20 extinguishing agent (4) is super-pressurised to a pressure in the range 20
bar(g) to 100 bar(g), and preferably 50 bar(g) to 60 bar(g).

55.  The method of any one of claims 46 to 54, in which the fluid (6)
includes air.
25

56.  The method of claim 55, in which the fluid (6) includes an inert gas.
57.  The method of any one of claims 46 to 54, in which the gas is nitrogen.

30 58.  The method of any one of claims 46 to 57, in which a fire extinguishing,

fire suppressing and/or acid scavaging powder is discharged to suppress

28



59. The nethod of claim58, in which the powder is
contained in a chanber 5 (21) which has a barrier or
menbrane (22) which is ruptured or broken as the fire
extingui gfd ¥

(13) Suen Phapigh & clhghnite 0B Y ol 25 Shing agont
chamber (#)1). 60. The method of claimb59, in which the
barrier or nenbrane (22) 10 conprises paper,

polymeric film foamor the like. 61. The nmethod of

cl 2501 SSTRS 1 g0 or HIRE SR B @gg@%@&é@iﬂg&ﬁ & chamber
but I Iet \Aﬁﬂ)ﬁ%ncﬂ'mﬁs AefaR9g &f m iz@;\ﬁﬁc%' ftgsrugﬁlrec? or broken

ch the powder is bona

ot her al #sathefoe estinguistahg ﬂu1(5(34) 13' Hﬁcﬂﬁgb@ﬁ'oﬂf ﬂﬁ%s&q?l:{) such
whi ch the mass of powder is

of clai

bet ween ¢ ﬁ‘& “éé%%{}]wb@r@qﬁkﬁ@n theyehgmbes (21).
extingui shing agent. 20 64. The method of any one of
claims 37 to 63, in which the mass of powder is

bettieen T anmihdd)%fbxtia‘ﬂm got i@ whiche dRX baf@hi §hi
agent. 65. The nethod of any one of clainms 58 t lrﬂwﬂbrane (22)

107 R "whi cIfomPIIsTs RaPes P wmere films faasn goshoylikeei ght of the

20

25
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fire extinguishing agent. 66. Apparatus for deploying
a fire extinguishing, fire suppressing or acid

sc&lengilitg methdroff dain S8, 50 dr6® \f/lhérémethé lcBEMbEN(2YY ifocated

suppres %? devi ce whi ch discharges a fire
ext | ngu?’g ‘?‘F’th? fige ppinguishing %ﬂh? 4)and theo@ttetr esponse

to detection of an incident, the apparatus including a
vessel 21) in which said pomder is stored and havi ng

5a Parri & eoneﬂledbafam ofl® df2chinh58hto 61) MSKhidhSthe powder is
rupturegq&g) Q?J n as th flre extin U|sh|ng agent

(4) is YR FEgoRdie AT P IB@‘@PB%II&S@SHEI%M t he powder

is di scharged fromthe vessel (22). 5 67. The

garat us of claim66, wherein the fire extinguishing
ZuppFes method of any one of claims 58 to 62, in which the mass of powder

is between 1% and 20% by weight of the fire extinguishing agent.

64. The method of any one of claims 37 to 63, in which the mass of powder
is between 2% and 10% by weight of fire extinguishing agent.

65.  The method of any one of claims 58 to 64, in which the mass of powder
is 5% by weight of the fire extinguishing agent.

66.  Apparatus for deploying a fire extinguishing, fire suppressing or acid
scavenging powder for use with a fire extinguishing or suppressing
device which discharges a fire extinguishing or suppressing agent (4) in
response to detection of an incident, the apparatus including a vessel

(21) in which said powder is stored and having a barrier or membrane

29



device is as clainmed in any one of clains 1 to 44. 68.
The apparatus of claim66 or 67, wherein the barrier
or nenbrane (22) conprises paper polyneric film foam
or the like. 10 69. The apparatus of claim 66,67 or
68, wherein the vessel (22) is |located between the
fire extinguishing agent (4) and an outlet therefor.

70. The S; l.ai 69, 4N ich ..

the pom?ﬁ?ﬁ@f"ﬁa iblis i B G < 8 eHinciguine agent
appar at u¢4pis disyharped Grois! the 'FevR® duh Bt V& i

mass of _powder isgbetvveen 1% ;nd 20% b&)l/ ﬂv\l/gi%%d%f&m%cmrged
fire ext fiogutheriesse! (B2ui d. 20 72. The apparatus of any

one of clainms 66 to 72, in which the mass of powder
Is between 2% and 10% by wei ght of the fire

£xt 6ngui The ﬁﬁ{ﬁfgfﬂ’?u% 'OQLI crl]gla}] igg,hwlgﬂ-ginatﬂg %@%}%@l}g@@g&ﬁ{g?rgsn@%essam

of clains 66 € Nass o

by wei ghdewete ishws cldimedaxtanp@ue s0cRmE | w g4, 30 74. Fire
ext i ngui shing or suppressing apparatus including a
vessel (13) in which a fire extinguishing agent (4)

d flon d. h h
or 2P on ThélppBadit DrVRETBARYT WRehR Hs hargen or mombrane (22)
ext | nguicoipgses pBpér olimetib BlmPRih SWPEKBY SuT 11 i ent

to create a two-phase m xture by dissolution, in the

1, essel (13), of the fluid (6) fromthe fire

15

20

25

extddguinghy nt . t he vessel, 3) is .
de _-Gpgr? gs s’lﬁ{r&: %gjda?%ﬁsd Ogﬁ(wcj%lﬂlmgggg S8 d’ﬁ‘eﬁ?‘B\(fﬁﬂ Zé(gssﬁl (22) is located
pri mary bebeeants firé ektifishing Agent(Bfand dd %él)et tt}ﬁrefor.

extingui shing agent (4) fromthe vessel ( rough
an outlet thereof. 7S. The apparatus of claim 74,

I nedgudi Aget Alﬁ)aia%?g U %?aimc 68,%)?,6%”& (%, 1£1:1| v%iu%ltﬁe tp%wddé?'mcludes
) alkaline metal salts.

71.  The apparatus of any one of claims 66 to 70, in which the mass of

powder is between 1% and 20% by weight of the fire extinguishing
fluid. '

72.  The apparatus of any one of claims 66 to 72, in which the mass of

powder is between 2% and 10% by weight of the fire extinguishing
fluid.

73.  The apparatus of any one of claims 66 to 71, in which the mass of
powder is 5% by weight of the fire extinguishing fluid.
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74. Fire extingaishing or suppressing apparstus including a vessel (13) in
which 4 fire extinguishing agent (4) and a fluid (6) are stored under pressure such
that a portion of the fluid (16) dissolves into the fire extinguishing agent (4), the
portior: being sufficient to create a two-phase mixture by dissolution, in the vessel
(13), of the fluid (6) from the fire extinguishing agent (4) when the vessel (13) is
de-pressurised an] which dissolution provides a primary mechanism for expelling
the fire extinguishing agent (4) from the vessel (13) through an outlet thereof.

75.  The apparatus of claim 74, including the features of any one of claim 19 to
44,
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